
123

Acute Burn Care

Second Edition

Marc G. Jeschke
Lars-Peter Kamolz
Folke Sjöberg
Steven E. Wolf
Editors 

Handbook of Burns 
Volume 1



Handbook of Burns Volume 1



Marc G. Jeschke • Lars-Peter Kamolz 
Folke Sjöberg • Steven E. Wolf
Editors

Handbook of Burns Volume 1

Acute Burn Care

Second Edition 2020



Editors
Marc G. Jeschke
Ross Tilley Burn Centre Sunnybrook Health 
Sciences Centre
Toronto  
ON, Canada

Folke Sjöberg
Department of Clinical and Experimental 
Medicine
Linköping University
Linköping  
Sweden

Lars-Peter Kamolz
Division of Plastic
Aesthetic and Reconstructive Surgery
Department of Surgery
Medical University of Graz
Graz  
Austria

COREMED- Centre for Regenerative Medcine
Joanneum Research Forschungsgesellschaft mbH
Graz  
Austria

Steven E. Wolf
Department of Surgery
University of Texas Health Science Center
San Antonio, TX  
USA

© Springer-Verlag/Wien 2012 First Edition
© Springer Nature Switzerland AG 2020 Second Edition

ISBN 978-3-030-18939-6    ISBN 978-3-030-18940-2 (eBook)
https://doi.org/10.1007/978-3-030-18940-2

© Springer Nature Switzerland AG 2020
All rights are reserved by the Publisher, whether the whole or part of the material is concerned, specifically the rights 
of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction on microfilms or in any other 
physical way, and transmission or information storage and retrieval, electronic adaptation, computer software, or by 
similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does not 
imply, even in the absence of a specific statement, that such names are exempt from the relevant protective laws and 
regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book are believed 
to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors give a warranty, 
expressed or implied, with respect to the material contained herein or for any errors or omissions that may have been 
made. The publisher remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-18940-2


v

Severe burn injuries are maybe not the most common injuries occurring on a daily basis; how-
ever, it is estimated that within North America approximately 300,000–500,000 patients are 
hospitalized annually due to a burn-related injury and that worldwide approximately 500,000–
1,000,000 people die due to a burn-related injury. Once a burn injury has occurred, it is one of 
the most severe forms of any injury, inducing a complex cascade of various responses includ-
ing inflammatory, hypermetabolic, immune, as well as infectious responses. These responses 
interact with each other and are extremely complex and difficult to treat. Specialized centers, 
protocolized treatment, multicenter trials, and close collaborations improved morbidity and 
mortality after severe burn injury over the last two decades. However, a vast morbidity and 
mortality postburn still occurs and represent one of the major problems in burn treatment.

One of the major characteristics of burn injury that has been evolving over the last decade 
is that a burn injury is not treated and healed once the wounds are healed. This used to be a 
landmark that no longer exists. Various studies have indicated that a burn injury and its patho-
physiologic sequelae persist for at least 5–10 years, not only in terms of scarring, infection, 
metabolism, and various other responses. Therefore, this leads to the importance of the current 
two volumes of these burn books. It has been speculated and hypothesized that early interven-
tion and alleviation of these detrimental responses benefit in terms of clinical outcomes; there-
fore, the individual book chapters focus on the treatment and complexity of each of these 
responses to improve outcomes.

We reedited and worked over the two books to include novel aspects of burn. We now focus 
more on quality of life, on mental health, and on novel technologies. The up-to-date chapters 
provide evidence-based medicine and current state-of-the-art treatments for any practitioner 
dealing with acute burn wounds, chronic burn wounds, and all other types of burn wounds. The 
second volume will then delineate the importance for long-term treatment as it describes the 
reconstructive and alternative approaches of long-term treatment postburn.

This is unique and therefore will hopefully improve the outcome of burn patients by guiding 
various kinds of burn practitioners from nursing, physicians, occupational therapy, physical 
therapy, pharmacy, and so forth. The focus of each chapter is not only to give an overview but 
also to “summarize” current best treatments and to make it easy for each reader to easily access 
the treatment options and knowledge.

We hope that these books will raise as much enthusiasm as it has for its contributors.

Toronto, ON, Canada Marc G. Jeschke 
Graz, Austria  Lars-Peter Kamolz 
Linköping, Sweden  Folke Sjöberg 
San Antonio, TX, USA  Steven E. Wolf  
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A History of Burn Care

Leopoldo C. Cancio and Steven E. Wolf

1.1  “Black Sheep in the Surgical Wards”

If one uses the incontrovertible index of postburn mortality, it 
is evident that our ability to care for burn patients has improved 
markedly since World War II. This can be quantified by the 
lethal area 50% (that burn size which is lethal for 50% of a 
population), which in the immediate postwar era was approxi-
mately 40% of the total body surface area (TBSA) for young 
adults, whereas it increased to approximately 80% TBSA by 
the 1990s in the USA [1]. Furthermore, the mortality rate at 
the Galveston Shrine for children with 80% TBSA burns or 
greater (mean 70% full-thickness burn size) during 1982–1996 
was only 33% [2]. What has been responsible for these 
improved outcomes in burn care? What practices were essen-
tial to this growth, and what are the major problems that 
remain unsolved? In this chapter, we will take as our focal 
point the fire disaster at the Cocoanut Grove Night Club which 
took place in Boston in 1942, less than a year after Pearl 
Harbor. The response to that disaster, and the monograph writ-
ten in its aftermath, serves as a useful benchmark for the burn 
care advances which followed. To fully appreciate those 
advances, however, we must go back in time to an earlier era.

A wide variety of therapies for burns have been described 
since ancient times [3], but the idea of collecting burn patients 
in a special place is relatively new and emerged in Scotland 
during the nineteenth century. James Syme established the 

first burn unit in Edinburgh in 1843. He argued that mixing 
burn patients with postoperative patients would make him 
“chargeable with the highest degree of culpable reckless-
ness.” This logic motivated the Edinburgh Royal Infirmary 
leadership to set aside the former High School Janitor’s 
House for burn patients. This experiment was relatively short-
lived, however, since burn patients were transferred to one of 
the “Sheds” in 1848 to make way for an increased number of 
mechanical trauma casualties from railway accidents [4].

Another Scottish hospital, the Glasgow Royal Infirmary, 
had by 1933 accumulated 100 years of experience with over 
10,000 burn patients, having established a separate burn 
ward midway through that period in 1883. In Dunbar’s report 
on these patients, he commented:

Burn cases have until recently been looked upon as black sheep 
in surgical wards, and have been almost entirely treated by junior 
members of the staff, who have not had any great clinical experi-
ence from which to judge their results (…) In the pre-antiseptic 
era only the worst burns would come to the hospital. The state 
of the hospitals was well known to the public, who also knew 
that a burn of slight or moderate severity had a better chance of 
recovery at home.

He documented the steady rise in the number of admis-
sions to this hospital, a biphasic mortality pattern (with the 
highest number of deaths between postburn hours 12 and 
24), the high incidence of streptococcal wound infection, the 
infrequency of skin grafting, and a frustratingly high mortal-
ity rate of 20–30% despite the introduction of antisepsis [5].

1.2  Toxemia, Plasmarrhea, or Infection?

Against this background, the founders of modern burn care 
must be credited with considerable clinical courage and 
intellectual foresight. Although the era of growth which they 
introduced is often dated to World War II, its roots were in 
earlier fire disasters and in World War I. This period featured 
a debate about the cause of postburn death and accordingly 
the appropriate treatment. A prevailing theory attributed 
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death to the release of toxic substances from the burn wound: 
“The reaction of the body to a burn strongly resembles the 
clinical state described by the term ‘toxaemia,’ which implies 
the presence in the circulation of some toxic agent. The more 
serious cases usually present early in the course a clinical 
picture commonly described by such terms as shock or 
exhaustion” [6]. Treatments were widely employed to pre-
vent this from happening. The most important such treatment 
was tannic acid, popularized by Davidson in 1925 [6]. 
Tanning of eschar, or of animal leather, involves collagen 
cross-linking and the formation of lipid-protein complexes in 
the remaining dermis. This generates a brown, supple, 
leather-like eschar [7]. Davidson asserted ambitiously that 
tannic acid not only lessens toxemia but also provides anal-
gesia, prevents loss of body fluid, limits infection, decreases 
scar formation, and generates a scaffold for healing [6].

By contrast, in 1930 Frank Underhill published seminal 
observations on the pathophysiology of burn shock based on 
experience gained following the Rialto Theater fire of 
1921  in New Haven, CN.  These included the concepts of 
“anhydremia” and “hemoconcentration.” Here is his 
description:

When loss of water from the blood becomes great, the circula-
tory deficiency becomes magnified. The thick, sticky blood…
finds great difficulty in passing through the capillaries…the 
blood is quickly robbed of its oxygen by the tissues…the tissues 
in general suffer from inadequate oxygenation…the heart pumps 
only a portion of its normal volume at each stroke [8].

Underhill then points out that his thinking on this process 
began during World War I, when he noted that inhalation of 
chemical warfare agents (chlorine, phosgene, and chloropic-
rin) produced both massive pulmonary edema and hemocon-
centration. Applying this concept to thermally injured skin 
led to our basic understanding of burn shock: “fluid rushes to 
the burned skin with great rapidity and is lost to the body…
or the part affected becomes edematous with great celerity.” 
The fluid lost is similar to plasma—implying increased cap-
illary permeability—whereas in cholera it is a dilute salt 
solution. Measurement of the blood hemoglobin percentage 
is proposed as an index of resuscitation, and resuscitation 
aimed at preventing hemoconcentration is required for 
24–36  h postburn. Intravenous sodium chloride solutions 
should be used, supplemented by oral, rectal, and subdermal 
solutions [8].

In 1931, Alfred Blalock reported laboratory confirmation 
of Underhill’s theory. Dogs underwent burns to one third of 
the body surface area, limited to one side of the body. After 
death, animals were sagittally bisected, and the difference in 
weight between the halves was estimated to be the amount of 
fluid lost into the tissues as a consequence of injury. This 
weight difference was on average 3.34% of the initial total 
body weight, indicating a loss of approximately one half of 
the circulating plasma volume. He also noted that the fluids 

collected in the subcutaneous tissues had a protein concen-
tration similar to that of plasma and that the blood hemoglo-
bin content increased markedly [9].

But plasma loss was an incomplete description of the 
biphasic death pattern documented for burn patients. Shortly 
thereafter, Aldrich introduced the treatment of burn wounds 
with gentian violet, a coal-tar derivative which kills Gram- 
positive organisms. He argued against the toxemia theory 
and attributed postburn toxic symptoms not to the eschar but 
to streptococcal wound infection. Early use of gentian violet 
would prevent this, whereas tannic acid did not. He distin-
guished this delayed infectious process from “primary 
shock,” downplaying the latter’s importance: “it is sufficient 
to say that if it is combated early and adequately, with heat, 
rest, fluids, and stimulants, it can be overcome in the 
 majority” [10].

1.3  The Guinea Pig Club

The transformation of burn care required not only the above 
observations but also an institutional commitment. In 1916, 
Sir Harold Gillies returned from service in France to lead the 
first plastic and oral-maxillofacial surgery service in the UK 
at Cambridge Military Hospital, Aldershot, later moving to 
Queen’s Hospital in Sidcup, Kent. Gillies and team treated 
over 11,000 casualties with facial injuries by the end of the 
war, including burns [11, 12]. The Spanish Civil War (1936–
1939) convinced the British leadership that the next war 
would involve air combat and asked Gillies to establish plas-
tic surgery units around London [12]. At that time, there 
were only four plastic surgeons in the country, including 
Gillies’ cousin, Sir Archibald McIndoe, who had joined 
Gillies in 1930 after training at the Mayo Clinic [13]. During 
1939, McIndoe established the burn unit for the Royal Air 
Force at East Grinstead, UK, which persists to this day. 
Beginning in summer 1940, approximately 400 RAF person-
nel (mainly fighter pilots) were seriously burned during the 
Battle of Britain, revealing both aircraft design limitations 
and the intensity of aerial combat. The focus of the new unit 
was on the reconstruction and rehabilitation of these patients. 
McIndoe assembled a team of nurses, anesthetists, microbi-
ologists, orderlies, and others to undertake this journey into 
the unknown:

Historically there was little to guide one in this field apart from 
the general principles of repair perfected by British, Continental 
and American surgeons. There had until then been no substantial 
series of cases published and none in which a rational plan of 
repair had been proposed. At most, individual cases appeared…
in which only too often the end result seemed to convert the 
pathetic into the ridiculous [13]

Soon, four more units were established in the UK, which 
together with East Grinstead served the hundreds of 

L. C. Cancio and S. E. Wolf
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casualties who followed from operations such as Royal Air 
Force’s strategic bombing campaign.

McIndoe’s work underscores several important points 
about burn care. First, the impetus for a breakthrough in the 
organization and delivery of burn care was the catastrophic 
nature of modern warfare, the large number of casualties 
therefrom, and both a national and an individual commit-
ment to care for these casualties. Second, the experimental 
nature of burn care was recognized, and a scientific approach 
based on clinical evidence was espoused. Among the East 
Grinstead unit’s contributions were the condemnation of tan-
nic acid as coagulation therapy for acute burn wounds; per-
fection and description of a methodology for burn wound 
reconstruction; and, in collaboration with Leonard Colebrook 
(see below), early experience with penicillin therapy for 
Gram-positive infections. Third, the East Grinstead unit 
became a hub for new UK burn units, as well as a training 
center for scores of surgeons and nurses in the principles of 
the emerging specialty. Fourth, the psychological and social 
needs of the patients were highlighted. At East Grinstead, 

this was embodied in the “Guinea Pig Club,” a social net-
work for burn survivors whose membership totaled 649 peo-
ple (Fig.  1.1). The longevity of both the needs of burn 
survivors, and the strength of this network, is exemplified 
that the last issue of The Guinea Pig magazine was published 
in 2003 [13]. Clearly, none of these steps—the scientific 
approach to improving burn care, the emphasis on clinical 
expertise on the part of all members of the multidisciplinary 
team, and the creation of a mechanism for effective psycho-
social support—would have been possible without the con-
centration of patients at a center dedicated to overcoming a 
seemingly insurmountable problem.

The origin of infection control in burn patients, however, 
belongs not to McIndoe but to Leonard Colebrook, a physi-
cian, bacteriologist, and colleague of Alexander Fleming 
[14]. In an era dominated by multidrug-resistant Gram- 
negative and methicillin-resistant Staphylococcus aureus 
infections, it is important to recall the major role played by 
Streptococcus pyogenes infections before the introduction of 
antibiotics. Colebrook confirmed Domagk’s 1935 “startling 

Fig. 1.1 Members of the “Guinea Pig Club” of war-injured burn survi-
vors, nurses from the burn unit at East Grinstead, UK, and Sir Archibald 
McIndoe celebrating around the piano. This photograph graphically 

depicts the value of peer support in the recovery of the whole patient. 
Source: East Grinstead Museum, East Grinstead, UK

1 A History of Burn Care
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success” on the efficacy of the sulfanilamide parent drug, 
Prontosil, using a murine model of streptococcal peritonitis, 
and reported lifesaving treatment of 38 patients with puer-
peral fever [15, 16]. Turning his attention to burns at the 
Glasgow Royal Infirmary, he studied dressings impregnated 
with sulfanilamide and penicillin creams [14, 17] and the use 
of serum and plasma for burn shock resuscitation [18]. (The 
problem of Gram-negative burn wound infection remained to 
be recognized and solved at another time, since “coliform 
bacilli, B. proteus and Ps. pyocyanea, when present in the 
wounds, were apparently not affected” by these drugs.) [17]. 
He then established a new burn unit at the Birmingham 
Accident Hospital [19]. In contrast to the toxemia theory, 
Colebrook and others proposed that burn wounds became 
infected with bacteria and that strict infection control prac-
tices could prevent infection by reducing transfer of these 
organisms; these concepts were incorporated into both the 
design and practices of the new burn unit [20, 21].

1.4  Burns and Sulfa Drugs at Pearl Harbor

In the USA, the attack on Pearl Harbor on December 7, 1941 
served a function similar to that of the Battle of Britain by 
energizing burn care research. Fortuitously, the USA, antici-
pating the likelihood of war, had already made two major 
national commitments to supporting medical research of 
military relevance. The first such effort was the creation, by 
the National Research Council’s (NRC) Division of Medical 
Sciences, of Advisory Committees to the Surgeons General 
in April 1940 [22]. Critical among these for the burn care in 
the USA were the Committee on Chemotherapeutic and 
Other Agents and the Committee on Surgery (which included, 

among others, Subcommittees on Surgical Infections and on 
Burns).

The second such effort was the creation by the federal 
government of the Committee on Medical Research (CMR) 
of the Office of Scientific Research and Development 
(OSRD) in June 1941 [23, 24]. The purpose of the CMR was 
to identify problems of military medical importance and to 
fund university research to solve these problems. These two 
activities (the NRC Advisory Committees and the CMR) 
were collocated at NRC headquarters, and the NRC advised 
the CMR on how best to expend federal funds [22]. In brief, 
by the time of Pearl Harbor, the USA had the framework in 
place for academic, military, and federal collaboration in 
pursuit of solutions for combat casualty care.

For the NRC and the CMR, Pearl Harbor highlighted the 
importance of burns in modern warfare. About 60% of over 
500 casualties admitted to the Pearl Harbor Naval Hospital 
were thermally injured (Fig.  1.2). Many of these wounds 
were contaminated by fuel oil or complicated by fragment 
injuries. Care was variable and included some sort of topical 
tanning agent, delayed debridement, infusion of available 
intravenous fluids, and treatment of fractures [25]. “At the 
Naval Hospital, ordinary flit guns were used to spray tannic 
acid solution upon the burned surfaces,” indicating the per-
sistence of the toxemia theory in clinical care. On the other 
hand, both plasma and saline solution were used for fluid 
resuscitation, and sulfa drugs were given to patients with 
infected wounds—indicating a conglomeration of the com-
peting theories of burn pathophysiology. In response to Pearl 
Harbor, the NRC rapidly dispatched Perrin Long, the chair-
man of the Committee on Chemotherapeutic and Other 
Agents, and surgeon I.S. Ravdin to Hawaii, in order to evalu-
ate the use of sulfa drugs and other aspects of care. 

Fig. 1.2 Aboard the USS 
Solace hospital ship, caring 
for wounded from the attack 
on Pearl Harbor, December 7, 
1941. The Solace dispatched 
small boat crews to rescue 
casualties: “they boarded the 
burning Arizona, while its 
crew was abandoning ship, 
and they rescued the burned 
and injured casualties found 
on its deck, some very close 
to the flames” [131]. Pearl 
Harbor alerted the US 
Government of the urgent 
need for burn research. 
Source: US Navy [132]

L. C. Cancio and S. E. Wolf
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They submitted their report to the War Department on 
January 18, 1942, emphasizing the lifesaving characteristics 
of sulfa drug use and the value of plasma for resuscitation:

We have been impressed again and again with the incalculable 
value of sulfonamide therapy in the care of many of the 
casualties…We believe that it is highly important that physi-
cians—both civilian and military—become familiar with the 
general and specific considerations which govern the oral and 
local use of the sulfonamides in the treatment of wounds and 
burns…. [25, 26]

Despite this impression and the fact that the sulfa drugs 
were the only antibiotics available in significant quantities in 
1941, their indications and limitations were unknown. 
Accordingly, the Subcommittee on Surgical Infections, 
chaired by Frank Meleney, defined this question as a major 
objective at its initial meeting in June 1940 [22]. Wound 
study units were set up at eight US hospitals, and a multi-
center trial was conducted of both local and systemic sulfa 
use. Meleney, in his report on this study, lamented that

The original plan was altered to a considerable extent by the 
reports which came back from Pearl Harbor. Observers who saw 
the casualties there were profoundly impressed by the low inci-
dence of wound infection, which they believed to be due to the 
copious application of sulfanilamide to the wounds. Our original 
plan called for observation on control cases without drugs and 
other controls receiving treatment with local bacteriostatic 
agents other than the sulfonamides. But, said the Pearl Harbor 
observers: “You cannot withhold from these patients the benefit 
of the sulfonamide drugs.” [27]

By the end of 1942, 1500 patients (with soft tissue inju-
ries, fractures, and burns) had been enrolled. In his report on 
this study, Meleney concluded that neither local nor systemic 
sulfonamides were effective at controlling local wound 
infection and that inadequate surgical treatment predisposed 
to infection. The antibiotics were effective at preventing sys-
temic sepsis, but were not a panacea [27]. An awareness of 
these limitations and emerging experience with 
Staphylococcus and Clostridium resistance to sulfa drugs 
[22] set the stage for research on penicillin.

1.5  Penicillin and the Burn Projects

Although Alexander Fleming discovered penicillin in 1929, 
its clinical utility was not appreciated until 10  years later, 
when Howard W.  Florey, Ernest Chain, and others (the 
“Oxford Team”) performed murine and human experiments 
demonstrating the new drug’s lifesaving potential against 
Streptococcus, Staphylococcus, and Clostridium infections 
[28, 29]. Since British pharmaceutical firms were over-
whelmed with wartime production of other drugs, Florey 
went to the USA in summer 1941 to obtain support for large- 
scale manufacturing, ultimately meeting with and convinc-

ing the chairman of the CMR, Alfred N. Richards [24]. Once 
a method of mass-production of the drug had been devel-
oped, the CMR turned in January 1942 to the Committee on 
Chemotherapeutic and Other Agents, headed by Perrin Long, 
for help in organizing clinical trials [30]. Long appointed 
Champ Lyons at the Massachusetts General Hospital (MGH), 
Chester Keefer, and colleagues to accomplish this [30]. This 
was the origin of one of the two burn-related research pro-
grams in place at the MGH at the time of the Cocoanut Grove 
fire in 1942 [31].

The second MGH research program dealt specifically 
with thermal injury [31]. On January 7, 1942, the NRC spon-
sored a pivotal conference on burns, chaired by I.S. Ravdin 
[32, 33]. The conference proceedings recommended plasma, 
topical tannic acid, and oral sulfadiazine. Henry Harkins pre-
sented the available formulas for resuscitation of burn 
patients. His own method (the “Method of Harkins”) was 
based on hemoconcentration: give 100 cc of plasma for each 
point that the hematocrit exceeds 45. For wartime, when lab 
facilities are unavailable, he recommended the “First Aid 
Method”: slowly give 500 cc of plasma for each 10% of the 
total body surface area (TBSA) burned [34, 35]. The latter is 
the first formula based on TBSA. The NRC report from the 
conference advocated 1000 cc of plasma for each 10% TBSA 
over the first 24 h, in divided doses [32].

The Subcommittee on Burns was organized under Allen 
Whipple in July 1942 [22] and was charged with determin-
ing the best therapies for acute burns and whether tanning 
was appropriate. The wound study units of the Subcommittee 
on Surgical Infections found that tanned burns had a high 
wound infection rate, and the Subcommittee on Burns soon 
recommended against use or further procurement of tannic 
acid in October 1942—less than 1 year after it was liberally 
used at Pearl Harbor. Nevertheless, “it cannot be said that 
unanimous agreement was ever attained on the choice of the 
best local agent” [22]. Another early contribution by Whipple 
was stating for the first time the importance of well- organized 
“burn teams”:

By burn team we mean a group made up of a general surgeon, 
interested in problems of infection and wound healing, a physi-
cian or technician, thoroughly trained in problems of fluid, pro-
tein and electrolyte imbalance, a general plastic surgeon…with 
experience in skin grafting large granulating areas, a group of 
trained nurses and orderlies, able and willing to stand the stress 
and strain of caring for severely burned patients. [36]

1.6  The Cocoanut Grove Fire of 1942 
and Beyond

The fire at the Cocoanut Grove (CG) nightclub in Boston, 
MA on November 28, 1942 was one of the worst civilian fire 
disasters in the US history, killing 492 of the estimated 1000 
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occupants [37]. Oliver Cope, editing the monograph 
 published on the MGH’s response, felt that they were well 
prepared in large part because of the war:

Had such a catastrophe taken place before Pearl Harbor, the 
hospital would have been swamped. As it was, the injured found 
the staff prepared, for the war had made us catastrophe minded. 
(…) A plan of therapy for burns, suited to use in a catastrophe, 
was developed and decided upon. When the victims of the 
Cocoanut Grove fire arrived, the treatment was ready and it was 
applied to all. [31]

Specific preparations for war that were already in place at 
the time of this fire included organization of personnel, pub-
lication of a disaster manual, preparation of sterile supplies 
for 200 operations, acquisition of wooden i.v. poles and of 
sawhorses to support stretchers, establishment of a blood 
bank, and training of Red Cross volunteers and of Harvard 
students as orderlies [38].

The CG monograph contains the first detailed description 
of a scientific approach to multidisciplinary burn care [37]. 
As such, it serves as an invaluable point of departure for 
understanding subsequent changes and current practice.

1.6.1  Burn Center Concept

Although the MGH did not have a dedicated burn unit in 
1942, the 39 CG patients were all hospitalized on a single 
ward. “In a disaster of this type, where the injuries were all 
of the same kind, the importance of concentration of casual-
ties in one group in one ward or floor where they can be 
under concentrated medical treatment and where isolation 
procedures can be set up if needed, was clearly demon-
strated” [39]. The first permanent unit in the USA was estab-
lished in Richmond, VA by Everett Evans, who had become 
chairman of the NRC Committee on Burns [40]. In 1947, the 
Army Wound Study Unit was moved from Halloran General 
Hospital to Fort Sam Houston, Texas by Edwin Pulaski—an 
Army surgeon who had trained under Meleney—and was 
renamed the Surgical Research Unit (SRU) [41]. At that unit, 
patients with infected burns and other wounds were treated 
on a special ward at the US Army’s Brooke General Hospital. 
Two years later, growing concerns about the possibility of 
nuclear war with the Soviet Union, and recognition that such 
a war would generate thousands of burn survivors, refocused 
the SRU on the treatment of burns, and the second US burn 
unit was formally established [40].

The US Army Burn Center at the SRU (later renamed as 
the US Army Institute of Surgical Research, USAISR) was at 
the forefront of many of the advances in burn care described 
below. Also critical for improving care in the US was the 
unit’s commitment to training surgeons, many of whom 
became directors of civilian burn centers [42–44]. 
Designation of the unit as the single destination for all the 

US military burn casualties, as well as for civilians in the 
region, provided the number of patients needed both to main-
tain clinical competence and to support the research mission 
during war and peace. Another major factor in the develop-
ment of burn care in the USA was the decision in 1962 by the 
Shriners Hospitals for Crippled Children privately to fund 
the construction and operation of three pediatric burn units—
in Cincinnati, Ohio; Boston, Massachusetts; and Galveston, 
Texas. These units opened during 1966–1968, and like the 
US Army Burn Center, became centers of excellence in care, 
teaching, and research [45, 46].

1.6.2  Shock and Resuscitation

The MGH used a version of the NRC First Aid Formula for 
resuscitation of the CG casualties. All but 10 patients were 
given plasma intravenously (Fig. 1.3):

The initial dosage of plasma was determined on the basis of the 
surface area of the burns. For each 10 percent of the body sur-
face involved, it was planned to give 500 cc in the first 24 hours. 
Because the plasma delivered by the Blood Bank during the first 
36 hours was diluted with an equal volume of physiologic saline 
solution, the patient was to receive 1000 cc of fluid for each 10 
percent burned. The plasma dosage was modified subsequently 
on the basis of repeated hematocrit and serum protein determi-
nations. [47]

Cope and Moore, in a follow-on paper in 1947, described 
a refinement of the NRC formula called the Surface Area 
Formula: 75 mL of plasma and 75 mL of isotonic crystal-
loid solution per TBSA, with one-half given over the first 
8 h and one-half over the second 16 h. The urine output was 
to be used as the primary index of resuscitation [33]. 

Fig. 1.3 A survivor of the Cocoanut Grove nightclub fire in November 
1942 receives an infusion of plasma. Ongoing preparations for war 
enabled Boston hospitals to respond more effectively to this civilian 
disaster. Source: Boston Public Library, Leslie Jones Collection [133]

L. C. Cancio and S. E. Wolf
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Subsequent revisions of this basic concept included the fol-
lowing formulas:

• Evans Formula: incorporation of body weight; colloid 
1 mL/kg/TBSA and crystalloid 1 mL/kg/TBSA [48]

• Brooke Formula: decrease in colloid content to 0.5 mL/kg/
TBSA, with crystalloid 1.5 ml/kg/TBSA; replacement of 
plasma with 5% albumin because of hepatitis risk [49]

• Parkland Formula: elimination of colloid during the first 
24 h; increase in crystalloid to 4 mL/kg/TBSA [50]

• Modified Brooke Formula: elimination of colloid during 
first 24 h; crystalloid 2 mL/kg/TBSA [51]

Despite their differences, employment of these formulas 
reduced early deaths due to burn shock to about 13% of post-
burn deaths, and made acute renal failure due to burn shock 
distinctly unusual. Today, the hazards of “fluid creep” man-
date a continued search for an approach to resuscitation that 
decreases the rate of edema formation [52, 53].

1.6.3  Wound Care and Infection

By the time of the CG fire, tannic acid had fallen into disfa-
vor: “A bland, protective ointment dressing is indicated in 
the treatment of skin burns since the chemical agents cur-
rently recommended are believed to be injurious to other-
wise viable epithelium and delay wound healing” [54]. 
Attention turned to use of i.v. antibiotics for the prevention 
of infection. Hemolytic streptococcal infection responded to 
sulfa drugs: “an effective blood level of sulfonamide offers 
the most certain control of systemic infection due to the 
hemolytic streptococcus” [55]. Meanwhile, Champ Lyons, 
the surgeon in charge of penicillin research at MGH, received 
enough of the experimental drug from Chester Keefer to treat 
13 CG patients. The doses given were too low and the experi-
ence was inconclusive, although he did not observe toxic 
side effects [55]. From there, Lyons undertook larger studies 
of penicillin at Bushnell General Hospital, Brigham City, 
Utah (April 1943) and at the new Wound Study Unit at 
Halloran General Hospital, Staten Island, New York (June 
1943) [56, 57]; the latter was the forerunner of the US Army 
SRU. These studies constituted the first large-scale studies of 
penicillin, documented efficacy against staphylococcal and 
streptococcal combat wound infections [57], and convinced 
the Army of the need for large-scale production of the drug 
[24]. Lyons next obtained a commission as an Army Major in 
August 1943, deploying to the North African theater to facil-
itate the introduction of penicillin into battlefield care under 
Edward Churchill [56].

Penicillin, however, was only a partial answer to the prob-
lem of late postburn death. In 1954, the SRU noted that 
effective fluid resuscitation now kept many patients with 

greater than 50% TBSA burns alive past the 2-day mark, 
only to succumb at a later date [58]. The conquest of hemo-
lytic Streptococcus now revealed the role of Gram-negative 
organisms, and the presence of positive blood cultures, par-
ticularly in patients with large full-thickness burns, pointed 
at bacteremia of burn wound origin [58]. The natural history 
of this “burn wound sepsis” was not clear, however, until a 
model of invasive Pseudomonas burn wound infection in rats 
was conceived and characterized by Walker and Mason at the 
SRU [59–61]. At that time, however, no effective topic or 
intravenous therapy had been identified.

Pruitt and colleagues at the SRU achieved a dramatic 
improvement in postburn mortality in 1964, with the intro-
duction into clinical care of a topical antimicrobial effective 
against Gram-negative burn wound infection, mafenide ace-
tate (Sulfamylon) cream (Fig. 1.4) [62]. This drug had been 
first synthesized in the 1930s and evaluated by Domagk, but 
abandoned, interestingly, because of lack of efficacy against 
Streptococcus [63]. It was rediscovered by US Army 
researchers at Edgewood Arsenal, who demonstrated effi-
cacy in an otherwise lethal caprine model of Clostridium 
perfringens infection following extremity blast injury [64]. 
Because it penetrates deeply, it appeared particularly effec-
tive in wounds with devitalized tissue, a feature which also 
made it attractive for the treatment of full-thickness burns. 
Lindberg and colleagues at the SRU had similar success in 
the Walker–Mason Pseudomonas model [65]. In thermally 
injured patients, death from invasive burn wound infection 
declined from 59% (pre-mafenide) to 10% (post-mafenide) 
[62]. Meanwhile, Moyer and Monafo confirmed the effec-
tiveness of 0.5% silver nitrate soaks in preventing burn 
wound infection [66]. Charles Fox subsequently developed 
silver sulfadiazine to combine the advantages of a sulfon-
amide with the silver ion [67]. Silver sulfadiazine, the 
recently developed silver-impregnated fabrics [68], and 
mafenide acetate are the commonly employed antimicrobials 
used in burn care today.

1.6.4  Burn Surgery

Surgeons accustomed to early excision of the burn wound 
should bear in mind that at the time of the CG fire, burn sur-
gery was performed after the separation of eschar: “The first 
graft was applied on the twenty-third day…and the last at 
four months to several small areas” [69]. Originally, the sur-
gical treatment of burn wounds, if performed, was limited to 
contracture release and reconstruction after the wound had 
healed by scar formation. In patients with larger wounds or 
burns of functional areas, this was wholly unsatisfactory. The 
creation of burn units committed to care for these patients led 
to the development of more effective techniques for wound 
closure. Artz noted that one should “wait until natural 
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sequestration has occurred and a good granulating barrier 
has formed beneath the eschar…After removing the eschar…
skin grafting should be performed as soon as the granulating 
surface is properly prepared” [70]. Debridement to the point 
of bleeding or pain during daily immersion hydrotherapy 
(Hubbard tanks) was used to facilitate separation of the 
eschar [71]. Then, cadaver cutaneous allografts (homografts) 
were often used to prepare the granulating wound bed for 
autografting [72].

In patients with larger (>50% TBSA) burns and in the 
absence of topical antimicrobials, this cautious approach did 
not prevent death from invasive burn wound infection, lead-
ing some to propose a more radical solution: that of primary 
excision of the burn wound. Surgeons at the SRU suggested 
that a “heroic” practice of early excision, starting postburn 
day 4, should be considered for patients with large burns. 
This would reduce the “large pabulum” of dead tissue avail-
able for microbial proliferation; immediate coverage with a 
combination of autograft and cadaver allograft would further 
protect the wound [61]. Several authors during the 1950s and 
1960s demonstrated the feasibility of this approach, but not 
an improvement in mortality [73].

In 1968, Janzekovic described the technique of tangential 
primary excision of the burn wound with immediate graft-
ing; operating in postwar Yugoslavia, she recalled that “a 
barber’s razor sharpened on a strap was the pearl among our 
instruments” [74, 75]. In a retrospective study, Tompkins 
et al. reported an improvement in mortality over the course 

of 1974–1984 which they attributed to excision [76]. William 
F. McManus and colleagues at the Army Burn Center com-
pared patients who underwent excision with those who did 
not during 1983–1985, noting that an improvement in mor-
tality could not be attributed to excision because preexisting 
organ failure precluded surgery in many unexcised patients. 
However, only six of the 93 patients (6.5%) who died in this 
study had invasive bacterial burn wound infection, whereas 
54 of the 93 (58%) had pneumonia—indicating a shift from 
wound to non-wound infections [77].

In McManus’ study, excision was performed in a mean of 
13  days postburn. By contrast, David Herndon et  al. at 
Galveston implemented a method of excision within 48–72 h 
of admission, which relied on widely meshed (4:1) autograft 
covered by allograft. In a small study of children during 
1977–1981, these authors noted a decrease in length of stay 
but not in mortality with this technique [78]. During 1982–
1985, adults were randomized to undergo early excision vs. 
excision after eschar separation 3 weeks later. Young adults 
without inhalation injury and with burns >30% TBSA showed 
an improvement in mortality [79]. A recent meta- analysis 
found a decrease in mortality but an increase in blood use in 
early excision patients without inhalation injury [80].

Despite the limitations of the early studies, early excision 
is today performed in most of the US burn centers—contro-
versy remains about the definition of “early” and the feasibil-
ity of performing radical, total excision at one operation, 
especially in adults. We now understand excision and 

Fig. 1.4 Application of 
mafenide acetate cream 
(Sulfamylon) to a thermally 
injured patient at the US 
Army Surgical Research Unit 
in 1964. At the left, Dr. John 
L. Hunt; at the right, Dr. Basil 
A. Pruitt, Jr. The dramatic 
decrease in invasive 
Gram-negative burn wound 
infection, that followed the 
introduction of Sulfamylon, 
was the epitome of integrated 
laboratory and clinical 
research championed by Dr. 
Pruitt. Source: Collection of 
the US Army Institute of 
Surgical Research, Courtesy 
Mr. Glen Gueller

L. C. Cancio and S. E. Wolf
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definitive closure of the burn wound as fundamental for 
patients with massive injuries; the “race” to achieve this 
before sepsis and other causes of organ failure supervene is 
the main effort; patients whose grafts fail repeatedly (“wound 
failure”) will not, in the authors’ experience, survive. To 
facilitate massive excision for patients with the largest 
wounds and limited donor sites, new methods of temporary 
and permanent closure have been sought. Burke and Yannas 
developed the first successful dermal regeneration template 
(Integra®), composed of a dermal analog (collagen and 
chondroitin- 6-sulfate) and a temporary epidermal analog 
(Silastic) [81]. Cultured epidermal autografts provide mate-
rial for wound closure for patients with the most extensive 
burns, although the cost is high and final take rates are vari-
able [82–84]. The ultimate goal of an off-the-shelf bilaminar 
product for permanent wound closure, with a take rate simi-
lar to that of cutaneous autografts, has not yet been achieved.

1.6.5  Inhalation Injury and Pulmonary Care

Pulmonary problems were a significant cause of mortality 
after the CG fire, and options for diagnosis and treatment 
were limited. About 114 patients were brought to the MGH, 
some alive, some dead; it is clear that many of these casual-
ties died of carbon monoxide poisoning or early airway 
obstruction. Of the 39 patients who survived long enough to 
be admitted, seven died, all of whom had evidence of inhala-
tion injury. The authors noted: “Although intubation and tra-
cheotomy were not highly successful in our cases, we believe 
that they fulfill a definite function in relieving labored breath-
ing and in facilitating the delivery of oxygen, and should be 
resorted to in patients with acute cyanosis and in those with 
severe upper respiratory lesions.” On the other hand, “the 
resuscitation of patients in acute attacks of edema was diffi-
cult and unsatisfactory” and “the pulmonary complications 
were bizarre and characterized by extreme variability, with 
areas of lung collapse and emphysema…” [85].

Subsequent improvements in inhalation injury care 
required the development of positive-pressure mechanical 
ventilators. Forrest Bird, V.R. Bennett, and J. Emerson built 
mechanical positive-pressure ventilators toward the end of 
WWII, all inspired by technology developed during the war 
to deliver oxygen to pilots flying at high altitudes [86]. The 
availability of these and similar machines, and the 
Scandinavian polio epidemic of 1952, spurred the creation of 
separate intensive care units (ICUs) within hospitals [87]. 
Today, in one model of burn care, burn units are separate from 
ICUs, and the two types of units are run by different person-
nel. At the US Army Burn Center and several other centers, 
by contrast, ICU beds have been located within the burn unit 
and have been directed by surgeon-intensivists—ensuring 
continuity of multidisciplinary care and clinical research.

Once accurate diagnosis of inhalation injury by bronchos-
copy and xenon-133 lung scanning became available, it was 
apparent that smoke-injured patients had greatly increased 
risk of pneumonia and death [88]. Large animal models were 
developed, and the pathophysiology of the injury was defined 
[89, 90]. Unlike ARDS due to mechanical trauma or alveolar 
injury due to inhalation of chemical warfare agents, smoke 
inhalation injury was found to damage the small airways, 
with resultant ventilation–perfusion mismatch, bronchiolar 
obstruction, and pneumonia [91]. This process featured acti-
vation of the inflammatory cascade, which in animal models 
was amenable to modulation by various anti-inflammatory 
agents [92]. Practically, however, the most effective inter-
ventions to date have been those directly aimed at maintain-
ing small airway patency and at avoiding injurious forms of 
mechanical ventilation. These include high-frequency per-
cussive ventilation with the Volumetric Diffusive Respiration 
ventilator developed by Bird [93] and delivery of heparin by 
nebulization [94].

1.6.6  Nutrition and the “Universal Trauma 
Model”

Bradford Cannon described the nutritional management of 
the survivors of the Cocoanut Grove fire: “All patients were 
given a high protein and high vitamin diet…it was necessary 
to feed [one patient] by stomach tube with supplemental 
daily intravenous amogen, glucose, and vitamins” [69]. But 
it soon became apparent that survivors of major thermal 
injury evidenced a hypermetabolic, hypercatabolic state 
which lasted at least until the wounds were closed, and often 
resulted in severe loss of lean body mass. Burns thus epito-
mize what David Cuthbertson, summarizing work done with 
orthopedic injuries, identified as the biphasic response to 
injury: an initial “ebb” period (shock) was followed by a lon-
ger “flow” period (inflammation) [95]. Thus, burns consti-
tute “the universal trauma model,” as described by Dr. Pruitt 
in the 1984 Scudder Oration on Trauma:

The burn patient in whom a local injury (the severity of which 
can be readily and reproducibly quantified) evokes a global sys-
temic response (the magnitude and duration of which are pro-
portional to the extent of injury) meets the criteria for a useful 
clinical model (…) Among all trauma patients, the burn patient 
should perhaps be regarded as a metabolic caricature, since the 
metabolic rate in patients with burns of more than 50 percent of 
the body surface exceeds that encountered in any other group of 
patients.

Cope and colleagues reported measurements of metabolic 
rate of up to 180% of normal in the early postburn period, 
ruled out thyrotoxicosis as an etiology, and recognized a 
relationship between wound size and metabolic rate [96]. 
Wilmore and colleagues identified the role of catecholamines 
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as mediators of the postburn hypermetabolic state (Fig. 1.5) 
[97]. Wilmore et al. also demonstrated the feasibility of pro-
viding massive amounts of calories by a combination of 
intravenous and enteral alimentation [98]. Curreri published 
the first burn-specific formula for estimating caloric require-
ments: calories/day  =  25 (wt in kg)  +  40 (TBSA) [99]. 
Provision of adequate calories and nitrogen failed to arrest 
hypermetabolism and reduced, but did not eliminate, erosion 
of lean body mass in these patients. Three approaches have 
recently been taken to address this problem with modest suc-
cess: use of anabolic steroids such as oxandrolone [100]; 
blockade of catecholamines with propranolol [101]; and 
insulin [102], insulin-like growth factor [103, 104], or human 
growth hormone [105, 106].

1.6.7  Rehabilitation

As postburn mortality decreased, the problems of burn survi-
vors, particularly those with deep and extensive injuries, 
became paramount [107–109]. The scientific study of reha-
bilitation of the thermally injured patient is a relatively 
young field. The CG monograph briefly states:

Six patients who received severe burns to the dorsum of the 
hands and wrists were referred to the Physical Therapy 
Department either while in the hospital or at the time of discharge 
to be treated as out-patients…In all cases surface healing was 
complete before beginning treatment…The first patient…was 
referred to this department 51 days after the fire…. [110]

This method, which conceives of rehabilitation as a 
“phase” which begins after resuscitation and reconstructive 
surgery phases, may be acceptable in patients with minor 
injuries. But it soon became apparent that wound healing is so 
prolonged in patients with major thermal injuries that these 
three phases must be conducted concurrently rather than 
sequentially, to avoid the catastrophic effects of chronic bed 
rest, extremity immobilization, and contracture formation 
[108]. In the 1950s, Moncrief began rehabilitation soon after 
admission and resumed it 8–10 days after skin grafting [111, 
112]. The advent of heat-malleable plastic (thermoplastic) 
material made it possible to fabricate increasingly complex 
and effective positioning devices [113]. This was followed by 
the introduction of pressure to treat hypertrophic scars and the 
development of customized pressure garments [114]. Others 
reduced or eliminated the delay between skin grafting and 
ambulation, without deleterious effects on graft take [115, 
116]. New frontiers for physical, occupational, and neuropsy-
chiatric rehabilitation of burn patients include the following:

• Optimizing pain control; use of novel techniques such as 
virtual reality [117]

• Documentation of long-term outcomes [118, 119]
• Definition of barriers of return to work and community 

[120, 121]
• Diagnosis and treatment of posttraumatic stress disorder 

[122]
• Management of scar formation [123]

Fig. 1.5 Measurement of 
metabolic rate in an 
environmental chamber 
constructed inside the US 
Army Burn Center. Studies 
such as these permitted the 
precise determination of the 
nutritional needs of burn 
patients, and the elucidation 
of the underlying mechanisms 
of postburn hypermetabolism. 
Source: Collection of the US 
Army Institute of Surgical 
Research, Courtesy Mr. Glen 
Gueller
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1.7  Conclusions

This review indicates that the advances in burn care achieved 
since WWII were not accidental, but depended on integrated 
laboratory and clinical research; generous national funding; 
centers of excellence focused on comprehensive burn care; 
highly skilled multidisciplinary clinical teams; and committed 
leadership. Reflecting on recent progress in the 1976 American 
Burn Association presidential address, Colonel Basil Pruitt 
noted the importance of a tight working relationship between 
clinicians and basic scientists, working together to solve prob-
lems of clinical significance [124]. This paradigm should be 
strengthened and expanded, since we have entered an era in 
which the number of large burns has declined nationwide 
[125]. As a result, we are challenged with the need for multi-
center trials if we are to continue to make progress. Fortunately, 
the creation of the American Burn Association (ABA) 
Multicenter Trials Group and federal funding have created the 
framework and the opportunity for such collaboration. In a 
manner reminiscent of events in the UK and the USA during 
WWII, the recent conflicts in Iraq and Afghanistan [126] and 
the attacks of September 11, 2001 [127] have highlighted the 
importance of thermal injury as a national problem. The fol-
lowing multicenter trials have been funded by the Department 
of Defense (at a total cost to date of US $25.7 million) and 
carried out by the ABA research network during 2008–18 
(ABA, personal communication, February 1, 2018):

1.7.1  Completed Studies

• Scar contractures and rehabilitation treatment time [128]
• Restrictive vs. traditional transfusion triggers [129]
• Military and civilian outcomes [130]

1.7.2  Ongoing Studies

• High-volume hemofiltration in burn patients with septic 
shock and mild acute kidney injury

• Rapid polymerase chain reaction (PCR) test for 
Staphylococcus aureus infection

• Community-based exercise for adults
• Enteral glutamine effect on infections and mortality
• Inhalation injury scoring
• Effects of propranolol in adults
• Resuscitation of burn shock with albumin
• Resuscitation of burn shock with the Burn Navigator 

decision support system

The spirit of collaboration and inquiry embodied by these 
projects is the surest guarantee that they will continue to bear 
fruit in the years to come.
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2.1  Introduction

Injury is the physical damage that results when a human 
body is suddenly subjected to energy in amounts that 
exceed the threshold of physiologic tolerance [1]. Injury is 
a significant public health problem—injuries caused 8.5% 
of all deaths worldwide in 2015 [2]. Injuries are the fourth 
leading cause of death in men throughout the world (11% 
of total deaths) after cardiovascular, infectious, and neo-
plastic diseases. Although progress is being made against 
many illnesses, the incidence of injuries is decreasing at a 
rate slower than the reduction in illness in high-income 
countries (HIC). In low- and middle-income countries 
(LMIC), both death and disability from injuries are increas-
ing very rapidly. In LMIC of the Americas, Europe, and the 
Eastern Mediterranean Region, the cause of more than 30% 
of disability- adjusted life years (DALYs, the loss due to 
either death or disability of the equivalent of 1 year of good 

health) among men aged 15–44  years in 2004 was from 
injury [3].1

Injury is a burden on the young, taking more productive 
life-years than cancer or heart disease. Road traffic collisions 
are among the leading causes of DALYs lost in LMIC [3, 4]. 
In 2004, burns under 20% were approximately 6% of all 
unintentional injuries in children less than 15 years of age [3]. 
A community-based cross-sectional survey in Egypt found 
that burn injuries were the second most common type of 
injury (after falls) in children less than the age of 18 years [5].

Injuries are also the most common cause of DALYs lost 
worldwide: in 2004, injuries accounted for 17% of DALYs 
lost in adults aged 15–59 years [3].

Burns are an important mechanism of injury. Unintentional 
injuries include not only burns but traffic collisions, drown-
ings, poisonings, and falls. Intentional injuries result from 
homicide, suicide, legal interventions, and conflicts; burns 
and fires can be the mechanism for assault or self-harm. 
Without question, burns contribute a significant proportion 
of the morbidity and mortality attributed to injuries through-
out the world.

A burn is an injury to the skin or other organic tissue pri-
marily caused by thermal or other acute trauma, according to 
the International Society of Burn Injuries. A burn occurs 
when some or all of the cells in the skin or other tissues are 
destroyed by hot liquids (scalds), hot solids (contact burns), 
or flames (flame burns). Injuries to the skin or other organic 
tissues due to radiation, radioactivity, electricity, friction, or 
contact with chemicals are also identified as burns.

In 2015, incidence of burns severe enough to require hos-
pital outpatient presentation or an admission to hospital was 
31 million people [6, 7]. Burns covering less than 20% of the 
body surface area occur to 153 per 100,000 population of 
children aged 0–15 years, making these burns the fifth most 

1 Income categories for 2004 as defined by the World Bank by 2004 
gross national income per capita. Low, US$285 or less; lower middle, 
US$285–3255; upper middle, US$3256–10,065; high, US$10,066 or 
more.
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common cause of nonfatal childhood injuries after intracra-
nial injury, open wounds, poisoning, and forearm fractures 
[3]. Five percent of disabilities at all ages in Nepal are due to 
burns and scalds [8].

Low- and middle-income countries represent a dispropor-
tionately high level of burn injury incidence and mortality. 
Data from WHO estimates that 265,000 deaths result from 
fire-related incidents per year globally [4]. This burden of 
disease is significantly higher in LMIC, with over 96% of 
fatal fire-related burn injuries occurring in these countries 
[4]. High-income countries have made significant progress 
in reducing the incidence of burn injuries and burn severity, 
lowering rates of burn deaths, and length of hospital stay 
through a combination of prevention and care strategies [9–
13]. However, many of these improvements have been 
incompletely applied in LMIC [4].

When confronted with the narrative of a burn survivor, 
one first pictures agonizing open wounds, followed by reso-
lution into undeniably obvious burn scars. But the thickened, 
noncompliant skin tells only part of the story. Much of the 
impact of burns is emotional, psychological, and spiritual. 
Studies of recovery from burn injury in the United States 
show clearly that the ability to adjust following injury is less 
dependent on the physical characteristics of the burn (such as 
burn size, burn depth, or location) and more on preinjury 
adjustment. Coping skills, family and community support, 
and general psychological health have more impact on recov-
ery from burns than the nature of the burn itself [14].

In HIC, this means that burn survivors from struggling 
family backgrounds are likely to have problems reassimilat-
ing into school and community life. In LMIC, the conse-
quences are direr, with isolation from or even abandonment 
by the family, social segregation, unemployment, and 
extreme poverty. Although burn victims from affluent fami-
lies in LIC have a chance of recuperation, the vast majority 
of burn survivors will start from living situations that deny 
them the opportunity to recover from even a small burn.

Additionally, the sequelae of nonfatal burn injuries are 
often severe enough to cause permanent disability. In the 
Global Childhood Unintentional Injury Surveillance pilot 
study conducted among children (0–12  years of age) in 
Bangladesh, Colombia, Egypt, and Pakistan, 17% of survi-
vors had long-term (greater than 6 weeks) temporary disabil-
ity and 8% had permanent disability [15]. The incidence of 
long-term temporary disability was highest in children sur-
viving burns and traffic injuries. Only near-drowning victims 
had a higher rate of permanent disability. Permanent disabil-
ity was eight times more common in burn survivors than in 
those children recovering from falls.

Thus the wisdom of one of the founding fathers of burn 
care in India, Dr. M.H.  Keswani: “The challenge of burns 
lies not in the successful treatment of a 100% burn, but in the 
100% prevention of all burn injuries” [16].

2.2  Epidemiology

Collection of data specific to burn etiologies has been chal-
lenging. The most efficient approach is to join modules 
specific for injury causation with existing data collection 
systems. As an example, software was developed to employ 
the comprehensive categorization of multiple facets of 
injury events as described by the International Classification 
of External Causes of Injury (ICECI). This software was 
then used by registrars collecting and entering data into the 
National Burn Repository (NBR) of the American Burn 
Association (ABA). Use of this tool significantly aug-
mented the quality and quantity of etiologic data entered 
into the existing data repository [17]. A global registry has 
recently been developed through collaboration among the 
World Health Organization (WHO), Global Alliance for 
Clean Cookstoves, and United States Centers for Disease 
Control (CDC). A process evaluation performed in 30 
countries showed good user acceptance and the potential to 
prioritize the selection, development, and testing of pri-
mary prevention interventions throughout the world [18]. 
Fortunately, although burns and fires throughout the world 
in 2015 accounted for 238,000 deaths, the vast majority of 
burn injuries are not fatal [19]. Globally, 2016 data show 
337 burns per 100,000 outpatient presentations and 32 
burns per 100,000 inpatient admissions [19]. In 2008 there 
were 410,149 nonfatal burn injuries in the United States, 
giving an age-adjusted rate of 136 per 100,000 each year 
[20]. A higher estimate comes from data collected from the 
National Hospital Ambulatory Medical Care Survey during 
the period of 1993 to 2004 in the United States, in which 
the average annual emergency department visit rate for 
treatment of burns was 220 per 100,000 population [21]. 
The vast majority of these burn patients were treated and 
released from the emergency department; only 5% were 
hospitalized or transferred. In comparison, only 45% of 
those with nonfatal firearm injuries and near-drowning 
effects were treated and released, suggesting that the sever-
ity of most burns requiring medical treatment is low com-
pared to other types of injury [22].

More severe burns also tend to be less common among 
hospitalized patients. A European study by Brusselaers et al., 
which reviewed 76 papers encompassing data on a total of 
186,500 patients, found an annual incidence of 0.2–2.9 per 
10,000 inhabitants for burn injuries requiring admission to a 
specialized burn service [23]. Dokter and associates reported 
an incidence approaching 1 per 100,000 person-years in the 
Netherlands for burns of 20% total body surface area (TBSA) 
or greater [24]. Other studies from high-income regions, 
including Australia, Singapore, and the United States, have 
reported rates of severe burn injuries (20% TBSA or greater) 
of less than 20% of burn injuries admitted to hospital 
[25–27].
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Epidemiologic studies from LIC lend insight into the true 
impact burns have in communities. A cross-sectional survey 
of nearly 1400 households in Tigray, Ethiopia, revealed that 
1.2% of the population is burned each year. Over 80% of 
these burns occurred at home, and 90% healed without any 
complications. Only 1% of the burn victims died [28]. A 
population-based survey of over 170,000 households repre-
senting nearly 350,000 children and 470,000 adults during 
2003  in Bangladesh showed that the overall incidence of 
nonfatal burn injuries was 166 per 100,000 and that about 
173,000 Bangladeshi children suffer moderate to severe 
burns each year; this calculates to an annual rate of 288 burns 
per 100,000 children. Similar to the study results from 
Ethiopia, 90% of the burns occurred at home. The rate of 
permanent disability due to burns in childhood was 5.7 per 
100,000, and the mortality rate was 0.6 per 100,000 
[29–31].

Other studies confirm the relative infrequency with which 
burn patients require hospitalization. In a study of patients 
treated for burns at emergency departments in North 
Carolina, 4% were admitted and only 4% were transferred to 
burn centers [32]. Based on the incidence of burns treated at 
emergency departments, and the proportion of those patients 
requiring admission, it appears that anywhere from 5 to 16 
burn patients per 100,000 population require admission for 
the treatment of their injuries. In Pennsylvania in 1994, hos-
pital discharge records showed the rate of hospitalizations 
for the treatment of burn injuries was 26.3 per 100,000 [33].

Global data are even more elusive, but an estimate of the 
frequency with which children are hospitalized throughout 
the world for treatment of burns is a rate of 8 per 100,000 
[34]. In a rural community survey in Ethiopia, burns were the 
second most common injury to children under 15 years of 
age. The annual incidence of burns severe enough to restrict 
activity for one or more days was 80 per 1000 children [35]. 
Burns were therefore the leading cause of admission for 
injury to pediatric hospitals in Ethiopia and ranked third as a 
source of outpatient visits [36, 37].

In the United States, emergency department visits for 
burn injury decreased between 1993 and 2004 [20]. The 
absolute number of burn injuries in the United States may be 
declining, or the severity of those injuries decreasing, or both 
[38]. Fortunately, a similar trend is being observed overseas. 
For example, the number of burn patients admitted annually 
to the Burn Unit of Lok Nayak Hospital and Maulana Azad 
Medical College, New Delhi, India, from 1993 to 2007 has 
declined from 1276 to 724 [39].

In parallel with the decline in emergency department vis-
its and hospitalizations for burns, mortality due to fire and 
flames has declined across the world. The Global Burden of 
Disease (GBD) 2015 project showed nearly a 10% decline in 
burn deaths over the previous decade [2]. The two decades 
from 1982 to 2002 have witnessed a decrease in fire and burn 

mortality in many countries. During this period of time, for 
instance, fire and burn mortality in Australian men declined 
from 1.5 to 0.7 per 100,000. Similarly the fire death rate in 
Brazilian women went from 1.1 to 0.5 per 100,000. Other 
countries observing reduction in fire and burn mortality from 
1982 to 2002 include Canada, France, Mexico, Panama, 
Thailand, the United Kingdom, and Venezuela. In the United 
States, the age-adjusted death rate from fire and burns has 
dropped from 2.99 per 100,000 in 1981 to 1.2 per 100,000 in 
2006 [22].

Yet not all countries have experienced a simple linear 
decline in the incidence of burn deaths during the last three 
decades. Significant political and economic upheaval in the 
nations that used to belong to the Union of Soviet Socialist 
Republics (USSR) has left its mark on trends in fire and burn 
deaths. Following a gentle decline through the early 1980s, 
fire and burn deaths began to rise before and just after the 
dissolution of the USSR in 1991. By the late 1990s, as capi-
talism and democracy began to replace communism, death 
rates again began to decline [40]. National variations in 
injury-related mortality may be related to individual factors, 
such as alcohol consumption and risk-taking behavior, as 
well as alterations in social, political, and environmental fac-
tors [41].

2.2.1  The Inequitable Distribution of Burns

As noted by Mock and associates in an editorial in the 
Bulletin of the World Health Organization, injuries and vio-
lence cause disability and death to tens of millions of peo-
ple across the globe each year, and this burden is unfairly 
borne primarily by those in LMIC where prevention pro-
grams are uncommon and the quality of acute care is incon-
sistent [42, 43]. Burn injuries are dramatic examples of the 
inequity of injury.

The majority of burn deaths (90%) occur in lower mid-
dle- or low-income countries. Slightly more than 7% occur 
in HMIC. Only 3% of burn deaths across the world occur 
in HIC (Fig. 2.1). The rate of child injury death from fire 
and flames is nearly 2 1/3 times higher in low SDI (sociode-
mographic index) countries than in high SDI (Table 2.1; 
Global Health Data Exchange, http://ghdx.healthdata.org/
gbd-results-tool, Accessed 12 Sept 2017). In absolute 
numbers, the proportion of childhood deaths due to fire 
and flames in LIC is four times that in HIC (Table  2.2; 
WHO Health Statistics and Information Systems, http://
www.who.int/healthinfo/global_burden_disease/esti-
mates/en/index2.html, Accessed 12 Sept 2017). In HIC, 
although the death rate in children from fire and flames is 
only 4% of the overall rate of death from unintentional 
injuries of all kinds, it is over 9% the death rate of all unin-
tentional injuries in LIC.
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Even in HIC, burn injuries disproportionately occur to 
racial and ethnic minorities in which socioeconomic status—
more than cultural or educational factors—account for most 
of the increased susceptibility to burns. In the Republic of 
Korea (South Korea), for instance, the severity of burn injury 
is highest in the lowest socioeconomic groups [44]. As 
another example, the proportion of African-American infants 
requiring hospitalization at US burn centers for treatment is 
double the proportion of African Americans in the general 
population [45]. Similarly, the standardized mortality ratio 
for fire deaths in 1981–1982 among aboriginals in Manitoba 
was 4.3 times that of the population of the entire province 
[46]. Indeed, in many aboriginal communities in North 
America and Greenland, the third most common cause of 
unintentional fatal injury is house fires [47, 48].

At the time of burn injury, all patients—young and old—
experience shock, horror, pain, and anxiety. The events that fol-
low the injury may confuse the victims and lead them to believe 

(sometimes correctly) that their death is imminent. Because 
few burn victims in LMIC receive appropriate first aid or 
immediate acute care, the medical mismanagement of the burn 
is likely to lead the survivor to the hopeless conclusion that lit-
tle or nothing can be done to soothe the pain and relieve the 
suffering. As a result, burn survivors become emotionally over-
whelmed and typically withdraw. They lose interest in food and 
activity and retreat to dark corners where they may lay motion-
less for hours. Unfortunately, this lack of activity compounds 
the speed with which the healing burn wound causes wound 
contractures to occur, and heightens the survivor’s disability. 
For these reasons, the distribution of burn morbidity is also 
imbalanced. The prevalence of moderate and severe disability 
due to unintentional injuries in people under age 60 is 35.4 mil-
lion in LMIC, 12.5 times higher than in HIC [3].

Differences in burn mechanism are also noted across 
income distributions. Flame burns are the most frequent 
cause of burn injury in adults in HIC, with a higher %TBSA 
associated with this type of burn. Over 80% of cases in the 
United States are caused by flame (43%), scald (35%), or 
contact injuries (8.9%) [25]. Scald injuries are more com-
mon in elderly patients; this is consistent with data from 
Australia, New Zealand, England, Wales, South Asia, and 
the East Mediterranean [26, 49, 50]. In LMIC however, the 
incidence of workplace burns, particularly those involving 
electricity, is higher than in other regions, likely due to dif-
ferences in safety regulations and poorer infrastructure.
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Fig. 2.1 Low sociodemographic index (SDI) countries disproportion-
ately suffer the impact of fire deaths and burn injuries throughout the 
world, according to statistics from the Global Health Data Exchange 

project. (Blue bars represent data about men and red bars about women.) 
(Global Health Data Exchange. Accessed 12 Sept 2017, at http://ghdx.
healthdata.org/gbd-results-tool)

Table 2.1 Global Burden of Disease Study 2015 (GBD 2015) Results

All causes Drowning Fire and burns Falls Poisoning
HIC 3.1 1.1 0.4 0.4 0.2
LIC 27.4 7.5 3.5 2.7 2.0
World 15.7 5.5 1.7 1.7 0.9

Seattle, USA: Institute for Health Metrics and Evaluation (IHME); 
2016. http://ghdx.healthdata.org/gbd-results-tool. Accessed 12 Sept 
2017
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2.3  Cost of Fires and Burns

Those costs that result as a consequence of fires and burns 
are incurred as a result of the fire exposure to property, indi-
viduals, and/or environment. Approximately 15–34% of the 
total fire expenditures are associated with cost as a conse-
quence for HIC such as the United States, Canada, the United 
Kingdom, Australia, and Denmark [51]. These estimated 
costs include the following [51]:

• Property loss
• Fatalities and injuries
• Health care costs
• Loss of business (e.g., production, market share, public 

goodwill)
• Loss of wages/employment
• Environmental costs
• Heritage and cultural costs
• Removal of debris

Direct medical costs include costs associated with emer-
gency department care, inpatient admissions, rehabilitation, 
medications, and investigative tests. Also included in direct 
costs are outpatient visits, medical home health care, medical 
devices, and ambulance transfers. Most of these costs are borne 
either by the patient’s health care insurance plan or by the 
regional or federal authority, although the amount of 
reimbursement allowed according to government fee schedules 
is often less than the cost of treatment for major burns [52].

On the other hand, indirect costs are almost always paid 
by the patients and their families and can accumulate sig-
nificantly over time. In Spain, direct health care costs of 
burn patients represent only 20% of the total cost of care 
[53]. Indirect medical costs include time spent by family 
members or other caregivers providing nonmedical care, 
either in the hospital or at home. Additionally, reduction of 
working time by both the patient and caregivers results in 
cumulative lost income. Temporary disability of the patient 
can evolve into permanent disability, which is particularly 
disabling for families without provisional plans for short- or 
long-term disability. Finally, mortality, particularly in the 
young, leads to a loss of many productive working years, 
which impacts not only the family but the community as a 
whole.

In 2015 in the United States, a country with a relatively 
low incidence of burns, $14.3 billion in property damage was 
reported, an increase of 23% over the previous year. There 
were 3280 civilian deaths and 15,700 injuries from residen-
tial fires (National Fire Protection Association, NFPA [54]). 
In England and Wales in 2004, the economic burden of fires 
was estimated at £2.5 billion and included property damage, 
casualties (395 deaths and 12,300 injuries), and business dis-
ruptions [55]. In Australia, the estimated cost of fires in 2005 
was AUD$12.5 million, with an estimate of 100 deaths and 
3000 injuries annually [51].

Survivors of moderate to severe burn injuries may suffer a 
disability that will prevent or diminish employment and 
income. In 2015, 40,867 total years of potential life were lost 
in the United States alone because of burn fatalities, includ-
ing 3483 by suicide and 2699 by homicide [56]. Cost-utility 
analysis of 898 patients treated at the Burn Center of 
Valencia, Spain, from 1997 to 2001 revealed that the mean 
cost per quality-adjusted life-year was US$686.

A mass casualty incident with a large number of patients 
with burn injuries will create a significant financial hardship 
for those hospitals assigned to treat the multiple patients with 
injuries because a significant proportion of these patients 
will be under- or uninsured. Typical routes of financial sup-
port for the care of these disaster victims may be insufficient 
to cover the cost of care [57]. Expected sources of cost 
include the additional burden of care of patients in excess of 
usual operating census. Most burn centers run at a capacity 
of around 80%, which means that sudden expansion to surge 
capacity (150% of designated burn beds) would tax human 
resources and significantly expand expenditures on person-
nel. Additionally, it may be difficult if not impossible to off- 
load the burden of mass casualty victims to other hospitals 
because transportation resources may be compromised by 
the disaster. Moreover, out-of-state hospitals are reluctant to 
accept the care of patients in the absence of guarantees by 
federal or state medical reimbursement programs [58].

A variety of features characteristic of burns lead to pro-
longed and expensive hospital stays. In addition to pain man-
agement and wound care, burn patients require attention to 
nutritional deficiencies, to the consequences of suppression 
of the immune system, and to rehabilitation therapy. In the 
United States, the average hospital charge for care of a child 
(age 5–16 years) with extensive third-degree burns requiring 

Table 2.2 Disability-adjusted life years (DALYs) lost (in thousands) in 2015 by cause and country income level (WHO Health Statistics and 
Information Systems)

Road traffic Drowning Fire and burns Falls Poisoning All unintentional injuries
HIC 5690 770 613 5583 367 18,610
UMIC 27,631 5873 2408 8703 1683 61,774
LMIC 31,670 11,862 6579 14,241 3080 98,103
LIC 11,030 4150 2441 2982 1428 33,720

http://www.who.int/healthinfo/global_burden_disease/estimates/en/index2.html. Accessed 12 Sept 2017
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skin grafting is over US$140,000 [45]. In one state alone in 
1994, hospital charges for the treatment of burn injuries 
totaled over $93 million [33]. Yet in spite of this lavish medi-
cal care, many burned children leave hospitals in the United 
States with permanent physical and psychological scars.

During the decade from 1999 to 2008, patients at burn cen-
ters in the United States stayed a mean of 10 days in the hos-
pital. The dominant predictors of hospital stay in burn patients 
are burn size and burn depth [59, 60]. In the time period 
2006–2015 involving 69,015 survivors and 2421 nonsurvi-
vors in the 2016 National Burn Repository of the American 
Burn Association, mean total charges for survivors were 
$94,130; for patients with burns smaller than 20% TBSA 
(whose survival rate is >99%), the mean total charges were 
$60,505. In contrast, mean total charges were $309,656 for 
nonsurvivors. Mean daily charges for survivors were $8179. 
In contrast, mean daily charges for nonsurvivors were 
$24,809. The mean daily hospital charges ranged by age from 
$7402/day for children under 5  years to $9938/day for the 
elderly over 60 years (ABA NBR [61]). In the last decade, 
charges for hospitalization have changed. Compared with 
data from the 2006 ABA National Burn Repository (ABA 
NBR [62]), mean charges for survivors rose from $57,575, an 
increase of 35% when adjusted for inflation. This may be 
because hospital charges per day for survivors increased from 
$4336 to $8179, a rise of 56% when adjusted for inflation.

Loss from burns and fires includes not only health care 
expenditures and property damage, but destruction of human 
resources as well. In 2006, nearly 70,000 years of potential 
life were lost in the United States because of burn fatalities 
[20]. The indirect costs of such loss of productive years of 
life arise from the absence of useful employees from the 
workplace and lack of wage earners in families.

2.3.1  Cost by Age

In some cases, where charges may be viewed as a surrogate 
for intensity of care, certain trends are apparent. The pres-
ence of comorbid medical conditions typical in the elderly 
increases the need for more complex services and longer 
hospitalizations. Whereas the mean hospital charge per day 
for survivors was only $2900 for children aged 1–5 years, it 
was $4700 for elderly adults 60 years of age or older. Elderly 
patients admitted to a New York City burn center from 2000 
to 2004 for the treatment of scald burns incurred mean hos-
pital charges of $113,000 per patient, even though the burns 
were relatively small (mean 7% TBSA) [63]. In contrast, 
mean hospital charges per day for fatal cases in US burn cen-
ters from 1999 to 2008 were $8850 for children aged 
1–5 years, compared to only $9400 for elderly adults, sug-
gesting that more intense utilization of resources used in 
attempts to salvage dying children [45].

At hospitals contributing to the ABA National Burn 
Repository, charges for survivors ranged from a mean of 
$60,505 for patients with burns less than 20% TBSA to 
$845,616 for patients with burns greater than 80% TBSA. For 
nonsurvivors, charges ranged from $224,807 for patients 
with less than 20% TBSA burns to $182,428 for patients 
with greater than 80% TBSA burns. In general, hospital 
charges are less for nonsurvivors than for survivors, for all 
burn sizes greater than 30% TBSA, because the shortened 
hospital stay of nonsurvivors reduces cost of care [61].

The majority of patients who seek medical care for their 
burn injuries can be treated and released from emergency 
departments. For example, in 2010 only 6.4% of burn 
patients in the United States were hospitalized [56]. The 
average cost (medical cost and work loss) of treating outpa-
tients is much less ($5394) than that for treating inpatients 
($65,022), but because of the vast difference in patient num-
bers (380,397 vs. 25,823, respectively), the total cost of 
treating outpatients each year in the United States is more 
than the total cost of treating inpatients ($2.1 Bn vs. $1.7 
Bn). In addition, the proportion of total cost as work loss is 
far greater in outpatients ($1.4 Bn vs. $761 Mn).

As the proportion of the US population above 60 years of 
age grows, shifts in expenditures for burn care will occur. 
From 1999 to 2008 in the United States, the percentage of 
patients admitted to burn centers who used Medicaid for 
health insurance stayed the same at nearly 13% of all patients. 
However, with the aging of the population, the percentage of 
Medicare-insured patients rose in the sa   me time period 
from 9 to 12%. During that time period, the proportion of 
Workers Compensation patients sank from 13 to 8%, reflect-
ing the departure of working adults into retirement [45].

Children are also particularly impacted by thermal inju-
ries and smoke inhalation. Fire and burn injuries resulted in 
the deaths of 1461 children in the United States in 1985. 
Children treated for burns totaled 440,000, of which nearly 
24,000 were hospitalized. The society losses from these 
childhood burn injuries and deaths were estimated at approx-
imately $3.5 billion [64]. The Multicenter Benchmarking 
Study at the Shriners Hospitals for Children-Boston esti-
mated the cost of hospitalization for a cohort of 230 pediatric 
burn patients from between 2001 and 2009 [65]. The average 
number of hospitalizations was two per patient, typically 
over a 3- to 4-year period of time. The median cost of hospi-
talization in 2006 USD was $16,331.

Fortunately, the majority of young children have small 
burns requiring short hospitalizations. Seventy-five percent 
of children between the ages of 1 and 5 years in the United 
States from 1999 to 2008 were burned over less than 10% of 
their body surface area. These young children with small 
burns spent an average of only 3.6 days in the hospital [45]. 
In addition to children being healthier than their older coun-
terparts prior to injury, children are more likely to be injured 
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by hot liquids than by flames, and there are significant cost 
differences between the two burn mechanisms.

Using the Healthcare Cost and Utilization Project Kids’ 
Inpatient Database for 2000 in the United States, retrospec-
tive data analysis of pediatric burn–associated hospitaliza-
tions was performed.2 This analysis permitted an estimate 
that 10,000 children younger than 18 years were hospitalized 
for burn injuries during that year and that the charges for 
these hospitalizations totaled over $211 million. The mean 
length of stay was 6.6  days, and only 10% of admissions 
lasted longer than 14 days. Because of the predominance of 
short lengths of stay, mean charges were only $21,840 per 
patient, and only 10% of patients accumulated charges in 
excess of $47,000. More than half of admissions were chil-
dren younger than 2 years, and males outnumbered females 
at all ages. Children under 2 years were more likely to suffer 
from scald burns, whereas older children were more likely 
burned by fire or flame [60].

2.3.2  Cost by Mechanism

Fire and flames are responsible for the bulk of the cost of 
burns. In 2008, fire departments in the United States 
responded to nearly 1.5 million fires. There were 16,705 fire 
injuries, 3320 fire deaths, and nearly $15.5 billion direct 
property losses. A fire death occurred every 158 min in the 
United States in 2008 [66]. The majority of the lost years of 
life are due to fire and flames (68,272), with only 1218 years 
of life lost due to scalds or contact burns [20]. In 2010, the 
combined costs (medical costs and work loss) of burn care 
for all fatal burns approached $26 Bn. Of those costs, nearly 
99% were attributed to deaths by fire and flames, compared 
with only $36 Mn for scald and contact burns [56].

The hospital charges per day in Pennsylvania in 1994 for 
the treatment of flame burns from conflagrations were $4102, 
compared to $2187 for scald burns. This difference reflects 
the difference in depth of burn (flame burns are more likely 
to be third degree in depth than are scald burns) and the sub-
sequent additional intensity of resources needed to treat 
third-degree flame burns and smoke inhalation injury, which 
include intensive care, surgery, blood transfusions, and anti-
biotics [33].

2 The Healthcare Cost and Utilization Project (HCUP) is a family of 
health care databases and related tools for research and decision-mak-
ing sponsored by the Agency for Healthcare Research and Quality. The 
four Shriners hospitals for burned children do not generally contribute 
data to their respective states’ HCUP databases, and thus approxi-
mately 10% of the estimated 10,000 children admitted for burn care in 
the United States each year were not included in this study. Therefore, 
the collective incidence and related charges of pediatric burn admis-
sions may be underestimated by approximately 10% in this study [60].

Data from LMIC regarding cost of burn treatment are 
scarce, but there are studies that corroborate the US experi-
ence that flame burns are expensive. For example, the cost of 
care for patients injured by kerosene stoves is high in 
LMIC. In 2003 in Cape Town, South Africa, the mean total 
cost per patient was US$6410. Extrapolating these costs to 
South Africa nationwide gives an estimated annual expense 
of US$26,250,000, which is more than 50 times the amount 
expended annually for kerosene in South Africa [67].

Nonetheless, because of the frequency with which scald 
burns occur, the cost of care for scalds is significant. Annual 
charges for treatment of scald burns in US children less than 
14 years old is approximately $2.1 billion. Sixty percent of 
these charges are for children under the age of 5 years [68]. 
Again, indirect costs are difficult to quantify, but are no 
doubt significant because each day a child is hospitalized or 
home ill with burn injuries, is a day that one of the parents or 
caregivers has to miss work. In addition, the cost of burn 
wound dressings is frequently not covered by most insurance 
policies, leaving the parents responsible for purchasing sup-
plies out-of-pocket.

The cost of care for electrical injuries is typically much 
higher than the cost of care for flame or scald burns. In 
Ankara, Turkey, the mean total cost of electrical burns 
between 2005 and 2008 was US$22,501, compared with 
US$15,250 for other types of burn injury [69].

2.4  Limitations of Data

The majority of uncertainty in estimates of death in the Global 
Burden of Disease reports is associated with the assessment 
of systematic errors in primary data. That is, information 
about prevalence, incidence, and mortality from injuries is 
generally fragmented, partial, incomparable, and diagnosti-
cally uncertain [70]. To estimate uncertainly for regional mor-
tality, a simulation approach was used to create uncertainty 
ranges that take into account uncertainty in the expected num-
ber of total deaths, uncertainty in the diagnosis of underlying 
cause of injury, and uncertainty arising from miscoding of 
cause, among others. Based on these estimates, the range of 
uncertainty for fire deaths is 3000 to 5000 deaths lower or 
higher than the estimates for fire deaths in East Asia, the 
Pacific, Europe, and Central Asia. Even more uncertain are 
the estimates in South Asia and sub-Saharan Africa, where 
the range of uncertainty surrounding the stated  estimates is 
10,000 to 14,000 deaths lower or higher. Thus the real num-
ber of fire deaths each year may be almost 30,000 higher than 
the estimate of 310,000. Sources of uncertainty for estimating 
burden of injury in the GBD reports include [70]:

• Incomplete information
• Biases in information
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• Disagreement among heterogeneous information sources
• Model uncertainty
• The data generation process itself

The foundation for assigning disability weights to spe-
cific sequelae rests on an agreed-upon definition and on an 
accepted method for measuring disability. First required is 
delineation of the health states among those living with the 
particular sequelae (such as burn scars), where a health state 
is determined by the levels on the various dimensions that 
constitute health. Second, a valuation function is needed to 
provide a systematic way to aggregate across multiple 
dimensions of health in order to arrive at a single index value 
that captures the overall level of health associated with a 
given health state [71]. Clearly the challenge is to find uni-
versal definitions for disability and tools for disability assess-
ment. Accordingly, as many as half a million more DALYs 
may be lost each year to fires [70].

Routine reporting of fatal burns may be poor in 
LMIC. Special surveys or demographic surveillance by ver-
bal autopsy and lay reporting may be needed to obtain trust-
worthy information. Community surveys, such as performed 
by Mashreky and associates [30] in Bangladesh, will deter-
mine the incidence, circumstances, agent and mechanism, 
and severity and consequences of burns, both fatal and non-
fatal. The prevalence of disability and disfigurement, as well 
as the economic impact on the household, probably cannot 
be obtained except from comprehensive and thorough com-
munity surveys [72].

Much of the published literature on burn epidemiology 
characterizing etiology, severity, and outcomes arises from 
studies of populations of patients treated at burn centers. 
Because of their design, these studies cannot enumerate the 
incidence and prevalence of important factors and variables 
that typify the burns that are commonly treated either at 
home or in primary care settings. Community surveys and 
emergency room or clinic data are preferable sources used to 
establish the magnitude of the burden of burn injuries 
throughout a district or region.

Other limitations arise in the interpretation of data from 
the United States. Although race is often studied as a vari-
able, the limitations of racial and ethnic designations com-
monly used are subject to misinterpretation [73]. Other 
pitfalls are associated with using length of stay as an out-
come variable [74]. In one retrospective study of length of 
stay in burn patients, the variance unexplained by the studied 
variables was very high, with a coefficient of variance of 
nearly 100% [59]. Patients admitted on Fridays may have 
longer lengths of stay for the same severity of injury than 
those admitted early in the week because of limited resources 
for discharge planning over weekends. Excision and grafting 
of even small burns will lead to longer length of stay for pain 
control, immobilization, rehabilitation therapy, and assis-

tance with activities of daily living than treatment of burns 
with topical antimicrobials only. Administration of intrave-
nous medications, especially antibiotics and narcotics, will 
increase length of stay. Smoke inhalation injury and high- 
voltage electrical injury will also increase length of stay 
beyond the range noted for any given burn size. Lack of 
social support systems leads to longer hospital stays in the 
absence of medical factors necessitating continued inpatient 
care.

2.5  Risk Factors

2.5.1  Socioeconomic Factors

Household income and home value are correlated with fire 
deaths and burn injuries. In metropolitan Oklahoma City in 
1987–1990, the fire-related hospitalization and death rate was 
3.6/100,000 [75]. However, when the examination of data 
from Oklahoma City was focused on an area characterized by 
a lower median household income, lower property values, and 
poorer quality of housing, the fire injury rate was much higher, 
15.3/100,000 [76]. In addition, census tracts with low median 
incomes in Dallas, Texas, had the highest rates of injury related 
to house fires, over eight times that in tracts with high incomes 
[77]. Although in low-income neighborhoods a multitude of 
risk behaviors, such as alcohol and drug abuse, put those com-
munities at risk for residential fires, clearly one important fac-
tor is the frequent absence of functioning smoke detectors. 
From 1991 through 1997 in Dallas, the prevalence of opera-
tional smoke detectors was lowest in houses in the census 
tracts with the lowest median incomes [77].

Fire injuries also show the steepest social class gradient 
among all childhood injuries in England and Wales, with a 
16-fold increase in death from fire and flames in the lowest 
socioeconomic class compared to the highest [78]. Nonfatal 
smoke inhalation injuries in an impoverished, multiethnic 
area of inner-city London in 1996–1997 occurred at an inci-
dence of 25/100,000 persons per year, over 30 times higher 
than the mortality from smoke inhalation in this series [79]. 
In this same quarter of London, the hospitalization rate for 
unintentional fire and flame injuries (8.2 per 100,000) was 
1.75 times that in the southeastern United Kingdom, which 
includes urban, suburban, and rural neighborhoods [79]. A 
more recent study from Wales confirms that children under 
16 years of age in poorer socioeconomic areas are at excep-
tionally high risk of burn injuries [80].

Longitudinal observations of patients admitted to a single 
burn center in New Delhi suggest that overall socioeconomic 
improvements lead to a reduction in the frequency of injuries 
severe enough to require admission to a burn center. In 1993, 
the per capita income in Delhi was US$450/year and 1276 
patients were admitted that year; by 2005 the per capita 
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income in Delhi had risen to US$1542 and the number of 
admissions declined to 695 [39]. Although unproven, the 
hypothesis is compelling that the gradual decline in fire and 
burn deaths across the world is following improvements in 
living conditions and income.

2.5.2  Race and Ethnicity

In the United States, there are striking differences in suscepti-
bility to burn injury by race. From 1991 through 1997, African 
Americans in Dallas were 2.8 times more likely to be injured 
in house fires than whites [77]. In 2008 in the United States, 
the rate of nonfatal burns was 161 per 100,000 African 
Americans, much higher than the observed rate of 109 per 
100,000 in white non-Hispanics. In fact, in black Americans 
aged 35–39 years, the rate was 221 per 100,000, remarkably 
higher than was the rate in whites in the same age group, 
which was 135 per 100,000 [20]. The emergency department 
visit rate for burn injuries from 1993 to 2004  in the United 
States was 62% greater among black subjects than white 
subjects (340 vs. 210 per 100,000, respectively) [21].

The age-adjusted death rate from burns of all causes in the 
United States in 2006 was highest in blacks (2.43 per 100,000) 
and lowest in Asians (0.44 per 100,000) [20]. Intermediate 
rates were noted among Native Americans (1.45), white non-
Hispanics (1.11), and Hispanics (0.77 per 100,000). Among 

children, a striking disparity in fire death rates exists between 
black and white children under the age of 15  years, with 
African-American children dying in residential fires at a rate 
nearly three times that of white children. However, by the 
teenage years of 15–19, this difference between the races is 
no longer present [20]. However, older African Americans 
had 4.6 times the death rates of white seniors [81]. In Alabama 
from 1992 to 1997, the fire fatality rate was highest among 
older African Americans [82]. An intriguing finding is that as 
household income increases, differences in fire death rates 
between blacks and whites diminish [83].

In data collected by the American Burn Association for 
the National Burn Repository, racial differences in burn 
admissions occur by age group.3 Whereas for children under 
5 years of age, 26% of admissions to burn centers were black 
children and 40% were white children, only 18% of seniors 
aged 60  years or older were black and nearly 70% were 
white (Table 2.3). In parallel with the decline of prevalence 
of blacks in the hospitalized burn population as age increases, 
Hispanic representation at burn centers was only 6% of the 

3 The 2016 report of the National Burn Repository reviews the com-
bined data set of acute burn admissions for the period 2006–2015. 
Ninety-six hospitals (including 65 verified by the ABA as centers of 
excellence) from 36 states plus the District of Columbia contributed 
to this report, totaling 205,033 records. Data were not dominated by 
any single center and appeared to represent a reasonable cross section 
of the US hospitals.

Table 2.3 Summary of Data from the National Burn Repository of the American Burn Association, 2006–2015

Age in years White Hispanic Black Scald Flame Contact Electrical Chemical
Burns <10% 
TBSA Mortality

0–0.9
N = 4083

44% 17% 26% 53% 4% 21% 0.3% 0.8% 64% 0%

1–1.9
N = 15,547

38% 21% 26% 67% 5% 23% 0.7% 1.1% 78% 0.1%

2–4.9
N = 13,957

41% 21% 27% 58% 15% 17% 2% 1.3% 73% 0.6%

5–15.9
N = 13,457

50% 16% 26% 39% 40% 9% 2.2% 1.3% 70% <1%

16–19.9
N = 8334

65% 12% 17% 27% 52% 6% 2.1% 2.8% 59% 1%

20–29.9
N = 26,349

62% 14% 17% 28% 47% 5% 4.3% 4.3% 65% 1.3%

30–39.9
N = 22,281

60% 14% 19% 27% 47% 5% 6% 6% 63% 1.9%

40–49.9
N = 24,132

63% 11% 20% 25% 49% 6% 5% 5% 63% 2.7%

50–59.9
N = 21,892

65% 8% 20% 24% 51% 6% 4% 4% 63% 4.5%

60–69.9
N = 12,872

68% 6% 19% 23% 55% 6% 2% 3% 63% 7.4%

70–79.9
N = 7061

70% 6% 18% 21% 60% 6% 0.8% 1.8% 61% 12.8%

80+
N = 4639

72% 5% 16% 25% 53% 8% 0.4% 1.5% 56% 21.5%

(Census 2010) (72%) (16%) (13%)
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elderly, compared to nearly 33% of children under 5 
(Table 2.3). Hospital discharge rates for treatment of burns in 
Pennsylvania in 1994 showed that blacks were hospitalized 
for burns more than twice as frequently as whites (46.6 vs. 
20.6 per 100,000, respectively) [33].

2.5.3  Age-Related Factors: Children

Important risk factors for burn injuries include lack of supervi-
sion of children, frailty, and comorbid illnesses of older adults, 
clothing made of flammable materials, parental illiteracy, con-
gested housing, preexisting impairment of a child, and low 
socioeconomic status [84, 85]. Despite their remarkable resil-
ience, children across the world are commonly seriously 
injured, with pain and suffering, disability, and occasionally 
death as the outcome. The highest fire-related death rates in 
children across the world occur in infants and children under 
4 years of age. After age 15, death rates begin to climb again, 
presumably because of greater exposure to hazards, experi-
mentation, and risk-taking, as well as employment [3]. 
Similarly, age distributions among HIC European countries, 
the United States, Australia, and New Zealand are highest 
among adults, with 40–50% of burn injuries seen in these 
patients [23, 25, 26]. In the United States, patients aged 
between 20 and 30 years are the most prevalent age group, 
representing 15% of cases [25]. Fires and burns were the third 
leading cause of unintentional injury death in the United States 
in 2006 for children 1–9 years of age [22].

Nonfatal burns in children are extremely common as well. 
In 2008 in the United States, the crude rate of nonfatal burns 
was 156 per 100,000  in those under the age of 18 [22]. 
Strikingly, the rate for children up to 3 years of age was a 
staggering 358 per 100,000, and the fifth leading cause of 
unintentional nonfatal injury in US infants is burns [22]. The 
fact that 93% of these young children were treated and 
released from emergency departments suggests that the 
burns were probably minor scald and contact burns. In fact, 
in the US, 67% of the children hospitalized for burn injuries 
sustained burns of less than 10% TBSA [60].

Compared to children in HIC, children under age 5  in 
LMIC have a disproportionately higher rate of burns [15]. 
For example, in Brazil, Côte d’Ivoire, and India, nearly half 
of all childhood burns occur in infants [86–88]. Even in HIC, 
children who live in poor districts are at high risk of residen-
tial fire-related injuries [89].

Various issues impact the likelihood that a child will be 
burned. These include literacy among mothers, knowledge 
of the risk of burns and of the means to secure health care, 
ownership of the house, kitchens separated from other living 
areas, use of fire-retardant chemicals in fabrics and uphol-
stery, installation of smoke alarms and residential water 
sprinklers, appropriate first-aid and emergency response sys-

tems, and the existence of quality health care services [15]. 
Compared with children in the state of Tennessee (1980–
1995) whose mothers had a college education, children 
whose mothers had less than a high school education had 
nearly 20 times greater risk of dying in a fire. Similarly, chil-
dren whose mothers had three or more other children had 
over six times greater risk of dying in a fire when matched 
with children whose mothers had no other children. Likewise, 
when contrasted with children whose mothers were 30 years 
or older, children whose mothers were younger than 20 years 
of age had almost four times increased risk of dying in a fire. 
Fortunately, children thus characterized comprise only 1.5% 
of the population. Nonetheless, the fatal fire rate for this 
high-risk group was 28.6 per 100,000, far exceeding the 
national norms for fire fatalities [90].

Children are more susceptible to burns than adults; the 
curiosity and desire to experiment is matched neither by their 
capacity to understand the potential of danger nor by their 
ability to respond to it [91]. Beginning at 6 months of age, 
children start reaching for objects and crawling, and are fully 
mobile by 18  months. This escalation in motor skills and 
activity increases the chance that children will encounter hot 
liquids and solids, electrical cords, candles, fireplaces, 
microwaves, treadmills, hair curlers and curling irons, ovens 
and stoves, chemicals, and other harmful agents. For instance, 
the majority of scald burns in children between the ages of 6 
and 36 months come from hot foods and liquids spilled in the 
kitchen or dining room [68].

Hot liquid and vapor injuries were the leading specific 
causes for children 12–17 months in a review of injuries 
in Californian children under the age of 4 years (Fig. 2.2). 
This age coincides with developmental achievements such 
as independent mobility, exploratory behavior, and hand-
to- mouth activity. Although the child is able to gain access 
to hazards, he or she has not yet developed cognitive haz-
ard awareness and avoidance skills [92]. Just as poisoning 
is linked to grasping and drinking behavior of children 
1–3 years of age, scald burns are more common in chil-
dren between 1 and 5 years of age than in any other age 
group [45].

Once risks are encountered, the child may lack the ability 
to escape danger. And because their cognitive development 
is not as advanced as their motor development, they are not 
aware of the potentially damaging consequences of their 
behavior. For example, fires resulting from children’s play 
are the leading cause of residential fire deaths in children 
under 10 years [68]. Therefore, developmental stage becomes 
a risk factor for burn injuries [60].

Although the home is full of hazards, the young child 
views his or her dwelling as the centerpiece of their physical 
existence, in which they must eat, sleep, play, and resolve 
conflicts. Most home environments were not configured by 
architects to minimize the risk of injury to children. The 
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space set aside for preparing and consuming food is such an 
example. Most women (mothers, grandmothers, aunts, 
nieces, and older female children) find themselves involved 
in multiple tasks while preparing meals, including caring for 
the younger children. It is not surprising that low-income 
families are functioning in overcrowded conditions with 
only basic utilities and utensils, throughout which they are 
stressed by hunger, fatigue, frustration, and fear. The preven-
tion of scald or flame burns may be the last item on the 
agenda of the teenage sister charged with making dinner and 
caring for her younger siblings while her parents are away at 
work. In this regard, there is little difference between impov-
erished families in LMIC and HIC, thus explaining why 
scald burns in young children are universally common.

However, the presence of adults does not eliminate risk to 
children. In Greece the incidence of burns from contact with 
hot exhaust pipes while riding motorcycles is 17 per 100,000 
per year; many of these burns occur in children, who are pas-
sengers on the rear of the motorcycle. The responsibility of 
assuring safety to the child passenger rests with the motorcy-
cle operator; the presence of contact burns from the exhaust 
pipe suggests negligence of this responsibility [93]. Similarly, 
review of childhood injuries treated at a large urban hospital 
in the United States from 1972 through 1993 showed that 
adults were present 54% of the time that children were injured 
by fireworks; for whatever reason, the presence of adults did 
not protect the children from harm [94]. Nonetheless, parents 
are aware of the importance of their responsibility to protect 
children from the risk of burns, and consider risk around the 
home to be negligence, as noted in a survey of parents, 
students and teachers in rural Bangladesh [95].

2.5.4  Age-Related Factors: The Elderly

The elderly are at higher risk of injury than the younger age 
groups because they are more prone to injury due to deterio-
ration of judgment and coordination as well as to the altera-
tions in cognition and balance secondary to medications and 
are more susceptible to the pathophysiologic consequences 
of the physical insults of injury. Deaths from fires are the 
fourth leading cause of unintentional injury death (behind 
falls, motor vehicle incidents, and suffocation) among peo-
ple aged 65 years or older in 2006 [20]. The elderly are at 
higher risk of dying in a residential fire than any other age 
group except for the very young [96]. Mortality data from 
1984 collected by the National Center for Health Statistics 
showed that 29% of the residential fire deaths were victims 
older than 65 years, although older people only represented 
12% of the US population at this time [81].

Even small, shallow burns are poorly tolerated by seniors. 
Elderly burn patients treated for scald burns had relatively 
small burns (mean 7% TBSA) but high mortality (22%). In 
addition, two thirds who were living independently before 
the burn injury were forced into skilled nursing facilities 
after hospitalization for burn care [63].

Behavior patterns exacerbate the risk to the elderly. Seniors 
who smoke are more likely to die in residential fires than 
younger people who smoke [97]. Smoke detectors were absent 
in 75% of the fatal fires involving the urban African- American 
elderly in Alabama from 1992 to 1997 and were completely 
absent in all of the fires leading to the deaths of the rural African-
American seniors. The cause of fire ignition was most often 
heating devices, which are used more commonly by the elderly 
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Fig. 2.2 Rates of injury, 
hospitalization, and death per 
100,000 for children under 
4 years of age in California 
1996–1998 [92]. Rates are 
illustrated by 3-month 
intervals for the major 
categories of injury. The rate 
of burn and fire injuries peak 
between 12 and 18 months, 
similar to the pattern seen 
with foreign bodies in the 
airway and gastrointestinal 
tract. Rates of poisoning 
begin to rise at the same 
period of childhood as burns 
but do not decrease until after 
27 months of age, nearly 
¾ year later than the onset of 
the decrease in burns
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and often with inadequate attention to the safe functioning of the 
device. Interestingly, alcohol was a factor in only 29% of deaths 
of the elderly, compared with 74% of the middle-aged [82].

Not only are the elderly more likely to die in residential fires, 
they are also more likely to succumb to complications following 
thermal injury. In US burn centers during the decade 2006–2015, 
in-hospital mortality was 7.4% for the seventh decade of life, 
12.8% for the eighth, and 21.5% for those over 80 years. These 
rates are even more striking when compared to the mortality 
rates for adults from 20 to 50 years (2%) and especially to those 
for children under 16 years (less than 1%) (Table 2.3).

In addition to their increased susceptibility to infectious 
and metabolic complications, the elderly are also at higher 
risk for death after burns because the burns for which they are 
admitted are larger in area. For example, although only 25% 
of children under 2 years of age who hospitalized for treat-
ment of burns have burns greater than 10% of their body sur-
face area, nearly 40% of the elderly over 60 years of age who 
are hospitalized for burns have burns greater than 10% BSA 
(Table  2.3). One study in Pennsylvania noted that patients 
75 years and older had significantly more severe fire and burn 
injuries than did younger patients (using the MedisGroups™ 
morbidity score assigned during hospital stay) [33].

Indeed, age (along with burn size and presence of smoke 
inhalation injury) is one of the three most powerful predic-
tors of outcome following thermal injury. Whereas the per-
centage of body surface area burned at which 50% of cases 
will be fatal (LA50) is over 90% in children under 2 years of 
age, the LA50 for the elderly in the seventh decade of life is 
under 40% TBSA, and is under only 20% TBSA for those 
80 years and older [45].

2.5.5  Regional Factors

The burden of burns is also unevenly distributed throughout 
the regions of the world. For instance, the incidence of burn 
injuries severe enough to require medical care is nearly 20 
times higher in the Western Pacific (including China) than in 
the Americas [3]. (Note: WHO regions of the world are 
graphically depicted in Fig.  2.3; specific lists of countries 
within each region can be found at http://www.who.int/
about/regions/en/index.html.)

Burn fatalities are more likely to occur in certain regions 
of the world, even when gender and national income status 
are considered. Infants in Africa also have an incidence of 

African Region

Region of the Americas European Region Western Pacific Region

Eastern Mediterranean RegionSouth-East Asia Region

Fig. 2.3 WHO Member States are grouped into six regions. Each 
region is further subdivided into low-income (LIC), middle-income 
(MIC), and high-income (HIC) countries. Both Africa and South-East 

Asia have no high-income countries. Listings of the countries in each 
region can be found at http://www.who.int/about/regions/en/index.html
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fire-related burns which is three times the world average for 
this age group [98]. Specifically, the 2004 fire mortality rate 
in infant girls in Africa was 35 per 100,000, considerably 
higher than that in LMIC in Europe (3.5/100,000), the 
Americas (2.2/100,000), or the Western Pacific (0.4/100,000) 
[15]. Similarly, fire death rates in boys 1–4  years in the 
Eastern Mediterranean LMIC were nearly twice that of boys 
1–4  years in European LMIC.  Moreover, fire mortality in 
South-East Asia was nearly six times that in the Western 
Pacific LMIC for boys under the age of 4 years.

In a Shanghai cohort of patients aged over 64 years, the 
majority had mostly flame injuries (73%) related to domestic 
tasks [99]. Of Chinese adults, the majority had flame-type 
burns (41% and 46% of patients admitted to regional burn 
services in Hong Kong and Shanghai, respectively) [99, 
100]. The highest rate of flame injuries in China was seen in 
northeastern China (51% of patients admitted to a number of 
regional burn services) and was thought to be related to fire-
work injuries during the Spring Festival [101]. Flame was 
also identified as a major cause of severe burn injury in a 
number of LMIC in South Asia [49]. For example, Ahuja 
et  al. reported that in India, an average %TBSA of 42% 
among flame burns caused by liquid petroleum gas. The 
authors identified constrained living conditions in single 
room dwellings and preventable gas leaks from faulty rubber 
tubing or gas stoves as contributing factors [49, 102]. As 
more households in resource-limited settings move away 
from kerosene as a fuel source for domestic stoves and heat-
ers, a subsequent increase is being seen in the number of 
injuries sustained from the use of natural gas and propane. In 
the decade 2005–2014  in Ecuador, domestic methane gas 
was the most frequent agent causing thermal burns in patients 
admitted to the specialized public hospital in Quito [103].

In sub-Saharan Africa, among burn injuries in the total 
population, scald burns predominated (59% of cases), as 
compared with flame burns, which accounted for 33% 
[104]. Among adults with severe burn injuries (20% TBSA 
or greater) reported in one South African study, flame was 
the most common cause [105]. Rates of flame injury 
approached 75% for adults with a %TBSA of 20% or 
greater, while scald, electrical and chemical causes 
accounted for less than 25% of such cases. Flame burns 
also accounted for 81% of adult fatal burns, with most 
occurring in patients with a %TBSA of 30% or greater 
[105]. A large number of injuries related to petroleum prod-
ucts involved illegal petrol siphoning and accidents from 
kerosene lamps and stoves [104]. Othman et al. identified 
intentional self-harm burns as corresponding with a greater 
%TBSA and resulting in higher rates of mortality. These 
injuries tended to be flame burns in young (mean age range 
17–27  years) female victims (74–99%) [50]. The most 
common motives cited were marital problems or quarrels 
with husbands or other family members [50, 85].

Cold climates may be associated with a higher incidence 
of burn injury. Fatal residential fires in rural North Carolina 
that were not associated with smoking materials were caused 
primarily by heating appliances [106]. Lack of electricity 
mandates the use of hazardous flammable fuels, including 
open wood fires and kerosene heaters. In Nepal, because 
children spend a great deal of time huddled together to keep 
warm around open fires, flame burns are common in Nepalese 
children. Older children are often responsible for lighting 
and tending fires, stoves, and lamps, thus increasing their 
vulnerability to burns [107, 108].

On the other hand, the colder Northeastern region of the 
United States had a lower fire and burn mortality rate in 
2006 (0.97 per 100,000) than the more temperate South 
(1.49 per 100,000). In fact, the fire and burn mortality rate 
in some of the coldest states in the United States were lower 
than the average national fire and burn mortality rate (1.23 
per 100,000). For instance, the fire and burn mortality rate 
in New Hampshire and Vermont was 0.5 per 100,000, and 
in Minnesota it was 0.7 per 100,000. Nonetheless, Alaska 
had the highest fire and burn mortality rate in the United 
States, 2.72 per 100,000. Although temperate climates are 
not protective, warmer climates in the United States seem 
to have lower fire and burn death rates, as noted in Arizona 
with 0.87 and Florida with 0.84 per 100,000 [20]. Even 
though it is tempting to associate fire and death mortality 
rates with alcohol use, data from the Substance Abuse and 
Mental Health Services Administration (SAMHSA) do not 
suggest any correlation between the two variables at a state 
level [109]. More discerning inspection of data from dis-
tricts, cities, and neighborhoods will be necessary to estab-
lish the association between burns and environmental or 
behavioral variables.

2.5.6  Gender-Related Factors

Gender differences in injury rates begin to appear within the 
first year of life for many injuries. Sex differences in behav-
ior appear about the same time as differences in injury rate 
and correlate with injury type. Boys are 70% more likely to 
die by injury than girls in OECD4 countries [110]. For 
 children under 15  years of age, 24% more injury deaths 
occur among boys than among girls [3].

4 The Organization for Economic Cooperation and Development 
(OECD) includes 29 countries which produce two thirds of the world’s 
goods and services. The OECD member countries, as of December 
2000, are Australia, Austria, Belgium, Canada, the Czech Republic, 
Denmark, Finland, France, Germany, Greece, Hungary, Iceland, 
Ireland, Italy, Japan, the Republic of Korea, Luxembourg, Mexico, the 
Netherlands, New Zealand, Norway, Poland, Portugal, Spain, Sweden, 
Switzerland, Turkey, the United Kingdom of Great Britain and Northern 
Ireland, and the United States of America [110].

2 Epidemiology and Prevention of Burns Throughout the World



30

Burn death patterns follow a slightly different pattern. 
In the United States in 2006, the mortality rates for burn 
deaths for children under 20 years of age was nearly iden-
tical (0.7 per 100,000 for boys and 0.65 per 100,000 for 
girls). However, in the youngest age group (infancy 
through 4 years), the fire death rate for boys was 1.24 that 
of girls [22].

Several theories suggest why boys are more likely to be 
injured than girls. Boys are socialized differently: parents are 
more likely to allow boys to roam further with fewer limits 
and to play alone [111–113]. Boys are also engaged in more 
risk taking and higher activity levels and behave more impul-
sively than girls [114, 115]. However, in a 1978 study of 
injuries in children reported to the Consumer Product Safety 
Commission, the gender differences were not explained by 
exposure to risk [116].

The gender difference is observed in adults as well. The 
emergency department visit rate for burn injuries from 1993 
to 2004  in the United States was 50% greater among men 
than women (270 vs. 180 per 100,000, respectively) [21]. In 
Pennsylvania in 1994, t he overall hospital discharge rate for 
men who had been treated for burns was over twice that for 
women (37 vs. 16.5 per 100,000, respectively) [33]. The age- 
adjusted rate of nonfatal burns in the United States in 2008 
was 143 per 100,000 in men, higher than the rate of 128 per 
100,000 seen in women [20]. However, in the United States 
from 2001 to 2006, nonfatal scald burns were more common 
among elderly women than elderly men (age 65  years or 
older) [22].

Nonetheless, in the United States, a higher fire death rate 
is seen for elderly males than for elderly females [81]. Yet the 
difference is most prominent in the 20–44 age group, in 
which the ratio of fire mortality in men is nearly twice that in 
women [20].

Additionally, males shoulder a higher proportion of the 
disability associated with injury. Men account for 78% of the 
DALYs lost from injuries to adults 15–44  years of age in 
Australia [117].

Occupational activities put people at risk for work-
related injuries. During the time period 1993 to 2004 in the 
United States, 23% of emergency department visits for burn 
injury were work-related [21]. From 1999 to 2008, 11% of 
admissions to US burn centers were for occupational inju-
ries [45]. US workers in the mining, transportation, and 
public utility industries had the highest rate of death from 
thermal injury in 1992 to 1999. Perhaps because of rapid 
economic growth, an increase has occurred in occupational 
injuries in China (Smolle 2016, [118]). Occupations with 
the highest risk of death by fire include truck drivers, fire-
fighters, miners, airline pilots, and operators of ovens, fur-
naces, and kilns [119]. Because the majority of these 
high-risk occupations are held by men, adult males will 
have higher rates of burn injuries in countries that offer 

them these roles. Men were seen nearly twice as often as 
women for work-related burns in the US emergency depart-
ments between 1993 and 2004 [21].

Gender differences in burn incidence may vary by age, 
region, and national income categories. For instance, in rural 
Ethiopia burns occur more often to boys than girls, but it is 
women who are more frequently burned than men [120]. 
Unfortunately, pregnancy increases the risk of mortality both 
to the mother and the fetus [121].

In HIC and LIC, gender differences in fire deaths are 
polar opposites. Rates of death by fire in HIC are twice as 
high in males as in females in the 15–59  year age group. 
However, in this same age group in LIC, female deaths from 
burns occur at a rate 2.3 times that in males. The discrepancy 
is greatest in WHO South-East Asia and Eastern 
Mediterranean Regions [3]. Nine percent of all deaths among 
Egyptian women of reproductive age were caused by burns 
[122].

However, the gender distribution of nonfatal burns differs 
between countries. Although some countries such as Egypt 
and India have a greater proportion of burns among girls, a 
higher number of cases in boys has been reported in Angola, 
Bangladesh, China, Côte d’Ivoire, Kenya, and Nigeria [29, 
88, 123–129].

The gender discrepancy in LMIC fire death rates is pres-
ent but less pronounced in young children. However, between 
the ages of 15 and 19, women begin to suffer a disproportion-
ate share of fire deaths. Women between the ages of 15 and 
59 in LIC have an astonishingly high fire death rate of 15.6 
per 100,000 [3]. In India, approximately 65% of burn deaths 
occur to women, most often caused by kitchen accidents, 
self-immolation, and domestic violence [130].

The increasing proportion of burns among girls as they 
enter adolescence can be explained in some cases by the 
changing activities as they approach the responsibilities of 
adulthood. In the Ardabil province of Iran in 2006, teenage 
girls were three times as likely to be burned in the kitchen as 
teenage boys. In Ardabil, 21%–37% of children are involved 
in kitchen jobs such as lighting the oven, preparing tea, and 
carrying hot food; the mean age for starting to help in the 
kitchen is approximately 8 years old [131].

Among burns in South Asian LMIC, including India, 
Pakistan, Sri Lanka, and Bangladesh, gender trends closely 
follow age patterns. Burns in younger patients tend to be 
associated with male gender, but burns in females predomi-
nate during adolescence and adulthood [49]. This same trend 
is also demonstrated in a number of Iranian studies [50]. This 
is contrasted by populations in Australia, the United States, 
Europe, China, and South America where males tend to pre-
dominate across most age groups [23, 25, 26, 99, 100, 103, 
132]. Golshan et al. postulate the reason for this shift in gen-
der distribution in some South Asian countries is related to 
young women being brought into the kitchen to help their 
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mothers cook. In doing so they are exposed to faulty appli-
ances, kerosene stoves, and hot liquids while wearing loosely 
fitting and flammable garments. Of 16 studies included in the 
review by Golshan et  al., five implicated loose/flammable 
clothing and a further 12 identified kitchen cooking as a sep-
arate contributing factor [49]. In Nepal, cooking, heating, 
and lighting—using kerosene and biomass as the major 
fuels—were the main activities associated with burn injury 
in women [133].

2.5.7  Intent

The vast majority of burn injuries in the world are uninten-
tional. In US burn centers from 1999 to 2008, 2% of admis-
sions were for assault-by-burning (including child abuse), 
and less than 1% were for self-harm or attempted suicide 
[45]. Similarly, in 1994 in Pennsylvania, 2% of burn admis-
sions were for self-inflicted injuries, and another 2% were 
for assault-by-burning; 95% were unintentional [33]. Only 
2.4% of admissions to burn centers in Taiwan, ROC, from 
1997 to 2003 were for self-inflicted injuries [134].

India has the highest number of cases in the world of 
intentional self-harm by burning. The majority of victims are 
young women, as opposed to Europe, where they are more 
often men in their fourth or fifth decade of life [135, 136].

Self-immolation is also more common in a number of 
other areas, including the Middle East, Africa, and South 
Asia. Self-immolation was found to account for 7–9% of sui-
cides in India, and 71% in some regions of Iran [137]. In 
Europe and North America, rates of between 2 and 14% have 
been reported [138]. Self-harm burns are mostly flame inju-
ries that tend to be more severe in nature and have higher 
mortality rates when compared with accidental burns [139]. 
Self-inflicted burns have a significantly higher %TBSA, burn 
depth, inhalation injury and mortality when compared with 
accidental flame burns [138–140]. Dousing and setting alight 
an accelerant is the most common method of self- immolation 
and is the main contributor to increased size and depth of 
burn, and thus is a significant contributor to the higher mor-
tality rates seen in this patient population [140].

Studies investigating self-inflicted burn injury character-
istics and outcomes, such as mortality, generally consist of 
small sample sizes (<50 patients) from single burn centers. 
This has resulted in contradictory descriptions of the charac-
teristics and outcomes in these patients [138]. Although self- 
immolation results in increased mortality, few studies have 
evaluated mortality after adjusting for important confound-
ers such as comorbidities, %TBSA, and burn depth.

Duarte et  al. investigated a cohort of 114 self-inflicted 
burn injuries admitted to a regional burn service in Porto 
Alegre, Brazil, between 2003 and 2012. Intentional self- 
inflicted burns were associated with a 59% higher risk of 

inpatient death when compared with accidental injuries after 
adjusting for burn severity, comorbidities, inhalation injury, 
age, and previous psychiatric disorders. Duarte et al. recog-
nized the challenge of discerning why this phenomenon 
arises, and speculated that changes in biologic and social 
interactions may occur after self-immolation. Higher rates of 
posttraumatic stress disorder, depression, and self-injurious 
behavior are found in these patients, which can worsen the 
course of mood disorders and hamper patient recovery. These 
factors can also contribute to poor motivation, noncompli-
ance with treatment, and ongoing self-harm which may also 
contribute to poorer outcomes independently of injury sever-
ity [138]. Negative attitudes expressed by medical staff 
toward patients with self-inflicted injuries, including irrita-
tion, a diminished willingness to help, and ambivalence, 
have been documented previously [138, 141, 142]. However, 
the role these attitudes and behaviors play in mortality out-
comes is unknown [138].

Thombs and Bresnick [138] reported on an adult popula-
tion of 593 self-inflicted burns across 70 burn centers in the 
United States using data from the NBR.  They found no 
increased risk of mortality among patients with self-inflicted 
burns when compared with patients with similar demo-
graphic, health, and injury characteristics (including 
%TBSA) [138]. The notion that self-inflicted injury is not an 
independent predictor of death has been reported elsewhere 
[140]. Duarte et al. studied a smaller patient population from 
one burn service; these results may have reflected the charac-
teristics of one practice rather than a definitive phenomenon. 
Nevertheless, other studies have demonstrated an association 
between self-harm and death independent of other mortality 
risk factors [143, 144]. These contradictory results were 
most likely related to the heterogeneous nature of burn inju-
ries, the relatively small sample sizes of studies investigating 
self-immolation, and differences in how papers define a self- 
immolation injury.

2.5.8  Comorbidity

Because epilepsy is often untreated in LMIC, it is a frequent 
initiating factor in many severe burns [145]. During a sei-
zure, the epileptic may fall into an open fire or onto a stove. 
The severity of injury is sometimes and unfortunately exac-
erbated by traditional beliefs that epilepsy is contagious; vic-
tims in Ethiopia are often left to burn because of fear by 
potential rescuers of contacting the disease by touching the 
victim [146]. Burns precipitated by epileptic seizures repre-
sented 44% of adult burn injuries in a community survey in 
rural Ethiopia, and 29% of adult hospital admissions for 
burns were precipitated by epileptic seizures [120]. Epilepsy 
was the most common personal risk factor, other than age, in 
a remote subsistence village of the highlands of Papua New 
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Guinea during 1971–1986, where the mortality rates from 
fire and flames were nearly 15 per 100,000, many times 
higher than reported rates from other countries [147]. In 
rural Bangladesh, 0.7% of all deaths to women (15–44 years 
of age) were caused by falls into fires during seizure activity; 
this is an annual rate of approximately 2 per 100,000 [148].

Many Muslim epileptics insist on fasting during the holy 
month of Ramadan and hence miss their antiepileptic medi-
cations. Therefore, burns in epileptics are commonly seen 
during Ramadan in Islamic populations. These burns are 
typically sustained during seizures while in the kitchen or 
falling on the hot ground (which can reach temperatures over 
115  ° F). In a prospective study of burns in epileptics in 
Saudi Arabia, 40% of injured patients sustained the burn 
while fasting because they did not take their antiepileptic 
medications [149, 150].

Peripheral neuropathy is a disorder commonly caused by 
leprosy and diabetes mellitus, and results in sensory loss of 
the extremities. People with sensory peripheral neuropathy 
are vulnerable to burn injuries, especially hot water scalds 
[151]. Handling hot cooking utensils or warming neuro-
pathic feet too close to a fire can also cause deep burns.

One of the reasons that the elderly are at higher risk of 
sustaining injuries is because of coexisting medical condi-
tions. Seventy-seven percent of burn center patients aged 
59 years or older in a single-center study had one or more 
preexisting medical conditions at the time of injury; and 
in 57% of patients’ judgment, mobility or both were 
impaired [152]. In another study, 50% of octogenarians 
admitted for burn treatment sustained injury because of a 
cerebrovascular accident [153]. Physical and mental 
comorbid illnesses including blindness, deafness, arthri-
tis, and diabetes are associated with burns, particularly in 
older adults [154]. In addition, being alone not only 
increases the risk of injury in the elderly but also increases 
the likelihood of mortality [155].

Physical or cognitive disabilities are distinct risk factors 
for burns, especially for scald burns or for death from resi-
dential fires. Of the 37 patients with disabilities who were 
admitted to a burn center in Toronto between 1984 and 1992, 
the majority (84%) were admitted for scald burns suffered at 
home. Although some were elderly as well (median age, 
58 years), the extent of disability was significant in all cases, 
including spinal cord disorders or injuries, epilepsy or other 
neurologic disorders. Given the relatively small size of burn 
(mean: 10% TBSA), the mortality rate was 22%, which is 
high compared to 4% in the general burn population. The 
average length of stay for disabled burn patients was 2.8 days 
per %BSA burned, in comparison to that of the general pop-
ulation of burn patients in whom length of stay is approxi-
mately one day per percent burn [45, 156]. Although the 
relative risk of burns in the elderly with dementia has not yet 
been established, expert opinion among burn centers sug-

gests that dementia is a significant risk factor for burns. 
Indeed, elderly patients with dementia tend to have poorer 
outcomes from burn injuries, and rehabilitation outcomes are 
ineffective at returning patients to prior levels of independence 
[157].

2.5.9  Agents

Flame burns and scalds occur at approximately the same 
frequency in children under the age of 18  years in some 
LMIC, including China and Iran [129, 158]. In general, 
however, and particularly in younger children, scald burns 
are more common than flame burns in children. For exam-
ple, three pediatric hospitals in Mexico noted that the 
majority of emergency department visits for burns in chil-
dren under 10 years of age was due to exposure to boiling 
liquids, most commonly overly hot bath water [159]. Over 
75% of children under the age of 18 hospitalized for the 
treatment of burns in Taiwan, Republic of China, had been 
injured by scalding liquids [134]. The most common cause 
of burn injuries in infants hospitalized for burn care in 
Eastern Saudi Arabia is scald burns (87% of all burns) 
[160]. In burn centers in the United States, scald burns 
account for nearly half the admissions of children under 
5 years of age. For very young children under 2 years, flame 
burns cause less than 5% of admissions; contact burns are 
more common in this age group, involving over 20% of 
admissions (Table 2.3). Unfortunately, many children who 
suffer scald burns in LMIC do not receive appropriate first 
aid; in Delhi, India, for instance, 37% of children with 
scald burns arrive at the hospital without having received 
any first aid [161].

Even when older children up to the age of 18 years are 
included in analysis, scald burns still outnumber fire and 
flame injuries by a ratio of 5:1 in all the US hospitals [60]. 
Nonetheless, older children and young teenagers between 5 
and 16 years of age experience fewer scald burns than their 
younger siblings: only 39% of admissions are for scalds, 
compared to 69% of admissions of children under 5 years of 
age (Table 2.3).

Scald burns are very common in adults as well. A study of 
all hospital discharges in Pennsylvania in 1994 (including 
from hospitals without burn centers as well as the six hospi-
tals with burn centers) showed that 56% of admissions were 
for treatment of scald burns [33].

Overall, flame burns still cause more admissions to US 
burn centers than any other single cause of thermal injury. 
Through the adult decades, flame burns continue to be the 
cause for 47–60% of admissions and scalds for 25–28% 
(Table 2.3).

Fortunately, the majority of burns of any etiology are 
small to moderate in size: 86% of patients admitted to US 
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burn centers in 1999–2008 had burns involving less than 
20% of the BSA [45].

Clothing ignition is a common cause of severe flame 
burns. Although conflagrations caused 78% of the deaths 
in the elderly in the United States in 1984, 11% of fatali-
ties were from clothing ignitions [81]. Women of the 
Indian subcontinent wearing loose flammable saris (made 
of cotton or synthetic textiles) are vulnerable to fire deaths 
when their clothing is ignited while cooking near open 
flames, particularly if the cooking source is an open fire 
pit or a small kerosene stove on the ground [162]. Ninety-
three percent of burn injuries in rural Ethiopia occurred 
inside the home where open fires are used in the common 
room and often ignite clothing [35]. Likewise, ignition of 
grass skirts in warm coastal areas of Papua New Guinea 
account for nearly half of hospitalizations for burns [163].

Flammable fuels are often the agents of fire acceleration 
or heat production in incidents that result in flame burns. In a 
retrospective study of burn patients admitted to a single site 
from 1978 to 1996 in the United Stats, the unsafe use of gas-
oline was implicated in 87% of burns where the cause could 
be identified [164]. Liquefied petroleum gas (LPG) has 
replaced kerosene in many households in LMIC as per capita 
income has risen and availability of smaller and more afford-
able LPG cylinders has improved. In Delhi, LPG-related 
burns were responsible for over 10% of admissions from 
2001 to 2007 [39].

Electrical and chemical burns are rarely reasons for 
admission in children, occurring less than 2% of the 
time; but these burns account for 4–5% of admissions of 
adults from 20 to 60 years of age (Table 2.3). The fre-
quency of admissions for contact burns declines precip-
itously with age: although over one fifth of admissions 
of children less than 2 years are for contact burns, only 
about 6% of adult admissions are for contact burns 
(Table 2.3).

2.5.9.1  Residential Fires
The products of combustion include fire gases, heat, visible 
smoke, and toxicants. The hazards created by these products 
of combustion include effects of heat on the upper airway, 
toxicant damage to the subglottic respiratory system, 
impaired vision due to smoke density or eye irritation, and 
narcosis from inhalation of asphyxiants. These effects lead 
or contribute to restricted vision, loss of motor coordination, 
impaired judgment, disorientation, physical incapacitation, 
and panic. The resultant delay or prevention of escape from 
the burning structure leads to injury and death from inhala-
tion of toxic gases and from thermal burns. Extricated survi-
vors may go on to die later in the hospital from complications 
such as respiratory failure, septic shock, and multiple organ 
system failure, all of which are rooted in the initial exposure 
to products of combustion [165].

Smoke is defined as the airborne solid and liquid particu-
lates and fire gases created during combustion and when 
materials undergo decomposition or transformation by heat 
[166]. Pyrolysis is the decomposition of a material from 
heat, and because this decomposition does not require the 
normal atmospheric level of oxygen, the result is incomplete 
combustion. The toxicant gases produced in a fire can be cat-
egorized into separate classes: the asphyxiants which induce 
unconsciousness, and the irritants which inflame the eyes 
and respiratory tract. The major threat in most fire atmo-
spheres is carbon monoxide, an asphyxiant produced by 
incomplete combustion.

The vast majority of deaths due to fires in the United 
States each year occur because of exposure to products of 
combustion in structure conflagrations. From 1992 to 2001, 
two thirds of fire deaths in the United States occurred in resi-
dential fires (Federal Emergency Management Agency, 
FEMA [167]). (Although residential fires are the primary 
cause of fire mortalities, they account for only half of struc-
ture fire injuries and less than one third of the dollar loss for 
fires.) Residential fires accounted for 76% of the years of life 
lost in 2006 in the United States due to flame burns [20].

Although most victims of fatal fires die from smoke inhala-
tion, a few will die of thermal injury directly. Temperatures 
higher than 300 °F are reached within 5–10 min in building 
fires, and in an aircraft cabin the temperatures near 500 °F in 
just 5–6  min [168, 169]. Flashover5 can occur in less than 
10 min in even a slowly progressing residential fire, at which 
time temperatures soar from 1100  °F to over 2000  °F in 
seconds, creating an environment in which survival is 
unprecedented. In the absence of inhalation of products of 
combustion and pyrolysis, death can be caused by heat-induced 
laryngospasm or by vagal-reflex-mediated cardiac arrest [170].

Although a well-burning fire produces much more carbon 
dioxide than carbon monoxide (CO), materials in most struc-
ture fires smolder because of rapid depletion of oxygen in the 
interior of the building. Although the pathophysiology of CO 
poisoning is well understood, there remains no readily appar-
ent explanation for the observation that the range of carboxy-
hemoglobin (COHb) tolerated is very wide. Although COHb 
saturation greater than 35% can cause death in some people, 
others have survived COHb saturations as high as 64% [165]. 
The average COHb level in fire fatalities is 60%, with a range 
of 25–85% [170]. About 10–15% of CO binds to myoglobin 
and cytochrome a3, blocking the production of adenosine 
triphosphate (ATP) and causing muscular weakness, thus 

5 Flashover is defined as a transitional phase in the development of a 
compartment fire in which surfaces exposed to thermal radiation reach 
ignition temperature more or less simultaneously and fire spreads rap-
idly throughout the space resulting in full room involvement or total 
involvement of the compartment or enclosed area [306].
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exacerbating the difficulties the victim encounters during 
escape maneuvers [171].

Unfortunately, COHb levels rise rapidly in house fires. 
When the CO level in inspired, air reaches 5%, COHb rises 
to 10% in 10 s and to 40% (a fatal level in some people) in 
only 30 s [172]. A study in East Denmark from 1982 to 1986 
demonstrated that the blood alcohol concentration averaged 
about 190–200 mg/dL in fatalities from residential fires, and 
the mean COHb was about 60% [173]. However, it is clear 
that some people with preexisting functional impairments 
are at risk for increased CO toxicity at lower COHb levels, 
including children and the elderly, the physically disabled, 
and those impaired by alcohol, drug, or medication intoxica-
tion [77, 174]. Largely for this reason, children under age 
5  years and the elderly over 65  years account for 45% of 
home fire deaths [175]. Patients with coronary artery disease 
cannot increase coronary blood flow when COHb rises above 
10% [176]. In addition to inhibiting cognitive responses, 
ethanol also potentiates the effects of CO such that lower 
levels of COHb are associated with fatality [177].

Although hydrogen cyanide (HCN), which is produced 
by the combustion of materials that contain nitrogen (such 
as wool, silk, acrylonitrile polymers, nylons, and polyure-
thanes), is 20 times more toxic than CO, its role as a caus-
ative agent in human fire fatalities is less clear than that of 
CO. For example, in many fire deaths, COHb is in the toxic 
range, but cyanide levels are not toxic [178]. Nonetheless, 
low levels of COHb in other fire fatalities suggest that 
other toxic gases such as HCN may play a role in causing 
death [179].

Because oxygen (O2) is consumed during combustion, the 
oxygen level in the inspired air can drop from 21% to levels 
that affect coordination, mentation, and consciousness. 
When O2 drops to 17%, coordination is impaired; when it 
drops to 14%, judgment becomes faulty; and below 6%, 
unconsciousness occurs [165].

Acrolein is formed from the smoldering of all plant mate-
rials (including wood and the natural fibers used in decora-
tions and furnishings) and is a potent sensory and pulmonary 
irritant. It is extremely irritating to the eyes at concentrations 
as low as a few parts per million [180].

Level of consciousness and thus ability to escape fire are 
affected by drugs and alcohol [179]. One third to one half of 
victims of fatal fires have ingested alcohol [82, 181, 182]. 
Ethanol intoxication significantly impairs the ability to 
escape from fire and smoke and is a contributory factor in 
smoke-related mortality. Whereas victims found near escape 
exits had blood alcohol levels averaging 88 mg/dL, the mean 
blood alcohol level was 268 mg/dL in those found dead in 
bed, presumably having made no attempt to escape [183]. 
Moreover, if even one person in the house is impaired by 
alcohol or drug usage, others in the dwelling are at increased 
risk of death from fire as well [106].

Perhaps the most deadly combination leading to fatal fires 
is alcohol and cigarettes. Not only in higher socioeconomic 
neighborhoods is smoking in bed while inebriated one of the 
most common causes of death by fire, but also in indigenous 
communities in North America. About 76% and 90% of the 
adult victims of residential fires in Canadian Indians in 
Manitoba and Alberta, respectively, were under the influence 
of alcohol at the time of death [46, 184].

Risk factors for fatal and nonfatal house fire injuries 
include young or old age, male gender, nonwhite race, low 
income, disability, smoking, and alcohol use [185]. Single, 
detached mobile homes had the highest rate of fire deaths of 
all types of residences [185]. In rural areas, risk of death 
from a residential fire in a mobile (manufactured) home is 
1.7 times the risk of that in a single- or multiple-family home 
[106]. In addition, the presence of an able-bodied adult who 
is not impaired by alcohol or drugs will significantly increase 
the odds of survival in a house fire [96]. Burn injuries and 
fire fatalities are more common in older homes and from 
fires started in the bedroom or living room from heating 
equipment, smoking or children playing with fire [77].

2.5.9.2  Non-Electric Domestic Appliances
In many households in LMIC, especially in rural areas lack-
ing electrification, open flames are common and include 
floors of huts with open hearths which are used for cooking 
and warmth, candles, and small kerosene and naphtha stoves 
and lanterns. The fire risk from these sources is contributed 
to by a lack of enclosure for open fires, floor-level location of 
fires and stoves, instability of appliances, nearby storage of 
volatile and flammable fuels, flammable clothing and hous-
ing materials, and lack of exits [72].

A large number of burn injuries and fire deaths in LMIC 
are related to the nature of nonelectric domestic appliances 
that are used for cooking, heating, lighting, or all three. The 
incidence of injuries is largely associated with the use of 
stoves and lamps and with kerosene (termed paraffin in some 
countries) and petroleum as well as butane, LPG, and alco-
hol. Associated problems include appliance design and con-
struction, fuel combustion and instability, and mechanical 
inefficiency. Ignorance of safe usage techniques is also con-
tributory. Industry and government regulations and standards 
are either nonexistent or not adequately enforced [186].

Informal settlements in densely populated urban areas are 
often scenes for fires that lead to incalculable property dam-
age and horrific loss of life. From 2002 to 2004, approxi-
mately 12% of households in South Africa were “shacks,” 
living quarters assembled from highly combustible and toxic 
materials and usually assembled close to one another on 
uneven ground. Kerosene is used as fuel for small stoves; the 
more inexpensive the stove, the more likely it is to tip over or 
malfunction. During a simulated shack fire triggered by a 
kerosene stove that was knocked over while burning, the 
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temperature in the shack reached an excess of 1670 °F in less 
than 4 min [187]. Shack-fire burns are the second most com-
mon reason for admission to burn centers in Cape Town, and 
the most common cause of shack fires in these cases is the 
use of kerosene stoves [188].

Serious injuries from kerosene stoves have been docu-
mented in Egypt, Ethiopia, India, Nigeria, Pakistan, and 
other LMIC [189–194]. The underlying problem of kerosene 
stove–related fires often lies with design issues. Poor design 
allows for fuel leakage, which is especially common when 
stove reservoirs are being filled. Kerosene can leak onto 
clothing, or if heat or flames are present nearby during fuel-
ing, vapors can ignite. Ignorance of safe techniques in using 
fuel and appliances will also lead to catastrophic explosions 
if gasoline contaminates or is substituted for kerosene. In 
addition, these small, portable stoves are often very unstable, 
easily tipping over while being moved or even when resting 
in place. On occasion, the small stove is used as a weapon, 
thrown by the assailant at the victim, igniting his or her 
clothing on fire [108].

The essential issue is that families at greatest risk because 
of poverty, ignorance, and overcrowding lack the resources 
needed to purchase stoves of safe and dependable design. 
The most affordable stoves in South Africa are little over 
US$3 each, but these flame or wick stoves are notorious for 
rapidly fluctuating flame size, instability, and explosions. In 
addition, the impoverished housing conditions lead to poor 
air circulation, and incomplete combustion of kerosene in 
flame stoves produces significant levels of toxicants such as 
carbon monoxide. Even in dwellings supplied with electric-
ity, low-income families will often choose to use kerosene 
stoves for cooking because of cost savings.

2.5.9.3  War, Mass Casualties, and Terrorism
Military personnel are at high risk for burn injury in wartime. 
In general, however, the distribution of burn size in combat is 
similar to that observed in the US community: 80% of burns 
are less than 20% TBSA in size [195]. Many burn casualties 
occur during combat at sea. In the Falkland Islands campaign 
(1982), for instance, 34% of all British Navy casualties were 
burns [196]. Personnel in armored fighting vehicles are also 
at relatively high risk for burn injuries and fire deaths. For 
example, the proportion of burn casualties during the Yom 
Kippur War (1973) was nearly 11%, higher than that of the 
less than 5% seen during the Israeli Six-Day War (1967), 
because of a greater saturation of the battlefield with tanks 
and anti-tank weaponry [197]. Subsequent to the Yom Kippur 
War, the Israeli army enforced the use of flame-retardant gar-
ments and installed automatic fire extinguishing systems 
within tanks. These changes led to a decrease in incidence to 
less than 9% of military burn casualties during the Lebanon 
War (1982). Those modifications have also been credited 
with reduction of burn size in those who were injured [198].

Fire, flames, and explosions have caused mass burn casu-
alties over the centuries. In 1190, a fire in Clifford’s Tower, 
York, UK, took the lives of 150 Jews who had been besieged 
by an anti-Semitic mob [199]. A theater fire in Canton, China, 
claimed the lives of 1670 in 1845. In Santiago, Chile (1863), 
between 2000 and 3000 lives were lost when a gas lamp near 
the main altar ignited veils on the walls of la Iglesia de la 
Compañía de Jesús (the Church of the Company of Jesus) 
[200]. On April 27, 1865, USS Sultana, a steamboat returning 
Union prisoners-of-war to their homes in the North, caught 
fire when one of its boilers exploded on the Mississippi River 
near Memphis and sank, taking with her approximately 1800 
casualties from burns and drowning [201].

Throughout the twentieth century in the US, several fire 
or burn disasters occurred in which more than 100 people 
were killed, including the Iroquois Theater fire in Chicago 
(1903) with 602 fatalities and 220–250 injuries, forest fires 
near Cloquet and Moose Lakes in Minnesota (1918) with 
800 fatalities and 85 injuries, and the Cocoanut Grove 
Nightclub fire in Boston (1942) with 492 fatalities and 166 
injuries [202]. More recent examples include fire disasters at 
the Beverly Hills Supper Club in Kentucky (1977) with 165 
fatalities, the MGM Grand Hotel in Las Vegas (1980) with 
84 fatalities, the Alfred P. Murrah Federal Building explo-
sion in Oklahoma City (1995) with 168 fatalities, and the 
attacks on the Pentagon Building and the World Trade Center 
(2001) with 189 and 2750 deaths, respectively. These last 
three mass-casualty incidents were the result of terrorism, 
and casualties were caused not only by smoke inhalation and 
thermal injuries but by blast, crush, and fall injuries.

Indeed, most of the mass-casualty terrorist attacks in the 
United States have employed conventional explosives or 
incendiary agents (such as jet fuel). A bomb placed under the 
staircase in the 16th Street Baptist Church in Birmingham, 
Alabama, in 1963 caused the death of four young girls; the 
motivation was anger over public integration of the races 
[203]. The first attack by foreign terrorists on American soil 
came in 1993 when a truck bomb with conventional explo-
sives was detonated in the underground parking garage of the 
World Trade Center, taking the lives of six persons. The use 
of ammonium nitrate and fuel oil in Oklahoma City and of 
jet fuel delivered by commercial airliners at the Pentagon 
and World Trade Center (2001) has escalated the toll from 
such deadly terrorist attacks.

Terrorist attacks have dominated regions of religious, 
cultural, and political conflicts since the later half of the 
twentieth century. Sectarian violence in Northern Ireland 
has resulted in nearly 3000 deaths since 1968, many of 
them from explosions. Progress in peace negotiations 
between Israelis and Palestinians has been hampered by 
the frequency of terrorist incidents; between 2000 and 
2002, Israel sustained two bombings per month. From the 
late 1980s until they were neutralized in Sri Lanka in 
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2009, the Liberation Tigers of Tamil Eelam conducted 
approximately 200 suicide bombings. The armed conflicts 
in Iraq, Afghanistan, and Pakistan have all been marked 
by frequent suicide bombings. Clearly, preparation for 
any terrorist event in the future must take into account the 
inevitability of burn injuries as a result of explosive 
devices [204].

2.6  Interventions

A priority in LMIC must be to improve the provision of 
health care for burns to all in the population so that inequity 
in acute treatment is eliminated. This improvement includes 
the training of doctors and nurses in acute burn care manage-
ment as well as those in the allied services (such as physio-
therapists, nutritionists, occupational therapists, 
psychologists, and social workers). However, the reality is 
that social, political, and fiscal challenges drive this goal into 
the distant future.

Thus the conclusion to be drawn is that prevention is the 
key to alleviation of suffering from burns. Truly the best way 
to treat a burn is to prevent it from happening in the first 
place. In reality, effective prevention programs will face sim-
ilar barriers to implementation as those faced by efforts to 
improve acute care, but in many ways prevention is much 
more cost-effective and will clearly affect vastly greater 
numbers of people. Expanding the global effort to eliminate 
burns will best protect the people of LMIC from the horrors 
of burn injuries.

Prevention works. The number of child deaths by injury 
in Organization for Economic Co-operation and Development 
(OECD) nations fell by about 50% between 1970 and 1995 
[110].

According to research in Israel during 1998–2000, injury 
prevention programs were effective in reducing burn-related 
hospitalizations among infants and toddlers, especially from 
more affluent communities [205]. In Harstad, Norway, in 
1987, a comprehensive community-based injury prevention 
program characterized by strengthening of public participa-
tion and the enhancement of community empowerment 
achieved by recording and actively using the local burn 
injury data, resulted in a reduction in burn injuries in chil-
dren [206].

Aside from the reduction in pain and suffering, prevention 
efforts are cost-effective as well. It has been estimated that 
for every dollar spent on smoke alarms, USD$69  in fire- 
related costs are saved [207].

The traditional approach to injury prevention involves the 
three E’s: education, engineering, and enforcement. 
Education is an active process that requires behavior modifi-
cation. There are very few data on the effectiveness of fire 
prevention educational programs. Passive measures, such as 

engineering or product design and legislation, have been 
more effective [208].

Clearly, a void in understanding regarding risk and preven-
tion of injuries exists in the community. A report from South 
Africa shows that people living in environments in which 
burns are likely to occur (such as informal settlements) are 
not well educated about burn prevention and treatment [209]. 
Parents and other caregivers of children in Thailand were sur-
veyed for their knowledge of injury prevention awareness in 
the home. Although 90% of respondents recognized the need 
to ensure inaccessibility to matches and lighters, only 60% 
saw the need to restrict access to the kitchen stove and to 
cover unused electrical outlets [210]. Traditional approaches 
to educational intervention have had limited success. 
Evaluation of a burn prevention program for children in a 
rural area of Zambia demonstrated some improvement in 
burn knowledge, but also an unfortunately large residual defi-
cit after education [211].

Although many resources are expended on community 
education, the beneficial effects are not clear. Two reviews 
have not identified evidence of beneficial effects from com-
munity-, school-, or clinic-based fire safety education on fire 
injuries [212]. Counseling and educational interventions had 
only a modest effect on the likelihood of owning a smoke 
alarm (odds ratio [OR] 1.3) or having a functional alarm (OR 
1.2), but these effects were enhanced in the setting of pri-
mary child health care surveillance (OR 1.9 and 1.7, respec-
tively) [79, 213]. Similarly, review of the effectiveness of 
school education programs in reducing the incidence of 
burns in Israel noted a lack of efficacy [205]. However, stud-
ies in LMIC show that educational programs effectively 
reduce hazardous behaviors, incidence of burns, morbidity, 
and mortality [214].

A review of 30 pediatric burn prevention strategies from 
16 developing/developed countries found only two papers 
that evaluated the effectiveness of the intervention [205, 206, 
215]. It appears, based on limited data, that multipronged 
community-based interventions were most effective to 
reduce the risk of burn injuries. The likely explanation is that 
these multifaceted community approaches typically focus on 
effective prevention communication, which has been docu-
mented to improve outcomes such as the adoption and main-
tenance of healthy behaviors [216].

Injury prevention programs conducted in Israel between 
1998 and 2000 were effective in reducing pediatric burn- 
related hospitalizations from 1.39 to 1.05 per 1000 infants, in 
contrast to areas where the program did not exist [205]. The 
effect was greatest among infants and toddlers from affluent 
areas; no significant change in burn-related hospitalizations 
occurred among school-aged children.

A comprehensive community-based injury prevention 
program in Harstad, Norway, resulted in a 52.9% reduction 
in burn injuries in children [206]. This educational program 
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strengthened public participation and enhanced community 
empowerment by recording and using the local burn injury 
data.

Although many resources are expended on community 
education, the beneficial effects are not clear. Two previous 
publications reviewing the literature to 1999 did not identify 
evidence of beneficial effects from community, school, or 
clinic-based fire safety education on fire injuries [185]. 
Counseling and educational interventions had only a modest 
effect on the likelihood of owning a smoke alarm or having a 
functional alarm, but these effects were enhanced in the set-
ting of primary child health care surveillance [174, 213].

The effectiveness of education programs for burn preven-
tion may be enhanced by targeting specific at-risk groups 
with culturally appropriate teaching tools. Based on research 
conducted in Amish communities, school-based tools, 
including storyboards, safety curricula, and test questions, 
were provided to private schools in Amish communities in 
eight US states. Burn prevention knowledge was signifi-
cantly improved by use of this tool [217, 218].

In the rapidly evolving environment of social media, 
novel opportunities are available to help prevent burn inju-
ries. In 2013, 21 videos were posted on YouTube with tech-
nically accurate content covering prevention and first-aid 
treatment of pediatric burns [219]. Due to the ease of access 
and wide audience (over six billion hours of video are 
watched each month on YouTube), exciting opportunities 
exist to use these platforms to raise public awareness 
of burn prevention and treatment, although validation of 
content by qualified health care professionals is still a 
challenge.

Engineering (modification of agents or environment) and 
enforcement (creation and implementation of guidelines, 
codes, and laws) require more resources but are also more 
effective. Several examples of successful approaches to 
reduce the incidence or severity of burns can serve as 
interventions.

2.6.1  Smoke Detectors

During combustion, the combined hazards of heat and smoke 
intensify over time to a point at which environmental condi-
tions are incompatible with life. Between the time at which 
the fire is discovered and the critical point at which escape is 
impossible is a period during which actions can be taken to 
minimize or prevent injury. The role of early detection sys-
tems is to lengthen this interval. (In some cases, when vic-
tims are overcome by hypoxia and CO poisoning while 
asleep or intoxicated, there is effectively no interval time 
period for action.) Data from the United Kingdom, which 
tracks the interval between the time of ignition and the time 
of discovery, confirm that smoke alarms result in quicker fire 
discovery. Sixty-three percent of the home fires in which the 

alert was set off by the smoke alarm were discovered within 
5 min of ignition, and the fire was confined to the item of 
origin in 62% of these incidents (Department for Communities 
and Local Government [220]).

Early detection systems include different types of fire 
warning equipment such as sprinklers and devices that detect 
heat or smoke.6 From 1977 to 1982, a rapid increase in the 
number of homes protected by smoke alarms was followed 
by a slower but continual rise in installation, through 1993. 
Although the prevalence of usage has leveled since then, 
96% of homes surveyed by telephone reported having at 
least one working smoke alarm (US Fire Administration 
[221, 222]). The death rate per 100 reported home structure 
fires from 2003 to 2006  in the United States was twice as 
high when no working smoke alarm was operative (i.e., 
either no smoke alarm was present or an alarm was present 
but did not operate) compared to the rate with working 
smoke alarms (1.16 vs. 0.59). Having a working smoke 
alarm cuts the chances of dying in a residential fire in half 
[223]. The effectiveness of smoke alarm distribution projects 
can be greatly enhanced by community canvassing programs 
that involve both the local fire departments and community 
health workers [224].

Inversely correlating with the rise in the usage of smoke 
detectors has been the decline in residential fire and flame 
deaths. The age-adjusted death rate in 1981 from residential 
fires was 2.28; by 1997 that rate was reduced by almost 50% 
(Fig.  2.4; [20]). Although smoke alarms have contributed 
significantly to this reduction in mortality, other factors have 
been beneficial as well, including safer heating and cooking 
appliances; child-resistant lighters; flame-resistant mat-
tresses, furniture, and clothing; and improvement in acute 
care of burn victims.

Laws in many US states and the District of Columbia 
require smoke alarms to be installed in both new and existing 
buildings. Other states have laws governing specific 
 conditions, such as new home construction, multifamily 
dwellings, or rental properties. As a result, burn injuries have 
decreased by 26% and deaths decreased by 31% [68].

These efforts to promote smoke detectors are best com-
bined with accompanying educational efforts so that build-

6 Photoelectric detectors pass a beam of light above a sensor. Under 
normal conditions, the light beam passes above the sensor with no 
deflection of light to the sensor, which is positioned at 90 degrees 
from the light beam. However, when smoke particles in the air cause 
some of the light to scatter, some of the light is dispersed to the sensor, 
which then triggers the alarm. Photoelectric alarms respond sooner to 
fires that begin with a long period of smoldering without flames.
Ionizing detectors contain a small amount of Americium-241, which 
emits alpha particles. The Americium ionizes the oxygen and nitro-
gen in the air of the ionization chamber, causing a small current to 
flow between the two plates in the chamber. The presence of smoke 
in the chamber disrupts this current flow, which is then detected and 
triggers the alarm. Ionizing detectors respond quickly in flaming 
fires.
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ing occupants develop and rehearse escape plans in advance. 
Likewise, plans should be made as to whether ancillary 
devices, such as escape ladders might be necessary [225]. 
Installing, testing, and maintaining smoke alarms are critical 
for protection from a residential fire, but these actions are not 
enough. A smoke alarm merely sounds the warning but it 
cannot by itself remove people from harm. Unfortunately, 
many households have not developed the escape plans that 
would allow them to use to best advantage the extra warning 
time smoke alarms provide. Escape plans should identify 
obstacles to secondary exits if the main door is blocked, 
establish a meeting place outside the home for household 
members to gather, and make provisions for disabled, young 
or old household members [223].

In one US study, almost two thirds of home fire deaths 
resulted from fires in properties without sounding smoke 
alarms. In 2003–2006, smoke alarms were present in 
roughly two-thirds (69%) of reported home fires and 
sounded alerts in roughly half (47%) of the home fires 
reported to US fire departments. Forty percent of home fire 
deaths resulted from fires in which no smoke alarms were 
present at all. Twenty- three percent of the deaths were 
caused by fires in properties in which smoke alarms were 
present but failed to operate [223].

Despite the dissemination of smoke detectors into homes, 
2704 people died in 2006 from residential fires [20]. Although 
the death rate in residential fires is doubled if smoke alarms 
are either not installed or not functional, the presence of func-

tional alarms does not eliminate the risk of death. Functional 
smoke alarms were found in 34% of residential fire deaths 
from 2000 to 2004, and the mortality rate in residences with 
functional smoke alarms was 0.55 per 100,000 [221]. The 
households with smoke alarms that do not work now outnum-
ber the households with no alarms by a substantial margin 
[223]. Any program established to ensure adequate protection 
must include smoke alarm maintenance. In one fifth of all 
homes with smoke alarms, none were working [223].

In reality, people do not always evacuate when fire alarms 
sound. Fire alarms are intended to meet four objectives: (1) 
warn occupants, (2) stimulate them to respond immediately, 
(3) initiate the evacuation process, and thus (4) provide 
enough time to escape. In truth, however, rather than assum-
ing that a fire is occurring, people who hear a fire alarm tend 
to seek the reason for the alarm, such as the smell of smoke. 
Once they do recognize a fire, instead of calling the fire 
department and evacuating, they may engage in other activi-
ties such as fighting the fire or collecting belongings. People 
often fail to respond for a variety of reasons: (1) the signal is 
sometimes not recognized as a fire alarm, being  misinterpreted 
as a burglar, elevator, or security door alarm; (2) sometimes 
people do not know what they should do, particularly if they 
are outside the home environment such as in a commercial 
space; (3) because of nuisance alarms, people may not 
believe the smoke alarm signals are a real danger; and (4) 
because of distance from the alarm, background noise, or 
individual characteristics, they may not hear the signal [226].
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Fig. 2.4 Deaths from fire and burns in the United States have declined 
from a rate of 1.41 per 100,000  in 1999 to 0.89 per 100,000  in 2015, 
according to the Web-based Injury Statistics Query and Reporting System 
of the Centers for Disease Control and Prevention (http://webappa.cdc.
gov/sasweb/ncipc/mortrate.html). (CDC accessed on 18 Sept 2017) 

Residential fire deaths cause the majority of deaths due to fire and burns in 
the United States, ranging from 70 to 80% each year. Age-adjusted death 
rates from residential fires declined an average of 20% every 5 years from 
1981 to 1991. The decrease in residential fire death rates recently has been 
less remarkable, with only a 12% decrease from 2010 to 2015
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Studies of unwanted alarms have consistently shown that 
smoke alarms produce far more nuisance activations than 
real alarms. A study of Veterans Administration hospitals 
found one unwanted activation for every six devices per year 
and 15.8 unwanted activations for every real alarm [227]. 
The 2000 New Zealand smoke alarm installation follow-up 
study found that smoke alarms provided warnings of actual 
fires in 7% of the households, but 38% of the households 
reported problems with nuisance alarms [228].

Regrettably, for some people, the stress of nuisance alarms 
outweighs the benefit of smoke alarm protection. A study in the 
United Kingdom during 1999–2002 conducted group and indi-
vidual interviews with adults and children to explore the per-
ceptions of fire risk, the benefits and problems associated with 
smoke alarms, and whether they would recommend smoke 
alarms to others. Some adults described feeling very stressed 
by false alarms and expressed resentment about the smoke 
alarm going off during what was perceived as normal cooking. 
The perception of some children was that smoke alarms acti-
vated any time someone was cooking. As a consequence, 
smoke alarm activations were not viewed as emergencies. The 
authors remarked, “In a population already managing a range 
of health risks, a public health intervention that makes meal-
time more, rather than less, stressful, and where noise can 
threaten leisure or relationships with fellow occupants, alarms 
could pose a threat to immediate wellbeing” [229].

A Cochrane review of interventions to promote residen-
tial smoke alarms, assess their effect on the prevalence of 
owned and working smoke alarms, and assess the incidence 
of fires and burns was performed with controlled (random-
ized or nonrandomized) trials published between 1969 and 
2007 [230]. Of 26 completed trials, 17 were randomized. 
Counseling and educational interventions, with or without 
allocation of free or discounted smoke alarms, only modestly 
increased the likelihood of owning an alarm (OR 1.36) and 
having an installed, functional alarm (OR 1.29). Only one 
randomized controlled trial reported injury outcomes, and no 
effect was found on injuries, hospitalizations, or deaths from 
a smoke alarm donation program. Two trials showed that 
smoke alarm installation programs increase the likelihood of 
having a working smoke alarm, and one of these studies also 
noted a reduction in fire-related injuries. The reviewers con-
cluded that (1) programs to promote smoke alarms have only 
a modest beneficial effect on ownership and function, (2) 
programs to promote smoke alarms have no demonstrated 
beneficial effects on fires or fire-related injuries, (3) commu-
nity smoke alarm donation programs neither increase smoke 
alarm prevalence or reduce fires and injuries, and (4) com-
munity smoke alarm installation programs increase the prev-
alence of functional alarms and decrease injuries [213]. A 
paucity of the type of data needed by practitioners and poli-
cymakers who are seeking to implement smoke alarm pro-
motion interventions challenges their work [231].

In 2003–2006, smoke alarms were present but did not 
sound in 23% of the home fire deaths [223]. When smoke 
alarms were not present on all floors of the residence, they 
sounded in only 4% of the fires and alerted occupants in only 
2% of the fires [223]. On the other hand, when intercon-
nected smoke alarms are present on all floors, they sounded 
in half the fires and alerted occupants 26% of the time [223]. 
Whereas hardwired alarms operated 91% of the time, battery- 
powered alarms sound in only 75% of fires [223]. Of the 
alarms that failed to operate, 75% had missing, disconnected 
or dead batteries [223].

In a study in Dallas from 1991 to 1998, smoke alarms 
showed no protective efficacy in preventing burn injuries or 
fire deaths in fires started by arson or by children playing 
with matches or lighters, although alarms conferred protec-
tion against injuries and deaths from all other causes [89]. In 
rural North Carolina in 1988, the absence of a smoke alarm 
was relatively more lethal in the case of fires in which chil-
dren were present, and when no one in the house was 
impaired by alcohol or drug use. Moreover, the presence or 
absence of a smoke alarm had no correlation with the risk of 
death when a person with either a cognitive impairment or 
physical disability was present [106].

In 1998 the Centers for Disease Control and Prevention, 
the US Fire Administration, the Consumer Product Safety 
Commission, and several other national organizations com-
bined efforts to develop the Smoke Alarm Installation and 
Fire Education (SAIFE) Program. The plan includes recruit-
ing local communities and community partners, hiring a 
local coordinator, canvassing neighborhood homes, install-
ing long-lasting lithium-powered smoke alarms, and provid-
ing general fire safety education and 6-month follow-up to 
determine alarm functionality. This program has demon-
strated 90% functional alarms in follow-up surveys (of those 
the program installed), potentially saving 610 lives in the 16 
states involved [232].

Unfortunately, LMIC provide only scarce data on utiliza-
tion of smoke alarms. In Mexico, only 9% of homes in the 
upper socioeconomic stratum had smoke alarms, and none of 
the homes in the poorest stratum had alarms. An injury pre-
vention educational campaign that included promotion of 
smoke alarm installation and use had no effect on the use of 
smoke alarms. This was not surprising, however, considering 
that smoke alarms could not be purchased in any of the 
nearby retail stores [233]. Clearly, more work is needed in 
LMIC, starting with an analysis of the impact of residential 
fires on injury and mortality.

An Alaskan study compared photoelectric and ionization 
smoke alarms in rural Eskimo Inupiat villages and ioniza-
tion smoke alarms where the home area averaged roughly 
1000 square feet or less. At the time of follow-up after 
installation, 81% of the ionization homes had working 
smoke alarms compared to 96% of the homes with photo-
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electric devices. Ninety-two percent of the ionization homes 
but only 11% of the photoelectric homes had experienced at 
least one false alarm. Ninety-three percent of the 69 ioniza-
tion false alarms were due to cooking as were four of the six 
of the photoelectric false alarms. False alarms were more 
common in homes that were smaller, that used wood fuel for 
heat, and in which the smoke alarms were located near the 
cooking areas. Thus photoelectric alarms may be the pre-
ferred choice for homes with limited living space, an obser-
vation that is relevant as smoke alarm installation programs 
are advanced in LMIC.

The following are recommendations for use of smoke 
alarms from the National Fire Protection Association (www.
nfpa.org/smokealarms):

• Ensure that smoke alarms are working by testing 
monthly, replacing batteries at least yearly, and perform-
ing maintenance as instructed by the manufacturer. (Use 
of lithium batteries ensures that the alarm will function 
for several years. All alarms should be replaced every 
8–10 years, because of dust and moisture accumulation, 
clouding of the receptor and lens of photoelectric 
devices, and degradation of Americium-421  in ioniza-
tion alarms.)

• Smoke alarms should be installed on every level of the home, 
outside each sleeping area, and inside each bedroom.

• Smoke alarms should be interconnected, so that a fire detected 
by any of them will trigger the other alarms to sound.

• Develop an escape plan, so that all occupants know what 
to do when a smoke alarm sounds.

• Use both ionization and photoelectric alarms because 
their effectiveness varies with how much flame is present 
in the fire.

• Install smoke alarms at a safe distance from nuisance 
sources, such as kitchen stoves, to minimize the number 
of nuisance alarms. Under no circumstances should an 
alarm be disabled because of repeated nuisance alarms—
it should be replaced or repositioned.

2.6.2  Residential Sprinklers

Prevention of burn injuries and fire deaths, as well as amelio-
ration of fire damages, is effectively and efficiently accom-
plished through the combined use of smoke detectors and 
sprinkler systems [234]. Smoke detectors are triggered in the 
initial moments of the fire event; sprinklers act throughout 
the event to minimize spread of the fire and in some cases 
extinguish it. The National Fire Protection Association esti-
mates that the fire death rate in 2003–2006 was 80% lower in 
structures protected by sprinklers. In homes with both smoke 
detectors and sprinklers, the chance of surviving a residential 
fire is nearly 97% [235].

However, neither smoke detectors nor sprinklers nor a 
combination of the two will work effectively to protect cer-
tain individuals, including victims

• Who act irrationally, return to the fire after safely escaping, 
or are unable to act to save themselves, such as people who 
are physically disabled, bedridden or under restraint

• Whose clothing is on fire and sustain fatal fire injuries 
from fires too small to activate smoke detectors or 
sprinklers

• Who are unusually vulnerable to fire effects, such as older 
adults, and those impaired by alcohol or drugs

Unfortunately, fewer than 2% of US single-family dwell-
ings are fitted with sprinkler systems [236]. San Clemente, 
California, was the first US jurisdiction to mandate installation 
of sprinklers in all new residential structures. The cost of 
installation of sprinkler systems in new houses is approximately 
$1–$2 per square foot; retrofitting sprinklers in existing 
buildings is somewhat more expensive but is comparable to the 
cost of purchasing and installing new carpeting.

2.6.3  Hot Water Temperature Regulation

Although scald burns are nearly as common as flame burns, 
particularly in children, across the globe in 2002 only 5.4% 
of all burn deaths were attributed to scalds; 93% of deaths 
were fire-related [15]. Hot tap water causes nearly one- 
quarter of all pediatric scald burns, and most of these occur 
in the bathroom. The damage caused by hot tap water burns 
tends to be more severe than that by other types of scald 
burns [68]. Experiments on human subjects have shown that 
partial- or full-thickness burns occur only after 6 h of expo-
sure if water is at 111 °F (44 °C). Yet if the temperature of the 
water is increased to 140 °F (60 °C), burns occur within 3 s 
of exposure [237]. Because water at 120  °F (49  °C) takes 
10 min to cause significant thermal injury to the skin, hot 
water heaters are ideally set at this temperature to allow peo-
ple to escape the damaging effects in time.

In HIC among all childhood age groups, those under age 
5 years are at highest risk for hospitalization for burns, and 
nearly 75% of these burns are from hot liquid, hot tap water 
or steam [15]. For instance, 100% of burns to children admit-
ted from 1994 through 2004 to two burn centers in Finland 
resulted from hot water scalds [238]. A hospital-based sur-
vey in France during 1991–1992 noted that 17% of child-
hood burn injuries were due to scalds [239]. However, a large 
proportion of scald burns in children are treated in clinics 
and emergency rooms without requiring hospitalization.

In 1977  in Washington State, 80% of homes had tap 
water temperatures greater than 129 °F (54 °C). In 1983 a 
Washington State law was passed, requiring new water heat-
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ers to be preset at 120 °F (49 °C). Five years later, 77% of 
homes (84% of homes with postlaw and 70% of homes with 
prelaw water heaters) had tap water temperatures of less 
than 129 °F (54 °C). Mean temperature in 1988 was 122 °F 
(50 °C) compared with 142 °F (61 °C) in 1977. Few people 
increased their heater temperature after installation. 
Compared with the 1970s, numbers of patients admitted for 
treatment of scald burns, as well as TBSA burned, mortality, 
grafting, scarring, and length of hospital stay for scald 
burns, were all reduced. The combination of education and 
legislation seems to have resulted in a reduction in fre-
quency, morbidity, and mortality of tap water burn injuries 
in children [240].

In the mid-1980s in Wisconsin, an educational campaign, 
which included free thermometers mailed with utility bills, 
resulted in the reduction in the temperature of an estimated 
20,000 hot water heaters [241]. A similar study in Dunedin, 
New Zealand, of a national media campaign combined with 
educational interventions to households with young children 
noted a reduction of 50% in the number of homes with hot 
water heater temperatures over 158 °F (70 °C). However, the 
majority of households still maintained temperatures above 
131 °F (55 °C) at the end of the intervention [242].

The first state legislation regulating water temperatures 
was a bill passed in Florida in May 1980, which mandated 
preset water heater temperatures to no higher than 125  °F 
(52 °C). Legislation now exists within the administrative code 
concerning the regulation of tap water temperature for the 
District of Columbia and 47 states. In addition, hospitals and 
related health care facilities often have building codes that 
limit the temperature of hot water supplied to the patients. A 
majority of states has also adopted a model plumbing code 
developed by a standards organization, such as the 
International Code Council (ICC) or International Association 
of Plumbing and Mechanical Officials (IAPMO), and amend 
the code to fit their regional needs. These codes not only dif-
fer in their individual content but by their differing editions as 
well. Different editions of each code can be adopted by differ-
ent jurisdictions, making plumbing legislation even less uni-
form across the United States. Besides having several different 
codes to choose from, the application of the code differs from 
state to state. Some states enforce a state-wide code, while 
others allow the code to be amended by individual counties. 
Moreover, different states may apply the code toward only 
certain buildings. Thus there is no uniform national standard 
for tap water temperature regulation. Instead, the US system 
comprises state and local jurisdictions adopting a variety of 
codes and applying them inconsistently across counties and 
cities. These codes and regulations attempt to reduce scald 
burns, but because of the lack of uniformity, tap water scalds 
still remain a serious issue.

Building service engineers are directed to store and operate 
hot water systems at a temperature of 140 °F (60 °C) to prevent 

outbreaks of Legionnaires’ disease. To prevent scald burns 
from direct exposure to water at this temperature, mixing 
valves can be installed in the hot water supply pipework to 
provide hot water at safe temperatures for bathing, showering 
and washing. Thermoscopic or thermostatic mixing valves 
were developed and first marketed in 1979. Thereafter, the UK 
Department of Health and Social Security issued a 
recommendation that the suitable reduction in water 
temperature from the heating source (recommended 60 °C) to 
the tap (recommended 52 °C) should be achieved by a “suitable 
mixing arrangement” [243]. In the United Kingdom, 
Electricity Association Technology Ltd. (EATL) investigated 
the performance of automatic mixing valves in 1992. EATL 
found that although the valves studied all performed equally 
well at mixing hot and cold water when the supply was 
constant, clear differences in function among the valves 
occurred during a loss of cold water supply (as might happen 
in the household during bathing or showering when another 
water appliance is activated, such as when a toilet is flushed or 
a washing machine is turned on) [244].

2.6.4  Lamps and Stoves

Although there is slow progress in providing electricity to 
residences, less than one quarter of Africans had access to 
electricity in 2005 [245]. The global use of kerosene in lamps 
and stoves will no doubt continue for years to come. 
Unfortunately, many low-income families use makeshift 
lamps from wicks placed in discarded beverage or medicine 
bottles, and even from burned-out light bulbs [15]. Burns 
caused by homemade bottle lamps or commercial wick 
lamps are common in LMIC [246, 247].

Prevention of lamp burns in LMIC includes three 
approaches. The first is educational campaigns that promul-
gate safe behavior with kerosene lamps, including avoiding 
replenishment of the fuel reservoir while the wick is lit, and 
placing the lamps on stable surfaces. One study in low- 
income South African communities demonstrated limited 
but demonstrable success in educating those at highest risk 
[248]. Another approach is to use safer oil, such as vegeta-
ble oils (i.e., coconut and sesame oils). Unfortunately, these 
oils are too heavy to rise to the top of the wick and do not 
perform well.

The third option is to provide impoverished families with 
an inexpensive lamp that is designed with safety in mind. 
Such a lamp is currently being produced and marketed in Sri 
Lanka. This lamp is short and heavy so that it does not easily 
tip over, and has two flat sides that prevent it from rolling if 
it does tip over. The screw-top lid averts fuel spillage, and 
the thick glass with which it is made prevents breakage if 
the lamp falls. This lamp is produced from recycled glass at 
the low cost of only US$ 0.35 each, and its production pro-
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vides a boost to the local economy. Its use has been credited 
with a significant reduction in burn injuries and fires in Sri 
Lanka [249].

The use of kerosene stoves is even more widespread than 
that of homemade lamps, and the magnitude of injury, death, 
and destruction that accompanies kerosene stoves places a 
tremendous burden on low-income communities. The con-
ceptual framework the for prevention of these injuries lends 
itself to the Haddon Matrix [250]. Table 2.4 is an inventory 
of options for interventions in all three time dimensions (pre- 
event, event, and post-event) including education programs, 
environmental modifications, and enforcement of existing or 
creation of new legislation.

Multiple options outlined in this table appear to be suit-
able for application in many LMIC. Clearly much could be 
accomplished by addressing issues of verification of fuel 
quality, safety of fuel storage and usage, and dispersion of 
appropriately designed appliances. Compulsory standards 
covering the performance, safety, and homologation require-
ments for nonpressure paraffin-fueled cooking stoves and 
heaters intended primarily for domestic use were put into 
effect by the South African government on January 1, 2007 
[251]. These standards were developed after the evaluation 
of nine commonly used stove designs in 2003 showed that 
not one of the designs met the current national standards. 

Currently, the South African National Standard (SANS) 
1906:2006 standard for nonpressure stoves and heaters is the 
only compulsory standard in place. Only one heater has a 
license to trade under this standard—the Goldair Heater 
model RD85A. The new PANDA stove holds a temporary 
license under this standard. The standard for pressurized 
kerosene-fueled appliances (SANS 1243:2007) is currently 
voluntary and none of the pressure appliances on the market 
have applied for approval from the South Africa Bureau of 
Standards Commercial against this standard [252].

Feasibility and cost of implementation of such regulations 
are often the final barriers to improvements in burn prevention. 
Enforcement of regulations and codes depends not only upon 
government commitment but also upon consumer investment 
in the plan. It is essential that consumers are informed and use 
their purchasing power to insist that manufacturers, distribu-
tors, and suppliers of appliances adhere to existing safety stan-
dards. Local and regional government health departments 
should use their influence to support the standards and their 
enforcement. The public and government should insist on 
appropriate standards approval before purchasing appliances 
destined for domestic use regardless of whether the relevant 
applicable standard is voluntary or compulsory. Such an 
approach requires intensive educational campaigns both for 
the community and for relevant government agencies.

Table 2.4 Haddon Matrix applied to the problem of residential fires in LMIC due to non-electric domestic appliances

Host/human factors Object/substance Physical environment Sociocultural environment
Pre- 
event

•  Wear tight clothing
•  Keep water and dry sand 

at hand
•  Teach consumers safe 

techniques for use

•  Identify safer fuels
•  Change appliance design
•  Provide pictograms with 

operating instructions
•  Safer containers for 

kerosene
•  Teach safe fuel use 

techniques

•  Store fuels in clearly 
marked, red containers

•  Teach consumers how to 
assess kerosene for quality 
before purchase

•  Place stoves on stable 
surfaces, away from 
flammable substances and 
out of reach of children

•  Prevent kerosene contamination
•  Create political or economic 

leverage for adoption of design 
improvement

•  Legislate for design regulations 
and enforcement

•  Use evidence-based research to 
support advocacy and programs

•  Implement building codes
•  Develop safety curricula in 

schools
•  Train caregivers and health 

workers
•  Train volunteers to observe 

risky behaviors and unsafe 
practices

Event •  “Stop, drop and roll” 
when clothing catch fire

•  Use blankets to smother 
clothing flames

•  Use water or sand to 
extinguish structure fires

•  Turn off device if 
possible when fire starts

•  Have emergency contact 
information nearby

•  Prepare neighbors to intervene 
in putting out fires and assisting 
victims

Post- 
event

•  Appropriate first aid
•  Acute care for burns
•  Rehabilitation for 

injuries

•  Discard faulty equipment •  Clean and retrofit 
environment with regard to 
future prevention

•  Educate community using event 
as an example
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2.6.5  Fireworks Legislation

Nearly 10,000 people were treated for firework-related inju-
ries in the US emergency departments in 2007 [68, 253]. 
Boys between the ages of 5 and 15 years have the highest 
injury rates. Nearly 4200 children under the age of 15 years 
were admitted to emergency departments in the US in 2002 
for treatment of firework-related injuries. Similarly, the asso-
ciation between boys and fireworks injuries has been noted 
in other countries, such as Australia and Greece [254, 255]. 
Almost 33,000 fires were started by fireworks in 2006 in the 
United States, resulting in six deaths, 70 injuries, and $34 
million in property damages [97].

The injuries caused by fireworks can be very severe 
because of heat production (temperatures of ignited devices 
may exceed 1200 °F) and blast effect. Only approximately 
50% of treated fireworks injuries in the United States are 
burns; approximately one third are contusions or lacerations, 
and one quarter affect the eyes [94, 97]. In Northern Ireland, 
over half of the patients with fireworks injuries present with 
blast injuries to the hand [256]. The use of illegal fireworks 
accounts for only 8% of the injuries; most injuries in the 
United States occur while using fireworks approved by 
Federal regulations. Sparklers and small firecrackers cause 
40% of fireworks injuries. The risk of fire death relative to 
exposure makes fireworks one of the riskiest consumer prod-
ucts available in the United States [97].

Fireworks are associated with national and cultural cele-
brations throughout the world [150]. On Independence Day 
in the United States each year, more fires are reported than 
on any other day of the year [97]. As a prelude to the arrival 
of spring, Persians since at least 1700 BCE have celebrated 
Chahārshanbe-Sūri on the last Wednesday night of each year. 
The festivities include participants jumping over bonfires in 
the streets and setting off fireworks, both hazardous activi-
ties. Despite the ubiquity of these practices in Iran and their 
persistence since ancient times, in 2007 in Tehran only 1% of 
surveyed families acknowledged having any education on 
the safe use of fireworks; over 98% of families were ignorant 
of fireworks safety standards [257].

Fireworks have been regulated in the United Kingdom 
since 1875, starting with laws covering the manufacture, 
storage, supply, and behavior in the presence of gunpowder. 
In particular, the last decade has seen the passage of several 
pieces of fireworks legislation in the United Kingdom [258]. 
The US Consumer Product Safety Commission (CPSC) has 
regulated consumer fireworks safety since the 1970s. Current 
regulations prohibit the sale of the most dangerous types of 
fireworks, including large reloadable shells, “cherry bombs,” 
aerial bombs, M-80s, “silver salutes,” and aerial fireworks 
containing more than two grains (130 mg) of powder. Other 
firecrackers and ground devices are limited to only 50 mg of 
powder, which is the pyrotechnic composition designed to 

produce an audible effect (“bang”). Also regulated are the 
composition of the materials (hazardous materials such as 
arsenic and mercury are proscribed), the length of time fuses 
must burn (at least three but no more than 9 s), and the stabil-
ity of the bases [259].

Access to all fireworks is banned in the US states of 
Delaware, Massachusetts, New Jersey, New York, and Rhode 
Island. Arizona allows the exclusive use of novelty fireworks, 
and only sparklers are permitted in Illinois, Iowa, Maine, 
Ohio, and Vermont [260]. The impact of legislation on the 
incidence of firework-related injuries is unclear. In the 
United Kingdom, presumably because of the proliferation of 
fireworks legislation, the number of fireworks injuries 
dropped from 707  in 2001 to 494  in 2005 [258]. Another 
opportunity for studying the efficacy of fireworks legislation 
occurs when restrictions are neutralized. After repeal of a 
law banning private fireworks in Minnesota, the number of 
children suffering firework-related burns increased [261]. 
However, this increase was not observed after liberalization 
of fireworks laws in Northern Ireland [256].

Reduction in firework-related injuries has been observed 
elsewhere as a result of focused campaigns. In Denmark, 
where fireworks are commonly used at New Year’s celebra-
tions, prohibition of the sale of firecrackers coupled with 
school education programs led to a reduction in the number 
of children treated for fireworks injuries at two Danish burn 
centers: from 17  in 1991–1992 to only three children in 
1993–1994 [262].

Passage and enforcement of legislation in LMIC is often 
challenging, and education programs may currently be the 
only option for injury prevention in some cases. In India fire-
work injury commonly occur during Diwali (Festival of 
Lights). One hospital in Mumbai observed that the preva-
lence of fireworks injuries decreased from 1997 through 
2006; the decrease was attributed to aggressive education 
campaigns by government and nongovernment organiza-
tions. Forty-one injuries were treated at the beginning of the 
study period; only three injuries were treated in 2006 [263].

2.6.6  Fire-Safe Cigarettes

In the United States in 2006, over 140,000 smoking-material 
(lighted tobacco products) fires led to 780 deaths, 1600 inju-
ries, and $606 million in property damage. The global costs 
of fires related to cigarette smoking alone are estimated at 
US$27 Bn [264]. One fourth of all structure fire deaths in the 
United States involved smoking materials in 2006 [265]. 
Most fire deaths are associated with the ignition of uphol-
stered furniture, mattresses, and bedding by dropped ciga-
rettes. Sadly, in one-quarter of fatalities from smoking-material 
fires, it was not the smokers whose cigarettes started the fires. 
Smoking-material fires were reduced by 57% in the United 
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States between 1980 and 2006. Both the decline in cigarette 
consumption as well as standards and regulations that have 
made mattresses and upholstered furniture more resistant to 
ignition have contributed to this trend [265].

Smoking-material fires result from the intersection of 
human behavior, a source of ignition, and a supply of fuel. 
Prevention of such fires requires modifications of one or 
more of these factors. Fortunately, cigarette consumption 
has decreased over 40% since 1980. Modification of smok-
ing behavior includes emphasis on smoking out-of-doors, 
but efforts to modify smoking behavior are hampered by 
the relatively high prevalence of alcohol use among those at 
highest risk for death from residential fires. Newer furni-
ture, mattresses, and bedclothes are more fire resistant, but 
older models will be more prevalent in low-income housing 
where the risk of fire is greater. Because cigarettes are the 
most common source of ignition in fatal residential fires, 
US consumer safety movements since the 1970s have 
focused on legislating mandatory production of fire-safe 
cigarettes [266].

The first bill to address this issue was introduced in 1978 
by Rep. Joseph Moakley (D-Mass.), who continued his 
efforts in this regard in the US House of Representatives for 
another two decades. By the end of the twentieth century, it 
was clear that passage of federal laws was progressing too 
slowly, so the emphasis was redirected toward state laws. In 
2003, the first state law requiring all cigarettes to be low- 
ignition was passed in the state of New York. By the end of 
2009, all states except Wyoming had either passed or enacted 
fire-safe cigarette legislation [267].

A fire-safe cigarette is less likely to burn when left unat-
tended. To achieve this effect, most manufacturers wrap cig-
arettes with two or three thin bands of less-porous paper. 
These bands act as “speed bumps” to slow down the rate at 
which the cigarette burns. If a fire-safe cigarette is left unat-
tended, the burning tobacco will reach one of these speed 
bumps and extinguish itself. Fire-safe cigarettes meet an 
established cigarette fire safety performance standard (based 
on ASTM E2187, Standard Test Method for Measuring the 
Ignition Strength of Cigarettes) [265].

One year after the New York State law went into effect, 
researchers from the Harvard School of Public Health com-
pared the physical properties of cigarettes sold in New York 
with cigarettes sold in Massachusetts and California. 
Although nearly 100% of cigarettes purchased in those two 
states burned to the end, only 10% of cigarettes from 
New York fully burned. The quantity and quality of toxins 
present in cigarette smoke was not different among the 
products. Consumer acceptance was acceptable, as evi-
denced by the observation that tobacco tax income in 
New York State did not change after the implementation of 
the law [268].

2.6.7  Children’s Sleepwear

Regulation of the manufacture of children’s sleepwear exem-
plify the power of coalitions—including health care experts, 
safety advocacy groups, technical experts, and government 
agencies—in responding to the needs of the public. An all- too 
common cause of severe burn injury in children in the 1960s 
was ignition of sleepwear7 (most often by stoves and matches), 
leaving the young survivors with the scars and complications 
of third-degree burns. One study found that the average sleep-
wear fire caused burns over nearly one third of the child’s body 
surface, two thirds of which was third- degree in depth [269].

In 1971, the US Secretary of Commerce delivered a flam-
mability standard for children’s sleepwear in the Flammable 
Fabrics Act. In 1973 the responsibility for administration and 
enforcement of this act was passed to the US Consumer 
Product Safety Commission. The primary aim of the stan-
dard was to minimize the risk of ignition of children’s sleep-
wear; the secondary aim was to diminish the extent of injury 
by reducing the speed at which fire would spread after igni-
tion occurred. The mandatory resistance to flammability was 
applied to all children’s sleepwear garments, sizes 0–6x and 
7–14. To meet the children’s sleepwear standard, the dry gar-
ment had to char fewer than 7  in. on its bottom edge after 
exposed to flame for 3 s [270].

By requiring that children’s sleepwear be flame-resistant, 
these standards helped protect children from burns. A retro-
spective study of children admitted to the Shriners Burns 
Institute of Boston during the 8-year period 1969 through 
1976 showed that the promulgation of flammability stan-
dards reduced the incidence of flame burns from the ignition 
of sleepwear (Fig. 2.5; [269]). The National Fire Protection 
Association estimated that the enactment of the flammability 
standards for sleepwear in 1971 resulted in a tenfold decrease 
in childhood deaths caused by ignition of sleepwear [271].

However in 1996, amendments to these standards allowed 
exemption of tight-fitting children’s sleepwear and infant 
garments sized 9 months or smaller.8 The rationale for relax-
ation of the standards was that there were decreased sales of 
sleepwear because daywear was being used for night clothes.9 
CPSC was subsequently challenged by an alliance of stake-

7 “Sleepwear” is defined as any article of clothing intended to be worn 
primarily for sleeping or activities related to sleeping. “Daywear” is 
defined as clothing designed to be worn during the day. However, it is 
now common to see daywear used at night in place of pajamas, night-
gowns, or other traditional night clothes.
8 Current requirements are published in the Code of Federal Regulations, 
Title 16, Parts 1615 and 1616.
9 Although difficult to quantify, the clothing industry’s perception of 
consumers was that sleepwear treated for reduction in flammability was 
less comfortable (and therefore less popular) than untreated cotton, 
such as that found in T-shirts.
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holders (Safe Children’s Sleepwear Coalition) with a mutual 
interest in the health and safety of children, including the 
NFPA’s Center for High-Risk Outreach, the American Burn 
Association, and the Shriners Hospitals for Children [272]. 
In response to this challenge, the CPSC resolved to collect 
data prospectively using a National Burn Center Reporting 
System (NBCRS) starting in 2003. The NBCRS was a sur-
veillance system focused on clothing-related burn injuries to 
children treated in the United States in which children were 
injured by the ignition, melting or smoldering of clothing. 
Ninety-two burn centers in the United States participated.

The first report was issued in September 2004 [273]. This 
analysis scrutinized the cases of 213 victims of 209 inci-
dents, which were submitted by 44 burn centers. Of the 209 
reported incidents, only 36 involved clothing worn for sleep-
ing, most of which was daywear.10 Of those incidents involv-
ing sleepwear, none involved tight-fitting sleepwear or infant 
garments sized 9 months or smaller.

Results from the second report were distributed in a 
memo dated January 12, 2007. These data were provided by 
33 burns centers about 261 children injured in 253 incidents. 
In only 33 of these incidents were the children injured while 
wearing clothing that at some point was worn for sleeping. 
Nineteen of these 33 incidents involved daywear which was 

10 Daywear is subject to the Standard for the Flammability of Clothing 
Textiles, but is not subject to the flame-resistant requirements of the 
Standards for the Flammability of Children’s Sleepwear.

being worn for sleeping. Only 14 incidents involved sleep-
wear subject to the Standards for the Flammability of 
Children’s Sleepwear. As in the first report, there were no 
incidents involving tight-fitting sleepwear or infant garments 
sized 9 months or smaller.

The conclusion reached by the author of this memo, 
Patricia K. Adair, in the Directorate for Engineering Sciences 
for CPSC, was that the analysis of data from March 2003 
through December 2005 revealed no deaths or injuries 
attributable to the exempted infant size and tight-fitting 
sleepwear.

Thus the CPSC allowed remain the modifications to the 
standards. However, there are marketing responsibilities for 
retailers, distributors, and wholesalers who sell children’s 
sleepwear [259, 274]. They should

 1. Not advertise, promote, or sell as children’s sleepwear 
any garment which another party has indicated does not 
meet the requirements of the children’s sleepwear flam-
mability standards and/or are not intended or suitable for 
use as sleepwear.

 2. Place or advertise fabrics and garments covered by the 
children’s sleepwear standards in different parts of a 
department, store, catalog, or website, from those in 
which fabrics and garments which may resemble but are 
not children’s sleepwear are sold or marketed.

 3. Use store display signs and/or catalog or website nota-
tions that point out the difference between different types 
of fabrics and garments, for example, by indicating which 
are sleepwear items and which are not.

 4. Avoid advertising or promoting garments or fabrics that 
do not comply with the children’s sleepwear standards in 
a manner that may cause consumers to view those items 
as children’s sleepwear or as being suitable for making 
such sleepwear.

In a letter dated January 4, 2007, Dr. Russell Roegner, 
Associate Executive Director of Epidemiology at the US 
Consumer Product Safety Commission, noted that the study on 
clothing-related burn injuries to children had ended. The result 
of data analysis led the CPSC staff to conclude that because 
more than half of children’s clothing fires involved flammable 
liquids, they had initiated a new project on flammable liquids. 
To date, the results of the new project on flammable liquids 
have not been distributed, aside from the publication on 
September 20, 2008, of a public information safety alert on the 
dangers of flammable liquids (USCPSC [275]).

In summary, the chronicle of Standards for the 
Flammability of Children’s Sleepwear has ups and downs. 
Clearly, the institution of these standards back in the early 
1970s led to a dramatic reduction in a devastating form of 
childhood injury. The relaxation of these standards 20 years 
later shows the effects of the erosion of consumer support as 
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Fig. 2.5 Sleepwear involvement in flame burns at the Boston Shriners 
Burns Institute 1969–1976 [269]

2 Epidemiology and Prevention of Burns Throughout the World



46

well as the power of industry pressure. The inability of the 
US burn care community to demonstrate convincingly that 
the relaxation of standards left no mark on the incidence of 
childhood burns was indeed an illustration of the need for 
comprehensive, accurate national databases.

2.6.8  Acid Assaults

Although most burns are unintentional injuries, a small pro-
portion occur because of assaults [276]. Chemical attacks 
have been reported in several countries, including 
Bangladesh, Cambodia, China, India, Jamaica, Nepal, 
Nigeria, Pakistan, Saudi Arabia, South Africa, Uganda, the 
United Kingdom, and the United States. Across the world, 
male victims are more commonly reported; many of these 
are associated with robbery or violent crime. Alkali is the 
agent most commonly used in the United States, but else-
where the injuries sustained are due to acids [277].

The highest incidence of chemical burns in the world is in 
Bangladesh [278]. The perpetrators are often scorned suit-
ors, but disagreements over property boundaries and animal 
ownership are also common instigations. Acids are favored 
over alkalis because they can be easily obtained from car bat-

teries, jewelry workshops, and leather tanneries [279]. The 
face and eyes are the usual targets, with the intent being to 
disfigure or blind or both. Because of the scarcity of treat-
ment options available to the victims, they often unfortu-
nately suffer permanent mutilation, physical disability, 
psychological devastation, abandonment, and destitution. In 
the districts wherein such attacks occur, disempowerment of 
women and gender discrimination are common. Sadly, few 
perpetrators are punished for their crimes.

One shining light of an effective prevention program for 
these horrifying injuries is the Acid Survivors Foundation 
(ASF) of Bangladesh which has been working to reduce 
acid attacks on children and women since 1999. ASF has 
been raising public awareness, building institutional capac-
ity and lobbying, and working with other nongovernmental 
organizations, the media, celebrities, and student groups to 
elevate community consciousness. ASF has also fostered 
advocacy and lobbying efforts with the government to 
ensure the passage and enforcement of laws and to create 
systems to provide service to acid survivors. As a result, the 
number of victims has dropped from 490 in 2002 to 171 in 
2008 (Fig. 2.6). Based on the success of ASF, similar orga-
nizations have been formed in Cambodia, India, Pakistan, 
and Uganda.
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Fig. 2.6 The Acid Survivors Foundation (ASF) of Bangladesh has 
involved all sectors of society, including students, media, celebrity 
groups, and nongovernmental organizations, to address the root cause 
of acid violence, which is gender discrimination and disempowerment 

of women. ASF and its partners have successfully worked to develop 
and enforce laws, policies and procedures for combating acid violence. 
As a result, Bangladesh has seen a decrease in the incidence of acid 
attacks (http://www.acidsurvivors.org/index.html)
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2.6.9  Burns First-Aid Treatment

The goal of injury prevention is to reduce the burden of inju-
ries upon a community. Primary prevention seeks to do this 
by preventing the injuries from occurring in the first place. 
However, even with the most effective primary prevention 
programs in place, burn injuries will continue to occur. 
Secondary prevention, therefore, is designed to minimize the 
damage done when a burn occurs.

Appropriate first-aid treatment of burns plays a role in 
determining outcome by limiting tissue damage and there-
fore curtailing the depth of the burn. In some cases, particu-
larly with scald burns, appropriate first aid may avert the 
need for surgical excision and grafting [280–282]. 
Appropriate first-aid treatment of burns is to apply cool, run-
ning water within the temperature range of 50–60 °F as soon 
as possible after the injury has occurred. Colder water, par-
ticularly in victims with larger body surface area burns, may 
induce hypothermia. Application of ice causes vasoconstric-
tion of the dermal plexus and exacerbates the depth of ther-
mal injury [283–288].

However, the knowledge of appropriate first-aid treatment 
of burns is widespread neither in the community nor among 
health care workers. Fewer than 40% of admissions to a 
regional burn center in Western Australia were treated appro-
priately following the burn injuries. Twenty percent used no 
first-aid techniques, and the remainder applied substances 
such as honey and toothpaste [289]. Similar surveys in 
Hungary and Vietnam revealed that only approximately one 
quarter of patients had received appropriate burns first aid 
[290]. A survey of understanding of appropriate burn first-
aid treatment among health care workers showed even more 
disheartening results, with fewer than 20% of those surveyed 
able to answer correctly all questions put to them about burn 
first aid [289].

Nonetheless, appropriate burn first aid can be success-
fully taught. Public information campaigns in Vorarlberg, 
Austria, and Jamshedpur, India, have led to an improved 
understanding of appropriate burns first aid in the commu-
nity [126, 291]. A multimedia educational campaign about 
burn first aid in Auckland, New Zealand, resulted in a reduc-
tion of inpatient admissions and surgical procedures [292]. 
Although such public education campaigns are at least tem-
porarily effective, their long-term results are not yet known.

2.6.9.1  Burn Care Systems
Systems for care of injuries within communities is yet 
another component of secondary prevention. For example, 
establishment of trauma care systems in the United States 
has successfully reduced mortality from blunt and penetrat-
ing injuries [293]. Although burn centers have been func-
tioning for nearly six decades, a dearth of evidence 
unfortunately supports their effectiveness at reducing mor-

bidity and mortality. Nonetheless, the bulk of expert opinion 
defends the need to establish within each region a tertiary 
care center that can provide acute and rehabilitative care for 
burn victims, as well as interaction with community and 
prehospital primary care systems that are responsible for 
prevention and first aid [294].

Nearly a half million burns are treated by licensed health 
care providers each year in the United States [295]. 
Approximately 4000 deaths a year in the United States result 
from the combination of residential fires (3500) and other 
causes (500 from motor vehicle and aircraft crashes, scalds, 
chemical, and electrical injuries). The majority of deaths 
(75%) occur at the scene, typically from smoke inhalation; 
however, 40,000 burn patients are admitted to hospitals in 
the United States each year. These injured patients live 
within a population of over 300 million people scattered over 
more than 3.5 million square miles. A system must be put in 
place to provide regional care for burn injuries throughout 
the United States, whether that be with numerous small burn 
units that are geographically close to the patients they serve, 
or with large regional centers that function efficiently and 
effectively because of economy of scale [296].

Although emergency care for serious burns is available to 
most residents of the United States, the care of minor burns 
is often provided at primary care facilities. In North Carolina 
in a recent study, 92% of burn injuries were treated by 
emergency physicians; 4% were admitted and only 4% were 
transferred to burn centers [32]. Alternatively, specialty hos-
pitals that lack burn centers may provide care to burn patients 
in consultation with the nearest burn center [297].

In 2008, there were 128 burn centers in the United States, 
including 51 centers verified by the American Burn 
Association. Over 45% of the US population lives within 2 h 
by ground transport from a verified burn center. Nearly 80% 
of the population lives within 2 h by air transport from a veri-
fied center. Regional variation in access to verified burn cen-
ters by both ground and rotary air transport was significant. 
The greatest proportion of the population with access to burn 
centers was lowest in the southern United States and highest 
in the northeast region [298].

Fortunately, even at US burn centers the proportion of 
patients with life-threatening burns is relatively low. The aver-
age mortality rate throughout the 62 US burn centers contribut-
ing to the ABA NBR was only 4% during the decade 1999–2008 
[45]. Seventy-seven percent of patients at burn centers were 
hospitalized for care of burns to less than 10% of their BSA; the 
mortality in this subset of patients was only 0.6% [45]. This is 
true in other HIC, such as Taiwan, ROC, where the overall mor-
tality rate among hospitalized burn patients from 1997 to 2003 
was only 3% and the LA50 was 80% TBSA [134].

However, the profile of injury severity and mortality is 
distinctly different in LMIC. For instance, during the years 
1992 to 2000, the mean burn size of over 11,000 patients 
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admitted to a single burn center in Delhi was 50% TBSA, 
much greater than the 12% TBSA mean burn size of patients 
whose records were recorded in the ABA NBR during a sim-
ilar period. Additionally, mortality was also 50% during this 
period of time in Delhi, compared to only 5% at US burn 
centers [39, 299]. Such contrasts reflect more on the socio-
economic differences between LMIC and HIC, as well as on 
the limitation of resources available to burn centers in devel-
oping countries. Nonetheless, it is notable that this same 
burn center in Delhi has reduced the mortality rate down 
from 50 to 40% during the subsequent time period 2001–
2007 [39]. Although the improvement in survival may be 
related to the rising economic status of India, it is also a trib-
ute to the devotion and dedication of doctors and nurses at 
resource-restricted burn centers.

The ability of health care systems to provide burn care to 
a region depends on the availability of human resources 
(staff and training) and physical resources (infrastructure, 
supplies and equipment). Resources essential for burn ser-
vices at all facilities (including outpatient clinics and care 
provided by nonmedical providers) include training neces-
sary to assess burn wound depth and capability (training and 
supplies) to apply clean or sterile dressings. Other resources 
essential for higher levels of facilities (such as specialist or 
tertiary care centers), involve the capacity for debridement 
and skin grafting (Table 2.5; [300]).

2.7  Role of the World Health Organization

This review of burn injuries has made a number of points 
very clear. A large burden of burn injury-related morbidity 
and mortality exist in the world; this burden is disproportion-
ately experienced within LMIC; and finally, a number of 
interventions can be put in place to prevent burns.

However, a deeper look at the facts presented here reveals 
some other aspects. Although the burden of burn injury and 
death is experienced primarily in LMIC, the overwhelming 
majority of scientific papers that underlie the evidence base 
on interventions to prevent burns come from 
HIC. Furthermore, the epidemiologic picture of the circum-
stances giving rise to burns comes almost entirely from HIC, 
and the papers that provide insight into the etiology of burns 
in LMIC come from relatively few papers, which have relied 
on disparate approaches to categorizing all epidemiologic 
data presented. This fragmented and relatively superficial 
examination of burn injury in low-income settings means 
that it is difficult for WHO to be confident in promoting any 
one course of action as a priority for LMIC to prevent burns. 
The initial first priority in confronting any public health 
problem has always been to establish the epidemiologic pro-
file of the problem and elucidate its risk factors.

Accordingly, WHO has been working with a global net-
work of burn experts from the clinical, epidemiologic and 
research sectors in an effort to improve data collection 
regarding burns. A first priority has been the Global Burn 
Registry (GBR). This is a simple, standardized form to 
gather information about burns; it can be administered easily 
in health facilities for patients admitted with burn injuries. 
The data give health facilities a clear picture of the major risk 
factors and populations at risk for burns in their setting, as 
well as how these compare and contrast with other settings. 
This information is key to identify and prioritize programs to 
prevent burn injuries. Data can be viewed online or exported 
for further analysis. More information about the GBR, as 
well as directions to participate in it or access its data, is 
available on the WHO website (http://www.who.int/en).

Whereas the GBR provides a standardized platform for 
gathering health-facility-based data, this is insufficient. Many 
important aspects of burn injuries are best understood with 
community-based surveys, since these can capture important 
information about long-term sequelae and can also provide 
estimates of the burn burden relative to other health condi-
tions. Community-based surveys also provide information on 
burn injuries that may have been deemed as not requiring 
health-facility care, or not resulting in facility care because 
this was too expensive or the injury was so severe that health-
facility care could not be provided prior to the patient dying.

Accordingly, WHO has also worked with global burn 
injury experts and epidemiologists to develop a modular bat-
tery of questions for burn injury. These have been developed 
within the context of an instrument that probes all injury out-
comes and then provides more comprehensive information 
about burns. The community survey module has been pilot 
tested in LMIC and found to yield valid and relevant infor-
mation about burns and their sequelae.

Table 2.5 Burns and wounds [300]

Resources Basic GP Specialist Tertiary
Burn depth assessment E E E E
Sterile dressings D E E E
Topical antimicrobials D E E E
Physiotherapy I E E E
Debridement I PR E E
Escharotomy I PR E E
Skin graft I PR E E
Reconstructive surgery I I D E
Early excision and grafting I I D D

Designation of priorities: “E”—essential; “D”—desirable; “PR”—pos-
sibly required; “I”—irrelevant
Range of health facilities: “Basic”—outpatient clinics and non-medical 
providers; “GP”—district hospitals and primary health centers without 
specialty care; “Specialist”—hospitals with operating rooms and lim-
ited surgical personnel; “Tertiary”—hospitals with broad range of 
subspecialists
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Improving, and in particular, developing standardized 
platforms for data collection on burns is but a first step. Once 
the global community working on burn care and burn pre-
vention is equipped with and using these tools widely the 
major etiologic factors that give rise to burns will become 
clearer, as will the priority risk factors that need to be tar-
geted in order to prevent burns. These steps will require gov-
ernments and donors to invest in funding operational 
research, and will require epidemiologists and scholars to set 
up methodologically rigorous studies to examine burn inju-
ries and how they may be prevented in LMIC.

2.8  Conclusions and Recommendations

2.8.1  Surveillance

The optimal approach to injury prevention includes four stages: 
surveillance, analysis, intervention, and evaluation. Precise 
description of the problem(s) is the basis to planning effective 
interventions, yet in many LMIC, data on burns are scarce, 
inaccurate, or both. In some countries, a lack of reliable data on 
risk factors further hampers the development and enactment of 
effective burn prevention strategies, while in others, incomplete 
description of burn incidents leads to underassessment of the 
magnitude of the public health problem. Better surveillance 
with formal epidemiologic studies, which will more accurately 
assess the true incidence in vulnerable populations, is needed. 
A model for such a system can be found in Taiwan, ROC, 
where the support of the Childhood Burn Foundation provides 
resources to all 43 hospitals in the country to collect data on 
hospitalized burn patients. This comprehensive database, 
which utilizes the Internet for data entry, captured information 
on over 12,000 patients from 1997 to 2003 [134].

2.8.2  Smoke Alarms

The effectiveness and reliability of smoke alarms can be 
improved through improvements in technology, including 
(1) greater waking effectiveness for certain populations, (2) 
quicker, more certain responses to the range of fire types 
coupled with reduced nuisance alarms, and (3) more cost- 
effective ways to interconnect alarms in existing homes. In 
addition, continued research is needed to improve measure-
ment and performance of smoke alarms. Improvements must 
be made in educational approaches that change behavior in 
regard to home escape planning, inspection, and mainte-
nance of smoke alarms, and in developing safe options for 
dealing with nuisance alarms. Research into human behavior 
in residential fires is required to determine effective cues, 
increase the perception of the value of immediate escape, 

and develop exit skills under stress and strategies to reduce 
the learned irrelevance of alarms [301].

2.8.3  Transition Away from Open Fires 
and Kerosene Appliances

An assumption held by some is that the inevitable transition 
from open fires and kerosene appliances toward more sophisti-
cated devices for cooking, heating, and lighting will result in a 
diminution of burn injuries in LMIC.  However, the current 
experience suggests that this transition period is not without 
hazard. In Delhi, for example, LPG-related burns accounted for 
less than 1% of admissions to a single burn center from 1993 to 
2000, but from 2001 to 2007, LPG- related burns were respon-
sible for over 10% of admissions [39]. Electrification can cer-
tainly reduce the risk of disasters caused by malfunctioning 
kerosene stoves but can also lead to a whole new set of hazards 
from electrical injury because of substandard wiring techniques, 
unsafe practices, illegal poaching of power and scavenging cop-
per from overhead lines, and inadequate barriers around high-
voltage poles and towers. Thus, as developing communities 
convert to more common use of LPG and electricity, steps must 
be taken to ensure the safety of the residents.

2.8.4  Gender Inequality

In LIC the burden of burns falls mostly on women and girls, 
who are at risk of “occupational” injuries while they tend 
fires and prepare food. Sadly, they are also selected as vic-
tims of horrific assaults, such as acid throwing or “bride 
burning” [276]. The latter is a phenomenon often related to 
the dissatisfaction of the husband with the wife’s dowry and 
may occur either as self-immolation or as assault by the hus-
band’s family [302]. Clearly these particularly tragic events 
deserve focus above and beyond usual burn prevention 
efforts. Elimination of acid attacks and bride burning require 
a multitude of coordinated actions involving passage and 
enforcement of protective legislation, education of men and 
boys about appropriate behavior toward women, and 
resources for women in need of shelter or care.

2.8.5  Community Surveys

Community surveys are needed in the United States to estab-
lish the degree to which Hispanics utilize the health care sys-
tem for treatment of burns. The very low incidence of 
nonfatal burns in Hispanics treated at US hospital emergency 
departments suggests that many burns are being treated by 
families with home remedies. WHO has established guide-
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lines for conducting community surveys on injuries and vio-
lence [303].

The few population-based surveys conducted in 
Bangladesh have demonstrated the tremendous utility of this 
approach, clearly outlining not only the true incidence of 
burns within the community, but also the extent of disability 
and death that accompany burns. A national injury survey 
administered in Bangladesh [29–31, 95] generated compre-
hensive burns data, and district-level injury surveys in 
Vietnam [304] and Nepal [305] reported burns incidence 
rates. The Global Alliance for Clean Cookstoves (GACC), 
advised by a panel of burns experts, has supported the devel-
opment of a burns survey module which was field-tested in 
two districts of Nepal in 2016 (H. Wallace, personal com-
munication). Only with an accurate appreciation of the bur-
den of burn injuries within a region can effective lobbying 
efforts move forward in funding agencies and government 
health departments. The integration of key questions on 
burns into recurring national household surveys (i.e., the 
Demographic and Health Survey [DHS] and the Multiple 
Indicator Cluster Survey [MICS]), to understand trends in 
the incidence of burns, health-seeking behavior, and out-
comes, is the next step to ensure feasibility of data collection. 
Another application of burns surveillance is to evaluate the 
impact of potential burn prevention interventions, for exam-
ple, clean/fuel-efficient cookstoves. The GACC burns survey 
module is being developed into a user-friendly tool for this 
purpose (H. Wallace, personal communication).
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Prevention of Burn Injuries

Joanne Banfield

3.1  Introduction

Burns are preventable, and yet they are responsible for sig-
nificant morbidity and mortality worldwide with approxi-
mately 90% occurring in low- to middle-income countries 
[1]. Injuries are a public health issue, and burn injuries 
remain the fourth most common type of trauma globally, 
followed by road traffic injuries, falls and interpersonal vio-
lence [2]. As a result, burn prevention is particularly impor-
tant and must be a major focus of attention.

It has been shown that prevention is key for maintain-
ing health and having the highest quality of life, despite 
increasing age. Injuries are like other conditions and ill-
nesses that occur with distinct patterns and are therefore 
considered to be a disease. Furthermore, prevention is the 
more efficient way to treat an illness since it reduces not 
only hospital stay but also drug use, cost of complications 
and long-term chronic conditions. In the past, injuries 
were regarded as random, unavoidable accidents. In recent 
decades, due to a better understanding of underlying 
mechanisms, injuries are now regarded as largely predict-
able and preventable [3].

Behavioural, psychosocial, and sociocultural factors 
associated with lifestyle behaviours are known contributors 
to injury morbidity and mortality, along with characteristics 
of products and environments.

Like other injury mechanisms, the prevention of burns 
requires epidemiology and risk factors studies. In fact, the 
complete care of any illness or injury implies epidemiology 
(measurement of risk factors, frequency, and distribution of 
the injury), prevention, injury biomechanics (physical and 
functional responses of the victim to the energy), treatment 
and rehabilitation.

3.2  Global Impact of Burn Injuries

The World Health Organization (WHO) broadly defines a 
burn as an injury caused by heat (hot objects, gases, or 
flames), chemicals, electricity and lightning, friction or radi-
ation [4]. Annually, burns result in more than 7.1  million 
injuries, the loss of almost 18 million disability adjusted life 
years (DALYs) and more than 250,000 deaths worldwide. 
More than 90% of the burden of burn injury is borne by low- 
and middle-income countries (LMICs). The three WHO 
regions with the greatest burden of injury are the Eastern 
Mediterranean Region, the South East Asian Region and the 
African Region, with the African Region bearing nearly two 
thirds of the total burden [5].

3.2.1  Some Country Data

• In India, over 1,000,000 people are moderately or severely 
burnt every year.

• Nearly 173,000 Bangladeshi children are moderately or 
severely burnt every year.

• In Bangladesh, Colombia, Egypt and Pakistan, 17% of 
children with burns have a temporary disability and 18% 
have a permanent disability.

• Burns are the second most common injury in rural Nepal, 
accounting for 5% of disabilities.

• In 2008, over 410,000 burn injuries occurred in the United 
States of America, with approximately 40,000 requiring 
hospitalization.

• In 2015, fire and heat resulted in 67 million injuries [6]. 
This resulted in about 2.9  million hospitalizations and 
176,000 deaths [7, 8]. Most deaths due to burns occur in 
the developing world, particularly in Southeast Asia [9].
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3.3  Burn Risk Factors and the Social 
Determinants of Injury

We know more about injury risk and those we see most fre-
quently in emergency departments and burn units. Injury risk 
is disproportionate. We all do not face equal risk of injury. 
Injury is a lot more than an individual making a poor choice. 
We know some populations are at higher risk for injury than 
other such as Aboriginals, young males, seniors, those living 
in lower socioeconomic status and underdeveloped coun-
tries, and young children. As frontline practitioners and those 
in positions of influence, we need to understand the risk that 
certain populations face and advocate for changes in our 
communities to reduce the burden of injury to them and to 
our healthcare system.

3.3.1  Burn Injury Risk Factors

Burn risk is linked with poverty, lack of running water, over-
crowding, illiteracy, unemployment, lapses in child supervi-
sion—mostly in large and single-parent families, occupations 
that increase exposure to fire, lack of proper safety measures, 
placement of young girls in household roles such as cooking 

and care of small children; underlying medical conditions, 
including epilepsy, peripheral neuropathy, and physical and 
cognitive disabilities; medications, such as sleeping pills, 
narcotics, and synthetic stimulant drugs, such as metham-
phetamines; alcohol abuse and smoking; easy access to 
chemicals used for assault (such as in acid violence attacks); 
use of kerosene (paraffin) as a fuel source for non-electric 
domestic appliances; and inadequate safety measures for liq-
uefied petroleum gas and electricity.

With these risk factors in mind, one can ascertain why 
burns are more common in the developing world and how 
low socioeconomic status has been linked to increased risk 
of unintentional injury and mortality.

Children under 5 years of age comprise the highest risk 
group for burn injuries. Causative factors in all incidents 
involving babies are a mixture of imprudence, impulsive-
ness, curiosity, lack of experience and a desire to imitate 
adults. Furthermore, this age group lacks a sense of danger 
and awareness as they hardly understand cause-and-effect 
relationships.

At the other end of the age continuum, elderly people over 
64 years are also a high-risk population. Their risk of dying 
in a fire is 2.5 times greater than the general population. The 
main causes of burn injuries in the elderly are flame burns 
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due to smoking and cooking (see Table 3.1). Additional risk 
factors include medical conditions associated with physical 
or mental impairment: stroke, poor eyesight, decreased hear-
ing and mobility, diabetes (peripheral neuropathy with 
decreased or no lower extremity pain perception), dementia 
(such as Alzheimer’s, with confusion and forgetfulness), 
depression, and suicide.

There is no vaccine, pill or quick fix for injury prevention. 
Preventing injury requires a comprehensive ecological approach 
that extends far beyond the individual to organizations, 

community and government. Humans are fallible. We believe 
we are at lower risk for injuries and capable in avoiding cir-
cumstances that will injure us. It is part of our design, we are 
hardwired this way and that makes the business of reducing 
injury all the more challenging. We need to take what is 
known as an ‘upstream’ approach.

The Spectrum of Prevention (Fig. 3.2) is a framework for 
developing multifaceted approaches to injury prevention. 
The value of this tool is that it can help practitioners develop 
and structure comprehensive initiatives. Additionally, it can 

Table 3.1 Elderly burn prevention tips

Flame burns 1.  Ask a relative or neighbour to routinely check for gas leak odour
2.  Use large ashtrays. Smoke only while upright. Never smoke in bed or when drowsy
3.  Never use flammable liquids to start a fire or prime a carburettor or as a cleaning solvent
4.  Never store flammable liquids near a pilot light or other heat source
5.  Check the smoke detector battery once a month. Use a broom handle to perform the check or ask a friend to do so
6.  Have a flashlight, keys, eyeglasses and whistle at the bedside to summon help if needed
7.   Wear close-fitting clothes while cooking or near any potentially dangerous heat source (fireplace, campfire, wood-burning 

stove). Garments that are flame-resistant are recommended
8.  Use the back burners of the stove and turn handles inward
9.  Avoid throw rugs in the kitchen area and keep the floor clean to avoid falls
10. Use a cooking timer with an audible alarm
11. If using a space heater, ensure that the automatic shut off is in working order should the heater accidentally tip over
12. Never lay anything on or near a heating device (e.g. space heater, wood-burning stove, kitchen stove and baseboard heater)

Contact 
burns

1.   Use all heating devices that are placed on or near the skin with caution (e.g. heating pad, hot water bottles and space 
heaters)

Scald burns 1.   Place a non-skid mat and handrails in the bathtub or shower to prevent accidental falls and to allow easy access in and out 
of the area

2.   Check the temperature on the hot water heater; the recommended setting is 120 °F (48.8 °C). Install anti-scald devices in 
bathroom plumbing

From: Hunt JL, Arnoldo BD, Purdue GF. Prevention of burn injuries. In: Herndon DN, editor. Total burn care. Galveston: Saunders Elsevier; 2007. 
p. 33–9

THE SPECTRUM OF PREVENTION

Influencing Policy and Legislation

Changing Organizational Practices

Fostering Coalitions and Networks

Educating Providers

Promoting Community Education

Strengthening Individual Knowledge and Skills

Fig. 3.2 The Spectrum of 
Prevention
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help policy leaders move beyond a primarily educational 
approach to achieve broad community goals through injury 
prevention strategies that include policy development.

The Spectrum is comprised of six interrelated action lev-
els: (1) strengthening individual knowledge and skills 
(enhancing an individual’s capability of preventing injury or 
illness and promoting safety), (2) promoting community 
education (reaching groups of people with information and 
resources to promote health and safety), (3) educating pro-
viders (informing providers who will transmit skills and 
knowledge to others), (4) fostering coalitions and networks 
(bringing together groups and individuals for broader goals 
and greater impact), (5) changing organizational practices 
(adopting regulations and shaping norms to improve health 
and safety) and (6) influencing policy and legislation (devel-
oping strategies to change laws and policies to influence out-

comes). Activities at each of these levels have the potential to 
support each other and promote overall community health 
and safety.

The Spectrum of Prevention developed in 1983 by 
Larry Cohen and based upon the clinical work of Dr. 
Marshall Swift from Hahnemann College emerged from 
the conviction that preventive practice was too frequently 
trivialized and misunderstood as simply an educational 
practice [10].

Perhaps the most important tool in the injury prevention 
field is the Haddon Matrix. Dr. William Haddon contributed 
immensely by distinguishing between prevention efforts 
that take place before an injury occurs from those that are 
implemented after the injury that serve only to reduce the 
severity of trauma. The Spectrum supplements the Haddon 
Matrix as it helps practitioners to specify the array 

PHASES FACTORS 

HOST (PERSON) AGENT 
PHYSICAL
ENVIRONMENT 

SOCIOECONOMIC
ENVIRONMENT

PRE-EVENT Use of fireworks 

Smoking in the
home or in bed 

Lack of knowledge
about risks of fire
in the home 

Storage of
flammable
substances in the
house 

Combustibles,
matches or lighters
accessible to
children 

Unsafe stoves or
lamps

Housing in slums
or congested
areas 

Overcrowded
households 

No separation
between cooking
area and other
areas 

Unsafe electrical
wiring 

High (unsafe)
temperatures of
hot water heaters 

Poverty,
unemployment,
illiteracy 

Lack of fire-related
building codes and
their enforcement 

Societal attitudes
on acceptability of
acid-throwing 

EVENT Poorly maintained
smoke alarms and
sprinkler systems 

Child not wearing
flame-retardant
sleepwear 

Poor knowledge
about evacuation
procedures 

Lack of sprinkler
systems 

Lack of fire
hydrants or other
access to water
supply 

Lack of functioning
smoke alarms 

Lack of clear and
easily accessible
escape routes 

Lack of access to
phones to call for
help 

Lack of policies or
laws on smoke
alarms 

Inadequate
communications
infrastructure for
calling emergency
services 

POST-EVENT Lack of knowledge
of first aid 

Flammability of
household
materials and
children's clothing 

Toxicity of smoke
and burning
household
materials 

Low level of first
aid, emergency
medical services,
and hospital burn
care 

Inadequate access
to burn centres
and rehabilitation
services 

Insufficient
community support
for those who have
suffered burns 

Fig. 3.3 The Haddon matrix 
applied to the risk factors for 
burns
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of activities necessary for an effective prevention campaign. 
By using the two tools together, practitioners can devise a 
multifactored intervention that simultaneously addresses 
the temporal issues highlighted by the Haddon matrix (i.e. 
multiple strategies for before, during, and after an injury 
event) [11]. The Spectrum emphasizes the importance of 
influencing policy and legislation, an area that Haddon’s 
approach does not specifically address.

Prevention is more than education and goes beyond the 
individual.

There is a commonly held misconception that individual 
behaviours are solely responsible for health outcomes, and 
therefore, individual health education is an adequate solu-
tion. Effective prevention is not that simple. The Spectrum 
shifts attention from being individually focused to a systems 
approach. One important note to keep in mind is that preven-
tion efforts and campaigns must target the population groups 
most at risk and should aim at minimizing the effects of spe-
cific risk factors and harmful actions [12]. In other words, 
every burn prevention program has to be population-specific 
and different, depending on the country/individual character-
istics (education, socioeconomic status, geography, tradi-
tions, cultural or religious beliefs, and social habits). 
Preventive interventions should be designed so that they 
effectively counteract the underlying mechanisms of injury, 
which can be different in each social group. Policies and 
interventions addressing unintentional injuries must be 
implemented with a clear view to have at least as much (if 
not more impact) on vulnerable groups compared with the 
rest of the population, in order to close the gap [13]. Knowing 
the general risk factors—the vector or energy source, the 
host or victim and the environment— is essential for pre-
venting and controlling any injury. Finally, any injury pre-
vention plan is not valid until the results of its application are 
evaluated [14]. If a prevention plan fails to have success, pos-
sible solutions may be to change the technique to measure 
the burn incidence reduction or modify the prevention pro-
gram design to a more appropriate one.

3.4  Classifications and Strategies 
for Prevention

The key approach to burn injury prevention involves the 
three E’s: education, engineering (built environment) and 
enforcement (legislation). Most recently added to the three 
E’s is technology.

Injury prevention is classified as primary, secondary, and 
tertiary which is similar to the Haddon Matrix with the 
phases pre-event (primary prevention), event (secondary pre-
vention) and post-event (tertiary prevention) while active and 
passive strategies focus on the three aspects of injury preven-
tion—agent, environment and host.

Primary burn prevention aims to avoid the injury from 
occurring at all. Primary burn prevention strategies include 
automatic protection, legislation/regulation and education.

 1. Automatic protection represents the most effective pri-
mary preventive strategy. It involves elimination of envi-
ronmental hazards or more accurate product design.

 2. Legislation/regulation: Community, state, national or 
international governmental regulations and laws are in 
place to reduce injury. For instance, local ordinances that 
require apartment buildings to have working smoke 
detectors or installation of anti-scald devices; regulation 
of exits and fire escapes from buildings where people 
work or congregate, as well as laws, not only for the 
installation, but more importantly for the maintenance of 
equipment for fire control; regulations of fire drills in edu-
cational institutions; regulations of handling and disposi-
tion of any kind of flammable materials, etc.

 3. Education: Educational programs focus on providing 
information about an identified area of concern and seek 
to make the public aware of the dangers and to teach 
appropriate preventive strategies. They also inform peo-
ple about the medical and social consequences of burn 
injuries; that is, parents are taught to insert plastic plugs 
to cover the electrical outlets to prevent electrical burns in 
small children.

While burn prevention educational campaigns have 
reduced the incidence of burn injuries, they have not 
 eliminated the injuries entirely. Education may increase 
knowledge, but does not always lead to behavioural and/or 
lifestyle change needed to diminish or eliminate incidence or 
severity of burn injuries.

Probable causes of failure of burn education primary pre-
vention programs may be the brevity of the campaign, multi-
plicity of messages and separation of the interventions. It has 
been postulated that the prevention program needs to be 
repeated several times to be effective. Posters, mass media 
and multimedia strategies are effective means of disseminat-
ing the burn prevention message in general. Social media is 
a great vehicle to provide burn prevention education. In 
2013, there were 21 videos posted on YouTube with techni-
cally accurate content covering prevention and first aid treat-
ment of paediatric burns [15]. Due to the ease of access and 
wide audience (over six billion hours of video are watched 
each month on YouTube), there are exciting opportunities to 
use these platforms to raise public awareness of burn preven-
tion and treatment, although validation of content by quali-
fied health care professionals is still a challenge.

Secondary burn prevention seeks to minimize the already-
produced injury and consists of teaching early injury detection 
and treatment. For example, an individual whose shirt catches 
fire is taught to Stop, Drop to the ground and Roll to extinguish 

3 Prevention of Burn Injuries



64

the flames; other examples include ‘apply cool water to a 
burn’ or ‘crawl under smoke’ (see Fig. 3.4).

Tertiary burn prevention involves avoiding impairment 
and maximizing functionality during the phase of rehabilita-
tion after a burn. Indeed, not only secondary but also tertiary 
burn prevention strategies aim at limiting the already- 
produced damage.

Active burn prevention: Active prevention requires indi-
vidual effort. Education is the only active primary burn pre-
vention strategy. For instance, teaching people to lower their 
tap water temperature through educational campaigns. 
Active prevention is the least effective and most difficult 
strategy to maintain, especially over a long period of time.

Passive burn prevention includes legislation/regulation 
and product design/environmental change. Passive preven-
tion strategies do not require ‘correct behaviour’ by the indi-
vidual and appear to be more successful than active 
prevention strategies. However, many of the more effective 
burn prevention programs contain both active and passive 
measures. Among the passive prevention methods, legisla-
tion appears to play a major role.

To sum up (see Fig.  3.5), burn prevention involves not 
only physicians, nurses and other health care providers but 
also engineers, legislators and inspectors.

3.5  Causes/Types of Burns

Burns are classified in the following four categories: thermal, 
chemical, electrical and radiation.

3.5.1  Thermal Burns

3.5.1.1  Burns from Residential Fires
The use of smoke alarms (with the purpose of alerting occu-
pants of a fire) has had the greatest impact in decreasing fire 
deaths in the USA, but to be effective they must be main-

tained—not only installed. Overall, working smoke alarms 
reduce fatalities by about half. However, smoke alarms are 
limited by factors such as battery life, an inadequate power 
source and incorrect placement in the home and can fail to 
alert sleeping residents. Despite this popular early smoke 
detection system, individuals may still not escape because of 
physical or mental impairments or other frailties associated 
with children and the elderly.

On the other hand, fire sprinklers complement smoke 
detectors and are the most effective tool to prevent the spread 
of fires in their early stages. In 1993, the National Fire 
Protection Association (NFPA) estimated smoke alarms 
alone could reduce fire deaths by 52%; sprinklers alone 
could decrease fire deaths by 69% and the combined use of 
them by 82% [16, 17].

House fires account for most of the major burn injuries. 
Causes of injuries and burn prevention tips include:

 (a) Careless cigarette smoking: Canada was the first country 
to pass fire-safe cigarette legislation in 2004. People 
must be aware of practicing safe behaviour while using 
flammable materials. It is also recommended that all 
occupants practice EDITH (Exit Drills in the Home), so 
that everyone will know the meeting place and how to 
escape in case of a fire. A cigarette left unattended can 
burn for as long as 30 min. Most smoking fires start in 
the bedroom or living room. Some severe COPD (chronic 
obstructive lung disease) patients use home oxygen and 
then, at the same time, light a cigarette, leading to facial 
burns. Furthermore, alcohol is often combined with cig-
arette smoking or other substance abuse, with the victim 
falling asleep. In fact, statistics have shown that it is 
quite common for burn patients to have higher blood 
alcohol levels.

 (b) Heating equipment: Never leave small children unat-
tended next to a heat source. Also do not leave candles 
unattended. In middle Asia, the ‘sandal’ is an ancient 
heating device responsible for a high number of third- 

 If your clothing catches fires:  

STOP (don’t run!)  DROP to the ground  ROLL to put the fire out. 

 If a burns occur: COOL 

Immediately pour cool water – not ice - on the burn.
Cover burn with a clean sheet and seek medical attention. 

Fig. 3.4 First aid counselling 
after a burn (secondary 
prevention)

PASSIVE  

(Product engineering + Environmental change + Legislation) Agent + Environment

ACTIVE (Education) Agent    +    Host    +    Environment

ß

Fig. 3.5 Strategies to reduce 
severity injury and parameters 
of injury occurrence
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degree foot burns in small children in Uzbekistan. The 
‘sandal’ is a table, around which people sit which has a 
hole in the floor underneath, where lit coals are placed. 
Unsupervised toddlers crawl and fall into the coals lead-
ing to severe burns. During winters in Kashmir, people 
place charcoal braziers, known as ‘kangari’, between 
their legs to keeps warm. Repeated exposure results in 
erythema to the inner thighs and lower abdomen and 
may also promote skin cancer.

 (c) Electrical equipment malfunction: You should install not 
only smoke but also CO (carbon monoxide) detectors. 
Whereas smoke alarms are now present in almost 100% 
of homes, CO detectors are largely absent, but they 
should also be present. CO inhalation is the main cause 
of fatal poisoning in the industrialized world and CO 
intoxication is present in flame injuries, especially those 
sustained indoors. CO is produced by open flames, 
whenever a carbon-based fuel, gas, oil, wood or charcoal 
is burned. Products include charcoal grills, gas water 
heaters, stoves and lanterns. Carbon monoxide- 
generating appliances, such as stoves, are often used 
during power outages or for financial reasons in low- 
income households. If the heating source is either used 
improperly or ventilation is inadequate, CO levels can 
become toxic and have fatal consequences.

 (d) Cooking: You should be very careful when cooking, 
avoid wearing loose clothing that could catch fire. In 
many developing countries, cooking is still done using 
primus stoves, which are an important cause of burns, 
due to the presence of kerosene. Apart from the kitchen, 
kerosene is also used as a nightly light source and con-
tained in home-made chimneys, located in the living 
rooms and bedrooms in houses in the developing world.

 (e) Children playing with matches and lighters: Matches 
and lighters must be kept out of the reach of children. 
Children should be taught, at an early age, that matches 
and lighters are tools and not toys.

3.5.1.2  Outdoor Flame Burns
In many dry and warm climate countries, especially during 
the summer, forest fires are caused by unattended fallen ciga-
rettes or intentionally by individuals with psychiatric disor-
ders who enjoy provoking fires. In some rural areas of Spain, 
farmers burn olive trees or timber to produce embers or ‘bra-
sas’ which leave incandescent residue. These residues remain 
alight and undergo slow combustion and hence are used for 
heating, but they may also produce flame burns.

Outdoor barbecues are commonly held in many coun-
tries during summer months. Instead of using an autho-
rized carbon source of heat, some people use gasoline or 
alcohol to make the flames grow, causing flame burns. 
Other cooking- related burns involve the making of fon-
dues flambeed food.

Outdoor, recreational fires are also a normal practice dur-
ing the warmer months of the year and may cause severe 
burns. They involve mostly the hands, with a mean TBSA 
(total body surface area) of 3.5%, and the main mechanism is 
falling into the fire. Parents can play an important role in 
educating their children about campfire safety and the haz-
ards of both active and extinguished fires.

In India, marital traditions are associated with ‘dowry’ and 
‘sati’ burns, which both have high mortality rates. After mar-
riage, if the gifts (known as ‘dowry’) are not considered enough, 
the wife is put on fire (usually after pouring kerosene on her 
body), and this is known as ‘dowry burns’. In ‘sati burns’, the 
wife throws herself on the burning body of the deceased hus-
band. Although the government has made efforts to prevent 
these burns by writing legislation and including it under the 
Penal Code, these type of injuries still occur and some families 
lie and report ‘dowry burns’ as kitchen ‘accidents’.

In a similar manner, in the developing world, some reli-
gious activities involve self-inflicted ritual burns (especially 
in the Buddhist community) or promote unintentional burn-
ing (e.g. foot burns in Muslims who leave mosques barefoot 
where temperatures exceed 50 °C).

Also in India, a special type of fire-related burn (jaggery) 
causes severe and deadly paediatric burns. Jaggery is the non-
industrial refinement of sugar cane into a sugar product and 
represents an important source of income and significant role 
in cooking and cultural rituals in rural India. Legislation aimed 
at improving dangerous work environments, establishing min-
imum age requirements and maximum hours of work, as well 
as with engineering or product design safety improvements, 
would be effective in reducing these types of injuries.

Fireworks are an important cause of burns in many coun-
tries around the world, due to its use during national holi-
days, traditional festivals or special events, such as New 
Year’s Eve or other celebrations, such as the Olympic 
games, Independence day (US), Guy Fawkes Night 
(Commonwealth), Fallas (Valencia, Spain), Hari Raya 
(Malaysia), Mawlid and Eid al-Adha (Muslim countries), 
Chaharshanbe-Soori (Iran) or Purim (Jewish festivity). 
Contact hand burns from holding the fireworks are most fre-
quently seen accounted for largely by boys 10–14 years of 
age. However, in approximately 50% of the cases bystand-
ers are injured. Eyes are affected in 18% of cases. Flame 
burns may also occur when the clothes catch fire. Complete 
firework bans are found in Hungary, Ireland, Australia and 
the northeast USA, at the present time.

A specific type of outdoor burn is seen during war. 
Combat-related thermal injuries generally affect the hands 
and head, mainly through improvised explosive devices, 
causing blast injuries and polytrauma. They generally 
involve less than 20% TBSA and have relatively low mortal-
ity rates (4% of all war deaths and 5–20% of all war inju-
ries). Preventive measures against war-related burn injuries 

3 Prevention of Burn Injuries



66

include improvement in pre-deployment education to reduce 
noncombat injuries, flame retardant military clothing and 
decreased combat episodes.

Scald Burns
Scald burns are responsible for the majority of non-fatal burn 
injuries in the world. Furthermore, scald burns are the main 
cause of burn injury in toddlers, involving mostly splash 
burns from spilled liquids. Other populations at high risk for 
scale burns, while bathing, are the elderly and people with 
epilepsy, where there is a heightened risk of seizures and 
falls and, in the elderly, thinner skin.

Preventative strategies include reducing the temperature 
of hot water heaters to a maximum of 49–54  °C (see 
Table 3.3), installing anti-scald devices to shower heads and 
faucets or inserting shut-off valves in the water circuit to 
detect temperatures over a certain level, using large round 
handles or push-and-turn type handles to prevent young chil-
dren from turning on the hot water or using liquid-crystal 
thermometers in bathtubs to alert the caregiver to the water 
temperature. In some US states, it is imperative, by law, to 
install appropriate temperature valves in all new domestic 
dwellings, and water from shower heads and bathtubs inlets 
cannot exceed 46  °C.  Small children and disabled people 
should be constantly supervised when close to hot water. 

Special caution should also be paid when removing warmed 
foods—especially liquids—from the microwave oven to 
avoid steam and scald burns.

3.6  Child Burns and Scald Prevention Tips

Childproof Your Electrical Outlets and Appliances
• Keep appliance cords out of children’s reach, especially if 

the appliances produce a lot of heat.
• Cover electrical outlets so that children are unable to 

insert metal objects, such as forks or keys.
• Keep an eye on appliances such as irons, curling irons or 

hair dryers that can heat up quickly or stay warm after 
use. Unplug these items after you are done.

• Do not carry or hold a child while cooking on the stove. 
Instead, move a high chair in the kitchen within reach or sight 
before you start. Then talk to your children so they know what 
is going on. It is a great way to spend time together.

Check to Make Sure the Water Temperature Is Just 
Right
• With everything going on, we know the water heater is the 

last thing on your mind. But a small change can give you 
one less thing to worry about. To prevent accidental scald-
ing, set your water heater to 120 °F or the manufacturer’s 
recommended setting.

• Consider installing anti-scald devices in water faucets and 
showerheads to avoid potential burns.

• Check the water with your wrist or elbow before giving 
your baby a bath.

Use the Back Burner and Oven Mitts
• Kids love to reach, so to prevent hot food or liquid spills, 

simply use the back burner of your stove and turn pot 
handles away from the edge. Keep hot foods away from 
the edge of your counters.

• Use oven mitts or potholders and keep hot foods and liq-
uids away from table and counter edges. Be careful if 
your oven mitt is wet; when combined with heat, the 
moisture can cause scalds.

• Slowly open containers that have been in the microwave, 
as steam can burn little fingers and faces.

Table 3.3 Time/temperature relationships in scalds

Temperature Time to produce full-thickness burn
48.8 °C = 120 °F 5 min
51.6 °C = 125 ªF 1.5–2 min
54.4 °C = 130 °F 30 s
57.2 °C = 135 °F 10 s
60 °C = 140 °F 5 s
62.9 °C = 145 °F 3 s
65.5 °C = 150 °F 1.5 s
68.3 °C = 155 °F 1 s

Table 3.2 Burn prevention tips for people with impairments

Flame burns 1.  Use extreme caution when cooking. Wear 
close-fitting and flame-resistant clothes while 
cooking or near any heat source

2.  Avoid throw rugs in the kitchen area and keep the 
floor clean to avoid falls

3.  Use larger ashtrays. Smoke only while upright. 
Never smoke in bed or when drowsy

4.  Maintain smoke detectors, alarms and sprinkler 
systems in good working order. Check the smoke 
detector battery once a month

5.  Determine emergency exit plans. Practice them 
routinely with household members. Keep all exit 
routes clear

6.  Have a flashlight, keys, eyeglasses and whistle at 
the bedside to summon help if needed

7.  Ensure that the local fire department is aware of 
any household members with special needs

Contact 
burns

1.  With individuals with decreased sensation, use all 
heating devices that are placed on or near the skin 
with caution (e.g. heating pad, hot water bottles 
and space heaters)

Scald burns 1.  For people cooking from a wheelchair, a mirror 
positioned over the stovetop allows one to see the 
contents of a pot during cooking. Avoid using 
heavy, large plans that may be awkward to use 
especially when filled with hot food

2.  Check the temperature on the hot water heater; 
the recommended setting is 120 °F (48.8 °C)

3. Install anti-scald devices in bathroom plumbing

From: Hunt JL, Arnoldo BD, Purdue GF. Prevention of burn injuries. 
In: Herndon DN, editor. Total burn care. Galveston: Saunders Elsevier; 
2007. p. 33–9
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Engage Older Kids in Cooking
• Teach older responsible kids how to cook safely. It will 

make your life easier if your kids can cook some of their 
own meals (and maybe yours, too). Teach them never to 
leave the kitchen while they are using the stove or oven. 
Do not forget that the number one cause of home fires is 
unattended cooking.

• Do not allow children to use a microwave by themselves 
until they are tall enough to reach it safely and are able to 
understand that steam can cause burns.

• Instruct older kids to use oven mitts or potholders to 
remove items from the oven or stove and teach them how 
to use a microwave safely.

Be Careful with the Microwave
• Microwaves can heat unevenly and create hot spots, 

so avoid using them to heat baby formula or baby 
milk.

• Heat bottles by placing them in warm water, and make 
sure they have cooled to the appropriate temperature 
before feeding your baby.

Install Smoke Alarms and Carbon Monoxide Alarms
• Fire and burns go together. Prevent them both by install-

ing smoke alarms and carbon monoxide alarms.

Keep Flammable Materials Away from Space Heaters
• Remember to keep space heaters at least 3 ft away from 

anything that can burn or catch fire.
• Make sure you turn them off when you leave the room.

Install Barriers Such as Safety Gates Around Fireplaces, 
Ovens and Furnaces
• Make sure your fireplace is protected by a sturdy screen. 

Remember that glass screens can take a long time to cool 
down.

• If you are using a fireplace or wood stove, burn only sea-
soned hardwood such as oak, ash or maple.

• If small children live in or visit your home, use a safety 
gate around your fireplace or wood stove.

Blow Out Candles and Store Matches Out of Reach
• Keep candles at least 12 inches away from anything that 

can burn and always blow them out when you leave the 
room or before you go to sleep.

• Make a habit of placing matches, gasoline and lighters in 
a safe place, out of children’s reach. Avoid novelty light-
ers or lighters that look like toys.

• Teach kids never to play with matches, lighters or fire-
works. Depending on the age and maturity level of your 
child, it may be reasonable to use the items with the 
supervision of an adult. Just be sure that a fire extin-
guisher and a phone are close by in case of an 
emergency.

• Unplug and safely store irons, flatirons and other appli-
ances that might be hot to the touch.

• https://www.safekids.org/tip/burn-and-scald-prevention-
tips-pdf. Accessed 5 Sept 2017.

3.6.1  Contact Burns

Contact burns can be avoided by adopting appropriate pre-
ventative measures. In developed countries, contact burns 
from the use of gas fireplaces, domestic central heating radi-
ators, irons and ovens have been identified. The surface tem-
perature of the glass front on gas fireplace units can reach 
200 °C, on average 6.5 min after ignition. A full-thickness 
burn may occur in less than 1 s with this temperature, and 
these contact burns can occur in both adults and children. In 
toddlers and preschool children, domestic heating devices 
located too close to their beds have been found to be respon-
sible for many hand contact burns.

3.6.2  Chemical Burns

Chemicals, used in the home, should be locked away and 
rendered inaccessible to children. All chemicals should be 
stored in their original containers as the list of ingredients are 
provided on the warning label. The Occupational Safety and 
Health Administration (OSHA) regulations require eyewash 
stations and showers in all facilities that use potentially inju-
rious chemical products to allow for instant and copious irri-
gation following exposure. It is important for all employees 
who work with chemicals to undergo workplace training and 
to remember to transfer this educational training into their 
home life.

3.6.3  Electrical Burns

Electrical injuries can be prevented by strict adherence to 
safety rules regarding household wiring, electrical outlets 
and appliance cords. The majority of high-voltage electrical 
injuries occur at work and may be fatal or lead to devastat-
ing sequelae such as amputations. In addition, bystanders 
are at risk of injury and should never touch someone, who is 
in direct contact with electricity until the current has been 
shut off.

In some developing and western-world countries, thieves 
can also suffer electrical burns during their attempt to steal 
the copper wire.

In Korea, people eat using steel—not plastic or wood 
chopsticks; children may insert the steel chopsticks into the 
wall socket, producing severe paediatric electrical burns. To 
prevent such injuries, they could be encouraged to use 
wooden chopsticks and install outlet covers.

3 Prevention of Burn Injuries

https://www.safekids.org/safetytips/field_risks/fire
https://www.safekids.org/safetytips/field_risks/fire
https://www.safekids.org/safetytips/field_risks/carbon-monoxide
https://www.safekids.org/tip/fireworks-safety-tips
https://www.safekids.org/tip/fireworks-safety-tips
https://www.safekids.org/tip/burn-and-scald-prevention-tips-pdf
https://www.safekids.org/tip/burn-and-scald-prevention-tips-pdf


68

Lightning is a form of direct electrical current that kills 
approximately 100 people each year in the USA. Lightning 
injuries can be avoided by leaving the area or seeking shelter 
when a storm approaches.

3.6.4  Radiation Burns

Radiation burns can be caused by exposure to ultraviolet light, 
most often the sun, tanning booths, sunlamps, exposure to high 
frequency microwaves or radio waves, exposure to nuclear 
energy, X-rays, or radiation therapy for cancer treatment.

3.6.5  Newest Trending Causes of Burn 
Injuries

Lithium ion batteries supply power to many kinds of devices 
including smartphones, laptops, scooters, e-cigarettes, 
smoke alarms, toys and even cars. Take care when using 
them. In rare cases, they can cause a fire or explosion. These 
batteries store a large amount of energy in a small amount of 
space. Like any product, a small number of these batteries 
are defective. They can overheat, catch fire or explode.

Safety Tips
• Purchase and use devices that are listed by a qualified 

testing laboratory.
• Always follow the manufacturer’s instructions.
• Only use the battery that is designed for the device.
• Put batteries in the device the right way.
• Only use the charging cord that came with the device.
• Do not charge a device under your pillow, on your bed or 

on a couch.
• Keep batteries at room temperature.
• Do not place batteries in direct sunlight or keep them in 

hot vehicles.
• Store batteries away from anything that can catch fire.

http://www.nfpa.org/public-education/resources/
safety-tip-sheets

You may have heard that e-cigarettes, or ‘vapes’, can 
explode and seriously injure people. Although they appear 
rare, these explosions are dangerous. The exact causes of 
such incidents are not yet clear, but some evidence suggests 
that battery-related issues may lead to vape explosions.

Safety Tips
• Consider using vape devices with safety features such as 

firing button locks, vent hole and protection against over-
charging that are designed to prevent battery overheating 
and explosions.

• Keep loose batteries in a case to prevent contact with metal 
objects such as coins, keys or other metals in your pocket.

• Never charge your vape device with a phone or tablet 
charger. Always use the charger it came with and only use 
batteries recommended for your device.

• Do not charge your vape overnight or leave it charg-
ing unattended. Charge on a clean, flat surface, away 
from anything that can easily catch fire and some-
place you can clearly see it—not a couch or pillow 
where it is more prone to overheat or get turned on 
accidentally.

• Replace the batteries if they get damaged or wet.
• Protect your vape from extreme temperatures by not 

leaving it in direct sunlight or in your car on a freezing 
cold night.https://www.fda.gov/TobaccoProducts/
Labeling/ProductsIngredientsComponents/ucm539362.
htm

Hoverboard—part toy, part transportation. These self- 
balancing scooters have quickly become the latest fad. 
However, many hoverboards have been linked to fires. NFPA 
urges you to be fire safe when using these devices.

Safety Tips
• Choose a device with the seal of an independent testing 

laboratory.
• Read and follow all manufacturer directions. If you do not 

understand the directions, ask for help.
• An adult should be responsible for charging the 

hoverboard.
• Do not leave a charging hoverboard unattended.
• Never leave the hoverboard plugged in overnight.
• Only use the charging cord that came with the 

hoverboard.
• Stop using your hoverboard if it overheats.
• Extreme hot or cold temperature can hurt the battery.
• nfpa.org/education ©NFPA 2017.

3.7  Conclusion

Burn injuries are one of the most catastrophic and devastat-
ing injuries. While considerable progress has been made in 
high-income countries through proven prevention efforts 
such as fire sprinklers, regulations of hot water heaters and 
improvements in burn care, burn injuries remain a serious 
public health problem globally, specifically in low- and 
middle- income countries. For those who survive, their lives 
and the lives of their families are left with physical, mental, 
psychological and social sequelae. There is also the stigma 
and discrimination related to the disability and disfigure-
ment, not to mention the extreme pain and suffering and 
often a decreased quality of life. From a societal perspective, 
the costs are enormous, from medical treatment, property 
damage and environmental toxins which overtime can con-
tribute to chronic conditions.
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Summary Box

Moving forward, we can and we must close the gap on 
these preventable injuries. To begin, we need to develop 
a global burn registry to harmonize data collection, 
increase collaboration between global and national net-
works and increase the number of effective programs 
for burn prevention. Since the vast majority of burns 
occur in the developing world, where resources are lim-
ited, we need to access international support such as 
that developed by the WHO (World Health Organization) 
and ISBI (International Society of Burn Injuries).

Today we know more about the causes and conse-
quences of burn injuries and the effectiveness of burn 
prevention strategies, than ever before. While the ratio-
nale for using structural or environmental interven-
tions to change injury patterns might seem 
straightforward, there is rarely an environmental 
change that does not require behavioural adaptation.

Burn prevention campaigns should include active as 
well as passive tools, including education (with a focus 
on behavioural changes to be truly effective), product 
safety improvements and legislation. Prevention pro-
grams should be population-specific and address the 
different risk factors, including age, gender, geogra-
phy, comorbidities, culture and traditions. There are 
numerous resources and fact sheets available online 
which have been developed and researched from burn 
prevention experts in the field which can be utilized.

For those of us who are in a position to affect 
change, we must be seen as role models and advocates 
and be knowledgeable of injury prevention fundamen-
tals to better understand the root problems. This 
requires us to be current in our theoretical knowledge 
so we can apply it to our clinical practice. This also 
means being aware of societal, environmental and leg-
islative changes and practices which contribute to the 
injuries we see.
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Burns Associated with Wars 
and Disasters
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4.1  Introduction

Military operations and civilian mass casualty disasters pro-
vide among the most difficult scenarios in burn-patient man-
agement. At the same time, they historically have also led to 
advancements in care. The purpose of this chapter is to 
review experience with burn care during current combat 
operations and to highlight the lessons learned from major 
peacetime fire disasters.

4.2  Wartime Burns

The historical incidence of thermal injury during conven-
tional (non-nuclear) warfare ranges from 5 to 20% [1, 2]. As 
with casualties from fire disasters, approximately 20% of 
thermally injured combat casualties have burns of 20% of the 
total body surface area (TBSA) or greater [2]. During recent 
operations in Iraq and Afghanistan, common causes of ther-
mal injury in military personnel include incendiary devices, 
improvized explosive devices, or ignition of combustible 
material in armored personnel carriers or aboard ship [3]. 
Military personnel are also at risk of non-combat-related 
burns due to mishandling of munitions or carelessness dur-
ing burning of waste material [4].

Unlike typical civilian care, military care uniquely 
requires transport of patients along multiple medical treat-
ment facilities termed “echelons” or “roles”; the capabilities 

of these facilities increase as the casualty moves further from 
the battlefield. During recent operations, US military casual-
ties have received rapid initial care at the point of injury from 
nonmedical personnel who receive additional first-aid train-
ing (Combat Lifesavers) and/or from combat medics 
(U.S.  Army Healthcare Specialists, U.S.  Navy Hospital 
Corpsmen). These interventions include movement away 
from the source of injury, intravenous (IV) or intraosseous 
line placement, initiation of fluid infusion, and pain manage-
ment. This emergency, prehospital echelon is referred to as 
Role I care.

Initial burn care to include fluid resuscitation, emergency 
procedures, and surgical management of concomitant trau-
matic injuries is currently performed in the Combat Zone by 
small, austere, highly mobile teams termed Role II-b units 
(U.S. Army Forward Surgical Team or Forward Resuscitative 
Surgical Team, U.S.  Navy Forward Resuscitative Surgical 
System). These teams consist of surgeons, emergency physi-
cians, anesthetists, nurses, and medics. They are capable of 
damage-control surgery but have very limited infrastructure 
and holding capability. From there, casualties go to Role III 
facilities (U.S.  Army Combat Support Hospital, U.S.  Air 
Force Theater Hospital, U.S. Navy Fleet Hospital or Hospital 
Ship). (Alternatively, patients may be transported directly 
from the point of injury to a Role III facility, bypassing the 
Role II-b unit, depending on location.) Role III is the first 
echelon at which definitive surgical care, to include some sur-
gical sub-specialties and brief hospitalization, is available. 
Long-term management of thermally injured US combat 
casualties requires evacuation, via a Role IV general hospital 
outside the combat zone, to the continental United States 
(CONUS). The Role IV hospital for the recent conflicts has 
been Landstuhl Regional Medical Center in Germany. Upon 
arrival in CONUS, most thermally injured casualties are 
cared for at the U.S. Army Burn Center (U.S. Army Institute 
of Surgical Research, USAISR), Fort Sam Houston, TX. This 
is the only burn center in the U.S. Department of Defense [5].

The purpose of this section is to review recent US military 
experience with care of thermally injured combat casualties. 
Topics pertinent to combat burn care include epidemiology, 
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fluid resuscitation, evacuation, lessons learned from combat 
operations (e.g., recent wars in Iraq and Afghanistan), and 
definitive care of both injured combatants and host-nation 
civilians.

4.2.1  Epidemiology of Burns Sustained 
During Combat Operations

Between 2001 and 2017, during combat operations in Iraq, 
Syria, and Afghanistan, 10.1% of all US military casualties 
sustained thermal injury, alone or in combination with other 
injuries of varying severity (Table 4.1). A distinguishing fea-
ture of these conflicts has been the large number of injuries 
suffered as a result of improvised explosive devices (IEDs) 
[4]. These devices can be constructed from almost any mate-
rial that can house an explosive charge. Kauvar and col-
leagues found that of 273 thermally injured US military 
personnel injured in Iraq and Afghanistan and admitted to 
the U.S. Army Burn Center between March 2003 and May 
2005, 62% were wounded as a direct result of hostile activ-
ity. Of these, 52% sustained thermal injury as a result of the 
ignition of an explosive device. Over 70% of these explosive 
devices were IEDs or vehicle-borne IEDs. The remaining 
explosion-related burns were the result of landmines, mor-
tars, or rocket-propelled grenades [3].

Explosions may cause thermal injury by one of two 
mechanisms: as a result of contact with the heat generated by 
the explosion itself (also known as “quaternary blast injury”), 
or as a result of the ignition of fuel or other combustible 
materials in close proximity to the explosion. The larger 
body surface area burns typically include burns to the lower 
extremities and trunk, and are seen more commonly in casu-
alties confined to a burning vehicle [3, 6]. The smaller burns 
localized to the face and hands are seen more commonly in 
casualties injured by the explosion itself [3].

Burns to the hands and face comprise a significant portion 
of burned casualties. In Kauvar’s study, the hands were 
burned in 80% of patients; the head (predominantly the face) 
was burned in 77%. Only 15% of casualties had burns iso-
lated to the hands and head; 6% to the hands only. Burns to 
the hands and face require extensive treatment typically out 

of proportion to the TBSA burned, which impacts the return 
to duty rate [3].

Noncombat burns are also common during military oper-
ations, accounting for over half of the burns seen during the 
Vietnam War [6]. Of 102 noncombat burns sustained in the 
current theaters of operations by May 2005, burning waste 
(24.5%), ammunition and gunpowder mishaps (20.2%), mis-
handling of gasoline (17.3%), electrical injuries (8.2%), and 
scald burns (6.4%) were the leading causes. Combat burns 
had higher injury severity scores, a higher incidence of other 
injuries, and a higher incidence of inhalation injury. Despite 
lower severity, noncombat burns still lead to evacuation of 
personnel from the theater of operations and a reduction in 
military readiness. Kauvar noted over 30% of noncombat 
burned patients and over 40% of combat burned patients 
were unable to return to full military duty [4].

Preventive measures may be effective on the battlefield. 
For example, the use of fire-retardant gloves by tank crew 
members during the 1982 Israeli war in Lebanon decreased 
the incidence of hand burns from 75 to 7% in the personnel 
who sustained burns [7]. Fire-retardant flight suits have been 
reported to decrease both the incidence and severity of ther-
mal injury suffered after military helicopter accidents [8].

4.2.2  Fluid Resuscitation and Initial Burn 
Care in the Combat Zone

Thermal injury results in fluid shifts from the intravascular 
space into the interstitium in both burned and (in larger 
burns) unburned tissue. The goal of burn resuscitation is to 
replace these intravascular volume losses and to prevent end- 
organ hypoperfusion and damage, at the lowest possible 
physiologic cost. Fluid resuscitation of burned soldiers may 
be complicated by problems which are less frequently pres-
ent in the civilian setting. Inhalation injury increases fluid 
resuscitation requirements and is present more frequently in 
combat casualties (approximately 15% in the recent con-
flicts) [9]. In addition, the burned combat casualty may have 
multiple traumatic injuries in addition to burns, increasing 
the volume and complexity of fluid resuscitation. Meanwhile, 
lack of burn-specific experience on the part of many deployed 

Table 4.1 US Military Service Members with Burns in CENTCOM AOR 11 Sept 2001 to 31 Dec 2017

Burns Dominant MOI Not dominant MOI Total Denominator (all injured)
Battle 448 2.4% 1470 7.8% 1918 10.1% 18,932
Non-battle 543 4.9% 85 0.8% 628 5.6% 11176
Unknown 0 0.0% 0 0.0% 0 0.0% 54
Total 991 3.3% 1555 5.2% 2546 8.4% 30,162

The population consists of all US military service members injured in the Central Command (CENTCOM) area of responsibility (AOR) between 
11 September 2001 and 31 December 2017 whose injuries are documented in the Department of Defense Trauma Registry. Burns were identified 
based on ICD9 or ICD10 injury codes. The dominant mechanism of injury (MOI) was identified based on the injury with the highest Abbreviated 
Injury Score (AIS). Does not include killed in action (KIA) or dead on arrival (DOA) data. Courtesy of Greg Dokken, Joint Trauma System, 25 
Jan 2018
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providers; relatively austere field hospitals; and the diminu-
tion in care which necessarily occurs when casualties are 
placed aboard evacuation aircraft all compound the difficulty 
of initial resuscitation.

Early experience during current combat operations 
revealed a trend towards over-resuscitation of thermally 
injured casualties [9, 10]. Over-resuscitation may cause 
abdominal compartment syndrome, extremity compartment 
syndrome, pulmonary edema, airway obstruction, and/or 
progression of wound depth [11]. Together, these complica-
tions have been termed “resuscitation morbidity” [12]. As a 
result, a burn resuscitation guideline was developed and dis-
seminated to all deployed US medical treatment facilities 
[10]. The guidelines included a 24-h burn resuscitation flow 
sheet (Fig. 4.1), as well as recommendations for the manage-
ment of casualties with difficult burn resuscitations. After the 
implementation of the guideline, US casualties experienced 
a significant decrease in the combined endpoint of abdomi-
nal compartment syndrome and mortality [10].

Other steps taken by the USAISR to improve care of the 
burned casualty on the battlefield include pre-deployment 
training of providers in wartime burn care, the stationing of 
a burn surgeon at the busiest Combat Support Hospital in 
Iraq, and a weekly theater-wide video teleconference to 
communicate patient outcomes and provide feedback [1, 
13]. A burn Clinical Practice Guideline was published on 
the Internet and includes instructions on the management of 
the difficult resuscitation, indications for and technique of 
escharotomy, initial wound care, and USAISR contact infor-
mation [14].

The USAISR pioneered the modified Brooke formula for 
fluid resuscitation, which predicts the fluid requirements for 
the first 24 h postburn as lactated Ringer’s solution, 2 mL/
kg/% TBSA burned, with half of this volume programmed 
for delivery over the first 8  h and half over the following 
16 h. Chung and colleagues, in an attempt to simplify fluid 
calculations for adults, developed the ISR Rule of 10s [15]. 
This rule initiates fluid resuscitation at a rate in mL/h equal 
to TBSA X 10 for patients weighing 40–80 kg. Regardless of 
how the initial fluid infusion rate is determined, it must be 
adjusted during the first 48 h postburn based on the patient’s 
physiologic response.

Initial burn wound care in the combat zone includes 
debridement and dressing of burn wounds in the operating 
room under sterile conditions. This is typically carried out at 
a Role III facility. US military Role II and III facilities have 
wound care materials to include mafenide acetate, silver sul-
fadiazine, and silver-impregnated dressings [16]. Classically, 
burn wounds have been treated at the USAISR by alternating 
mafenide acetate cream in the morning, with silver sulfadia-
zine cream in the evening. During transport, silver- 
impregnated dressings offer the advantage of less frequent 
wound care, but this supposes that the wounds are clean and 

that burned extremities are well perfused, thus decreasing the 
need for frequent dressing changes and wound inspection.

The usual indication for escharotomy of an extremity is 
the loss or progressive diminution of arterial pulsatile flow as 
determined by Doppler flowmetry. In the deployed setting, it 
may be prudent to perform escharotomies in patients with 
large burn size and circumferential (or nearly so) full- 
thickness burns of an extremity since monitoring in flight is 
nearly impossible. This concern should be balanced by the 
need to obtain good hemostasis before flight, and the poten-
tial for escharotomy sites to bleed in flight.

4.2.3  Evacuation of Thermally Injured 
Combat Casualties

During the Vietnam War, thermally injured military person-
nel were evacuated to a U.S. Army General Hospital in Japan 
and remained at that facility for variable amounts of time (up 
to several weeks) before evacuation to the USA [6, 17]. 
Injuries sustained during current operations have been evac-
uated more rapidly. Evacuation out of the theater of opera-
tions to the Role IV hospital in Germany takes about 8 h and 
is carried out by a U.S. Air Force Air Evacuation (AE) crew 
for stable patients, or by an AE crew augmented by a U.S. Air 
Force Critical Care Air Transport Team (CCATT) for criti-
cally ill patients [18].

The flight from LRMC to CONUS requires an AE crew, 
often augmented by a CCATT or by the USAISR Burn Flight 
Team. The flight from LRMC to the USAISR is over 
5300 miles (8600 km) and takes approximately 12–13 h [19]. 
In sum, it is now feasible for a severely burned casualty to 
arrive at the Army Burn Center within 3–4 days of injury on 
the battlefield.

The USAISR Burn Flight Team pioneered the air evacua-
tion/transportation of critically ill burn patients in 1951. 
Guidelines for Burn Flight Team utilization are listed in 
Table 4.2 [19]. BFT crews are equipped and experienced in 
the management of severely burned, critically ill casualties 
and are ideally suited to evacuate multiple casualties during 
a single mission (Fig. 4.2). Flights staffed by BFTs have car-
ried as many as 13 burned casualties on a single mission dur-
ing the recent conflicts. BFTs bring specialized equipment to 
perform emergency procedures en route such as fiberoptic 
bronchoscopy, escharotomy, resuscitation, management of 
septic shock, emergency airway procedures, and tube 
thoracostomy.

Renz and colleagues conducted a retrospective analysis of 
the evacuation of war-related burn casualties that were 
treated at the USAISR [19]. The study encompassed a four- 
year period from March 2003 to February 2007 and included 
540 burned US military casualties. The mean TBSA involved 
was 16.7% (range 0.1–95%) and 342 (63.3%) of casualties 
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Fig. 4.1 Flow sheet used in the combat zone and en route for documentation of burn resuscitation
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were burned as a result of an explosion. During the flight 
from LRMC to the USAISR, 160 (29.6%) burned casualties 
required only AE crews; 174 (32.2%) required CCATT-
augmented AE crews; and 206 (38.1%) required the Burn 
Flight Team. Mean transit time for stable patients evacuated 
by AE crews was 7 days, and transit time for casualties evac-
uated by CCATT or Burn Flight Teams was less than 4 days.

Such rapid evacuation of patients with severe thermal 
injury carries both risks and benefits. The most notable risk 
is the inevitable degradation in care that occurs aboard the 
aircraft, despite the presence of CCATTs or BFTs. This is 
particularly important during the first 24 h postburn, during 
which rapidly evolving burn shock may make fluid resuscita-
tion difficult even in a US burn center. The most notable ben-
efits are the ability to complete excision and grafting of the 
burn wound within days of injury and to place the patient in 
the burn center before complications such as pneumonia 
make transport more hazardous [20]. Consideration of these 

risks and benefits argues in favor of a rather small “window” 
between hours 24 and 48, during which burn-patient evacua-
tion off the battlefield is ideally accomplished.

4.2.4  Definitive Management of Burned 
Casualties

The management of thermally injured combat casualties follows 
standard principles. When possible, early burn wound excision 
(within the first 5–7 days of injury) with application of autograft 
is performed to close wounds. Cadaver allograft is used for tem-
porary closure of excised burn wounds when adequate autograft 
is not available. Frequently, a “sandwich” of 1:1 meshed allograft 
over 4:1 meshed autograft is used to address massive injuries. In 
Chapman’s review of long-term outcomes after combat-related 
burns, out of 285 combat- related burn patients, 35% had an asso-
ciated traumatic injury [21]. Fractures, large soft tissue defects, 
and traumatic amputations are some of the more common inju-
ries. These associated injuries make definitive wound closure 
challenging, increase the open surface area at risk for infection, 
and complicate long-term rehabilitation.

Military burn casualties remain inpatients at the USAISR 
Burn Center until all wounds are closed, inpatient rehabili-
tation needs are met, and nonmedical attendants (typically 
family members) have been educated in wound care and 
activities of daily living. Military personnel are then 
assigned to the Fort Sam Houston Warrior Transition Unit 
and discharged to local housing. Many blast-injured casual-

Table 4.2 USTRANSCOM guidelines for Burn Flight Team Transport 
of patients during conflict in Iraq and Afghanistan

Burns involving 20% or more of the total body surface area
Inhalation injury requiring intubation
Burn and/or inhalation injury with PaO2-to-FiO2 ratio less than 200
High-voltage electric injury
Burns with concomitant traumatic injuries
Burn patients with injury/illness severity warranting Burn Flight 
Team assistance as determined by the attending, validating, or 
receiving surgeon

USTRANSCOM U.S. Transportation Command

Fig. 4.2 U.S. Army Burn 
Flight Team members 
providing en route critical 
care to several thermally 
injured combat casualties
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ties suffer traumatic amputations and require fitting and 
rehabilitation with extremity prostheses. The nearby Center 
for the Intrepid provides state-of-the-art amputee rehabilita-
tion for these personnel.

Wolf and colleagues reviewed the outcomes of burned US 
combatants (evacuated from the combat zone) and civilians 
(from the local area in Texas) treated at the USAISR between 
April 2003 and May 2005 [22]. The authors hypothesized 
that due to the delays in evacuation and associated traumatic 
injuries, outcomes would be worse for the military burned 
casualties. Of 751 total patients cared for at the USAISR dur-
ing the period studied, 273 were military personnel. Overall, 
the mortality of the US military personnel sustaining burns 
in the combat theaters was no different from locally evacu-
ated civilians.

Of the 285 patients in Chapman’s return-to-duty study 
mentioned above, 190 patients were categorized as having 
returned to duty. A total of 95 burned military casualties 
were medically discharged. Patients who were medically 
discharged had larger TBSA and full-thickness burn size, 
more frequently sustained inhalation injury and associ-
ated traumatic injuries, and had a higher injury severity 
score [21].

Full-thickness burns of the hands figure disproportion-
ately into causing long-term disability. A study of the 
American Medical Association impairment guide (AMA) 
and the Disabilities of the Army, Shoulder, and Hand instru-
ment (DASH) revealed that they both predicted the return-to- 
duty rate of combat casualties with hand burns. Other 
predictors of not returning to duty included larger TBSA, 
larger full thickness burn size, and a requirement for skin 
grafting of the hands [23]. These data indicate the impor-
tance of attention to hand burns throughout the burn care 
process as a major determinant of future functional 
outcomes.

4.2.5  Care of Host-Nation Burn Patients

One challenging aspect of military medical care in the 
deployed setting is the care of host-nation casualties (civil-
ians and military personnel). The impetus for caring for these 
patients at US facilities stems from several sources. Article 
56 of the 4th Geneva Convention of 1949 states that “the 
Occupying Power has the duty of ensuring and maintaining, 
with the cooperation of national and local authorities, the 
medical and hospital establishments and services, public 
health and hygiene in the occupied territory” [24]. Similarly, 
U.S. Army FM 8-10-14, Employment of the Combat Support 
Hospital, states that “Only urgent medical reasons will deter-
mine priority in the order of treatment to be administered. 
This means that wounded enemy soldiers may be treated 
before wounded Americans or allies (…) Civilians who are 

wounded or become sick as a result of military operations 
will be collected and provided initial medical treatment in 
accordance with theater policies and transferred to appropri-
ate civilian authorities as soon as possible” [25]. In practice, 
this means that host-nation patients presenting to US forces 
with life-, limb-, or eyesight-threatening injuries have 
received initial care at US medical treatment facilities. Of 
these, burns figure prominently.

Whereas resuscitation and lifesaving surgery might con-
ceivably be completed within roughly 2 days of injury for 
patients with non-thermal injuries, in the case of burn patients 
the threat to life continues until the wounds are fully closed. 
Evacuation out of the combat zone (i.e., evacuation to eche-
lons higher than Role III hospitals) has not been available to 
host-nation patients. Furthermore, host-nation facilities on 
the current battlefield, whether in Iraq or in Afghanistan, 
have not been equipped to provide burn care comparable to 
that available in US Role III hospitals. Finally, disruption by 
war of critical infrastructure, to include (but not limited to) 
hospitals, degrades the host nation’s ability to care for its 
citizens [26].

This constellation of factors—the Geneva Convention 
moral imperative, the duration of the threat to life caused 
by thermal injury, and the discrepancy between US and 
local capabilities—has made the disposition of host-nation 
burn patients problematic, and motivated US Role III hos-
pitals to provide definitive care. But it would be incorrect to 
conclude that Role III hospitals were capable of providing 
the same level of care as a burn center in the USA. Lack of 
experience on the part of many providers, absence of mul-
tidisciplinary burn team members, limitations with respect 
to supplies, equipment, and physical plant, and patient-
related factors such as delays in presentation heightened 
the challenge.

Because burn patient care is very costly with respect to 
supplies, manpower, and length of stay, and because bed 
space is limited at Role III facilities, it was necessary to 
expedite such treatment. Several techniques evolved over 
time to accomplish this. Patients with burns of up to 50–60% 
TBSA received definitive care at Role III hospitals. It became 
apparent that surgical care of patients with larger burns was 
futile; these patients were therefore triaged to comfort care. 
Excision and grafting of burns was performed at Role III 
hospitals within a day or two of admission (Fig.  4.3). 
Negative-pressure wound therapy (Vacuum-Assisted 
Closure, Acelity Inc., San Antonio, TX) was frequently used 
to speed up engraftment or to help prepare wound beds for 
grafting. Topical wound therapies, such as artificial skin 
(Biobrane, Smith & Nephew Inc., Andover, MA), silver- 
impregnated dressings (Silverlon, Argentum Medical LLC, 
Geneva, IL; others), and gamma-irradiated homograft 
(GammaGraft, Promethean LifeSciences Inc., Pittsburgh, 
PA) were used as appropriate. A small number of burned 
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children were flown out of theater on commercial airlines by 
civilian charities for care at Shriners Institutes for Burned 
Children in the USA (Fig. 4.4) [27]. From these events, we 
can conclude that burn care, to include definitive care of 
civilians of all ages with major thermal injuries, is part of the 
usual workload of Role III hospitals on the modern battle-
field; that these hospitals should have the supplies and equip-
ment needed to provide definitive care to these patients; and 
that personnel should obtain experience with definitive burn 
care before deploying.

4.3  Disaster-Related Burns

Mass casualties as a result of fire have occurred with some 
regularity in the USA since the country was founded. The 
first large-scale fire occurred at Jamestown, Virginia in May 
1607, decimating the colony [28, 29]. Worldwide, cata-
strophic fires have punctuated history due to their social and 
political implications. A recent development in the last two 
decades is the emergence of terrorism as a cause of mass 
casualty burns. Burn disasters are challenging because (1) 
burn victims are extremely resource- and time-intensive in 
their care needs and (2) burn expertise is normally concen-
trated in specialized centers, but local hospitals with no 
experience in the care of burns may be required to provide 
care of casualties for hours or days following a disaster.

Burn mass casualty incidents have provided unique oppor-
tunities for health care providers to review the treatment of 
these patients and to develop improvements in care. An excel-
lent example of this is the Cocoanut Grove nightclub fire that 
occurred in Boston, MA in 1942. As a result of the attack on 
Pearl Harbor in 1941 (where half of the casualties were 
burned), by the time of the nightclub fire the Massachusetts 
General Hospital and Boston City Hospital were conducting 
research in burn care and had already developed guidelines for 
disaster preparedness. This work included the development of 
a blood bank, publication of a disaster manual, and accumula-
tion of sterile supplies for multiple simultaneous operations 
[30]. Those who cared for victims of the Cocoanut Grove fire 
paved the way for future advances in burn care, in part by care-

Fig. 4.3 Excision to fascia of 
infected lower extremity 
burns in an Iraqi male at the 
Combat Support Hospital 
(CSH) in Baghdad. Patient 
was transferred from a local 
facility 10 days after injury by 
an improvised explosive 
device (IED), and was 
successfully excised and 
grafted on day of admission 
to CSH

Fig. 4.4 Iraqi child selected for transfer to Shriners Institute in Boston, 
MA. Despite extensive full-thickness burns, patient was extubated and 
transitioned to oral medications before commercial flight
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fully documenting their experiences. More recently, since the 
terrorist attacks in New York and Washington on 11 September 
2001 and the bombing in Bali on 12 October 2002, awareness 
has increased regarding the importance of disaster prepared-
ness specific to burns. The purpose of this section is to outline 
the epidemiology of burns suffered during mass casualty 
events, and to review techniques for triage, prehospital care, 
and resuscitation. The basic message is that although mass 
casualty events are chaotic, they unfold in a predictable man-
ner; the “lessons learned” from these disasters are consistently 
observed, and can be used in the form of a checklist to help 
planners (see Table 4.3) [31].

4.3.1  Epidemiology

Barillo and Wolf performed a review of historic US fire 
catastrophes during the twentieth century. The largest num-
ber of significant fires was classified as “residential” and 
included fires in hotels, nursing homes, jails, and hospitals. 
Most fire disasters produce fewer than 25–50 survivors 
requiring inpatient care (with the total number decreasing 
over the twentieth century) [5]. This information should be 
used to guide planning efforts and disaster drills.

Fatally injured casualties from burn disasters typically die 
at the scene, during transport to a local hospital, or shortly 
after arrival to the hospital [32–41]. For example, the Iroquois 
Theater fire of 1903 in Chicago resulted in 602 deaths with a 
list of 571 fatalities published in the Chicago Tribune by the 
morning after the fire [32]. The Cocoanut Grove fire death 
toll was 492. Three hours after the fire occurred, the city 
mortuary had accounted for over 400 bodies in morgues 
around the city [33]. More recently, the 1990 Happy Land 
Social Club fire in Bronx, New York resulted in 87 deaths, all 
identified at the scene [42]; and the 1991 Imperial Foods 
plant disaster in Hamlet, North Carolina resulted in 25 deaths 
with 24 pronounced at the scene [35]. The Station Nightclub 
fire in Warwick, Rhode Island in 2003 occurred in a 1950s- 
era building that was not equipped with sprinklers when it 
ignited as a result of pyrotechnics during a concert [40]. Of 
the 439 people inside at the time of the fire, 96 people died at 

the scene and only an additional 4 died in surrounding area 
hospitals in the weeks following the incident. The predomi-
nance of early deaths in indoor fire disasters points to the 
importance of asphyxia (hypoxia and inhalation of toxic 
gases) and upper airway injury.

By contrast, the Ringling Brothers Circus in 1944 at 
Hartford, Connecticut led to a predominance of fatalities due 
to severe burns from the heavy canvas that was engulfed by 
flames and fell onto the crowd [38]. The canvas had been 
coated with paraffin dissolved in gasoline to make it water-
proof. The open air tent resulted in only a few patients suffer-
ing inhalation injury [39]. In general, indoor fire disasters 
tend to cause smaller TBSA burns (in the survivors) than do 
outdoor fire disasters [43].

Medical response at the scene of the attack on the World 
Trade Center towers on 11 September 2001 was complicated 
by the fact that both towers collapsed, making evacuation 
and survival the primary mission of first responders [44–46]. 
A total of 39 survivors sustained significant burns, but had 
the towers not collapsed, many more thermally injured casu-
alties might have required treatment [46–48]. The New York- 
Presbyterian Weill Cornell Center, with a total burn bed 
capacity of 40, received 18 patients by the 27th hour after the 
attack [49]. Nine were transferred directly from the scene 
and an additional nine were transferred from surrounding 
hospitals. Eight of the patients sustained burns involving 
more than 60% of the TBSA. Inhalation injury complicated 
the injuries of 14 patients admitted to the burn center.

4.3.2  Management

4.3.2.1  Prehospital
The scene of a burn catastrophe is best described as chaotic 
in the moments after the incident. In Arturson’s review of the 
San Juanico, Mexico liquid petroleum gas (LPG) explosion 
in 1984, the author notes that no evacuation plan was in place 
to remove casualties from the scene. Evacuation routes away 
from the scene became clogged with private vehicles. 
Activation of the Army enabled resolution of the crisis [50].

Poor evacuation management affects outcomes, evi-
denced by the LPG tanker truck explosion in Los Alfaques, 
Spain in 1978 [51]. The incident caused a highway blockage, 
presenting two evacuation routes for patients needing further 
care. The group of 82 patients that was transported south had 
no en route medical care, traveled 150 km, and had an initial 
(first 4 days) survival rate of 45%. The 58 patients taken via 
the north evacuation route were provided care en route and 
experienced a 93% initial survival rate. A lack of field triage 
after the 1970 Osaka, Japan gas line explosion resulted in 
misutilization of hospital-based physicians [52].

The value of field triage was demonstrated after the MGM 
Grand Hotel fire in Las Vegas, Nevada in 1980. Over 3000 

Table 4.3 Recurring lessons learned from mass casualty fire disasters

 1. Value of disaster planning and rehearsal
 2. Command, control, communication
 3. Triage procedures
 4. Transport procedures
 5. Treatment strategies
 6. Personnel management
 7. Supplies and equipment
 8. Transfer to other facilities
 9. International response
10. Rehabilitation and long-term follow-up
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patients were triaged on the scene, allowing for evacuation of 
only 726 patients to hospitals and movement of 1700 mini-
mally injured casualties to an off-site treatment center [53]. 
In order not to overwhelm the regional burn center, care 
should be provided on or close to the scene to both the mini-
mal and expectant categories of patients [54]. Some have 
suggested that the on-site presence of a burn surgeon may 
facilitate triage of victims [41].

The importance of triage is highlighted by the fact that in 
disaster-related fires, approximately 80% of survivors will 
sustain burns of 20% or less of the TBSA [55]. The goal of 
triage in a fire disaster is to identify the other patients: that 
minority with critical but survivable injuries. In his analysis 
of terrorist bombings, Frykberg developed the concept of 
“critical mortality,” that is, mortality in those survivors with 
Injury Severity Score (ISS) >15. He found that critical mor-
tality varied widely in terrorist events, and that it was a linear 
function of the over-triage rate. That is, overwhelming the 
health care system with minimally injured patients distracts 
and degrades the care given to those in immediate need of 
lifesaving interventions [56]. The same principle applies to 
fire disasters.

Initial triage of burn victims should be performed based 
on the likelihood of death, which is primarily a function of 
age and burn size. The lethal area fifty percent (LA50) defines 
the burn size which is lethal for 50% of a given population. 
At this time in modern burn centers, the LA50 for a 20-year- 
old is a TBSA of 80% [57, 58]. Generalizing this relationship 
to other age groups means that when the (age + TBSA) = 100, 
mortality  =  50%. This sum, age  +  TBSA, was originally 
described by Baux and is commonly referred to as the “Baux 
Score” [59]. Independent of age and burn size, inhalation 
injury also increases mortality risk. When inhalation injury 
is present, its effect on mortality can be taken into account by 
adding 17 to the Baux Score [57]. In a disaster in which inad-
equate resources exist to care for all patients, it may be 
appropriate to triage patients whose Baux Score >100 to the 
expectant category. Further, it may be necessary to further 
decrease the “cut point” for the expectant category, until the 
available resources match the number of patients who can be 
treated [60].

The ABA has published an age/TBSA survival grid that 
incorporates these concepts and that can be used to guide 
providers triaging burn victims (Fig. 4.5) [61]. It is not clear, 

Appendix

This table is based on national data on survival and length of stay.

Triage Decision Table of Benefit-to-Resource Ratio based on Patient Age and Total Burn Size
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Age/TBSA Survival Grid
Provided by Jeffrey R. Saffle, MD
Director, Intermountain Burn Center
Salt Lake City, UT

CAVEAT: This grid is intended only for mass burn
                 casualty disasters where responders are
                 overwhelmed and transfer possibilities are
  insufficient to meet needs.

Fig. 4.5 American Burn Association age/survival grid for triage during burn disasters resulting in multiple casualties
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though, that such guidelines are easily utilized in an emer-
gency by inexperienced personnel. We are concerned that 
non-burn providers may commit errors in burn size estima-
tion to include overestimation of burn size by 100% or more 
[62]. Thus, burn triage should be performed by experienced 
burn providers whenever possible.

A three-level method can be used for on-scene triage in 
catastrophic fires [63]. Level 1 includes sorting patients as 
acute or non-acute. Level 2 triage categorizes patients into 
immediate, delayed, minimal, and expectant (“DIME”). 
Level 3 triage sorts based on priority of evacuation.

4.3.2.2  At the Hospital
If a burn provider is not available at the scene of a fire, burn 
triage should occur before casualties enter the emergency 
department as to not overwhelm the facility with patients, 
most of whom will be candidates for outpatient treatment.

Expansion of both hospital personnel and bed space is 
necessary. After the Station nightclub fire, physicians from 
the Rhode Island Hospital fortunately began receiving casu-
alties during a shift change when two sets of staff were in 
house and available [40]. The trauma ward was cleared of 
inpatients, and burn bed capacity was increased by utilizing 
extra suction and oxygen mounts already present in the 
trauma ward rooms. This allowed rapid expansion and 
enabled admission of a large number of burn casualties.

Just as importantly, existing staff should be enabled to 
work more efficiently. Bedside paper charting may be more 
efficient than computer-based charting, especially if outside 
providers are brought in to assist [49]. Delegation of care can 
be performed, such that a burn surgeon and senior burn nurse 
provide oversight and managerial support and non-burn pro-
viders carry out daily care to include resuscitation, wound 
care, pain management, and rehabilitation [31, 64]. The 
stress on the hospital staff must be alleviated by implementa-
tion of a rotation schedule, a meal service, and a counseling 
program [65]. Following the Station nightclub fire, estab-
lished protocols for burn care (e.g., resuscitation, wound 
care, ventilator management, donor site care, rehabilitation) 
streamlined the management of multiple burn patients and 
allowed for inexperienced providers to work effectively [40]. 
Yurt and colleagues noted that early and frequent coordina-
tion is required to maintain a smooth flow of patients into 
and out of the operating room [49].

Following catastrophic fires, movement of patients from 
one hospital to another may be required: from a non-burn 
hospital to a burn center, or from one burn center to another. 
The American Burn Association (ABA), recognizing the 
burn care should take place in burn centers, recommends the 
transfer of patients from non-burn hospitals to a burn center 
within 24 h. Furthermore, when a burn center’s surge capac-
ity is reached, “secondary triage” may be necessary, whereby 
patients are selected for transfer to other burn centers [66]. 

The ABA recommends that such transfers occur within the 
first 48 h postburn. Surge capacity is defined as 50% more 
patients than the normal maximum number of patients which 
the center can accommodate [61]. The policy is based on the 
recognition that exceeding surge capacity could result in 
degrading the quality of care which the center can realisti-
cally provide.

Transfer to other burn centers may require transport 
across state/province or even international borders. After the 
café fire in Volendam, Netherlands in 2001, 182 patients 
required hospital admission, some of whom were transferred 
to burn centers in Belgium and Germany [67]. Clearly, 
advance planning and resolution of administrative, legal, and 
financial hurdles facilitates such transfers.

Alternatively, personnel and other resources may be 
brought in to augment the capabilities of burn centers within 
the disaster zone. Days after the Bashkirian gas pipeline 
explosion in 1989, several international teams (including 17 
personnel from the USAISR) arrived in Ufa, Russia and 
assisted in acute care, such as excision and autografting of 
burn wounds and rehabilitation [68–70]. Enthusiasm for 
international disaster relief should be balanced by realism. 
This was highlighted by an after-action review of the 
response to the Bam, Iran earthquake in 2003: to be effec-
tive, international medical teams should (1) arrive rapidly; 
(2) be self-sufficient; and (3) meet the actual, validated needs 
of the host nation [71].

4.3.2.3  Command, Control, and Communication
The city, region, state, and nation should have established 
plans for disaster management. These plans should be 
enacted early after a catastrophe and should cover (1) roles 
and responsibilities; (2) triage procedures; (3) operation of 
the incident command center; (4) evacuation routes and 
methods; and (5) the roles of hospitals in the area. Redundant 
methods of communication should link all of the above [31]. 
Communication should be established between the local 
burn center and neighboring and national burn centers to 
coordinate for evacuation and discuss bed availability [72]. 
Methods of communication that may be helpful include sat-
ellite telephones, international cellular phones, two-way 
radios, and the Internet. In any given disaster, some of these 
resources may not be functional.

4.3.3  National Burn Disaster Management 
in the USA

Burn beds are a scarce national resource. Currently, the USA 
has about 127 self-designated burn centers [73], of which 70 
have been verified by the American Burn Association (Alice 
Zemelko, personal communication, 19 March 2018). Most 
of the approximately 1800 burn beds are occupied at any one 
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point in time [73]. During the initial phase of combat opera-
tions in Iraq, the USAISR’s daily census of national burn bed 
availability polled 70 burn centers selected based on proxim-
ity to aeromedical evacuation hubs as well as ABA verifica-
tion status. The average number of burn beds identified 
during this process was 407 (range 196–584), from an aver-
age number of reporting centers of 43 (range 21–56). As a 
rule of thumb, then, an average of about 10 beds per report-
ing center were open on any given day, about half of which 
were ICU beds. The total number of open beds in the country 
is quite limited, and national burn disaster plans must be 
worked out in advance.

The US disaster response system is tiered, reflecting the 
principal of subsidiarity and a desire to place limits on fed-
eral involvement in local affairs. The tiers include (1) local, 
state, and regional responses; (2) a civilian Federal response; 
and finally (3) a national military response (Defense Support 
of Civil Authorities, DSCA).

4.3.3.1  Regional Response
The American Burn Association (ABA) participates actively 
in burn disaster planning. This role reflects several recent 
events which demonstrated the value of the ABA and in par-
ticular its regional organizations. Following the explosion at 
the West Pharmaceutical chemical plant in Kinston, NC, in 
2003, initial reports indicated that 200–300 patients were 
inbound to the North Carolina Jaycee Burn Center. Pre- 
existing relationships fostered by the ABA facilitated com-
munication between the burn center director and both the 
ABA central office, and the other burn centers throughout the 
Southern Region [74]. This and other experiences informed 
the development of the Southern Region Burn Disaster Plan, 
which calls for a central Communication Center [75].

Regional efforts in New York City after 9/11 led to a plan 
that would address up to 50/million (400) burn patients for the 
first 3–5 days postburn. This plan defined four tiers of hospi-
tals: (1) burn centers; (2) trauma centers; (3) participating non-
burn, non-trauma hospitals; and (4) other hospitals. The flow of 
patients is to be overseen by a Burn Logistics Coordinating 
Center. Patients are triaged to either Tier 1 hospitals (those with 
critical but survivable injuries) or to Tier 2 or 3 hospitals (those 
with either moderate or non-survivable injuries) [76].

The US government’s current Mass Burn Event plan antici-
pates such participation by the ABA Regions in disaster 
response. The receiving burn center in the disaster zone is 
encouraged to contact its ABA Regional Burn Coordinating 
Center which, in turn, is responsible for coordinating the trans-
fer of patients to available burn beds within the region [77].

4.3.3.2  Federal Response
Whereas overall responsibility for disaster management at 
the national level lies with the Department of Homeland 
Security’s Federal Emergency Management Agency 

(FEMA), responsibility for medical care coordination lies 
with the Department of Health and Human Services’s Office 
of the Assistant Secretary for Preparedness and Response 
(ASPR). The legal basis for federal assistance in a disaster is 
the Robert T.  Stafford Disaster Relief and Emergency 
Assistance Act (Stafford Act). Following a presidential 
disaster declaration, the Federal government coordinates the 
provision of assistance via FEMA. Such support is catego-
rized into various Emergency Support Functions (ESF). 
ESF-8 consists of Public Health and Medical Services, which 
is led by ASPR [78].

One key component of the medical response is the National 
Disaster Medical System (NDMS). NDMS functions are 
threefold: (1) medical response to the site, (2) movement of 
victims from the site to unaffected areas, and (3) assistance 
with definitive medical care in unaffected areas. NDMS’s 
medical response to the disaster site may include Disaster 
Medical Assistance Teams (DMATs). DMATs are sponsored 
by a local major medical center, are comprised of physicians, 
nurses, and administrative staff, and are tasked with providing 
care during a disaster. A relatively new addition to the NDMS 
inventory is the Trauma and Critical Care Teams (TCCTs), 
which include a surgical capability [79]. Previously, 4 NDMS 
Burn Specialty Teams (BSTs) were formed to augment local 
burn capabilities in the event of a disaster. No specific NDMS 
burn teams exist at this time.

4.3.3.3  Military Response
The final tier in the national disaster plan incorporates the 
use of U.S.  Department of Defense (DoD) forces under 
DSCA [80]. DoD medical support may include aeromedical 
transportation of patients out of the disaster area, in support 
of NDMS’s evacuation mission. This is provided by the 
U.S.  Air Force and is regulated by the Global Patient 
Movement Requirements Center (GPMRC) at Scott Air 
Force Base. During Hurricane Katrina, approximately 2600 
patients were evacuated by this process [81].

DoD may also augment capabilities within the disaster 
zone. A U.S. Navy hospital ship, the USNS Comfort, arrived 
in New  York City harbor 3  days after the attacks on 11 
September 2001. It served primarily to provide on-board 
medical and psychological support to first responders [82]. 
Also, a U.S.  Air Force Expeditionary Medical Support 
(EMEDS) unit deployed to Fort Dix, NJ, soon after 9/11 
[83]. A U.S. Army Combat Support Hospital deployed to the 
New Orleans International Airport 8  days after Hurricane 
Katrina, later moving to the Convention Center, where it pro-
vided both primary and emergency care, to include surgery 
[84]. These experiences suggest that the DoD can deploy 
Role III care rapidly, but not immediately, to the scene of a 
disaster.

Following a domestic disaster, burn-specific expertise 
can be provided by the U.S.  Army Burn Flight Team. 
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Although this team’s primary mission is aeromedical 
evacuation of critically ill patients, it is also tasked with 
assessing, advising, and augmenting, a role which it 
repeatedly played following fire disasters in South 
America [31]. This team recently demonstrated its ability 
to establish a mobile burn ICU in a non-burn hospital 
ward following a multiple- casualty incident in Guam [85]. 
Small teams like this are not self-sufficient, however, and 
require additional logistical support for an expanded mis-
sion in the disaster zone.

4.4  Summary

Military operations and civilian mass casualty disasters 
confront providers with both tragedy and with the potential 
for strengthening the scientific and organizational founda-
tion of burn care. Table 4.4 provides a list of advances that 
occurred following some of the major wars and fire disas-
ters of the last 100 years. These advances were possible not 
only because of the galvanizing effect of the events, but 
also because committed multidisciplinary team members 

worked together to care for patients, to learn from their 
experiences, and to document those experiences in a disci-
plined fashion.
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5.1  Introduction

The goal of population-based research is to answer research 
questions or hypotheses for a defined population [1]. 
Population-based research using administrative data can 
address some of the challenges in longitudinal studies, such 
as poor follow-up, and recollection bias [2]. Additionally, 
study findings can be generalizable to the entire population 
studied, not just a specific cohort. The population is usually 
defined by geographical boundaries, such as a province, 
state, and country [3]. However, populations may also be 
defined by membership in particular health maintenance 
organizations, such as Kaiser-Permanente Insurance pro-
gram enrollees in the United States [2]. Such research can 
involve longitudinal assessment of individuals to assess 
exposure–outcome relationships and answer questions about 
individuals from a particular population [2].

Population-based research can be used to generate esti-
mates of the incidence and prevalence of a particular disease 
or exposure in the defined population and to determine how 
these rates change over time at the population level. The vari-
ables associated with a given exposure in the population can 
also be estimated, and changes in the distribution of these 
factors over time can be characterized. By comparing the at- 
risk population with a not-at-risk population, the level of 
association of the risk factor with the outcome can be esti-
mated. While population-based research can clarify associa-
tions of various factors and outcomes, caution should be 
used in assigning cause and effect based on these factors. 

Finally, given the ability to study a population, estimates of 
the association between particular exposures and outcomes 
can be generated that are relatively unbiased. This informa-
tion can then be used in a number of ways, including inform-
ing the development of public health campaigns, healthcare 
service delivery and planning, and evaluating the results of 
policy or care changes. For example, the impact of burn pre-
vention campaigns with defined implementation dates can be 
evaluated by comparing the pre- and post-intervention burn 
incidence rates in a given population. As well, the findings of 
population-based studies can help guide the creation of more 
specific clinical trials to better evaluate cause and effect.

5.2  Population-Based Datasets

Conduct of population-based research depends on the avail-
ability of datasets that capture requisite data on the popula-
tion of interest. Therefore, population-based studies generally 
utilize data sourced from administrative databases. These are 
massive repositories of data usually collected for non- 
research purposes, such as billing, pharmacy, education, and 
social supports. In healthcare, these are commonly main-
tained by hospitals, health maintenance organizations, and 
health insurance programs [4]. In countries with publicly 
funded and administered healthcare systems such as Canada, 
databases capture all eligible individuals and represent a 
near-complete sampling of the population. These datasets 
can capture information every time an individual interacts 
with the healthcare system, and record and store such infor-
mation in an objective, standardized manner [2]. Separate 
datasets may exist for outpatient, emergency, hospital, and 
pharmacy claims. These can be linked via a unique, anony-
mous patient identifier to create a comprehensive record of 
healthcare utilization [4]. Further linkage to other data 
sources can enrich the dataset further; for example, claims 
data can be linked to socioeconomic information from cen-
sus data, clinical information from clinical registries, or to 
survey data to gain information on patient lifestyle variables. 
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As an example, in Ontario, several health administrative 
databases can be linked and leveraged for research purposes. 
These are made available through the Institute for Clinical 
Evaluative Sciences (ICES). ICES is a section 45 prescribed 
entity under the Province of Ontario’s Personal Health 
Information Privacy Act; as such, ICES collects and holds a 
large proportion of the administrative health data collected in 
Ontario for the purposes of health system planning and man-
agement [5]. Under this law, patients do not have to consent 
to the collection of their health data. In the absence of patient 
consent, ICES must uphold strict procedures to maintain 
patient privacy and confidentiality. These procedures include 
data encryption, physical security measures, anonymization 
of data, strict policies regarding access to data and dissemi-
nation of results, and regular audits [5]. These policies and 
procedures are implemented internally and enforced by the 
ICES privacy officer.

Similar to other Canadian provinces, the Ontario govern-
ment administers a single-payer system that universally 
funds all hospital, laboratory, and necessary physician ser-
vices for eligible residents; therefore, these data sources 
include records for virtually all residents in the province. 
Non-residents of Ontario, and individuals with lapsed health-
care coverage are not captured. These databases can be 
deterministically linked using an encrypted unique identifier 
based on each patient’s Ontario Health Card Number. An 
example of the types of data contained in these datasets is 
presented in Table 5.1 [6].

Research-specific indices can also be generated using 
these datasets and applied to future projects. For example, 
the Ontario Marginalization Index (ONMARG) was created 
by researchers at the Centre for Research on Inner City 
Health (now the Centre for Urban Health Solutions) in 
Toronto to facilitate exploration of how multiple dimensions 
of social marginalization are concentrated at the local level, 
and how these factors are associated with health outcomes 
[7]. ONMARG is derived from 2006 census data and includes 
four dimensions of marginalization: residential instability, 

material deprivation, ethnic concentration, and dependency. 
The ONMARG for individuals is derived based on their cen-
sus subdivision (smallest geographical unit), dissemination 
area, or local health integration authority (largest geographi-
cal unit). As such, the ONMARG does not represent 
individual- level data.

Health administrative databases are maintained in various 
other forms worldwide. Similar datasets are maintained in 
Manitoba, Canada, by the Manitoba Centre for Health Policy. 
These data can be used to evaluate functioning of the health-
care system and interactions with other publicly funded sys-
tems: education, justice. Other countries with large health 
administrative databases include Australia, Israel, and Taiwan. 
In the United States, the Veteran Affairs Clinical Database 
contains medical claims-based data for all Veterans, and 
Medicaid contains medical claims-based data for all recipi-
ents of social welfare. In the United Kingdom, the Hospital 
Episode Statistics database contains information on all hospi-
tal visits that are funded by the National Health Service.

Health administrative databases differ from registries that 
are maintained for research purposes. The National Burn 
Repository is perhaps the largest and most well-known data-
base of burn-injured patients. It is maintained by the 
American Burn Association and represents an amalgamation 
of data voluntarily submitted by burn centers. Most of these 
burn centers are located in the United States; the 2016 report 
of data contained information from 96 US burn centers, in 
addition to 4 Canadian, 2 Swedish, and 1 Swiss burn center, 
representing more than 205,000 entries [8]. Although the 
NBR represents a rich source of burn-specific data, studies 
using this data are not considered population-based. The vol-
untary nature of burn centers reporting data to the NBR 
means that the data are a convenience sample of the burn- 
injured population, and not necessarily a representative sam-
ple. Furthermore, the NBR does not allow researchers to 
examine trends in the incidence of burn injury at the popula-
tion level over time, or to relate outcomes to population-level 
variables. For example, data in the NBR might suggest a 

Table 5.1 Ontario’s population-based databases

Database Data elements
Discharge Abstract Database 
(DAD)

 • All acute care hospitalizations in Ontario after 1991
 •  Information regarding the admitting hospital, admission diagnosis, in-hospital interventions and length 

of stay, diagnoses contributing to the hospital stay, and discharge disposition
National Ambulatory Care 
Reporting System (NACRS)

 •  All ambulatory visits, including emergency department and outpatient visits information regarding 
presenting complaint, interventions, triage category, and discharge disposition

Ontario Mental Health 
Reporting System (OMHRS)

 •  All admissions to a mental health facility in Ontario, starting in 2005 DSM-IV axis I and axis II 
diagnoses at admission and discharge marital and employment status

 •  Presence of specific psychiatric symptoms, information regarding self-harm attempts and their intent, 
and information regarding substance use

Registered Persons Database 
(RPDB)

 • Demographic and vital statistics information date of last contact with healthcare system

Ontario Register General, Death 
(ORGD)

 • Data on all deaths in Ontario date, location, and immediate, antecedent, and underlying cause of death

S. Mason et al.
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decrease in burn-related hospitalizations over time; however, 
the denominator (i.e., number of population at risk) is 
unknown. Nonetheless, the NBR is able to provide robust 
estimates of changes in burn patient demographics, inci-
dence of complications during hospitalization, length of stay, 
and burn injury characteristics.

5.3  Advantages of Population-Based 
Research

There are several advantages to conducting population-based 
research using large health administrative databases. By the 
nature of such datasets, information about the healthcare uti-
lization for all individuals in a given population is collected 
and stored objectively and consistently over time [2]. This 
facilitates the capture of information about a large number of 
individuals over indefinite periods of time, both prior to and 
following a given date, thereby permitting use of longitudi-
nal study designs, with minimal loss to follow-up. The abil-
ity to “look back” in time before a given event overcomes the 
recall bias that can be associated with asking study partici-
pants to recall prior healthcare use, and allows adjustment or 
exclusion based on prior healthcare utilization. In the case of 
relatively rare events such as burn injury, population-based 
databases allow identification and follow-up of a large sam-
ple of burn-injured individuals, spanning an entire geo-
graphic region. As a result, with a relatively short and 
inexpensive study design, researchers can generate data 
about incidence, trends, and outcomes related to a given 
exposure in an entire population, over defined study periods. 
To gather such information using traditional research meth-
ods would be costly, time-consuming, and would be subject 
to losses to follow-up.

Population-based study designs also facilitate the rela-
tively simple identification of a number of control members 
from the general population, matched on any number of 
patient characteristics, including but not limited to age, sex, 
geographic residence, socioeconomic status, and medical 
comorbidities. Identifying such controls in a retrospective or 
prospective cohort study would be incredibly onerous. The 
use of a controlled study design allows the description of 
relative, rather than just absolute risks.

5.4  Limitations of Population-Based Data

5.4.1  Ascertainment of Disorders and Burn 
Injury Characteristics

While administrative data has tremendous strengths, it is also 
limited in a variety of ways. Specifically, data are limited by 
ascertainment bias, and are ultimately representations of 

individuals who sought or received care from a care provider 
or were hospitalized [9]. As such, these health indicators 
report treatment use. While due to their severity, burn treat-
ment rates are likely to reflect accurate rates of injury, sequa-
lae such as mental disorders or suicidal behavior associated 
with the injury may be limited to individuals that sought care 
[10, 11]. Failure to seek help for mental disorders is a prob-
lem worldwide; certain populations, including males and 
older individuals, are less likely to seek care [12]. As a result, 
mental disorder measures that rely on administrative data are 
likely underestimated. While many diagnoses are available 
through the use of administrative data, some measures such 
as post-traumatic stress disorder (PTSD) are not always cap-
tured due to ICD coding challenges. For example, it is not 
possible to differentiate PTSD from other anxiety conditions 
using data housed at the Manitoba Centre for Health Policy 
unless the patient is hospitalized. Similarly, other measures 
related to burn injury might not be recorded accurately using 
administrative data such as burn depth and location. As a 
result, it is not always possible to examine injury character-
istics and associated outcomes. While this limitation is pres-
ent, administrative data can be augmented by specialized 
clinical databases which contain more detailed information 
specific burn injury, as is being done in Manitoba [13].

5.4.2  Social Factors

Social factors play an important role in an individual’s health 
and response to injury [14, 15]. Factors such as social sup-
ports are an important component of recovery from injury, 
with increased perception of social support associated with 
improved quality of life post-burn injury [16]. Unfortunately, 
social measures including family supports following burn 
injury are not typically available in administrative data. 
Similarly, measures that may predict outcomes and quality 
of life among burn survivors including stigmatization, survi-
vor guilt [17], and participation in burn survivor support 
groups [18] are also unavailable resulting in an incomplete 
picture of an individuals’ adjustment to injury.

5.4.3  Immeasurable Time Bias and Loss 
to Follow-up

Immeasurable time bias and loss to follow-up are two poten-
tial limitations associated with the use of administrative data 
in the study of burn injury. Specifically, immeasurable time 
bias is when a health outcome or exposure is not measurable 
in a given period (such as cardiac events following pediatric 
burn injury) [19]. In Manitoba, medication used during hos-
pitalizations is not captured, and as such medication use is 
available for outpatient visits only. Similarly, individuals 
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who move out of province or who die over the study period 
would not contribute equal follow-up time in longitudinal 
studies. As such, different methodological and statistical 
approaches such as Cox Proportional Hazards Regression or 
offsets using log of person years may be used to account for 
censoring of incomplete observations or to ensure that fol-
low- up periods reflect an individual’s time at risk [20].

5.4.4  Lack of Randomization

While population-based data typically utilizes information 
from all individuals in a population, there is a lack of ran-
domization. As such, the advantages of randomization 
including the assumption that known and unknown con-
founding factors are equal in both study and control groups 
and reduction of bias are not possible. While these limita-
tions are present, both weighting and matching methods 
exist that may correct for selection biases in studies where 
random selection is not used. Specifically, propensity score 
matching (PSM) and inverse probability treatment weighting 
(IPTW) can be used to either create a composite score of 
selected covariates or assign more or less weight to individu-
als that have lower odds of being in a case or control group 
[21]. As such, case and control groups are equalized in the 
measures included in either the propensity score or weight. 
While these methods account for measurable confounders, it 
is important to recognize that unmeasured confounding fac-
tors are not accounted for, therefore residual confounding 
may impact estimates.

5.4.5  Health Indicator Coding

Health indicators available in administrative databases are 
vast. Databases may include vital statistics, hospital and 
medical claims, social services and education data and other 
registries [9]. While access to this data provides researchers 
and policymakers with tremendous opportunities, it is 
essential that defined, valid, and reliable health indicators 
are used. When using administrative data-derived indica-
tors, it is essential to understand that data are collected for 
non- research purposes, including health system manage-
ment and healthcare provider payments [22]. Therefore, 
investigators must carefully consider whether or not such 
indicators are appropriate measures of the variable of inter-
est. Although some sources have cited the lack of data vali-
dation as a potential limitation of using administrative data 
in research [23], the reliability and validity of registries at 
the Manitoba Centre for Health Policy (MCHP) have been 
examined [24–26]. These studies provide support for the 
validation and utilization of measures related to the study of 
burn injury-related mental disorder outcomes, including 

measures of mood and anxiety disorder diagnoses [9]. A 
related limitation of using administrative data is how, or at 
what level, data are coded. In many cases, an individual may 
be coded as having either the presence or absence of disease 
(yes/no). When dichotomous outcomes or coding is present, 
it along with the research hypotheses will direct choice of 
statistical analyses.

5.4.6  Repeated Measures

As many administrative data studies use information that is 
collected over time, individuals will often contribute more 
than one data point over a study period. As a result, repeated 
measures are present. Such repeated data often violate the 
statistical assumption of independent observations [27]. 
Many methods exist to help account for these correlated 
(i.e., same individual) data. While analyses using adminis-
trative data are often complex and utilize multiple time 
points, it is essential to employ analyses that can accommo-
date the correlated nature of the data [28–31]. Paired t-tests 
and multivariate analysis of variance which are typically 
used for analyzing repeated measures may be limited in the 
analyses of such data [28, 31]. In this case, generalized esti-
mating equations (GEE) facilitate regression analyses that 
take into consideration the correlated nature of complex 
data. GEE is an extension of generalized linear models and 
will ensure that correct inferences and estimates are pro-
duced [32].

5.5  Overcoming the Limitations 
Associated with Population-Based 
Data

5.5.1  Know Your Data

There are a number of ways that investigators can mitigate 
the limitations of using administrative datasets. Firstly, it is 
essential to have a thorough understanding of the methods by 
which their data is collected and coded, and the inherent 
limitations. This knowledge will facilitate an understanding 
of the limitations specific to a given project. For example, if 
using datasets that employ ICD-10 coding, investigators will 
be limited to this characterization of healthcare visits, which 
may not provide the granularity desired. Secondly, investiga-
tors should seek an understanding of the validity of the data-
bases being used, including accuracy of coding. Many large 
administrative datasets will undergo validation studies on an 
ongoing basis in order to ensure data quality. For example, 
the Canadian Institute for Health Information (CIHI) utilizes 
a variety of measures to ensure accuracy and consistency in 
its databases [33]. In 2010, CIHI conducted a re-abstraction 
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study which demonstrated 86% accuracy in reporting of the 
most responsible diagnosis for admission in the DAD [34]. 
Several other validation studies have demonstrated the accu-
racy of diagnoses codes in the DAD for the identification of 
inflammatory bowel disease, stroke, chronic obstructive pul-
monary disease, and spinal cord injury [35–38].

5.5.2  Validation

Investigators planning to use health administrative databases 
in their research should consider conducting a validation 
study specific to their patient population of interest. To per-
form a validation study, a gold-standard dataset is required, 
against which the administrative data are compared [39]. 
This gold-standard may be derived from chart review, or 
from a pre-existing clinical dataset (such as the NBR). If a 
pre-existing clinical dataset is used, then its validity may 
have already been assured. This gold-standard dataset can 
then be compared against the administrative data to deter-
mine its validity. One such study was used to validate burn 
diagnosis codes in Ontario, Canada [40]. The authors uti-
lized a prospectively maintained database from Canada’s 
largest burn center as their gold-standard. This database was 
linked to a cohort of burn-injured individuals identified in the 
administrative dataset using patient-specific identifiers. 
Briefly, that study found that TBSA codes were highly sensi-
tive and specific in identifying patients with ≥10 and ≥20% 
TBSA injuries (89/93% sensitive and 95/97% specific), with 
excellent agreement (κ, 0.85/κ, 0.88). Codes were weakly 
sensitive (68%) in identifying ≥10% TBSA full-thickness 
burn though highly specific (86%) with moderate agreement 
(κ, 0.46). The diagnoses codes had limited sensitivity (43%) 
to identify inhalation injury, but high specificity (99%) with 
moderate agreement (κ, 0.54). Burn mechanism had excel-
lent coding agreement (κ, 0.84).

The above-mentioned validation study provides some 
important insights into the limitations of using administra-
tive data to study burn outcomes. For example, burn depth 
was not reliably reported, owing to limitations of the ICD-10 
coding system, and inhalation injury was underreported in 
the administrative datasets. Burn size and mechanism were 
accurately coded in the administrative data, while codes per-
taining to the location of the burn were infrequently used. 
Therefore, this particular dataset is limited in its ability to 
provide details of burn depth or location and the potential 
association of these injury characteristics with any outcomes 
of interest. The ability to risk-adjust outcomes for these par-
ticular variables is also limited. Whether the limitations of 
Ontario’s administrative databases are generalizable to other 
administrative databases is unknown; however, the limita-
tions specific to ICD-10 coding are expected to be limita-
tions of any database employing this coding structure.

5.5.3  Linkage with Other Datasets

To provide greater clinical granularity to administrative data, 
it may be possible to link a clinical database to an adminis-
trative dataset. Such an approach has been used to study burn 
injury in Manitoba. In this case, a specialized provincial burn 
database has been linked with administrative data, and 
enables detailed study and follow-up [13].

Such linkage can also overcome any challenges associ-
ated with identifying a specific cohort of burn-injured indi-
viduals in an administrative database because the cohort can 
be identified in the clinical database and then followed over 
time in the administrative dataset after linkage occurs. 
Records can be linked either deterministically through the 
use of patient identifiers, or probabilistically using various 
algorithms. A combination of deterministic and probabilistic 
linkage is also possible. The exact nature by which records 
can be linked, and how the data are stored, will depend on the 
specific privacy and data sharing regulations of the adminis-
trative database.

Successful linkage of a clinical database to an administra-
tive dataset will allow investigators to answer a number of 
research questions, as both burn-specific clinical data as well 
as long-term healthcare utilization data will be available. In 
a sense, such a dataset combines the best of prospective 
cohort studies and large population-based studies, without 
the time, expense, and loss to follow-up that might be associ-
ated with prospective studies. However, the logistics and cost 
of generating such a linked dataset should not be underesti-
mated and will vary from region to region. Linkage also 
offers an opportunity to validate the administrative data, 
using the clinical database as a gold-standard, as discussed 
above.

5.6  Population-Based Studies of Burn 
Injury

Population-based studies have not yet been widely used in 
burn care research. However, much of the long-term out-
come data available in the burn literature has been derived 
from population-based studies, mainly in Canada, Australia, 
and Taiwan. These countries have in common a publicly 
funded healthcare system; therefore large, healthcare admin-
istrative databases are maintained for the purposes of track-
ing healthcare utilization of all individuals eligible for 
coverage.

Some of the first population-based burn research was con-
ducted in Australia, using the Western Australia Data Linkage 
System [41]. Using this dataset, Fiona Wood and colleagues 
derived a cohort of all individuals admitted to hospital for 
burn injury in Western Australia, between 1983 and 2008. 
These data facilitated the description of the epidemiology of 
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burn injury in Australia and demonstrated a decrease in burn- 
related hospitalizations and mortality over time [41]. This 
group went on to match burn survivors by age and sex to 
non-injured members of the general population to determine 
whether rates of late mortality and specific types of hospital 
admissions are higher among burn survivors. These studies 
demonstrated increased late mortality among childhood, 
adolescent, adult, and elderly burn survivors [42–44]; 
increased hospitalizations for cardiovascular diseases, infec-
tious diseases, diabetes, gastrointestinal disease, and nervous 
system disease [45–49]. Their work clearly illustrates the 
advantages of population-based research for burn injury: 
long-term follow-up, the ability to match to members of the 
uninjured population, and the ability to characterize tempo-
ral trends in burn incidence and mortality, while identifying 
groups that remain at high risk, to whom prevention efforts 
should perhaps be targeted.

In Taiwan, investigators have leveraged the availability of 
population-based datasets to conduct both descriptive and 
matched cohort studies. They have used these datasets to 
describe the epidemiology and associated healthcare utiliza-
tion of burn injury in Taiwan, including the outpatient burden 
of burn injury; they found that only 3.6% of all burn-injured 
patients were hospitalized for treatment [50]. Three matched 
cohort studies have demonstrated that burn survivors are at 
increased risk of ischemic stroke after burn although the 
absolute risk is quite low [51–53].

In Canada, investigators have similarly used population- 
based datasets to describe the epidemiology of burn injury 
and to characterize changes in regionalization of burn care 
over time [54]. An advantage of population-based datasets is 
the ability to study patients treated at both burn and non-burn 
centers and to compare their outcomes. In one Canadian 
study, the investigators found that burn-related mortality had 
improved significantly over time at burn centers, with sig-
nificantly more variation in mortality rates at non-burn cen-
ters. Furthermore, in 2013, more than 25% of patients with 
major burn injury received their care at non-burn centers. 
This highlights some of the insights that can be gained using 
a population-based approach. These datasets have also been 
used similarly to those in Taiwan and Australia to infer long- 
term outcomes from healthcare utilization data. In one such 
study, readmissions and emergency department visits were 
common after burn injury, most often related to mental ill-
ness and unintentional injuries, while burn recidivism was 
rare [55]. Interestingly, this study demonstrated that burn 
center care was associated with significantly fewer emer-
gency department visits and readmissions.

Finally, two Canadian population-based datasets to char-
acterize the association between burn injury and mental ill-
ness. In one longitudinal matched cohort study, Logsetty 

et  al. found high rates of psychopathology among burn 
patients both before and after their injury, compared to a con-
trol cohort [13]. Their study highlighted the importance of 
mental healthcare for burn-injured patients, and the potential 
role that pre-existing mental illness might have on burn out-
comes. Mason et al. utilized an exposure-crossover design to 
conduct their longitudinal cohort study, therefore allowing 
each burn patient to act as their own control before and after 
injury. This study demonstrated high rates of mental illness 
both before and after burn injury, similar to the results of 
Logsetty et al. While the overall rate of mental illness did not 
increase after burn injury, patients with minimal pre-burn 
mental illness experienced significant increases in their rate 
of mental health emergencies after burn [56]. This study also 
demonstrated that self-harm risk doubles after burn injury, 
underscoring the potential role for screening for mental 
health disorders during burn follow-up.

The use of administrative data also allows creation of 
unique study design that would be very difficult in clinical 
studies. An example of this is evaluation of parents of 
pediatric burn survivors [57]. Using administrative data, it 
is possible to create a cohort of injured children, a cohort 
of controls (uninjured children), identify the parents from 
each cohort, and evaluate the mental health not only post 
child’s injury, but also prior, thereby establishing if the 
rate of change in mental health caused by the injury is dif-
ferent from the control population. The obstacles in con-
ducting this study, from identification of participants, 
consenting, dropout, and recollection bias would be 
insurmountable.

5.7  Conclusion

The studies discussed above offer only a small glimpse into 
the burn research possibilities afforded by the use of 
population- based datasets. As the focus of burn research 
shifts towards the measurement, evaluation, and improve-
ment of long-term outcomes, both physical and psychologi-
cal, population-based research will become an invaluable 
source of long-term outcome data for the burn investigator. 
The linkage of clinical databases, such as the NBR or other 
local registries, to population-based databases represents a 
powerful opportunity to study burn outcomes over both the 
short and long term, with the ability to generate comprehen-
sive risk adjustment models, large sample sizes, long-term 
follow-up, and the ability to track and evaluate care provided 
both within and outside of burn centers. This knowledge will 
ultimately allow the creation of targeted interventions and 
care for individuals with burn injuries based on best 
evidence.
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Summary Box
• Population-based research offers an opportunity to 

follow a large cohort of individuals over time and 
measure rates of healthcare utilization at the popu-
lation level.

• This approach can be limited by a lack of clinical 
granularity in the data.

• Validation and linkage to other datasets can over-
come these limitations.

• Many studies have successfully used a population-
based approach to describe various outcomes after 
burn injury.
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Education in Burns

Sebastian Q. Vrouwe and Shahriar Shahrokhi

6.1  Introduction

Education and team building in burn care can be broken 
down into three main components: surgical education, men-
torship, and interprofessional education. This brief chapter 
will highlight these in order to provide a framework for cur-
rent trends and the future of education in this field. These 
ideas are not novel and they have been successfully imple-
mented in other fields. Our goal is to harness this knowledge 
for implementation in burn care, thus not only improving 
education, but also enabling recruitment and retention of 
health care providers in this field.

6.2  Surgical Education

6.2.1  Background

Historically, the traditional method of educating a resident 
in the practice of surgery has been centered on the hospital- 
based, apprenticeship model, initially described by William 
Halsted over 100 years ago [1]. Skill acquisition has been 
reliant on observation, assisting and subsequently perform-
ing the task [2]. This is what many trainees have come to 
understand as the classic “see one, do one, teach one” men-
tality. Within this template, residents learn principles and 
gain experience while caring for real patients, and are given 
increasing amounts of responsibility to prepare them to 
practice independently. The skills and knowledge acquired 

during their training is contingent on exposure to the disease 
conditions and procedures encountered by their faculty, 
rather than curricular needs [3]. Given the varied patient 
population and practice patterns of each program, 
experience- based training in surgery does not ensure stan-
dardization of skills [4].

Scrutiny of the conventional framework has caused a sig-
nificant “paradigm shift” towards a more objective standard-
ized approach to education. The progression of technology 
in surgery, demand for improving patient safety and decreas-
ing medical errors has created a need for innovation in surgi-
cal education [5]. Attendance by way of case logs 
insufficiently comments on surgical competence [6]. A long- 
term study by Drake et al. demonstrated that while operative 
volumes have rebounded following the introduction of work 
hour restrictions, the diversity of operative experience has 
narrowed with changing disease processes, technological 
advancement, subspecialization, and reductions in trainee 
autonomy [7]. The shifting dynamics of surgical education 
are both challenging and exciting for trainees and educators 
alike, as it provides the foundation to alter the future of this 
craft.

6.2.2  Competency-Based Medical Education

Over the past decade, there has been a paradigm shift towards 
the model of competency-based medical education (CBME), 
defined by the International CBME Collaborators as “an 
outcomes-based approach to the design, implementation, 
assessment, and evaluation of medical education programs, 
using an organizing framework of competencies” [8]. Their 
rationale for CBME has been summarized into four themes: 
(1) focusing on outcomes, (2) emphasizing abilities, (3) de- 
emphasizing time-based training, and (4) promoting greater 
learner-centeredness.

The Accreditation Council for Graduate Medical 
Education (ACGME) and Royal College of Physicians and 
Surgeons of Canada (RCPSC) are currently in the process of 
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implementing CBME in residency programs. The ACGME 
began phased implementation of the Next Accreditation 
System in 2013, in which milestones are developed within 
each specialty that will provide data on performance that 
graduates must achieve before entering unsupervised prac-
tice [9]. Similarly, the RCPSC officially initiated Competence 
by Design in 2017, which will be introduced in seven cohorts, 
extended to all specialties by 2022 [10].

Moving forward there are tremendous opportunities for 
innovation in surgical education, and specialists in burn care 
must collaborate to develop and clarify the competencies rel-
evant to our field. The initial process of defining core compe-
tencies related to burn care began with the ACGME Milestone 
Projects for plastic surgery and general surgery [11, 12]. For 
establishing a CBME curriculum in plastic surgery, Knox 
et al. describes the following: identifying important princi-
ples and procedures, modeling new teaching strategies, and 
developing assessment models [13]. This framework gives a 
structured and systematic approach to curriculum develop-
ment and is currently being implemented for burn unit 
rotations.

6.2.3  Simulation

The learning curve associated with new procedures carries 
inherent patient morbidity, as they require a level of technical 
skill and confidence normally gained through practice [14]. 
For example, the donor site morbidity of an improperly har-
vested split thickness skin graft is significant, especially if a 
second site is eventually required. Simulators are an objec-
tive and reproducible medium that can allow technology to 
facilitate the transition from beginner to expert, while stan-
dardizing education, decreasing costs, reducing patient risk, 
and improving outcomes [4]. The efficacy of simulators has 
been reported in the literature [14, 15], and their widespread 
application is seen in general surgery [16], plastic surgery 
[17], urology [18], neurosurgery [19], gynecology [20], and 
endoscopy [21]. Increasing prevalence of simulation in med-
ical training has prompted the Accreditation Council for 
Graduate Medical Education (ACGME) and the American 
College of Surgeons (ACS), to implement a phased approach 
to formally require their use in surgical education.

The advent of simulators has forged a new era of excel-
lence in surgery. The low-stress environment alleviates the 
anxiety of the operating room and enhances trainee learning, 
while allowing for mistakes and improvement without com-
promising patient care. The skills gained in this practical 
learning atmosphere have been proven to enrich performance 
in live operative models and therefore can be transferable to 
the operating room [22]. The concept, “physical and mental 
skills are learned through a long process of persistent and 
dedicated efforts with repetition to reinforce the activity” [2], 

is fundamental to the development of a successful surgeon. 
Fitts and Posner described the three stages of skill acquisi-
tion in 1967. The student must first intellectualize the pro-
cess, second develop the proper motor behavior, and third 
subsequently repeat the skill, resulting in smooth perfor-
mance through muscle memory [23]. The notion of “practice 
before the game” holds true for musicians and athletes, and 
similarly, simulation has been shown to be effective in surgi-
cal motor skill acquisition [24].

Several simulation tools relevant to burn training have 
been recently described in the literature. Sadideen et  al. 
devised “The Burns Suite,” a self-contained immersive simu-
lation environment which guides trainees through a pediatric 
burn resuscitation [25]. Advantages of this learning tool 
include its low-cost and portability, as well as high face and 
content validity as judged by participants. Ur et al. developed 
and tested a biomimetic escharotomy trainer with discreet 
points of failure built in; their pilot study found that the 
model was considered realistic by participants and increased 
comfort levels in junior trainees [26]. Lastly, Gallagher et al. 
described and tested a simulator for tangential excision using 
a foam suture pad in novice, intermediate and expert sub-
jects, who were prospectively assessed by blinded observers 
using an objective rating scale; all experts agreed that this 
tool would be useful prior to clinical performance of tangen-
tial excision [27].

Time is the key challenge faced by most programs estab-
lishing a skills lab. Trainee workload and responsibility is 
demanding and often prohibits dedication to practice. 
Similarly, the commitments of academic faculty limit their 
time to supervise and provide necessary feedback. For a 
skills curriculum to achieve optimal results, sufficient time 
allocation is imperative. Simulation training is a pivotal tool 
in surgical education, which should be adopted into the 
armamentarium of any residency program.

6.2.4  Education in the Internet Era

The widespread availability of online materials has permit-
ted the shift of education away from the operating room. 
The issues of time constraints, patient safety, and geo-
graphical limitations have been greatly attenuated with the 
initiation of web-based learning. The Internet has also 
facilitated the development of global collaboration of med-
ical education [5].

Currently, e-learning has been successfully integrated 
into surgical programs for instruction in areas including 
anatomy [28], course curriculum [29], procedural skills [30], 
and problem-based learning [31]. There are endless imple-
mentation strategies to supplement training. Individual pro-
grams can dictate the published content they wish to provide, 
ranging from links to journal articles and seminars, to 
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 modules and videos [5]. Online simulators are also becom-
ing ubiquitous, creating a reusable, accurate, and self-
directed model for the accession of knowledge and skills.

6.3  Mentorship

Mentoring relationships have been well established as an 
essential element for achieving growth and success in busi-
ness, politics, and academia [32]. Within the health care sys-
tem, although mentorship has clearly had a positive impact 
in nursing [33, 34], the literature in surgical training is lim-
ited. It is designed to provide support, encouragement, and 
professional vision [35], and has been described as crucial in 
surgical training [36] and influential in career path selection 
[37]. Faculty members who were mentored have more confi-
dence, more productive research endeavors and greater 
career satisfaction [38–40], while a lack of mentoring is con-
sidered an important factor hindering career progress in aca-
demic medicine [41].

6.3.1  Peer Mentorship

Peer mentoring is defined as a relationship in which mentors 
and mentees are similar in professional status and they help 
each other and themselves through teaching and collaborative 
learning [42]. This model provides support in a non- evaluative 
environment [43], while promoting collegiality and a nurtur-
ing climate for personal and vocational growth [34]. It has 
been successfully applied in nursing, resulting in a less stress-
ful and more comfortable environment [44, 45]. Students 
report increased self-confidence and social integration, miti-
gating much of the initial anxiety associated with a new rota-
tion [34]. Mentors enjoy the satisfaction of service while 
honing their interpersonal and communication skills [46].

6.3.2  Hierarchical Mentorship

The classical model of mentorship involves a pupil learning 
skills and knowledge from a preceptor or established expert 
in the field. This allows for the transference of experience 
from one generation to the next. In addition to the obvious 
advantages to the trainee, hierarchical mentoring encom-
passes many benefits for the staff. Mentors develop a sense 
of pride and privilege in fulfilling their role of shaping the 
successors of their field. Medicine involves the pursuit of 
lifelong learning, and mentorship programs give the “lions” 
a chance to learn from the “cubs” in order to retool them-
selves in this progressively changing environment. This 
mutually beneficial relationship has also been shown to 
increase faculty retention [47].

6.3.3  What Is a Mentor?

A mentor is a trusted educator whose role extends far beyond 
the teaching of technical skills and clinical judgment in the 
clinics, operating room, and on the wards. They are role 
models who provide direction and instill values, while dem-
onstrating effective communication, time management, and 
successful prioritization of multiple personal and profes-
sional commitments [48]. The relationship is dynamic and 
adapts over time to meet the needs of the mentee [49]. 
Although support is the primary principle, mentees need to 
be challenged and given both positive and negative feedback 
to enable professional development [50]. Successful execu-
tion of this role requires many important qualities that a men-
tor must possess. Competence, confidence, and commitment 
are three essential attributes vital to knowledgeable mentors 
who are respected in their field [51].

The ingredients that produce an outstanding mentor are 
rarely innate. “Mentorship has been a casually acquired trait 
with varying levels of success, but it is clear that the face of 
medicine and surgical training in the twenty-first century 
requires deliberate cultivation of mentors” [48]. It would be 
beneficial to implement staff development programs, high-
lighting effective mentoring skills and mentor responsibili-
ties [47].

6.3.4  Implementation

Although informal mentoring occurs in the daily interactions 
with more senior surgeons, formal mentorship programs 
increase satisfaction and efficacy [36]. The success of the 
mentor relationship is significantly higher when mentees 
select their own mentors [36, 52]. Role preparation of both 
sides ensures a smooth introduction, as mentors need train-
ing, and mentees need objectives and reasonable expecta-
tions [33]. As with any new relationship, adequate meeting 
time is compulsory for the development of a trusting and 
fruitful alliance.

Mentorship primarily occurs because mentors consider it 
a rewarding feature of their profession. Increasing demands 
on faculty time and the current criteria for academic 
advancement have seriously threatened the future of men-
torship. Scholarship over citizenship is currently the gauge 
for promotion in surgery; thus, mentoring descends to a 
lower priority being largely uncompensated and underval-
ued [38]. There is a need for novel ideas to enhance faculty 
participation in this cornerstone of surgical training. 
Institutional recognition and appreciation of mentors and 
publicly rewarding mentorship excellence will increase the 
prestige of the activity and faculty enrollment. Mentorship 
can also be adapted into the faculty evaluation process for 
promotion [38].
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“Mentoring is a vital cog in the machinery of medical 
education” [50] and should be strongly considered in burn 
unit curricula.

6.4  Interprofessional Education

In medicine, physicians are largely educated in isolation of 
other health professionals, resulting in limited collaboration, 
communication, and coordination of care [53]. Many sur-
geons have been educated in a culture that places value on 
individual accomplishments; however, the importance of 
teamwork in medicine is becoming increasingly evident in 
the delivery of quality care and reduction of medical errors 
[54–59]. In complex care settings like burn units, a single 
health care professional is not equipped to handle the diver-
sity of their patients’ needs [60]. A strong, coherent team 
approach in a burn unit reduces mortality, shortens length of 
stay, and improves rehabilitation [61]. The relationship with 
other health care professionals has become an emphasis of 
modern surgical professionalism [62].

6.4.1  What Is Interprofessional Education?

Health Canada defines interprofessional education (IPE) as 
“socializing health care providers in working together, in 
shared problem solving and decision making, towards enhanc-
ing the benefits for patients; developing mutual understanding 
of, and respect for, the contributions of various disciplines; 
and instilling the requisite competencies for collaborative 
practice.” The Centre for the Advancement of Interprofessional 
Education (CAIPE) similarly refers to IPE as instances when 
“two or more professions learn from and about each other to 
improve collaboration and the quality of care” [63]. IPE is a 
unique approach to learning, where knowledge is attained 
through social collaboration with other professions, and the 
learning process is equally as important as the content itself 
[53]. It improves the understanding of team member comple-
mentary skills and increases mutual accountability. The con-
tact between professions is insufficient to build the 
communication, respect, and trust necessary for effective team 
performance [64]. Learning “as” a team, rather than simply 
“in” a team, enhances the collective capability [65].

6.4.2  Approaches to Interprofessional 
Education

There are numerous models to engage the members of the 
burn unit in interactive learning. These health profession-
als include students, surgical trainees at various levels of 

experience, occupational therapists, physiotherapists, social 
workers, nurses, respiratory therapists, dieticians, intensiv-
ists, surgeons, and any other specialists that are involved in 
the complex care of these patients. Exchange-based learning 
can be achieved through seminars, workshop discussions, 
and case study sessions, where members of the team can 
explore the realms of each other’s roles in the setting of col-
laborative care [66]. Problem-based learning is an effective 
example of the action-based educational approach, as the 
team is actively involved in working together to determine 
the most suitable course of action. Simulation not only has 
educational merit in technical skill acquisition, it is also use-
ful in the teaching of IPE when feedback is given in small 
instructor led groups simulating a real situation [67]. The 
growth of online resources has allowed asynchronous com-
munication to overcome collaborative time scheduling and 
geographic constraints, while permitting practicing health 
care workers to learn together [68–72]. This model has been 
shown to be effective in teaching IPE [73].

Student feedback reveals that interprofessional education, 
through learning outside one’s disciplinary boundaries, 
forges mutual respect [74, 75]. Interprofessional education 
provides the tools necessary to reduce the gaps in current 
practices by forming a profound comprehension of the 
patient care team.

6.5  Conclusions

This chapter has highlighted some of the current concepts in 
medical education relevant to burn care. While the founda-
tions of surgical education were developed over a century 
ago by Halstead, novel ideas such as simulation, CBME, and 
e-learning continue to revolutionize the process of training 
the next generation of surgeons. Mentorship is an important 
component of surgical education, and strong mentors will 
pave the way for the next generation of burn care providers. 
Lastly, the multidisciplinary nature of burn care provides the 
ideal setting to promote and develop interprofessional educa-
tion and can serve as a model for other complex patient 
populations.

Summary Box
• The training of surgeons is rapidly changing with 

the advent of simulation, competency-based medi-
cal education, and e-learning.

• Effective mentorship is required to train the next 
generation of burn care providers.

• The nature of the burn care team provides a model 
of quality interprofessional education.
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Burn Care Teams

Sarah Rehou and Marc G. Jeschke

7.1  Background

Teamwork is paramount in the delivery of healthcare. The 
burn care team, in particular, has always been an excellent 
model for a truly multidisciplinary and interdisciplinary 
team, as burn care providers must collaborate to maximize 
the success of patient care. The team is multidisciplinary 
because it utilizes the expertise of individuals from different 
disciplines but transcends to interdisciplinary by integrating 
the various approaches towards a shared goal. In a burn cen-
ter, the set of goals is specific to the survival and quality of 
life of a burn patient.

7.1.1  Characteristics of an Effective Team

An effective burn team requires adequate team size, individ-
uals with complementary backgrounds and skills, a balance 
of autonomy and authority, cohesion, open and inclusive, 
communication, and clearly defined measurable goals. This 
is essential for having the team being successful and working 
towards a common goal.

7.1.2  Burn Team Members

The special needs of burn patients are many and therefore the 
team has to be made out of multiple team players. There are 
numerous questions and issues that need to be addressed not 
only at hospital admission but also during hospitalization. 
These questions are contributors to burn patient outcomes and 
can only be addressed by a group of highly skilled healthcare 
professionals including burn surgeons, nurses, respiratory 
therapists, dietitians, physiotherapists, occupational thera-
pists, social workers, pharmacists, speech- language patholo-
gists, other support staff, and physicians such as physiatrists 
(rehabilitation physicians), psychiatrists, critical care physi-
cians, anesthesiologists, and geriatric physicians.

7.1.3  Burn Surgeons

Historically, the attending surgeon was viewed as the “captain 
of the ship.”. However, this rigid hierarchy in healthcare and, 
particularly in burns, has undergone a redesign to support 
team-based care. The burn surgeon is a general or plastic sur-
geon with expertise in critical care, operative, and reconstruc-
tive management of burn patients, complex wound patients, 
as well as Stevens-Johnson syndrome (SJS) and toxic epider-
mal necrolysis (TEN) or other complex dermatologic patients.

7.1.4  Nurses

Nurses make up the largest portion of the burn care team and 
are responsible for providing continuous care of the patient. 
Burn nurses possess unique skills to provide for not only the 
critical care requirements of each patient but also the impor-
tant wound care needs. Due to the complex nature of burn 
injuries where patients can also be mechanically ventilated 
and receive renal support, nurses provide intensive physical 
care, administer medications, conduct dressing changes, 
maintain patient comfort, and communicate with patients 
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and families. Nursing acts as a liaison among the various 
multidisciplinary team members required to care for those 
with burn injuries ensuring a comprehensive holistic and 
supportive approach to care. Importantly, nurses are typi-
cally the first to observe any clinical changes in the patient 
and start any required intervention [1]. Therefore, nurses are 
central to the clinical course and assessment in clinical 
changes imperative for optimal patient outcomes. Care is 
provided using various assessments and critical thinking to 
identify slight changes in clinical condition.

7.1.5  Respiratory Therapists

Respiratory therapists are responsible for the management of 
the patient’s airway including intubation and assisting in 
insertion, management, and weaning of the tracheostomy. 
They perform the institution, management, and discontinu-
ing of ventilation with the use of arterial blood gas values. If 
required, they take patients on scans for the optimization of 
their care. Respiratory therapists give medication to help 
treat inhalation injuries and pulmonary disease. They partici-
pate during dressings with the team to ensure that the patients 
are breathing adequately and comfortably while being given 
sedation. We also perform indirect calorimetry to help opti-
mize the patient nutritional status.

7.1.6  Dietitians

The registered dietitian’s role in the burn unit is to monitor the 
dietary needs of the patients and provide nutritional recom-
mendations and feeding regimens. Nutritional recommenda-
tions are adjusted to meet changing metabolic demands. The 
dietitian assesses multiple parameters including results of 
metabolic cart studies, laboratory markers in blood work, 
feeding tolerance, weight changes, and progression of wound 
healing and adjusts enteral feeds accordingly [2]. The dieti-
tian is indispensable, especially for patients with pre-existing 
medical conditions, a complex social history associated with 
malnutrition, or a history of drug or alcohol misuse.

7.1.7  Occupational Therapists 
and Physiotherapists

Rehabilitation of the burn-injured patient is a continuum that 
commences from when the patient is admitted to hospital. 
The area and size of the burn and the patient’s pre-existing 
comorbidities heavily influence the stages of rehabilitation. 
Therapists regularly assess the injury and progress of wound 

healing to implement treatment modalities in order to meet 
goals such as function, strength, and range of movement. 
Rehabilitation is essential to minimize the development of 
contractures and reduce scarring and can continue on an out- 
patient basis [3].

7.1.8  Physiatrists

The physiatrist has an important role in guidance and educa-
tion around a patient’s recovery, and short- and long-term 
functional goals. They work to increase both the patient’s 
and family’s understanding of the injury, medical manage-
ment of burn-specific complications, and its impact on daily 
life. A vital part of the impact of burn injury includes quality 
of life, adjustment or coping skills, and managing changes 
in societal roles. Physiatrists also have a role in helping 
manage transitions of care from the acute care setting to dis-
charge to rehabilitation, ambulatory, community, and return 
to work settings. As aforementioned, others and we suggest 
that it is important to have rehab team members attend to the 
patient even during acute hospitalization and not only when 
the patient left for rehab. Early integration of rehabilitation 
will improve outcomes and shorten length of stay.

7.1.9  Social Workers

The social worker is a crucial member of the burn center 
team who provides support and education for patients and 
families. The social worker conducts a comprehensive 
psycho- social assessment. Many aspects are included in 
the psycho-social assessment such as past medical history, 
including mental health, domestic violence and past 
trauma history, financial, employment, and housing con-
siderations. Counseling is provided throughout hospital-
ization, discharge, and community reintegration phases to 
address practical needs and provide support to patients as 
they cope with the psychological and emotional issues that 
arise after injury including the risk of depression and 
PTSD. Social workers coordinate and advance an individ-
ualized discharge plan. The social worker also plays an 
important role in advance care planning and in end-of-life 
discussions.

7.1.10  Pharmacists

Pharmacists review and monitor all medications ordered for 
burn patients in hospital. They check to identify any aller-
gies, drug interactions, and other potential safety concerns.
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7.1.11  Physicians

Physicians from different specialties that are essential to the 
burn care team include anesthesiologists, critical care physi-
cians, geriatric physicians, and psychiatrists. In addition to 
team members that are of different specialties, it is essential 
to have collaborations with other specialties, such as trauma, 
infectious disease, tissue bank, general surgery, internal 
medicine, and so on. When an issue occurs, these subspecial-
ties are crucial to involve to help the patient to survive.

7.1.12  Students and Trainees

At teaching hospitals team members also include, students 
and trainees who are at burn centres for training and co-op 
palcements. Students come from a variety of professions and 
are integral to interprofessional teams.

7.1.13  Research Coordinator

The research coordinator’s works under the direction of the 
principal investigator. The research coordinator facilitates, 
supports, and coordinates daily clinical trial activities. They 
work with the rest of the burn care team and the institutional 
review board or research ethics board to help ensure research 
activities are performed in accordance with any regulations.

7.2  Burn Centers and the Team

An aspect that has allowed burn care teams to flourish is of 
course burn centers or the dedication of units to burn patients. 
A joint program of the American Burn Association (ABA) 
and the American College of Surgeons (ACS) is Burn Center 
Verification. Achieving verification means that a burn center 
meets rigorous standards and indicates that the center pro-
vides high-quality patient care to burn patients [4].

Burn centers have led to the increased use of protocolized 
care and improved outcomes. The implementation of stan-
dardized protocols and guidelines for management during 
the resuscitation period and for complications like sepsis and 
pneumonia that can occur after burn injury are beneficial. 
Evidenced-based care is imperative for good patient out-
comes and for a team to function because there is little mar-
gin for error in these critically ill patients.

Despite efforts to increase the quality of care through 
evidence-based medicine, medical errors still occur. A recent 
study estimated that deaths due to medical error surpassed 
respiratory disease as the third leading cause of death in the 

United States [5]. The Canadian Adverse Events Study found 
that of the approximately 2.5 million annual hospital admis-
sions 7.5% of all patients suffered an adverse event because 
of healthcare management that resulted in death, disability, 
or a longer hospital stay [6]. While the cause of medical 
errors can be multifactorial, a common denominator relates 
to communication. Successful teams require effective com-
munication, which is challenging. Part of the solution comes 
from quality improvement, engaging patient safety teams, 
documentation of performance, and setting goals for perfor-
mance indicators. Quality improvement is most successful 
when executed by a multidisciplinary team.

7.3  Education

While each burn care provider completes their respective 
education and training, a vital aspect for a successful burn 
care team is education as a team. There are many different 
approaches to interprofessional learning like exchange-based 
learning (seminars, workshop discussions, and case studies), 
problem-based learning, and simulations [7]. Feedback from 
students showed that interprofessional education forged a 
mutual respect and a better understanding of the healthcare 
team [7]. Weekly education rounds should be attended by all 
members of the team and, importantly, taught by all mem-
bers of the team.

7.4  Summary

In summary, a successful burn care team depends on various 
components; it needs to be open and inviting, dynamic, have 
a strong communication, trusting, and truly multidisci-
plinary. Only then the burn team can provide high-quality 
care for patients.

Summary Box
In summary, teamwork is paramount for the effective 
delivery of burn care. The team has to be multidisci-
plinary with every team member having an important 
impact and insight on patients care. It is in our opinion 
extremely crucial to build a safe and open environment 
for rounds and patients- related meetings, in fact to 
invite all team care providers to actively participate 
and contribute. As recently indicated by several stud-
ies, a certain aspect of continuity, as well as open invi-
tations for contribution, are a key to achieve a better 
outcome.

7 Burn Care Teams
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Quality Improvement in Burn Care

Alan D. Rogers and Heinz Rode

8.1  Introduction

Few clinical sub-specialties require the kind of dedicated 
interdisciplinary involvement as  burn surgery. There are 
countless opportunities for quality improvement (QI) inter-
ventions to optimize the care that is delivered for these 
patients at each stage. This chapter defines quality improve-
ment and outlines its scope, introduces some of the various 
instruments and methods used for QI interventions, and 
highlights selected QI strategies as they pertain to burn care 
at the macro- and microsystem level. Principles and opportu-
nities for benchmarking, verification and reporting are also 
included. The great challenge in relatively well-developed 
burn centres is to maintain a quality improvement focus in 
the execution of all activities, and to constantly evaluate how 
local practices can adapt to generalizable knowledge, while 
also advocating for prevention of burn injury and improve-
ments in burn care in less developed settings.

8.2  The Scope of Quality Improvement 
and Patient Safety

Quality improvement is a proven, interdisciplinary 
approach to optimize the delivery of patient care, by con-
tinuously evaluating and testing how services are provided, 

and should be integral to the activities of all healthcare 
workers. The science of quality improvement has devel-
oped over the last two decades [1–4] and there is a growing 
appreciation for its role in evaluating the success or failures 
of complex interacting healthcare systems, the people who 
work within it, the variation in terms of outcomes resulting 
from the system, and how we make use of knowledge to 
affect these outcomes (Fig. 8.1).

Bailey described quality improvement as ‘a broad range 
of activities of varying degrees of complexity and method-
ological and statistical rigour, through which healthcare pro-
viders develop, implement and assess small-scale 
interventions, identify those that work well, and implement 
them more broadly, in order to improve clinical practice’ [5]. 
All stakeholders, including healthcare professionals, patients, 
their families, researchers, payers, planners, administrators 
and educators, may affect the changes that will lead to 
improved patient outcomes, better system performance and 
improved professional development [6].

Quality improvement may be applied in a macro-, meso- 
or microsystem, and can therefore  be undertaken settings 
such as a small clinic, a unit, an operating room, an entire hos-
pital, a group of hospitals, a university division or depart-
ment, a provincial  or national system, or even via an 
International organization.

The Institute of Medicine proposed a framework of six 
domains of healthcare quality. These have subsequently been 
expanded by Health Quality Ontario to incorporate nine 
attributes to describe a high-quality health system [7]. These 
include:

 1. Access: Patients should have timely care at the appropri-
ate setting by the appropriate healthcare provider.

 2. Efficacy: Patients should receive healthcare that is 
evidence-based.

 3. Safety: Patients should receive care that does not harm 
them.

 4. Patient-centric: Care delivery should consider the prefer-
ences and values of individuals.
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 5. Equity: Care should be of a consistent standard irrespec-
tive of patient demographics, ethnicity,  socioeconomic 
status, geographic origin, etc.

 6. Efficiency: Healthcare should continuously evaluate its 
processes to reduce waste of resources, time and 
investment.

 7. Appropriately resourced: The system should continu-
ously evaluate its supply of providers, funding, informa-
tion, equipment and facilities to meet its needs.

 8. Integrated: Each component of the healthcare system 
should complement the others to optimize healthcare 
delivery.

 9. Promoting population health: Healthcare systems should 
effectively treat and prevent illness and promote healthy 
lifestyles of all the people it serves.

Traditionally, most systems have placed the emphasis on 
safety and efficacy, while efficiency and equity are less fre-
quently prioritized. Streamlined and reliable processes are less 
expensive to maintain than less efficient ones that might 
involve errors and rework. Quality improvement might aid an 
organization to avoid costs associated with failing processes, 
errors and sub-optimal outcomes. Quality improvement incor-
porates proactive processes that recognize problems before 
they occur, and is engaged in effective methods of reporting 
errors, addressing them if they do occur. Quality improvement 
involves the engagement of relevant stakeholders and as such, 
stimulates improvements in communication and might 
increase effective partnerships and funding opportunities [7].

To achieve a different level of performance, an organiza-
tion’s current system needs to change, but change per se does 
not necessarily result in improvement. A successful pro-
gramme of quality improvement incorporates the following 
four key principles [7]:

 1. Obtain a thorough understanding of the system or 
process.

 2. Maintain the focus on patient care.
 3. Encourage teamwork. Processes are frequently complex, 

involve more than one discipline or work area, and solu-
tions often require creativity and sustainable staff engage-
ment. Quality improvement will thus be facilitated 
because it is frequently multiple, iterative experiments of 
change. Although these teams may have often worked 

together in the past, QI initiatives often bring different 
teams together or encourage new approaches within stag-
nating teams.

 4. Acquire and continuously evaluate reliable data. We must be 
able to distinguish between what is believed to be happening 
and what is actually happening, have reliable baseline and 
ongoing data, be able to monitor fidelity of the intervention, 
intervene if there are unintended consequences, and be able 
to demonstrate when change leads to an improvement. This 
will also ensure the sustainability of the intervention and 
allow translation to and comparison across sites.

Quality improvement interventions are quite distinct from 
traditional research (Table  8.1). Quality improvement 
involves the implementation of changes that are embraced by 
the members of the team who effect a change in a system or 
a practice. Not all changes are an improvement, but all 
improvements involve change. This change is usually based 
upon generalizable scientific knowledge. But translating this 
knowledge into action requires us to characterize the envi-

Table 8.1 Prominent differences between Quality Improvement (QI) 
and traditional research

Quality improvement Traditional research
Primary 
goal

Improvement in local 
process or outcome

Generalizable 
knowledge

Cycle time Rapid iterative tests of 
change

Longer data collection, 
definitive results

Context Embraces context to 
allow for sustainability

Attempts to eliminate 
the impact of context; 
does not consider 
sustainability

Data 
analysis

Statistical control 
(Shewhart) and run 
charts; implicit; accept 
consistent bias

T-tests, p-values, 
chi-square and 
deviations; explicit; 
adjust for bias

Risk Minimal risk. Ethics 
board review often not 
required; refer to 
ARECCI tool

May be some risk. 
Formal ethics board 
review required

Sample size ‘Just enough’ data ‘Just in case’ data
Examples of 
methods

Model for improvement, 
LEAN, Six Sigma

Randomized controlled 
trials, retrospective chart 
reviews

Hypothesis Flexible Fixed
Protocol Adaptable; new tests of 

change
Strict adherence

Resources

People

Infrastructure

Materials

Information

Technology

Outcomes

Delivery of Health services

Health behaviour

Health status

Patient and staff 
satisfaction

Processes

What is done?

How it is done?

Fig. 8.1 Resources, and how 
they are utilized within a 
system or process of care, 
influence outcomes
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ronments in which the care that we are delivering actually 
occurs. We require measurements of what is happening in 
the system prior to the intervention and once the intervention 
has been instituted. Quality improvement also gives us the 
ability to make iterative changes to the intervention, in real 
time, rather than waiting until the end of the intervention, as 
would be appropriate with a prospective trial, where a proto-
col would need to be followed, and research ethics board 
approval obtained.

In order for scientific knowledge to take hold, one needs 
to thoroughly understand the context in which it is being 
applied. If this context is variable, its effect may be difficult 
to understand. As a result, one needs to understand the tradi-
tions, culture, habits and processes of those who are likely 
to implement the intervention. Special forms of measure-
ment are required to determine whether the intervention has 
been successful or that the change is in fact an improve-
ment. For example, evidence-based interventions may be 
applied more or less effectively depending on the manner in 
which they are implemented. For example, standardization, 
education or forcing functions may be more appropriate in 
different contexts. The five knowledge systems involved in 
improvement, as proposed by Betaldien and Davidoff [6], 
include the available scientific evidence, context awareness, 
performance measurement, plans for change and execution 
of planned changes. QI is best implemented in an environ-
ment where its initiatives are supported by institutional 
leadership, is realistic given environmental and resource-
related factors, and is well aligned with the organization’s 
strategic objective. Quality improvement specialists have 
produced guidelines, referred to as the Squire guidelines, to 
assist in reporting initiatives in a scientific manner that is 
suitable for publication [4, 8].

In addition to reinforcing a change in culture, the science 
of QI provides tools to more effectively facilitate your efforts. 
Some of the structured improvement methods include the 
‘Model for Improvement’, ‘Six Sigma’ and ‘Lean’. Each of 
these methods offers evidence-based methods to achieve 
success in quality improvement. Each model reflects a com-

mon thread of analysis, implementation, and review, but 
focuses on different types of change concepts. There are two 
major quality improvement methodologies that specifically 
aim to evaluate processes. Lean methodology emphasizes 
the elimination of waste, and therefore the improvement of 
flow, by removing process steps that add little value, and 
improves the connections between these steps. Six Sigma, on 
the other hand, aims to improve quality by reducing varia-
tion. Lean is usually best applied to high-volume or frequent 
processes, while any process may be amenable to evaluation 
by Six Sigma. Both interventions are usually concluded 
within a few months. Lean is usually more ad hoc in nature, 
with minimal formal training required, while Six Sigma usu-
ally involves dedicated resources and broad-based training.

The Model for Improvement (Fig. 8.2) emphasizes dis-
tinct phases of identifying, defining and diagnosing a prob-
lem, before developing solutions and implementing 
interventions. This well-known testing model visually dem-
onstrates incremental change through ‘plan-do-study-act 
(PDSA)’ cycles (Fig.  8.3). A family of measures, namely 
outcome, process and balancing measures, are required to 
comprehensively assess the intervention (Fig.  8.2) [7]. 
Examples of tools available to assist in the analysis of the 
identified problem/problems are tabulated (Table 8.2.).

Run charts and statistical process control charts are two 
methods of demonstrating results graphically. Run charts are 

Aim

What are we 
trying to achieve?

This should be 
SMART:

S - Specific
M - Measurable
A - Achievable

R - Relevant/
realistic

T - Time-related

Measures

How will we know that 
a change is an 
improvement?

Outcome - what is
better? 

Process - are you doing
something differently? 

Balancing - are there 
unintended 
consequences?

Changes

What changes
can we make that

will result in
improvement?

Fig. 8.2 The ‘Model for 
Improvement’ approach

Plan

DoStudy

Act

Fig. 8.3 PDSA Cycles. Plan a change; Do the test of change; Study the 
results; Act on the results
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Table 8.2 Selected quality improvement tools to evaluate a system or process

Tool Applications Example
1. Fishbone/
Ishikawa 
diagram

Brainstorming 
strategy which 
assists to laying 
out all the 
possible causes

Cause

Equipment Process People

Problem

ManagementEnvironmentMaterials

Secondary
Cause

Primary
Cause

Effect

2. Five Why’s Assist in 
performing a 
root cause 
analysis

• Why do you think the CAUTI occurred?
  – The catheter was left in longer than needed
• Why?
  – An order to remove it was not written
• Why?
  – The nurse and doctor forgot to discuss the need for the
     catheter during rounds
• Why?
  – Their rounding tool does not address urinary catheters
• Why?
  – The tool was just revised and the urinary catheter daily
     assessment section was inadvertently deleted

3. Process 
mapping

Visually 
represents the 
steps undertaken 
during a process

Walk-In
Patients
Arrive

Recieve
Patient

Collect
Patient
Info

Process
Psych
Patients

Other
Admits
Arrive

Treat
Inpatients

Dischg’d
Patients

Assess
Patient Treat &

Diagnose
Patient

Dispo
Patient

Complete
Orders

EMS
Patients
Arrive

No

Yes

Admit
Pt?
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Tool Applications Example
4. Pareto 
charts

Causes are 
charted to 
identify the 
prominent 
reasons
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Table 8.2 (continued)

simple to produce and interpret, and are guided by simple 
rules. Control charts are a more complex method, requiring a 
greater number of data points. They also have considerably 
more statistical power to detect improvements. Control 
charts have the ability to demonstrate whether a process 
shows common cause variation (i.e. normal variation) or 
special cause variation, which suggests that something has 

occurred, either positive or negative, to influence the results. 
Control limits are calculated to show standard deviations for 
the plotted data, and rules exist to demonstrate when special 
cause variation has indeed occurred. Different types of charts 
exist depending on the nature of the data. An example of 
special cause variation with respect to fall prevention in a 
burn centre is demonstrated on a control chart in Fig. 8.4.
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Fig. 8.4 A statistical process 
control chart demonstrating 
falls per 1000 patient days in 
a burn centre. The special 
cause variation is 
demonstrated in red: firstly, 
where two consecutive points 
fell beyond two standard 
deviations; and secondly, 
where six consecutive points 
were seen to decrease
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In addition to courses offered by organizations such as the 
Institute  of Healthcare Improvement (IHI), there are an 
increasing number of university certificate, diploma and 
master’s degree programmes offering training in quality 
improvement and patient safety. This is in line with increas-
ing recognition of its contribution to delivering quality 
healthcare, and QI is becoming a fundamental component of 
strategic priorities for high performing healthcare 
organizations.

Individuals with quality improvement training and expe-
rience add value in a variety of contexts within the hospital 
and specifically  in burn units. In addition to undertaking 
quality improvement initiatives, some of the tools for which 
have been outlined earlier in this chapter, these individuals 
are frequently engaged in risk management and other patient 
safety related hospital functions. Examples of these include 
the assessment, prevention and management of medical 
errors, adverse events, and complications as diverse as infec-
tions, communication issues, medication errors, as well as 
surgical and diagnostic considerations. Quality improvement 
experts, either internal or external to the organization, may 
recommend a diverse range of solutions for safety-related 
issues incorporating, amongst other strategies, information 
technology, reporting, culturally sensitive programmes, 
training and educational initiatives, accreditation, workforce 
assessment and engagement solutions [9–11]. They are also 
well placed to implement processes for incident reporting, 
and are frequently called upon to facilitate and modernize 
clinical meetings such as those dedicated to discussing mor-
tality and morbidities, and to obtain consensus for best prac-
tices [12–14].

Increasingly, governmental agencies and medical insur-
ance services internationally are insisting that health services 
maintain outcome and process measures so that performance 
can be linked with payment and resource allocation. As in 
other surgical specialties, burn centres have begun to focus 
on a series of quality improvement indicators in their field. 
The involvement of burn surgeons (and professions allied to 
medicine) in activities of their various affiliations has 
undoubtedly been of value, as for example has been the 
impact of the American College of Surgeons’ National 
Surgical Quality Improvement Program (NSQIP) on the pro-
cess of QI applied to the practice of burn surgery [15].

8.3  Quality Improvement in Burn Care

Most of this textbook describes systems and processes relat-
ing to the quality care of patients with thermal injuries, 
incorporating prevention, acute management and rehabilita-
tion. The authors have recommended, based on their exper-
tise and the available evidence-base, how best to approach 

specific clinical scenarios. Quality improvement strategies 
are widely applicable to the care of patients with burn inju-
ries, and a comprehensive review of the range of quality 
improvement interventions applied to the practice of the care 
of the burn injured patient would be impossible to limit to 
this chapter.

That being said, there remains a relative dearth of quality 
improvement interventions in the burn literature, using QI 
methods. As mentioned previously, quality improvement ini-
tiatives described for publication are distinct from traditional 
research publications and have different objectives. 
Unfortunately, quality improvement manuscripts submitted 
for publication are usually evaluated through a traditional 
research lens. In line with burn organizations’ increasing 
requirement for quality improvement to form part of verifi-
cation processes of burn centres, and the limited number of 
reviewers able to assess quality improvement submissions, 
there is considerable need to roll out quality improvement 
training amongst burn care practitioners. There are, however, 
a few prominent individuals, including Bessy and Gibran 
[16, 17] and other members of the American Burn Association 
(ABA) especially, who have made  significant strides in 
advancing quality improvement as it applies to the delivery 
of burn care [18–24], and this culture has spread to other 
national and international burn organizations. Guidelines for 
the optimal care of patients with burn injuries have been pub-
lished by several organizations, including the International 
Society for Burn Injuries (ISBI).

Quality improvement is nothing without reliable acquisi-
tion and evaluation of data. The nature of burn care is such 
that the best conclusions about clinical practices can often 
only be made by collecting data across regions, nationally 
and sometimes even internationally. In order to be able to 
compare outcomes, and then to derive broadly acceptable 
‘benchmarks’, common definitions are required. Although 
organizations such as the American burn Association have 
published consensus documents about definitions for condi-
tions such as sepsis, ventilator-associated pneumonia, wound 
infection, etc., considerable challenges still exist in their 
interpretation and application. As a result, reporting is vari-
able and inconsistent between sites. This highlights the fact 
that valuable traditional research in burn care is becoming 
increasingly difficult to undertake without enormous 
resources, time and funding, while QI is increasingly being 
seen as a way to introduce tangible change within specific 
environments.

Although still a common cause of traumatic mortality glob-
ally, rates have declined significantly over the last three 
decades in modern burn centres [18, 25, 26]. Traditionally, 
mortality rates and hospital lengths of stay have been the key 
reported outcomes and have informed measures of excellence. 
But there are number of weaknesses inherent in utilizing these 
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Table 8.3 Falder et al.’s seven core domains of assessment after burn 
injury

Core domains Outcomes
Skin Wound infection

Sepsis
Wound healing
Scarring
Need for reconstructive surgery

Neuromuscular function Joint mobility
Muscle strength
Lower limb function
Upper limb function
Cardiovascular fitness

Sensory and pain Pain intensity
Itch

Psychological function Posttraumatic stress disorder
Depression

Community participation Social reintegration
Perceived quality of life
Physical role function Functional independence

Return to work

as prominent outcome measures: mortality rates will depend 
on factors beyond the control of the clinicians, including 
patient age, comorbidities and other factors [23, 25, 26]. 
Length of stay, and length of stay per percentage burn, are also 
flawed as measures depending on the nature of rehabilitation 
services available, the socio-economic factors in the commu-
nity served, as well as geographical considerations, the need 
for follow-up, and patient comorbidities. But other broadly 
applicable outcome measures have been elusive. Without con-
sensus on viable measures, we will have difficulty evaluating 
standards of care, comparing our services, interpreting 
research, and undertaking meaningful audit and quality 
improvement. Outcomes are very challenging to measure in 
patients with burn injuries owing to the heterogenous nature of 
the population in terms of the injury and the demographics of 
the patients, as well as a range of interrelating psychosocial 
factors [27–30].

As a result, there is a greater focus on long-term outcomes 
such as measures of disability, distress, social reintegration 
and quality of life: how best to measure these outcomes are 
at the forefront of debate within the burn fraternity. Patient- 
reported outcomes are currently very much in vogue in sev-
eral areas in healthcare, not least plastic and reconstructive 
surgery. In the context of burn care, Klassen et al., for exam-
ple, have recently validated a patient-reported outcome scale 
with respect to scar assessment, recognizing that healthcare 
workers’ opinions about satisfactory outcomes are not nec-
essarily shared by their patients [31, 32].

The National Burn Registry (NBR) collects a series of 
data submitted by participating burn centres for the pur-
poses of research, and aims  to promote improvements in 
the delivery of burncare by comparing different units, a 
concept referred to as benchmarking. Klein et  al. [33], 
using data from the NBR, were able to compare outcomes 
with fixed accepted benchmarks in burn care at six aca-
demic burn centres. The authors evaluated the outcomes in 
541 patients with major burn injuries between 2003 and 
2009. The study demonstrated a 29% survival rate benefit 
for patients managed in these six academic burn centres 
compared to those patients in the NBR. Ten standard oper-
ating procedures were assessed including resuscitation 
strategies, blood glucose control, burn wound manage-
ment, and antibiotic prophylaxis. The multi-organ failure 
rate in these units was as high as 27%; the authors pro-
posed a benchmark of time to recovery of organ dysfunc-
tion as an excellent marker for good clinical care in the 
management of major burns.

Falder et  al. reviewed seven core domains of assess-
ment [Table 8.3], including skin, neuromuscular function, 
sensation and pain, psychological function, physical role 
function, community participation and perceived quality 
of life [18].

Similarly, Ryan et al. sought to evaluate the young adults 
burn outcome questionnaires (YABOQ) as a means of moni-
toring and predicting recovery and evaluating treatment [34, 
35]. The study was undertaken over a 5-year period and was 
prospective, controlled and multicentre in nature, involving 
adults between the ages of 19 and 30 years who were inter-
viewed at initial contact and then regularly up until 12 months 
after injury. The questionnaire evaluated 15 sectors, with 
recovery curves in itch, perceived appearance, social func-
tion limited by appearance, family concern and satisfaction 
with symptom relief, remaining below the reference control 
group at 2 years. The authors concluded that this tool was 
reliable at assessing multidimensional functional outcomes.

One way of improving the services offered by burn care 
facilities is to apply a process of objective peer-review, 
referred to as accreditation or verification. The American 
Burn Association (ABA) has published a number of criteria 
which are utilized to verify burn centres, and successful veri-
fication has become a mark of distinction for North American 
burn centres. To achieve burn centre verification, a centre 
must meet rigorous standards for organizational structure, 
personnel qualifications, resources, and medical care services 
from the time of injury to rehabilitation. These criteria are 
summarized in Table 8.4. The ABA Verification Programme 
strives for an objective, consistent, evidence- based process to 
assist burn centres to maintain quality by promoting patient 
safety, cost containment, regional education and outreach, 
injury prevention, innovation and research, and advocacy. A 
few burn centres in developed countries have recently also 
been verified by the ABA, and these criteria and principles 
have also been used and adapted in other countries [36, 37].
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Table 8.4 Summarized criteria for verification of a burn centre by the American Burn Association

Category Criterion
1. Facilities Hospital and institutional support of the burn programme

Located at a designated trauma centre
Dedicated burn ICU beds with adequate census
Timely access to an operating room appropriately set up for acute and reconstructive burn surgery
Accredited source of allograft skin
Access to a range of wound care materials, skin substitutes and antimicrobial dressings
Dialysis, radiology and the laboratory support at all times
Dedicated outpatient facilities, appropriate supply of wound dressings, splints and ability to perform minor procedures
Affiliation to local university, with accredited, formalized resident/registrar and/or fellow training programmes

2. Burn surgeons A burn director oversees all clinical aspects of administration
Appropriate certification and experience which may include fellowship training in burn care
EMSB/ABLS or equivalent training
Commitment to research, audit, continuing education and quality improvement
A director or delegate is available at all times
24 h coverage and a call schedule
Participation in regional, national and international meetings
Able to perform or have access to timely reconstructive surgery
Local, regional, national and international outreach, advocacy and teaching

3. Nursing Nurse manager to oversee all nursing administration
Continuous coverage of appropriately trained nurses in burn wound and ICU care
Education programme
Participation in regional, national and international meetings
Involvement in Quality improvement

4. Physical and 
occupational 
therapists

Appropriate experience and credentials
Oversee rehabilitation plan for all patients
Continuous education programme involvement
Quality improvement involvement

5. Multidisciplinary 
coverage

Operating room nurses with burn surgery experience and knowledge of protocols
Physiatry consultant
Psychology and psychiatry consultant referral system
Anaesthesia, preferably dedicated, with allocated liaison/representative
Respiratory therapists
Paediatric (child life) and geriatric specific services as indicated
Consulting services from all medical and surgical specialties
Dedicated social worker
Dedicated pharmacist with oversight over drug policies including antibiotic therapies and DVT prophylaxis
Dedicated dietitian

6. Quality 
improvement

Weekly patient care conferences
Monthly morbidity and mortality rounds to discuss adverse events, complications and to classify deaths as preventable 
or not preventable
Oversight by non-involved external surgical critical care peer
Multidisciplinary involvement
Formal quality improvement training
Ongoing quality improvement initiatives as part of the centre and hospital strategic plan, with an emphasis on safety
Documentation, data collection, benchmark auditing and reporting systems
Ability to identify weaknesses, intervene to correct, and undertake loop closure
Formal incident reporting strategy
Infection control policies and procedures compliance, with an emphasis on multidrug resistance and hospital-acquired 
infection

7. Other policies Regularly reviewed and practical mass casualty plan
Memorandum of understanding with other burn units and trauma centres
Documented guidelines on patient care
Guidelines on patient transport and transfers
Peer support programmes
Policies for polytrauma patients with burn injuries
Close communication with rehabilitation facilities and community dressing and support nurses
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Some of the benchmarks that burn centres might use are 
tabulated (Table  8.5). Verification gives burn centres the 
opportunity to hone in on those areas of relative weakness 
and reinforce areas of strength. In line with evidence from 
numerous specialties, burn care literature has suggested that 
centres providing high-volume, focused and specialized care 
tend to offer improved outcomes with fewer complications 
and a lower overall cost compared to lower volume burn cen-
tres. Palmieri et al., for example [38], showed that verified 
burn centres in California admitted more patients per centre 
and treated more severely injured patients than non-verified 
centres, and offered improved outcomes.

The proposed benefits of being managed in a burn centre 
may have far greater impact than has previously been assessed, 
especially when one considers the healthcare needs of burn sur-
vivors well after discharge from hospital or even the rehabilita-
tion process. Mason et  al. reviewed data, from several 
population-based administrative databases, of 1895 patients 
who had sustained a burn injury. Patients who received their 
index acute burn care in a burn centre experienced significantly 
less need for subsequent unplanned acute care, fewer emer-

gency department visits and acute hospital readmissions. Her 
work also highlighted that a considerable proportion of patients 
continue to receive their burn care outside the setting of burn 
centres. While the odds of death reduced significantly over the 
last 20 years, it is evident that this improvement has occurred as 
a result of regionalization, with greater numbers of patients 
managed in burn centres than previous years [39]. Mason also 
identified the relationship between mental health illness and 
burn injury,  recognizing it as both a risk factor and sequelae of 
acute burn injury, and motivated for increased screening and 
targeted interventions after burn injury [40].

Burn centres are, at their best, regionalized self-contained 
facilities striving to offer excellence in burn care delivery. As 
such, burn centres are well placed to introduce QI initiatives, 
either independently, or as pilot studies for hospital-wide 
strategies [41–49]. Selected examples of published quality 
improvement projects are tabulated (Table 8.6).

Table 8.5 Selected benchmark criteria that may be utilized for organi-
zational reporting of burn care

Selected outcome/benchmark criteria
Total fluid volume received (mL/kg)
Time to consultation for ambulatory patients and time to arrival 
from referral in patients requiring admission
Mortality rate
[Burns less than 20% total body surface area (TBSA), 20–40% 
TBSA, more than 40% TBSA, over 60 years old]
Burn wound and surgical site infection rates
Time from acute burn injury to first surgery (or proportion within 72 h)
Time to recovery after organ dysfunction (e.g. length of dialysis, 
ventilation, etc.)
Time from acute burn injury to complete excision (or proportion 
within one week)
Time from acute burn injury 95% wound healing (or one week after 
last surgery)
Time to initiation of enteral feeding (e.g. proportion within 24 h)
Incidence of ventilator-associated pneumonia
Incidence of acute renal failure requiring dialysis
Incidence of catheter-associated urinary tract infections
Surgery for graft or flap loss
Proportion of cases of perioperative hypothermia
Mean length of stay per percentage burn
Proportion of patients managed on an ambulatory basis
Proportion of patients undergoing day case surgery
Mean length of stay per percentage burn
Readmission rate
Waiting time for reconstructive surgery after booking
Time to return to work
Incidence of pressure sores
Incidence of DVT
Proportion of patients followed up by own service (on-site or via 
telemedicine)
Proportion screened for PTSD and depression
Proportion seen by a social worker within 1 week

Table 8.6 Selected quality improvement initiatives published in the 
burn literature

Reference Summary
1. Fahlstrom 
et al. [41]

The authors demonstrated that a nurse-driven fluid 
resuscitation protocol improved endpoints, 
including lactate at 24 h after burn injury, and 
empowered nurses to titrate fluid themselves rather 
than consulting physicians

2. Maguiña 
et al. [42]

The authors undertook pressure mapping on 
bedding surfaces in the hospital and identified and 
introduced strategies to prevent pressure ulcer 
development

3. Edkins et al. 
[43]

The authors applied QI initiatives to optimize pain 
management using guidelines for multimodal 
anaesthesia, and also improved patient movement 
and efficiency through the perioperative phases

4. Popp et al. 
[44]

The authors were able to demonstrate a significant 
reduction in hospital-acquired infections in patients 
with major burn injury by regularly bathing patients 
in 0.9% chlorhexidine solution in sterile water

5. Mathews 
et al. [45]

Through a series of practice changes, the authors 
were able to demonstrate cost reductions without 
impairing quality of care

6. Philp et al. 
[46]

The authors prospectively evaluated their surgical 
approaches and techniques, as well as post- surgical 
practices to optimize aesthetic and functional 
results. They then implemented strategies to address 
areas for improvement

7. Rehou et al. 
[47]

The authors were able to demonstrate reductions in 
markers of inflammation and hospital stays by 
introducing a protocol of antioxidants for patients 
with major burn injury

8. Madni et al. 
[48]

The authors evaluated the allocation of 
intraoperative activities over an 18 month period, 
concluding that only 40% of available operating 
time was actually utilized for the procedure itself. 
They then considered and implemented strategies 
for quality improvement

9. Rogers et al. 
[49]

The authors applied 1 hour of preoperative warming 
for patients with major burn injury and 
demonstrated that the incidence of perioperative 
hypothermia, previously shown (by the same 
authors) to be deleterious to outcomes, can be 
successfully reduced
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Burn Centers and the Multidisciplinary 
Team, Centralized Burn Care, and Burn 
Care Quality Control Work

Folke Sjöberg, Ingrid Steinvall, and Moustafa Elmasry

9.1  Change of Burn Care Volume

The incidence and prevalence of burn injuries is decreas-
ing worldwide and in parallel there is an increase in out-
patient type of care and a shortening in length of stay [1] 
that has been significant during the last 20  years [2, 3]. 
This is particularly so for the high income countries [4]. 
For the low income countries, data is still lacking [4]. This 
has led to a decreasing demand on health care volume for 
the care of burns. This has during the last 10 years been a 
contributing factor for a decrease in the availability of 
burn care facilities and has boasted the process for cen-
tralized care [5–7].

9.2  Burn Center

Historically, burn care was an entity that was early orga-
nized at separate locations within hospitals due to many 
factors, not least, at first due to the smell and the screaming 
of pain, that this patient group was constantly facing and 
which was disturbing other medical care, and later also due 
to the risk of bacterial contamination of the wounds posing 
a threat both to the patient himself and to other patients 
being treated for other diseases at the same hospital [8]. 
This fact has led to that the burn care process often has been 

unified in that the whole care process is undertaken at one 
location, by a separate staff, i.e., that both ICU/high depen-
dence care, regular ward duties, and the outpatient clinics 
have been closely connected and not seldom placed at one 
combined location [9].

The fact that all facets of burn care has been provided at 
the same location has further stimulated different speciali-
ties to co-operate in daily care, and this is one cornerstone to 
what has been the successful co-operation within the multi-
disciplinary team, a success factor for medical care in gen-
eral and burn care in particular [10, 11]. It is evident in the 
EBA guidelines the focus that has been placed on the 
multidisciplinary team is considered a significant player in 
the prosperous development of burn care [12].

The general opinion has been that the multidisciplinary 
and centralized way of administering burns has produced a 
favorable outcome for the patients. However in this process, 
there was early no scientific support for supplying such care 
in comparison to delivering burn care within other medical 
specialities. Now recently, more solid data for this approach 
has been documented [6, 13, 14] beside the work and evalua-
tions made by the burn care organizations themselves, such as 
the International Society for Burn Injuries (ISBI) [15], 
American Burn Association [16], European Burns Association 
(EBA), or the Australian-New Zealand counterparts [17].

9.3  Burn Care Quality, Assessing, 
and Delivery of Burn Care Quality

Looking now at the care guidelines for burn care at the global 
level [15] or regionally such as in the USA (ABA; American 
Burn Association); Europe (EBA, European Burns Association) 
or Australia (ANZBA, the Australian and New Zealand Burns 
Association), there is a priority that burn care preferably should 
be undertaken at dedicated burn care facilities (Burn Centers or 
Burn Units). In these documents, especially for this book the 
EBA Guidelines provide recommendations as how to structure, 
manage the burn care process, and how to ascertain good burn 
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care outcomes. In other words, this has been an attempt to 
accomplish high quality burn care. These ideas are founded 
scientifically already in the 70s by the care quality paradigm 
that was first published by Donabedian [18], in which quality 
of care was based and evaluated on three major parts: structure, 
process, and outcome [19].

In the burn care process, the structure and process have 
been described in the burn care Guidelines presented by 
the organizations just mentioned (ISBI/ABA/EBA/
ANZBA) and the outcome part is most often claimed to be 
evaluated in quality registers [20] such as the TRACs data-
base (American College of Surgeons national burn regis-
try) or in separate scientific publications presenting burn 
care outcomes [21]. In the aim to assess quality of care, a 
lot of emphasis has been put on quality indicators [16, 
22–24]. In this aspect, significant work has been under-
taken within different medical specialities and especially 
the critical care sector can be refereed to [20]. In this area, 
a large number of quality of care indicators have been 
launched and vividly discussed. One problem is however, 
yet the lack of consensus when it comes to the choice of 
the most relevant ones. This is still debated and probably 
constitutes a significant part of the ongoing quality of care 
improving process. Within burn care, mortality (standard-
ized mortality ratio (SMR)) has most often been the first 
quality of care marker addressed. In this aspect, the stan-
dard mortality ratio based on the Baux score constitutes a 
very good measure as it has very good predictability (High 
ROC AUC value) and the risk-adjusted mortality can be 
very well assessed and different levels of quality of care 
(from a mortality perspective) can be ascertained in cohorts 
that are of relevant size such as at, i.e., each burn center 
[25]. Risk- adjusted mortality thus may be yet the first and 
most important quality of burn care indicator and the LA50 
measure may serve as one. This measure describes the 
burn size that in individuals lead to a 50% mortality risk/
survival chance [26]. This value has improved from a burn 
size of 43% TBSA among young adults in 1947 compared 
to 66% TBSA in 2010 [26]. It is very interesting that when 
examining this outcome measure, especially in adults, it is 
evident that the largest improvement lately in mortality is 
not for the largest burn injuries TBSA% wise but for the 
injuries of a more intermediate size where the reduction in 
mortality is more pronounced [25]. Looking at this mea-
sure, it is evident that there is a large quality improvement 
that has occurred since first measures which was presented 
by Bull and Colleagues in Birmingham in 1949 [27]. 
Another that has been discussed, which at least from the 

theoretical perspective is important, and interesting is 
length of stay (LOS) [28]. It may be claimed a good mea-
sure of the time it takes to heal the burn wound and also the 
process of replacing and closing full thickness burn inju-
ries. Its shortcomings depend on administrative routines 
and issues as well as, outpatient care procedures. In gen-
eral, it has for long been claimed that a LOS of 1  day/
TBSA% is a good measure of adequate care [29]; however, 
further knowledge gained of this indicator has added more 
substance to its value. Engrave and colleagues have been 
debating that LOS needs to be divided into two categories, 
i.e., full or partial thickness wounds. They argue that by 
doing so a better estimate of the burn care process may be 
obtained [21]. Others have presented data that supports 
this and more ideas on how to improve the LOS estimate 
and concomitantly its value as a quality of care indicator 
[1]. Most certainly, more indicators will be found valuable 
and effective in improving the burn care process.

9.4  Burn Center Verification

With the aim to improve burn care other initiatives for qual-
ity improvements have been launched and one very impor-
tant is Burn Center verification. Such a program was started 
in the USA offering burn centers with a volume of more than 
100 cases treated per year to apply. The evaluation process 
was based on the ABA Guidelines [30], but very important is 
also the quality of criteria list developed specifically in this 
process by ABA (Added under Appendix, below). The for-
mat of these describes the issues addressed in the verification 
process for adult and pediatric burn care.

Presently, also the EBA has launched a verification pro-
gram, based on somewhat different criteria and work sched-
ule, but still with a very similar fundament for burn care 
quality assessment is still aimed for. More information about 
this and the ongoing verifications are depicted on the EBA 
website.

In conclusion, burn care has evolved significantly over 
time and the framework to further improve burn care has 
been set both at the world (ISBI) and continent levels (e.g., 
ABA EBA and ANZBA). This process can be claimed to be 
more unified over time as all active parties seem to take 
impressions from each other and only retain such proce-
dures that seem to adequately enhance the burn care quality 
process. It will be interesting to follow this process further 
into the future as it holds high promises for further 
progress.
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 Appendix: Verification Criteria

# Criterion Criterion level
1 The burn center hospital is currently accredited by the Joint Commission or equivalent 1
2 The burn center has an identifiable medical and administrative commitment to the care of the patient with burns 1
3 The burn center maintains an organizational chart of personnel within the burn center and the hospital 2
4 The burn center hospital maintains a specialized unit dedicated to acute burn care 1
5 The burn center has designated ICU capable beds 1
6 The burn center maintains an appropriate policy and procedure manual that is reviewed regularly with appropriate 

documentation by the burn center director and the nurse manager
1

7 Multidisciplinary patient care conferences are held and documented at least weekly 1
8 Renal dialysis, radiological services, including computed tomography scanning, and clinical laboratory services are 

available 24 h per day
2

9 The burn center has timely access to operating rooms available 24 h a day 1
10 A dedicated OR team with burn experience is available for the burn operating theatre 2
11 The burn center hospital’s policies and procedures regarding the use of allograft tissues are in compliance with all 

federal, state, and the Joint Commission (or equivalent) requirements, and, when feasible and appropriate, with 
standards of the American Association of Tissue Banks (or equivalent)

1

12 The burn center has liaisons with a designated trauma center to coordinate care of patients with multi-trauma 1
13 The burn center must have a sufficient volume of acute burn admissions on an ongoing basis to demonstrate to the site 

reviewers and to the Verification Review Committee that the burn center has a quality burn care program; centers with 
less than 100 admissions per year should anticipate that site reviewers will audit patient charts for demonstration of 
quality of care

1

14 80% of admissions to the center must constitute acute burn injuries; for centers with numbers less than 100 admissions 
per year (including observation status patients) the center can consider that 5 new patient outpatients equates to 1 
inpatient

1

15 Burn centers caring for pediatric patients and geriatric patients must demonstrate facilities, protocols, and personnel 
specific to the care of critically ill patients; centers with less than 100 admissions per year should anticipate that site 
reviewers will audit charts for demonstration of quality of care

1

16 The burn center maintains an average daily census of three or more patients with acute burns 1
17 No more than 5% of all patients with a primary diagnosis of a burn injury are admitted to another service per year (e.g., 

geriatrics, pediatrics, medicine)
1

18 The burn center has written guidelines for the triage, treatment, and transfer of burned patients from other facilities 1
19 The burn center maintains access to an EMS system for the transport of patients with burns from referral sources within 

the service area
1

20 The burn center offers input into the performance improvement of pre-hospital care of burn patients 2
21 The emergency department has written protocols mutually developed with the burn service for the care of acutely 

burned patients
2

22 The burn center interfaces with regional trauma centers to coordinate care of patients with multiple injuries and to 
develop regional educational programs, disaster planning, and advocacy efforts

2

23 The burn center has a written mass casualty disaster plan for the triage and treatment of those patients burned in a mass 
casualty incident occurring within its service area

1

24 The mass casualty disaster plan is reviewed and updated as needed and on an annual basis by EMS representatives and 
the burn center director

2

25 There are current (within the past 3 years) written memoranda of understanding with other burn centers regarding 
secondary triage

1

26 The burn center must maintain accurate and up-to-date contact information for burn surgeons and managers on the ABA 
website

2

27 The burn center director is a licensed surgeon (MD or DO) with board certification by American Board of Surgery or 
American Board of Plastic Surgery (or equivalent for international burn centers in which case a surgeon must co-manage 
the center)

1

28 The burn center director has completed a 1-year fellowship in burn treatment and/or has experience in the care of 
patients with acute burn injuries for 2 or more years during the previous 5 years

1

29 The burn center director has current ABLS (or equivalent) training 2
30 The burn center director is responsible for the direction of burn center administrative functions 1
31 The burn center director is responsible for the creation of policies and procedures within the burn center specifying all 

aspects of care for burned patients
1

32 The burn center director is responsible for ensuring that all burn center providers conform to the burn center’s locally 
established policies and procedures

1

33 The burn center director is responsible for the coordination with regional EMS authorities regarding triage and transport 
of burn patients

1
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# Criterion Criterion level
34 The burn center director is responsible for the approval of privileges for physicians participating in the burn service 

based on medical staff credentialing process
1

35 The burn center director is responsible for the development and active participation in internal and external continuing 
medical education programs in the care and prevention of burn injuries

1

36 Burn center director is responsible for direction and active participation in the burn center Quality and Process 
Improvement Programs

1

37 The burn center director is responsible for the communications on a regular basis with referring physicians regarding 
patients who have been transferred

1

38 In the event that the Burn Center Director is not available an accessible burn center staff surgeon is designated for 
administrative or clinical decisions

1

39 The Burn Center Director regularly participates in regional, national, or international burn meetings 1
40 The Burn Center Director has directed the total burn care of 50 or more acutely burned patients annually over a 3-year 

period
1

41 The Burn Center Director demonstrates ongoing involvement in burn-related research, community education, continuing 
medical education, prevention efforts, and local regional or national burn advocacy

1

42 Attending staff burn surgeons are licensed surgeons with board certification by American Board of Surgery, American 
Board of Plastic Surgery or equivalent based on review by Verification Committee

1

43 Attending staff burn surgeons have demonstrated expertise in burn treatment as evidenced by completion of a 1-year 
fellowship in burn treatment or by 2 or more years of mentored experience in the management of patients with acute 
burn injuries

1

44 Each attending staff surgeon must participate in continuing medical education in burn treatment 1
45 Attending staff surgeons have current ABLS (or equivalent) training 2
46 Each attending staff surgeon has participated, including primary decision-making, in the care of 35 or more acutely 

burned patients annually
1

47 The burn center maintains an on-call schedule for residents, qualified health care professionals, and attending staff 
surgeons for continuous responsibility of burn patients

1

48 All physicians (and physician extenders) who are routinely responsible for the care of burn patients conform to burn 
center criteria documenting appropriate training, patient care experience, continuing medical education, and 
commitment to the care of the burned patient

1

49 All physicians (and physician extenders) participating in the burn service are credentialed by the hospital medical staff 
credentialing process and are approved by the burn center director

1

50 Assigned burn center medical staff are promptly available on a 24-h basis 1
51 Specialty consultants (e.g., nephrology, cardiology, neurosurgery) are available in a timely manner determined by the 

acuity of the diagnosis
2

52 A dedicated anesthesia team with burn experience is available for the burn operating theater 2
53 The nurse manager is a licensed registered nurse (RN) in the state the burn center resides with a minimum of a 

baccalaureate degree in nursing
1

54 There is at least one nurse manager who is administratively responsible for the nursing care provided within the burn 
center for the unit he/she is assigned

1

55 In the eyes of the site reviewers, a nurse manager must have sufficient experience in burns and nursing leadership to lead 
the staff and manage the nursing program of the burn center

1

56 An organizational chart outlines the relationship between the nurse manager and other members of the burn team 2
57 An acuity-based or alternative equivalent staffing system is in place to determine nurse-staffing needs for patients in the 

burn center
2

58 There is a burn-specific competency-based training and continuing educational program for all nurses assigned to the 
burn center

1

59 The burn nurse manager routinely participates in multidisciplinary patient care rounds and there is adequate 
dissemination to the nursing staff

1

60 The nurse manager attends burn-specific continuing educational opportunities at least once every 2 years. These 
requirements can be addressed by attending regional, national, or international burn meetings; being an ABLS 
instructor; and being involved in the ABA

1

61 There is nurse representation within burn center quality improvement/performance improvement processes 1
62 A comprehensive rehabilitation program is designed for burned patients within 24 h of admission 1
63 Physical and occupational therapists in the burn center are appropriately licensed in their respective disciplines and 

demonstrate ongoing continuing education in burn rehabilitation
1

64 Therapy staffing is based upon burn center inpatient and therapy-specific outpatient activity with at least one designated 
full-time equivalent burn physical therapist and one occupational therapist but more depending on center volume

1

65 In-patients with an active rehabilitation plan must have care delivered as prescribed in the evaluation which should 
determine duration and frequency based on acuity, include goals, outcome, and plan for follow-up

1

66 Burn therapy services are provided 7 days per week for care of burn inpatients 1
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# Criterion Criterion level
67 Burn therapists participate in multidisciplinary rounds and quality improvement 1
68 There is a competency-based burn therapy training program for all therapists assigned to the burn center 2
69 Therapists assigned to the burn unit must demonstrate burn therapy competence after initial training and at a minimum 

of once every 2 years
2

70 Burn team members are provided with a minimum of one regional, national, or international burn- related continuing 
education opportunity annually or demonstrate annual participation in internal educational process specific to burn care

2

71 Social service consultation is available to the burn service 7 days per week and on an as-needed basis in off-hours 1
72 A dietitian with adequate critical care and burn experience is available on a daily basis for consultation 1
73 A pharmacist with adequate critical care and burn experience is available on a 24-h basis 1
74 Respiratory therapists are available for the assessment and management of patients on the burn service on a continuous 

basis
1

75 A child life/recreational therapist is available for children cared for in the unit (for Pediatric Burn Centers) 1
76 A psychologist or psychiatrist is available to the burn service on an as-needed basis 1
77 The burn center has appropriate outpatient facilities to care for new outpatients and discharged patients 1
78 The outpatient facility ideally should be an integral and physical part of the burn center and should ideally be contiguous 

with/adjacent to the in-patient unit
2

79 If the outpatient services are at a site remote to the burn center, there must be adequate facilities for wound care 2
80 Outpatient examination room must be of adequate size to allow for dressing changes, wound cleansing, splinting, 

casting, and reapplication of wound dressings
1

81 The outpatient facility must be able to provide for appropriate pain management during wound care 2
82 For continuity of care, staffing of the outpatient area should be by multidisciplinary experienced burn team members 

approved by the burn center director and nurse manager
2

83 The outpatient staff participates in weekly multidisciplinary burn conferences and the burn center PI program 1
84 The burn center follows >75% of all patients who transition to the outpatient setting 1
85 The burn center provides coordinated transition of care to the outpatient status 1
86 The burn center provides appropriate follow-up after hospital discharge 1
87 The burn center provides brief psychological screening/intervention 1
88 The burn center provides evaluation of patient developmental status 2
89 The burn center provides access to burn-specific OT/PT evaluation and treatment 2
90 The burn center provides access to reconstructive surgery 2
91 The burn center provides access to peer support groups (such as but not exclusively a Phoenix Society SOAR program) 2
92 The burn center provides access to social service, pharmacist, and dietary consultations as needed 2
93 The burn center provides access to vocational counseling 2
94 No more than 5% of hospital admissions are transferred to another acute care facility 1
95 Physiatrist consultation is available 2
96 The burn center coordinates with local and/or regional rehabilitation centers for inpatient rehabilitation 1
97 The burn center coordinates with local and/or regional outpatient facilities for ongoing outpatient therapy needs of 

patients needing rehabilitation after discharge
1

98 The burn center director is responsible for the risk-adjusted performance improvement program 1
99 A multidisciplinary burn center committee oversees the performance improvement program, meets at least quarterly, 

and is integrated into the hospital QI structure
1

100 Sufficient QI documentation is available to verify problems, identify opportunities for improvement, resolve the 
problem, and provide loop-closure

1

101 The morbidity and mortality conferences are held at least monthly 1
102 The morbidity and mortality conferences include specialist peer staff members other than those practicing in the burn 

center
1

103 The morbidity and mortality conferences include discussion of all life-threatening complications and deaths with 
classification according to level of concern and preventability

1

104 The morbidity and mortality conferences include documentation of loop closure 1
105 The morbidity and mortality conferences are attended by clinical team members involved in the direct care of the burn 

patients who participate in at least 50% of the morbidity and mortality conferences
1

106 Sentinel events are discussed in a timely manner at multidisciplinary intensive reviews during which time a non-
involved peer leads a discussion with all involved parties and areas for improvement and loop closure are identified

1

107 The burn service conducts audits of their benchmarked outcomes data (using available resources such as NBR, UHC, 
NHSN, or CMS) at least quarterly

1

108 The burn center develops ongoing PI projects to create a culture of safety and promote value-based programs 1
109 The burn center has policies for infection control with regular monitoring for hospital-acquired infections, multi-drug-

resistant organisms, and compliance
1
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# Criterion Criterion level
110 The burn center participates in the ABA’s National Burn Repository and submits data every year 1
111 The burn center database includes all patients who are admitted to the burn center hospital for burn care 1
112 Burn team members are provided with a minimum of one regional, national, or international burn- related continuing 

education opportunity annually OR demonstrate annual participation in internal educational process specific to burn care
1

113 A burn center orientation and ongoing continuing education program documents staff competencies specific to 
age-appropriate care and treatment of burn patients, including critical care, wound care, and rehabilitation

1

114 The burn center offers regional education related to emergency and inpatient burn care such as that included the ABA 
Advanced Burn Life Support course

2

115 For centers that have residents involved in care of the burn patients an orientation program is provided for new residents 2
116 The burn center staff participates regularly in public burn outreach programs 2
117 Burn center staff is involved in local, regional, national, or international prevention outreach efforts 1
118 Burn center multidisciplinary staff under the leadership of the burn center director, work locally, regionally, or nationally 

to advocate for burn- related two health care issues
1

119 The burn center multidisciplinary staff is involved in research (including basic science, clinical, industry-sponsored, QI, 
multi-center) and presents posters or oral presentations at hospital based, regional, national, or international meetings

2
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The First Responders’ Role in Managing 
Burn Care

Ken Webb

10.1  Introduction1

In the prehospital setting, there are a variety of first respond-
ers whose actions can have an impact on patient outcomes.

Prior to a patient finding their way to a facility where 
definitive care can be provided, first responders (often from 
different agencies), having a variety of skill sets and exper-
tise, will perform a host of interventions to help the burn 
patient have the opportunity to have an optimal outcome. 
While rescuing, initiating and managing the care, and trans-
porting the patient, there are a host of considerations and 
actions that require attention.

There needs to be a coordinated and collaborative 
approach to incident management between agencies. Police 
is the agency responsible for managing pedestrian (civilian) 
and vehicle traffic as well as securing a perimeter beyond the 
cold zone while supporting the movements and activities of 
the primary and secondary response agencies. The 
Emergency Medical Services (EMS) agency is the authority 
having jurisdiction for patient care. They will work with 
police and fire services to manage patient care through haz-
ard mitigation to transport to definitive care. Fire services are 

1 From fall 2006 through spring 2015, Ken Webb was the Toronto Fire 
Services, Firefighter Prehospital Care, Program Manager at 
the Sunnybrook Centre for Prehospital Medicine. In this position, Ken 
oversaw program development, program deployment, and  quality 
assurance for the Resuscitation Outcomes Consortium (ROC) partici-
pation in research to improve outcomes of patient suffering sudden car-
diac arrests and a first responder symptom relief program for patients 
suffering anaphylactic reactions. Much of the material for this chapter 
was gleaned from the work performed during this period of time. Please 
consider this body of  work as  reference for  this chapter: “TFS 
Education.” Sunnybrook Centre for Prehospital Medicine. http://www.
prehospitalmedicine.ca/tfs-education/.

usually the only all hazards response agency in the jurisdic-
tion. Fire services will typically be responsible for the 
mechanics associated with life safety, hazard mitigation, ini-
tial patient care, and extrication of the affected parties.

A chapter in a textbook can never fully capture the scope 
and the nuisances of what can be required of the different 
agencies that respond to an emergency scene. This chapter is 
written from a fire service response perspective as it supports 
the overall response to any given incident. In many parts of 
Canada, fire services are trained to the emergency medical 
responder level and provide basic life support (BLS) care. 
This chapter is written from that perspective. All due respect 
should be afforded those agencies who are trained to deliver 
a higher level of care, including several fire services, that 
have advanced life support (ALS) capacity and response 
partners from EMS.

Fire and EMS service provider responses (BLS and ALS) 
and assessment and treatment protocols will be governed by 
local protocols and subject to medical oversight, direction, 
and quality assurance.

10.2  Responder/Patient Safety 
Considerations

As with all emergency scenes, the responders typically have 
a limited amount of control over what they will encounter in 
their inherited workspace. First responders do not have the 
luxury of working in relatively sanitary and controlled emer-
gency rooms, treatment rooms, or operating rooms. There 
are a multitude of response considerations prior to the tones 
going off, the wheels moving, and the firefighters arrival on 
scene.

The mnemonic EMCA-P (Environment, Mechanism of 
Injury, Casualty Count, Assistance Required and Personal 
Protective Equipment) is a useful tool to help the first 
responder prepare to process the emergency they will inherit.

K. Webb (*) 
Toronto Professional Firefighters Association,  
Toronto, ON, Canada
e-mail: webb@torontofirefighters.org
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10.2.1  Environment (E)

There are potential hazards associated with the uncontrolled 
environments that responders encounter. Responders are 
expected to quickly gain an appreciation of the potential 
hazards associated with the environment and to find ways to 
mitigate/manage the hazards so as to limit potential harm to 
them and to make the environment safer for the patient.

Is it winter? Is it summer? Is night or day? Is this a nuclear 
facility? Is the high-rise or house fire? Is this a chemical or 
biology laboratory at an educational facility or a laboratory 
at an industrial facility? Is this an electrical installation? Is it 
a biological waste handling facility? Is this an incident that is 
the result of a motor vehicle collision on a major highway or 
a busy intersection?

10.2.2  Mechanism of Injury (M)

How did the patient receive their burns?
There are many ways that patients can receive burns. 

Here are some of the ways and some hazard mitigation 
considerations:

• Thermal/flame burns—remove from the heat source, put 
out the fire

• Chemical—dilute, wash off, brush away if dry chemical
• Electrical—turn off the power, consider entry and exit 

wounds
• Nuclear—shielding and distance from the radioactive 

source are typically the appropriate measures

10.2.3  Casualty Count (C)

Triage should occur as survivors/patients are encountered to 
help establish the types of responders and transport capabili-
ties that will be required.

Informing the closest emergency departments and spe-
cialized burn centers about the number of patients and esti-
mated burn severity can help these facilities prepare for 
patient surges and make preliminary decisions about where 
different patients should be sent to.

10.2.4  Assistance Required (A)

Should command contact any public utilities or municipal 
services to support the operation? Are specialty fire appara-
tus required—hazmat, technical rescue? Would the patient 
benefit by having advanced life support (ALS) paramedic 
care, if available?

10.2.5  Personal Protective Equipment: PPE (P)

The rescuer should not become part of the problem. It is the 
individual’s and the incident management team’s responsi-
bility to ensure the appropriate level of PPE is worn for the 
different types of hazards.

10.3  Arrival on Scene

In 2013, the International Association of Fire Fighters (IAFF) 
Charitable Foundation in collaboration with the American 
Burn Association published a guide for first responders, First 
Responder Guide to Burn Injury Assessment & Treatment. 
Section 1: First Responder Initial Assessment and 
Management Procedures that provides a five-step process to 
assist responders:

 1. Stop the Burning Process
 2. Initial Patient Assessment
 3. Management of the Burn and Burn-Related Problems
 4. Further Patient Management
 5. Transport and Transfer
 6. Management of Multiple-Burn Casualties

10.3.1  Stop the Burning Process

The basic “rule of thumb” is to cool, cool, cool, while taking 
into account considerations to what has caused the burn.

10.3.1.1  Thermal/Flame Burns
For thermal/flame burns, removing the patient from the burn-
ing environment, extinguishing and removing the burning 
clothing is a good start. Synthetic material/fabric will retain 
heat and will require active cooling. When removing burnt 
items of clothing be aware that deeper tissue involvement 
combined with synthetic material adhering to the wound 
requires responder attention and care. If material is adhering 
to a wound, carefully cut away clothing not adhering to the 
skin and leave the material remaining in the wound and 
actively cool (flush with water). Material/fabric adhering to 
the wound should not be removed on-scene as it can cause 
further tissue damage.

The cooling process requires a clean and reliable water 
source. Once removed from a reliable water source, during 
transport as an example, saline is typically what is used to con-
tinue cooling.

10.3.1.2  Chemical Burns
HAZMAT (hazardous material)/CBRNE (Chemical, 
Biological, Radiological, Nuclear, and Explosive) expertise 
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consult Material Safety Data Sheets (MSDS) and to utilize on-
site specialists when they are available to provide information 
about the product and how best to protect the first responder 
from potential exposures and to remove the chemical from the 
patient’s body tissue. Continuous flushing of the body area 
with running water is quite often what is prescribed to cool the 

 

(© 2016 Emergency Response Guidebook; source Transport Canada website; https://www.tc.gc.ca/eng/canutec/guide-menu-227.htm)

may be required early in the incident so as to limit responder 
exposures. Emergency response guides are typically avail-
able to first responding fire-fighting crews. These are very 
helpful during the early stages of scene size-up and help the 
incident commander make decisions about responder safety, 
shielding, evacuation zones, etc.

When a chemical comes in contact with body tissue and it 
causes a burn, it will continue burning while it remains in con-
tact with the tissue. It is important for the first responder to 

burning, dilute/neutralize the substance. Acids and bases are 
common chemical properties. Acids should not be used to 
neutralize bases and vice versa; water is the best neutralizer.
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10.3.1.3  Electrical Burns
Responder safety is the priority. Turning off/eliminating 
the energy source may be as simple as unplugging an 
appliance and as complicated as having your local power 
authority turn off/isolate energy to the area in which you 
will be performing a rescue or providing initial patient 
assessment and care.

10.3.2  Initial Patient Assessment

Section 1: First Responder Initial Assessment and 
Management Procedures went onto suggest the utilization of 
the A-B-C-D-E-H 2 approach. The approach is preceded by 
assess the patient’s level of consciousness (LOC). The mne-
monic AVPU is useful for assessing LOC.

AVPU
• A—Alert; acknowledge rescuers presence and engage in 

interaction
• V—Verbal; respond to verbal stimulus
• P—Pain; have a response to a painful stimulus
• U—Unresponsive

An altered level of consciousness could indicate poten-
tial acute carbon monoxide poisoning, neurological 
impairment due to a trauma, or potentially other underly-
ing conditions that will require further investigation. The 
mnemonics AEIOU and TIPS can be helpful with this 
investigation.

AEIOU TIPS
• A—Alcohol
• E—Epilepsy
• I—Insulin
• O—Overdose
• U—Uremia
• T—Trauma
• I—Infection
• P—Psychiatric
• S—Syncope

10.3.2.1  A-B-C-D-E-H

A: Airway Management with C-Spine Protection
Assess the airway for patency. Consider the mechanism of 
injury when assessing the airway. Is their soot around the 
nose? Is there swelling and soft tissue injuries in and 
around the airway that could result in the airway becom-
ing blocked by edema? Superheated gases associated with 
fires can severely compromise a patient’s airway. Airway 
compromise associated with the products of combustion 

can happen very quickly; constant monitoring of the sta-
tus of the airway is critical.

Can the airway be opened easily with a head tilt chin lift? 
Is there possible c-spine injuries that would necessitate a jaw 
thrust to open and maintain the airway? The responder air-
way should be prepared to aggressively manage the airway. 
BLS skills and adjuncts (oropharyngeal OPA and supraglot-
tic airways) may not be enough to secure a patent airway. 
Advanced airways (endotracheal intubation) that can secure 
the lower airway may be necessary. If these resources are 
available in your jurisdiction, they should be activated as 
soon as possible. Airway compromise in burn victims is a 
highly probable life-threatening concern.

Application of an oxygen delivery devise such as a non- 
rebreather mask would be appropriate therapy for all burn 
patients.

B: Breathing and Ventilation
Is breathing effective and sufficient to support life? Are 
there structural injuries to the chest limiting the effective-
ness of breathing? Ineffective breathing or the absence of 
breathing is life threatening and needs to be resolved or the 
patient can die.

The responder’s skill level will dictate how breathing is 
managed. BLS responders can use an OPA or a superglottic 
airway with a bag valve mask (BVM) to assist the patient’s 
breathing while ALS responders will utilize endotracheal 
tubes with a BVM.

C: Circulation
Burn injuries often result in a rapid reassignment of fluids. 
These fluids cause swelling at the burn sights and divert 
the fluids away from the circulatory system. The burn 
patient’s blood pressure should be monitored. Rapid 
assessment of the effectiveness can include pulse checks 
and electronic assessment (Electrocardiogram ECG) needs 
to be monitored.

Follow local protocols related to fluid replacement.

D: Disability (Brain Function)
This should have been considered during the LOC assess-
ment, but the responder should use this opportunity to reas-
sess and investigate further at this point.

E: Expose
If the affected areas had not been exposed during the “Stop 
the Burning” step, now would be a good time to perform this 
action. The responder’s goal should continue to be to find 
ways to minimize the effects of the burning process so as to 
minimize further injury. The goal should be to find ways to 
minimize the opportunities for the patient to get worse. Here 
are some considerations during this step:
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 1. Jewelry can store heat energy and should be removed if it 
is likely to continue to transfer heat to the body.

 2. Edema is associated with burns; rings on fingers should 
be removed from fingers and toes should there be the 
potential for swelling in these digits.

 3. A rapid trauma assessment should be considered to see if there 
might be other injuries to the body; electrocution injuries can 
result in fractures and neurological deficits while blunt force 
trauma associated with falling debris in structure fires are eas-
ily missed if the rescuer is focused on the burn injury.

 4. Debriding of imbedded melted material should not occur 
in the field so as to minimize the potential of causing fur-
ther injury during the removal.

 5. Initial assessment of the severity of the burn will also 
occur at this step.

The mnemonics CLAPS-D and TICS-D would be appro-
priate to use as part of a rapid trauma/body assessment (neck 
to knees) where undiscovered injuries could be life threaten-
ing if they are not discovered and managed.

The responder should look for:

• C—Contusions
• L—Lacerations
• A—Abrasions
• P—Penetrations
• S—Swelling/Symmetry
• D—Deformities/Distention

After looking for these injuries, the responder should pal-
pate the body and assess for:

• T—Tenderness
• I—Instability
• C—Crepitus
• S—Subcutaneous Emphysema
• D—Deformity/Distention

Life-threatening injuries should be treated when found.

H: History
SAMPLE is a mnemonic that will be a helpful tool for gath-
ering and managing information that can be passed onto the 
next level of care while the mnemonic OPQRST can be use-
ful to gather information about pain.

S: Signs/Symptoms
An assessment of “Signs” requires the responder to use all 
their senses.

Can you see the patient has partial thickness burns to 
most of their chest and they are having difficulty moving 

air? Can you see soot around the patient’s nose and mouth? 
Can you here “noisy” breathing? Can you smell the unfor-
gettable sent of burning flesh? Can you see tissue involve-
ment beyond the surrounding unbroken skin? Can you see 
entry and exit wounds associated with electrical burn 
injuries?

What can the patient tell you about their “symptoms”; 
pain they are feeling as a result of the incident? The mne-
monic OPQRST can be helpful.

O: Onset
What were you doing when you started to feel the burning? 
When did you get burnt? Was the onset of pain gradual or 
rapid?

P: Provocation
What where you doing when you got burnt? Is there anything 
that makes you feel better or worse?

Q: Quality
Describe the pain to me? What does the pain feel like? (Avoid 
providing a “menu” as the patient is likely to pick from the 
menu just to shut you up.)

R: Radiation
Point to where it hurts the most and let me know if you feel 
pain anywhere else.

S: Severity
On a scale from 1 to 10, ten being the worst pain you have 
ever felt, rate your pain? (Don’t be surprised if you get an 
answer like “20”.)

T: Time
How long has the pain been going on? Has there been any 
change in the pain since the onset?

A: Allergies
Do you have any allergies? This may become important if 
the patient is allergic to antibiotics.

M: Medications
Are you taking any medications? What do you take the medi-
cations for? Where are your medications?

If readily available, the responder should gather medica-
tions for transport with the patient to a health care facility. 
The patient’s heath card (medical insurance) would also be 
good to obtain should it be available.

P: Past Medical History
Are there any medical conditions you have that we should be 
aware of?
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E: Event Leading
You may have already captured this information during the 
OPQRST component of your interview. If this information 
has yet to be gathered, this should be a reminder to find out 
or reconfirm what the patient was doing when they sustained 
their burns.

10.3.3  Management of the Burn and Burn- 
Related Problems

While managing the care for any type burn patient, atten-
tion needs to be paid to airway, breathing, and circulation. 
Airways can become narrowed due to edema caused by 
exposure to superheated gases and chemical exposures. 
Breathing could be compromised by superheated gases/
chemicals damaging the lungs or by a decreased ability to 
effectively expand the thoracic cavity as a result of burns 
to the chest. Circulation could be compromised as a result 
of the adverse affects of a chemical exposure or 
electrocution.

A careful balance is required between cooling and help-
ing the patient maintain body temperature as a result of a 
decreased ability to self-regulate temperature. Once the 
flame is out and active cooling has been provided, open 
wounds require the placement of dry, sterile, burn sheets so 
as to decrease potential for infection. Wet dressings can 
cause issues with the body’s thermo-regulating system and 
possibly promote infection.

Chemical burns to the eye are common and require copi-
ous and continuous flow of water/saline to remove/dilute the 
chemical and stop the burning process. Avoid flushing chem-
icals from the affected eye to the non-affected eye. Consider 
removing contact lenses if possible as chemicals can become 
trapped under the lens, prolonging the exposure to the 
chemical.

Similar to synthetic clothing/fabric adhering to body tis-
sue, hot tar creates a similar issue. The same rules apply in 
these types of burns; cool, cool, cool, do not remove the 
hardened tar that has adhered to underlying burnt tissue and 
transport to a burn center.

There are a variety of underlying/internal issues related 
to electrical burns, beyond the outward presenting burns, 
which should be considered when managing the initial care 
for patients who have suffered an electrical injury. These 
include but are not limited to:

 – Cardiac issues; ventricular fibrillation, cardiac arrest
 – Burns below the surface; muscle, tissue damage, and 

fractures
 – Neurological damage; seizures
 – Entry and exit wounds

Pain management is a challenge. First responders will 
encounter patients suffering with pain associated with 
their burns. The active cooling by using volumes of water 
poured over the burn area may not provide sufficint relief. 
BLS providers may be allowed to assist the patient to 
take their own oral pain relief medication (ibuprophin). 
An ALS provider is likely able to administer IV analge-
sics like morphine.

10.3.4  Further Patient Management

Ongoing monitoring of LOC and vital signs should occur 
while the patient is awaiting transport through to transport to 
a higher level of care.

Ongoing assessment of burn injuries and changes in sta-
tus should be monitored and documented.

Splinting and bandaging should be considered so as to 
limit the potential of further injury during transport. In gen-
eral, dressings and bandages should be applied loosely so as 
to allow for swelling and to avoid cutting off distal circula-
tion. When practical, pre- and post-packaging assessment of 
distal circulation, sensation, and mobility should occur so as 
to limit the likelihood that the treatment does not make the 
patient’s condition worse.

Loose/partial packaging will provide appropriate protec-
tion while allowing for assessment by the higher level of care 
during any transfer of care.

10.3.5  Transport and Transfer

Burn patients require attention by a higher level of care than 
is available outside a health care facility. Rapid transport to 
definitive care is ideal. Access to the closest emergency room 
may be necessary to provide appropriate care prior to trans-
port to a burn center.

Consider the utilizing the American Burn Association’s 
Burn Center Referral Criteria’ document:
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(Guidelines for the Operation of Burn Centers (pp. 79–86), Resources for Optimal Care of the Injured Patient 2006, Committee on Trauma, 
American College of Surgeons)

10.3.6  Management of Multiple-Burn 
Casualties

The First Responder Guide to Burn Injury Assessment and 
Treatment has made the following recommendations for triag-
ing burn injury patients during multiple casualty incidents:

• Triage Sorting Guidelines
 – The most critical patients, with a good likelihood of 

survival, are in the top priority.
 – Patients requiring emergency care soon, but not 

urgently, and having a good chance of recovery are in 
the next group.

10 The First Responders’ Role in Managing Burn Care



132

 – Minor burn patients who can wait for care and the 
most critical patients with the least likelihood of sur-
vival are placed in the delayed categories.

• Triage Colored Tag Guidelines
• As patients are triaged, they are tagged with color tags to 

identify their category of care. Subsequent transport and 
definitive care are based on the category noted on the tag. 
The following criteria are common to triage tagging 
systems:
 – Immediate Care (Red)

 – Inhalation injury
 – Burns to more than 20% total body surface area 

(TBSA) in patients between ages 10 and 50 years 
(burns exceeding 20% can and will need fluid 
resuscitation)

 – Burns of more than 10% TBSA in patients age less 
than 10 or greater than 50 years

 – Chemical injury
 – Electrical injury
 – Associated, life-threatening injuries

 – Delayed Care (Yellow)
 – Burns of less than 20% TBSA in patients between 

the ages of 10 and 50 years
 – Full thickness burns of less than 5%

 – Delayed Care (Green)
 – Minor injuries—not in need of emergency care 

(e.g., partial thickness burn to arms)
 – Delayed Care (Black)

 – Survival unlikely (e.g., massive burns in elderly 
people)

10.4  Special Populations

10.4.1  Geriatrics

These patients have gone through physiological changes 
that have a significant impact on how they can become 
burned, the severity of the burns, and how they recover. 
Neuropathways change in these patients making them less 
able to sense (feel) when they are being exposed to some-
thing that can cause a burn and slower to react making the 
time they are exposed to what is causing their burn last a 
little bit longer. A decreased brain mass can lead to a 
decreased ability to process stimuli from distal pain recep-
tors, thus lengthening the time to send messages to with-
draw from what is causing them pain.

Their skin has become thinner. This results in a decrease 
in pain receptors, reducing the number of signals being sent 
to the brain. The thin skin tissue can result in relatively 
minor exposures to causing catastrophic burn injuries. The 

decreased tissue available to begin with can result in much 
longer the healing processes.

Acute exposures to high temperatures can cause signifi-
cant injuries in these patients due to their dulled sense of 
feeling and their slower reaction time. An example of this 
would be, while cooking, a patient reaches for an item in a 
cupboard above a stove. As they reach for the item they lose 
their balance and place their hand on the hot element of the 
stove.

The thermo-regulating system in these patients is often 
compromised and initial and ongoing management of their 
care becomes a challenge. Removing these individuals from 
what is causing their burns is a priority. Active cooling of the 
affected area is something that requires careful consideration.

Longer duration exposures to lower heat levels can cause 
significant burns due to the patient’s dulled senses not pro-
viding enough stimuli to even realize they have sustained a 
burn. An example of this would be an elderly patient who 
uses a heat blanket or heating pad. A combination of a com-
promised thermo-regulating system and dulled senses could 
lead to the “cooking” of an area of the body where a pro-
longed exposure has occurred.

10.4.2  Pediatrics

These patients are susceptible to burn injuries. Their reduced 
body surface area make exposures potentially significantly 
worse; a 10 cm by 10 cm partial thickness thermal burn on 
the thorax of a 13-month-old baby would likely be worse that 
the same burn occurring to a 21-year-old patient. Pediatrics 
have proportionately smaller airways, increasing the nega-
tive impact of inhalation burn injuries; airways are smaller 
and tissue edema will narrow or block the airway more 
quickly.

Pediatric would benefit from the specialized ALS skill set 
as it relates to airway management. Early recognition that 
these recourses are required can mean the difference between 
life and death.

Pediatric patients have oral fixations; they learn about the 
world by putting items in their mouth. Electrical burns as a 
result of biting on energized electrical cords are not uncom-
mon. These exposures can cause electrical dysfunction that 
can lead to cardiac arrest. The responder should prepare for 
that possibility. The energy delivered to the small body can 
also result in the other complications described earlier. 
Should the pediatric patient survive the impact of the initial 
exposure, a scab removed prematurely from the healing 
wound at the corner of the mouth can result in airway com-
promise complication and a circulation issue should there be 
significant blood loss.
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10.5  Managing the Firefighter Removed 
from a Superheated Environment2

Providing a level of protection to firefighters as they enter 
superheated environments to save life and property has been 
a challenge taken on by industry through the centuries. Much 
work has been done over the last three decades to improve the 
quality of firefighter personal protective equipment (PPE). 
We are long removed from the minimal protection provided 
by hip waders and rain coats that were used by some of 
Canada’s largest fire departments up to the early 1990s.

The 2018 PPE ensemble, combined with the latest in 
respiratory-protection devices, affords firefighters the best 
available opportunity to survive the hazards in a modern- 
construction dwelling containing materials that burn much 
more quickly and hotter than they did in 1990. The PPE 
industry and fire service professionals have worked diligently 
to use science and technological advancements to make sig-
nificant improvements to PPE. Even with the advancements, 
situations still occur in which firefighters are seriously injured 
or killed as a result of acute exposure to the intense heat asso-
ciated with hotter and faster-developing structure fires.

While attending the 2015 Canadian Burn Symposium in 
Toronto, listened to the harrowing story of Winnipeg fire-
fighter Lionel Crowther. Lionel was working an overtime shift 
on the evening of Feb. 4, 2007, when he was dispatched as part 
of a response to a house fire. The circumstances of this event 
produced results that have changed Crowther’s life. While 
attempting to conduct a primary search and initial interior fire 
attach Lionel and his crew encountered a change in fire condi-
tions as a result of flow-path dynamics. Lionel suffered burns 
to 70% of his body, 30% of which were full- thickness burns. 
Captains Harold Lessard and Thomas Nichols died on scene 
and firefighter Ed Wiebe suffered injuries that put him in criti-
cal, but survivable, condition. Firefighters Darcy Funk and 
Scott Atchison sustained minor injuries.

Lionel was exposed to extreme heat levels for an extended 
period of time as he was unable to make an exit when fire 
conditions changed; he sustained burns that were likely 
caused by the compression of superheated gases trapped in 
his bunker gear. (For more about Crowther, go to https://
afterthecocoon.com/burn-survivors/lionel-crowther/).

NFPA 1971 sets the minimum performance requirements 
for personal protective equipment (PPE) and also specifies 
the test methods by which the PPE is measured. The newest 
test is the stored energy test, which was added in 2013. 
Industry experts recognized the thermal protection offered 
by bunker gear also results in heat being stored in bunker 
gear. The trapped, superheated gas, when compressed at 
pinch points in the suit at the knees and the elbows, causes 

2 Amended text first published in […] with kind permission of © Fire 
Fighting in Canada | Canadian Firefighter…... All Rights Reserved.

burns. Another common place where superheated gases are 
trapped is behind the backplate of the SCBA.

Lionel’s story closely resembles that of Winnipeg fire-
fighter Barry Borkowski, who suffered significant injuries on 
Oct. 9, 1994. Since retiring as a captain in 2005, Borkowski 
has worked to implement design changes to bunker gear.

The evolution of engineering of bunker gear has resulted in 
significant improvements in protection of firefighters; NFPA 
1971 has evolved as a result of different types of firefighter 
injuries, and now measures more factors. But with the improve-
ments have come some challenges: the retention of superheated 
gases inside the PPE envelope has resulted in burns during the 
handling of firefighters who have been removed from fires.

10.5.1  Common Burn Location in Firefighters

• Ears

 

• Hands
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• Shoulders/Back

 

• Knees

 

 

• Bends Behind Knees/Bends of Arms

 

 

These figures are used with the kind permission of Lionel 
Crowther.
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Fire services are recognizing the need to continually 
reflect on their practice. Similar to other industries, they are 
adopting the approach of continuous quality improvement 
through quality assurance. Firefighter injuries can be mini-
mized via this process. The examples of the two firefighters 
who sustained injuries were the impetuous for reflection and 
need to revisit best practices.

In 2014, representatives from the International Association 
of Fire Fighters (IAFF) participated in the inaugural Canadian 
Burn Symposium. The IAFF was focused on addressing how 
first responders address the concerns of patients and respond-
ers at the scene of significant, life changing events, resulting 
from fire and other situations that can result in burns. At the 
2014 symposium, much of the information presented con-
tained American-specific details. IAFF Local 3888 was 
invited to attend the 2015 symposium hosted in Toronto. I 
was asked to participate as a presenter from a Canadian per-
spective. I co-presented with Judy Knighton, a registered 
nurse and burn specialist at the Ross Tilley Burn Centre at 
Sunnybrook Health Sciences Centre in Toronto. Knighton 
and I were tasked to identify best practices in handling and 
managing the care of responders who sustained burns. 
Knighton handled to the transport and treatment priorities in 
her presentation titled Emergency Management and 
Outpatient Care of the Person with Burns. I addressed man-
agement of the patient immediately following removal from 
the hazardous environment in my presentation, Managing 
the Handling of the Rescued Firefighter.

The process outlined below is the evolution of best 
practices.

Emotions among fellow firefighters run high when a fire-
fighter is rescued from a fire. As with all hazardous situations 
in which patients are involved, the primary concern should 
be rescuer safety. It is important that the rescuers wear full 
PPE when managing care for a rescued firefighter, and be 
purposeful and careful when handling the superheated fire-
fighter. The rescuers need to:

• Avoid off-gasing from firefighter
• Avoid skin contact with hot bunker gear

Considerations and steps to safely remove the PPE 
ensemble:

 1. Have the firefighter remain standing
• Allow some time for the PPE envelope to passively 

cool and off-gas or use a positive-pressure ventilation 
fan to speed up the process.

• Do not use a hose line to cool the firefighter while he 
or she is in the PPE ensemble.

• Use two rescuers to facilitate the removal of the PPE 
ensemble.

• Protect the rescued firefighter from the stored heat in 
the bunker gear.

• Avoid sitting, laying down, bending limbs prior to 
dissipating stored heat.
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 2. Loosen the SCBA shoulder straps; communicate your 
planned actions and co-ordinate the loosening
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 3. Disconnect the chest strap
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 4. Loosen and unbuckle the waist belt

 

 5. Remove and replace the neck flap
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 6. Open the front jacket flap while unclasping/unzipping the coat
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 7. Open the jacket

 

 8. Roll the coat and the SCBA over the shoulders
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 9. Remove gloves and the remainder of the coat

 

 10.   Unclasp the pants and remove the suspenders, letting the 
pants fall
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 11.  Roll the pants over the boots and assist in removal of 
boots
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 12. Remove helmet, balaclava, and mask
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 13. Remove the stage 2 regulator and face piece

 

 

 

 

These figures are used with the permission of Ken Webb.

Initial burn treatment:
• Rapid access to definitive care ASAP
• Use water to cool small minor local burns
• Cut away clothing if necessary to avoid debriding when 

fabric remains in the burned tissue
• Protect open burn wound with dry sterile burn dressings
• Facilitate rapid transport to definitive care

Initial assessment of burns on scene are quite often not 
overly reliable; some burns that appear to be minor end up 
being severe while some burns that seem to be significant 
end up being less severe.

All regions in the country have burn centers associated 
with leading-edge hospitals that are best suited to manage 
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the care of burn patients. It is worthwhile to ascertain where 
your firefighter will go when they sustain significant burn 
injuries. Our partners in emergency medical services will 
facilitate movement of firefighters to these facilities.

Fire services are very good at preplanning occupancies so 
they are aware of the different hazards. Situational awareness 
training is also helping firefighters recognize and react when 
fire conditions are about to change. These are initiatives 
designed to limit the risk to firefighters when emergencies 
occur. Through articles like this and presentations at confer-
ences such as the Canadian Burn Symposium, we hope to 
spread the word about how to manage the superheated fire-
fighter to limit injuries to the rescuer and the firefighter 
requiring rescue. These are low-incidence, high-risk situa-
tions that need to be planned for before they happen.
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Summary Box
• First responders play an important role in managing 

the initial care of burn patients.
• Responder safety is the first priority when assessing 

the emergency scene.
• Utilizing a systematic approach to incident and 

patient care management will help maximize the 
potential of arriving at a successful outcome.

• Early identification and mitigation of the hazard 
and mechanism of injury associated with the burn 
will better position the first responders as they begin 
their initial treatment of the burn patient.

• Removing the patient from the source of the injury 
will help stop the burning.

• Early recognition and management of Airway, 
Breathing, and Circulation compromise is the first 
priority.

• Strategies to stop the burning based on the mecha-
nism of injury are important to have in the top of 
mind.

• Identification of the severity of the burn will help 
the responder make the appropriate transport desti-
nation decision.

• Emotions run high following the removal of a fire-
fighter from a superheated environment.

• Deliberate and planned removal of the firefighter’s 
PPE will minimize unnecessary harm to the rescuer 
and the rescued firefighter.

• Initial care of burns and rapid transport to definitive 
care will improve outcomes.
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Prehospital Management of  
Burn Injuries

Folke Sjöberg

11.1  Introduction

11.1.1  Modern Care

In the last 20 years, large changes in burn care and in the 
background and logistics around the care for the burn injured 
have occurred which has implications for how burn care now 
should be administered and practically performed. Firstly, 
the incidence of burn injuries has decreased in the Western 
world and a decrease of about 30% is evident from e.g., since 
the eighties [1, 2]. In parallel, length of stay in the burn care 
facilities for the injured has been reduced to about 40% of 
what it was at that time [3, 4]. Thirdly, the outcome of burns 
has been significantly improved over the same time period. 
This may be exemplified by the 50% survival chance that 
was present for a 45% total burn surface area (TBSA%) burn 
in a 21-year-old in the late 1970s, which is to be compared to 
the corresponding 50% survival chance for 80–90% TBSA% 
burn in a patient of the same age today [5, 6]. Fourth, patients, 
with smaller burns, today are to a significant extent treated as 
outpatients and smaller injuries may have their surgery done 
as outpatients as well [7–9]. At the same time, an increasing 
proportion of the patients are in the elderly age groups where 
the same injury poses a larger threat as compared to in 
younger patients [10, 11]. In this age group, care is to a large 
extent influenced also by co-morbidities and the possibility 
to obtain good end results seen especially from the patient 
perspective [12].

Based on these changes, the approach to burn care has 
been to centralize this type of care to larger burn units and 
centers. This process is ongoing in most high income coun-
tries, however, with a variable intensity. The multidisciplinary 
approach to the care and the need to keep the care process 
unified for this patient group has led to that the centralization 

process has been pursued and the achieved improvement in 
outcome has been its driving force. The latter is exemplified 
by lower mortality rates a and shorter lengths of stay [6, 13, 
14]. At the same time, such organizational changes bring 
about important care implications for the general medical 
practitioners and medical organizations [13, 14]. The 
decreased incidence and the centralized care reduce the mag-
nitude of medical staff that have experience of these cases and 
that treats them on a regular basis. This then urgently calls for 
good teaching programs and a good organized care involving 
a well- designed communication between the referring doctor 
and the specialist. Especially the early management and sta-
bilization of the patients needs to be optimized and well- 
functioning at any level of care as this care is often provided 
at a non-burn center by personnel with limited experience of 
burns. Importantly, as the outcome has been improved signifi-
cantly in later times, the care to be provided needs to be opti-
mized and the tolerance for any less successful results is low. 
It is relevant to note that there is an inherent risk in “over”-
centralizing care even of small injuries that can be adequately 
treated at the local hospital [15]. Therefore, continuous teach-
ing programs are important. This early part of the treatment 
has therefore been the target of specially organized teaching 
programs initially started through the advanced trauma life 
support (ATLS) concept [16, 17] followed by more specifi-
cally burn oriented programs such as: the American 
“Advanced Burn Life Support” course (ABLS; www.
Ameriburn.org) provided by the American Burn Association 
and which is also taught outside the USA as, e.g., in Japan 
[18] or Sweden. This course is also available on line on the 
web [19]; or the Australian and New Zeeland “Emergency 
Management of Severe Burns (EMSB; www.anzba.org.au)” 
course which is also provided in other countries such as 
Britain, South Africa, Norway, and Finland [20, 21]. This 
chapter will therefore rely strongly on these principles as the 
strategies for the initial care are presented. These are impor-
tant as they have implications for the success of the whole 
treatment process and the final outcome. As pointed out, the 
final care of the burn patients is in cases of significant burns 
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undertaken at burn centers and the improved early stabiliza-
tion and transport care that today can be offered is one of the 
reasons why modern burn care provides successful results 
and increased survival. From a teaching perspective, modern 
burn care in western countries may thus be described as most 
often provided at three locations: firstly, at the scene of the 
accident or very close by; secondly at a local hospital where 
also initial stabilization and the start of fluid therapy usually 
is undertaken; and finally the transport to the final care level, 
a tertiary referral burn unit or center. In densely populated 
areas, direct transport to the burn center is also an often 
employed alternative. Transport times are then usually in the 
range of less than 1 h. This chapter will review current prin-
ciples for the care at these first two locations.

Another and today especially important treatment quality 
augmenting process is the increased use of the internet where 
updated information and referral strategies may be found as 
is exemplified by information provided by a burn center in 
England where plenty of information for patients, relatives, 
and importantly professionals may be found (http://www.
bch.nhs.uk/Professional). In these settings, checklists etc. 
may facilitate the referral process and aid in promoting a 
good outcome for the patients. In parallel, the use of tele-
medicine may further improve the dialogue between the 
referring unit and the recipient. In this context, apps for 
mobile phones are being developed and by which detailed 
communication (burn size, depth assessment, etc.) can be 
made between caregivers without exposing the integrity of 
the patient. This is further elaborated upon in this chapter.

11.2  Early Management

Despite the improvements of burn care in general there is a 
significant improvement potential as treatment complica-
tions have been encountered in the early patient management 
and stressing the co-operation between the referral and 
receiving units is therefore undertaken prior to addressing 
early care. With modern technology (different modes of tele-
medicine) a close dialogue can be made between the refer-
ring and receiving hospitals and thus patient care can be 
optimized. A more detailed discussion regarding specific 
early treatment challenges encountered is therefore pre-
sented after the detailed description of early management 
principles presented below.

11.2.1  At the Site of Accident

The early and immediate care provided to a burn patient may 
vary depending on many factors, most of all related to: the type 
of injury (thermal, chemical, or electric); where the accident has 
occurred and its relation to different care levels and the available 
resources. The latter case, i.e., resource availability, being rele-

vant in situations with large number of injuries, such as in disas-
ter settings or similar circumstances and where other approaches 
and strategies also will come into play to ascertain good out-
come [22]. In far, distant places the care may be started and 
undertaken by a companion or a bystander, which may also be 
the case in other settings immediately after the injury. The more 
organized assessment and care in the very early stage is other-
wise most often done, in the western world, by paramedics from 
an ambulance rescue team or at times from rescue squads com-
prising personnel with higher medical education such as nurses 
and/or doctors or personnel from rescue groups arriving by, e.g., 
helicopter. At all levels, a similar approach is undertaken based 
on early trauma rescue principles (ATLS/ABLS). It may at this 
point be stressed that irrespectively at what level of care the 
treatment algorithms are undertaken a recommendation is that 
contact, whenever needed, is made with the next level of care 
and this can today be better undertaken.

This standard evaluation/care principles may mainly be 
divided into:

• primary assessment
• secondary assessment

which is followed by transportation to the next level of care.
The knowledge gained and the treatments undertaken 

under way need to be adequately registered and communi-
cated properly to the next level, so that any important find-
ings and interventions made are properly extended and 
especially in cases if problems or other difficulties are 
encountered they may be properly discussed.

Most urgently at the site of the fire or accident is to stop 
the fire process, electricity, or chemical exposure, and move 
the patient into a safe area. This may include getting the per-
son out from a trapped situation in, e.g., a vehicle. Stopping 
the fire in, e.g., clothing is best done by suffocation of the fire 
(rolling and adding garments on the burning clothing), if not 
water or other type of fire extinguishers are within reach. 
Flushing with properly tempered fluid is very good as it not 
only extinguishes the fire but also cools the wound and 
thereby reduces the convection of heat and it reduces pain. 
Be aware of the risk for hypothermia. At this point, clothing 
and jewelry should be removed as they retain heat and may 
affect blood flow, as the extremities swell (e.g., jewelry/fin-
gers). Early management also includes, if the exposure is 
based on chemicals, flushing with significant amounts of 
water and being aware of the contamination risk for others 
such as the rescue team, which shall take adequate precau-
tions using gloves and gowns. If the eyes are involved, flush-
ing becomes even more important prior to having the eyes 
examined by an ophthalmologist. It is also important to 
stress that neutralizing agents are contraindicated as they 
induce heat. In cases of accidents involving electricity, there 
is also a need to stop the current/voltage or using an insulator 
prior to getting into contact with the patient.
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At the site of the accident, in the immediate period after 
the injury, the patient is cared for by regular ATLS/ABLS/
EMSB or other well-organized trauma algorithms (ABC) 
and in their relevant order, i.e., A.  Airway, B.  Breathing, 
C. Circulation, D. Disability, E. Exposure—each specified in 
more detail below under primary/secondary assessment. 
Very important at this site is also to confirm or exclude other 
injuries that may be more important than the burn itself (see 
below the details for this under secondary survey). Pain treat-
ment may be important in this setting especially if there is a 
somewhat longer initial transport. Pain relief is accomplished 
preferably by i.v. morphine in incremental doses in the larger 
burns if drugs are at this point available. It is also important 
to stress that there is an overrepresentation of abuse, psychi-
atric disorders, and criminality among burn injured patients. 
This may in certain circumstances have implications for the 
further care procedures. Most importantly at the site of the 
accident is to be aware of the risk of being infected/contami-
nated by Hepatitis B and C or HIV, which makes it important 
for the rescue personnel to take appropriate precautions 
(glasses/glows/gowns).

Wound care at the site of the accident is rather uncompli-
cated. Burnt textiles may be removed and the patient covered 
by clean sheets, to reduce the risk of contamination of the 
wound and also to maintain body temperature. There is no need 
for ointments or other local treatments at this stage. At times 
commercially available burn wound coverings may be pre-
sented at the site of injury but the potential positive effects of 
these are yet undocumented why clean sheets may always be 
preferred. Evaluating the wound may be difficult if the exam-
iner has limited experience. In this setting, pictures sent by tele-
communication, as previously mentioned, can be of significant 
value if such technology has been properly implemented.

In the case of isolated burn injuries, there is little need to 
force an uncontrolled early transport unless there is other 
life-threatening illnesses present. It has been suggested in 
guidelines of the ABA that if transport times are less than an 
hour, start of fluid treatment is not mandatory. Transport 
principles for the burn injured to the local hospital vary 
according to the local geographic situations, but often air-
borne transport (helicopter or fixed wing) in Europe is rec-
ommended when the transport time exceeds 2 h or is more 
than 100 km.

11.2.2  At a Local Hospital: Stabilization Prior 
to Transport to the Burn Center

11.2.2.1  Primary Assessment
The primary assessment scheme follows a strict order sched-
uled according to how urgent the intervention is. It should be 
done as early as possible and repeatedly controlled during 
the care of the patient. Some parts may be performed in less 
detail at e.g., the site of the accident as more is gained by 

rapid transport to the next care level or there is a risk of hypo-
thermia, e.g., a detailed burn extent determination outside in 
the cold.

A. Airway
The airway is immediately assessed, evaluated, and dealt 
with. A compromised airway may be cared for by small 
means such as bending the neck backwards or pulling the 
yaw forward. Facial burns or upper airway edema may com-
promise the airway as time passes from the time of the acci-
dent—making intubation necessary. Oxygen transport 
difficulties within the lung are most often not present at the 
very early stage, but within hours, depending on inhalation 
injury and/or the development of ARDS a compromised gas 
exchange in the lung may be present, needing intubation and 
advanced respiratory treatment [23]. Unconsciousness, very 
uncommon in the uncomplicated burn setting unless there is 
a significant carbon monoxide or cyanide exposure, or 
another injury, may be a reason for a compromised airway 
and will call for an early intubation. Provide, then if possible, 
oxygen at 100% by a non-rebreathing mask to optimize oxy-
genation and treat possible carbon monoxide/cyanide effects. 
At this point also evaluate the spine for any concomitant 
injuries and the need for fixation—not to cause spinal cord 
injuries.

B. Breathing
In conjunction to the evaluation of the upper airway, the 
breathing pattern should be assessed and the lungs examined 
for proper functions (gas exchange and lung compliance) 
and especially in the case of circular thoracic burns, as these 
may compromise breathing mechanics as edema develops in 
the thoracic wall, which calls for escharotomies (See 
Fig. 11.1). This may be particularly important in small chil-
dren as they rely more on auxiliary breathing muscles in their 
breathing.

C. Circulation
The circulatory status of the patient should be examined. It 
includes assessing the skin color, sensitivity, peripheral 
pulses, and capillary refill. Heart rate and blood pressure 
should also be included to confirm adequate organ perfusion. 
Be aware that heart rate effects need to be judged cautiously 
as it may also be affected by other reasons than hypovolemia, 
such as anxiety and/or pain. Blood pressure monitoring when 
done may be difficult, be aware of the risk for faulty or com-
promised measurements by, e.g., deep circumferential burns. 
In cases the peripheral circulation in the extremities is com-
promised, consider early escharotomies and invasive blood 
pressure measurements (See Fig. 11.1).

D. Disability
The burn injured patient during “normal” conditions in the 
acute phase should not have an altered level of consciousness 
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(LOC) even in cases of very severe burns. The LOC should 
be assessed, e.g., by the Glasgow Coma Scale (GCS). If the 
level of consciousness (LOC) is altered, suspect other under-
lying processes such as other trauma, carbon monoxide and/
or cyanide intoxication, hypoxia, e.g., especially in a closed 
space and where fire is fierce, or other medical conditions 
such as stroke or diabetes.

E. Expose and Examine
The patient should be thoroughly examined and in order to 
do this removal of the clothing is necessary. Be aware of the 
risk for hypothermia. Jewelry, especially such as rings, 
should be removed due to the risk of compromising extrem-
ity (finger) blood flow as tissue edema develops. At this 
occasion, the important assessment of the burn injuries may 
be performed and evaluated. Important for the outcome is to 
initiate the fluid therapy early, which may be done at this 

point and when the extent of the burn injury becomes evi-
dent. A simplified fluid starting strategy has been suggested 
by the ABA for the very early burn care where a significant 
burn (>30%) is encountered. See Table 11.1 below.

11.2.2.2  Secondary Assessment
The complementary second assessment is undertaken rap-
idly after the first assessment and it is aimed at examining the 
patient thoroughly from head to toe, mainly in order to rule 
out other more important injuries that may pose a danger to 
the patient. One important point is that this examination 
needs to be undertaken in detail as the burn injury often is the 
most prominent injury and it may lead to that other injuries 
may be overlooked. If the assessment is done at larger facili-
ties and there is a suspicion of other concomitant trauma, a 
regular trauma assessment algorithm may be undertaken and 
involving, e.g., ultrasound scan abdomen and/or (comple-
mentary) whole body CT scan.

Other issues to address at this point are to get a good med-
ical history. This is important from mainly two aspects, 
firstly, the circumstances around the burn injury as it may 
help in determining the prognosis and may indicate the 
future burn treatment needs. Secondly, to assess the patients’ 
present co-morbidities and ongoing medical treatments.

 1. Circumstances of the burn. Where and when did it happen—
what were the injury mechanisms (scald, flame, chemical, or 
electrical). Especially the factors, heat level (degrees) and 
exposure time (seconds) may signal the risk for deep inju-
ries. Indoor accident and risk for inhalation injuries. Are 
other injury mechanisms present and relevant?

 2. Medical history. Previous or associated illnesses (diabetes; 
hypertension; other heart, lung, or kidney disease)—Ongo-
ing medical treatment, alcohol use or other (abuse), aller-
gies. Time for last oral fluid or food intake. The  tetanus 
immunization status—need for complementary injections?

11.2.2.3  Fluid Treatment
A cornerstone in the treatment of the burn injury is the fluid 
treatment. Usually i.v. fluid is provided to injuries larger than 
15% total burn surface area % (TBSA%) [24, 25]. In order to 
provide fluid treatment intravenously, i.v. lines are needed. 
These are most commonly applied in the extremities in non- 
injured tissue, but in cases of massive burns also burned 
areas may be used. In larger burns, getting vascular access 

Fig. 11.1 Escharotomies. The lines indicate the location for escharoto-
mies. Note that it is important that the cut is deep enough to accomplish 
a tissue release. This needs to be specifically addressed at the areas 
marked, as it is more difficult to assess the right tissue depth at these 
locations, i.e., close to the major joints

Table 11.1 Patients with >30% TBSA obtain two large bore, indwell-
ing venous catheters and a suggested simplified prehospital fluid man-
agement plan may be as is presented in this Table (11.1)

A simplified fluid management plan
  ≤5 years 125 mL LR/h
  6–13 years 250 mL LR/h
  ≥14 years 500 mL LR/h
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may prove difficult and central i.v. lines may be mandatory 
as may an intraosseous cannula, or vein cutdown strategies 
in children. The fluid treatment may be initiated early at the 
scene of the accident, but should not significantly delay 
transportation. If transport is planned for more than 1  h, 
starting the i.v. fluid is most often recommended (see also 
Table 11.1). The background for the fluid needs for the burn 
patients is the rapid fluid loss to the injured tissue that is 
caused by the negative imbibition pressure, developing in the 
injured tissues secondary to the thermal injury and that 
“pulls” the fluid from the vascular space into the surrounding 
tissues. This effect is at its maximum after approximately 
2 h, therefore the urgent time frame. Also a generalized per-
meability increase in the vascular tree is developing in paral-
lel and that is due to the generalized inflammatory reaction 
that develops in the body after the burn injury. This effect is 
added to the effect by the imbibition pressure and they con-
stitute the reason for the fluid needs of the burn injured [26]. 
The permeability change is claimed to subside at 8  h and 
most of it is undertaken within 24 h if the care is not compli-
cated by sepsis and it is therefore most often recommended 
that the fluid provided is based on crystalloids until this time 
point [23, 27, 28]. In the USA fluids are based on lactated 
Ringer solutions, whereas many countries elsewhere do use 
acetated Ringer. In cases of refractory situations despite 
extensive fluid volume provided, the addition of colloids 
and/or vasoactive drugs may be relevant and needed [29, 30]. 
For most injuries, this is however uncommon. There are sev-
eral fluid protocols in use worldwide today (Table 11.2) and 
the most commonly used is the one first presented by Dr. 
Baxter in the 1960s, called the Parkland formula as it was 
used initially at the Parkland Memorial Hospital in Dallas 
(Table  11.3) [32]. This scheme recommends in adults 
2–4 mL/kg/TBSA% of crystalloids (Ringer’s solution—lac-
tate/acetate) for the first 24 h, 50% provided during the first 
8 h, and 50% during the following 16 h. In children the cor-
responding fluid volume need is larger, that is 3–4 mL/kg/
TBSA% and to this the normal 24 h fluid needs are added 
(Table 11.3). It is important to stress that the fluid volume 
suggested is to be closely adjusted according to endpoints—
that is mainly urine output. In order to maintain perfusion of 
internal organs, the endpoint goal is for a urine output of 
30 mL/h (or 0.5 mL/kg/h) in adults and 1 mL/kg/h in children. 
If insufficient urine output, a 30% increase in the fluid volume 
per hour provided is recommended. Alternatively, if urine out-
put is too large a corresponding decrease is suggested.

It is important to stress that neither too little fluid nor too 
large fluid volumes in relation to the needs should be pro-
vided as it will lead to less successful results [33]. The needs 
vary largely between injuries and patients underlining the 
need for close surveillance and follow-up. In general and 
presently, in cases of less successful fluid resuscitations most 
often too large fluid volumes have been provided [30]. Too 

large fluid volumes will lead to deepening of the burn wound 
and secondary complications from other body compartments 
such as generalized large edema including cerebral, pulmo-
nary edema and compartment situations, most importantly 
abdominal compartment syndrome [33]. Especially if using 
central circulatory endpoints rather than urine output during 
the first 12–18 h, such risk is higher [34]. Using the parkland 
formula, the patients appear “hypovolemic” as examined by 
central circulation techniques, e.g., echocardiography in the 
very early part of the resuscitation period [35, 36].

There are situations where larger fluid needs may be pres-
ent. In general it has been claimed especially for inhalation 
or electrical injuries and in cases of a delayed start of fluid 
treatment. In the case of inhalation injuries the data support-
ing larger fluid needs are older and in newer investigations 
smaller effects of inhalation injury on the fluid needs have 
been seen [30]. In electrical injuries, the total tissue damage 
may be larger despite that the skin burn is less extensive. 
Other instances where larger fluid volumes are called for are 
in cases of high voltage electrical injuries or crush injures or 

Table 11.2 Alternative fluid protocols (Modified from [31])

Crystalloid-based protocols
Parkland Ringer’s lactate/acetate 2–4 mL/kg/TBSA%; half of 

the fluid during first 8 h
Children: Ringer’s lactate/acetate 3–4 mL/kg/TBSA%

Modified 
Brooke

Ringer’s lactate/acetate 2 mL/kg/TBSA%

Colloid-based protocols
Evans NACl 1 mL/kg/TBSA%+ colloid 1 mL/kg/TBSA%+ 

2000 mL glucose solution (5%)
Brooke Ringer’s lactate/acetate 1.5 mL/kg/TBSA%+ colloid 

0.5 mL/kg %+ 2000 mL glucose solution (5%)
Slater Ringer’s lactate/acetate 2000 mL/24 + fresh frozen 

plasma 75 mL/kg/24 h
Dextran-based protocols
Demling Dextran 40 in NaCl (2 mL/kg/h in 8 h) + Ringer’s 

lactate/acetate in sufficient amounts to induce a urine 
volume of 30 mL/h + fresh frozen plasma (0.5 mL/
kg/h from 8 to 26 h post burn)

Hypertonic protocols
Monafo 250 mEq Na/L. Amounts provided to induce a urine 

output of 30 mL/h
Warden Ringer’s lactate + 50 mEq sodium bicarbonate (total 

180 mEq) during the first 8 h to induce a urine output 
of 30–50 mL/h. Thereafter Ringer’s lactate with the 
same urinary output goal

Table 11.3 The Parkland protocol

Adults
Ringer’s lactate/acetate 2–4 mL/kg/TBSA%. 50% provided during 
the first 8 h. The remaining fluid during the following 16 h
Children
Ringer’s lactate/acetate 3–4 mL/kg/TBSA%. 50% provided during 
the first 8 h. The remaining fluid during the following 16 h. Normal 
24 h fluid needs are added to this as glucose solution
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when myo- och hemoglobinemia is present. Under these cir-
cumstances, an increased diuresis and alkalinization of the 
urine is recommended. The diuresis should reach 1–2 mL/
kg/h (adults) and the pH of the urine should be kept alkaline 
preferably around or above 7. This is accomplished by add-
ing sodium bicarbonate solution to the resuscitation fluids. 
This strategy should be continued as long as the pigments are 
present in the urine.

11.2.2.4  Burn Wound Evaluation
Most often the first burn wound evaluation is made under the 
heading “exposure” in the primary survey, at, e.g., the acci-
dent. A more thorough examination is then be made after the 
second survey. In evaluating the wound, it is important to 
have it adequately exposed and cleaned from debris and blis-
ters, the latter situation calls for good analgesia or is done 
during general anesthesia. The risk of hypothermia should 
always be addressed. The wound evaluation is done mainly 
in two aspects, to determine, the depth and total percent body 
surface area injured (TBSA%). The depth is mainly impor-
tant as it affects the treatment (surgical excision or not) and 
the TBSA% is important for the prognosis. TBSA% (includ-
ing depth) is together with the age of the patient and the 
prevalence of inhalation injury, the most important prognos-
tic factors for the injury. This will govern prognosis and also 
the fluid treatment.

Burn Wound Depth
How deep into the skin the injury progresses is dependent on 
several factors. Firstly, it depends on the thermal energy 

transferred to the tissue. This depends on the temperature 
and the exposure time; high temperature and longer exposure 
times increase the risk for significant injuries. The energy 
transfer process is further affected by the type of transfer, 
e.g., convection transfers more energy, and this is counter-
acted by the ability of the tissue to withstand the temperature 
(thicker skin—better resistance) or dissipate the heat (higher 
blood flow reduces the injury). In practice, this is exempli-
fied by the lower risk for injuries on the back, in palms and 
soles with their thicker nature and the higher risk in elderly 
and children with their generally thinner skin.

Burn wound depth (see Fig. 11.2) has traditionally been 
divided into three levels according to anatomy, first degree—
epidermal injury, second degree—dermal and third degree—
subdermal burns. Today a two-level nomenclature is used 
which focuses more on treatment strategies: partial thickness 
burns (including epidermal and superficial dermal injuries 
first and superficial second degree burn; old nomenclature) 
and full thickness burns (including deep second degree and 
subdermal burns; old nomenclature). Modern care for partial 
thickness is conservative treatment, whereas full thickness 
burns are surgically excised and transplanted.

A burn involving the epidermis is usually erythematous 
and very painful but does not contain blisters. It is exempli-
fied by a sunburn. The dead epidermis sloughs off and is 
replaced by regenerating keratinocytes within 2–3 days. A 
partial thickness burn wound is a superficial dermal burn and 
extends down to the papillary dermis and usually forms blis-
ters. When the blisters are removed, the wound is pink, wet, 
and highly sensitive. Blanching is present. These wounds 
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heal within 2 weeks (Fig. 11.3a; Photo). Deep dermal wounds 
extend down to the reticular dermis and usually take more 
than 3 weeks to heal. These wounds also show blistering but 

the wound underneath has a mottled and white appearance. 
Blanching if at all present is slow. Sensitivity to pinprick is 
reduced and pain is described as discomfort rather than pain. 
See Fig.  11.3b (Photo). Full thickness wounds involve the 
entire dermis and extend to the underlying tissue. Appearance 
is described as charred, leathery, and firm. The wound is 
insensitive to touch and pinprick. See Fig.  11.3c (Photo). 
Deep dermal and full thickness wounds are surgically excised 
and autologous transplanted.

Burn Surface Area
The burned body surface area will as mentioned affect over-
all prognosis, the resources needed and not least from the 
practical perspective the immediate fluid treatment. It is 
therefore mandatory that it is done properly. From a practical 
perspective, the most commonly used technique is based on 
the rule of nines (See Fig. 11.4). In this setting, the body is 
divided into parts of 9% (arms and head) or multiples of nine 
(18%; each leg and each side of the torso/stomach and back); 
the corresponding chart for children (Fig. 11.4, lower) takes 
into account the larger size of the head and smaller legs in the 
smaller children (Fig.  11.4). If the ambition is to be more 
detailed, the chart of Lund and Browder is generally used 
[37]. In cases of dispersed injuries, it is common to apply the 
area of the palm and fingers (patient) as an estimate of 1% 
TBSA% of the injured [37].

11.2.2.5  Other Interventions at a Referring 
Hospital

When the patient is stabilized at a referring hospital, there 
are other interventions that may be done to progress the care 
and improve the situation for the patient prior to arrival at the 
burn center.

Pain Treatment
Pain early after the injury is very variable with patients at 
times experiencing severe pain, whereas others have more 
limited problems [38]. The extent of the pain is in each case 
difficult to predict in advance. Today most units base their 
pain treatment strategies on a multimodal pain strategy, 
which are based on several different principles. For the 
acute setting most often acetoaminophene (15 mg/kg × 4) is 
used in conjunction, when more significant pain is present, 
with i.v. administered opioids (e.g., morphine). The latter 
are provided in small incremental i.v. doses (1–2.5  mg), 
where the needs of the patients are monitored closely and 
the doses administered accordingly and thereby reducing 
the risk for a respiratory depression. The i.v. route is impor-
tant in order to titrate the effect but also not least as it may 
be a poor uptake in hypoperfused tissue areas (s.c. or intra-
muscularly). Other more advanced pain strategies will be 
needed and employed during the further care of the patient, 
at the burn center.

a

b

c

Fig. 11.3 Different burn depths (a–c) (Photos). (a) Superficial dermal 
burn wound—Partial thickness wound. (b) Deep dermal burn wound—
Full thickness wound. (c) Full thickness wound extending down 
subdermally
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Urinary Catheter
Urine output is the main fluid treatment outcome measure. 
Therefore in order to monitor it, especially in larger burns a 
urinary catheter needs to be inserted. Modern catheters also 
have temperature sensors included in the intra-bladder por-
tion of the catheter, which at the same time facilitates tem-
perature surveillance. After insertion, urinary content of 
hemoglobin and myoglobin may be observable in such cases.

Decompression of the Stomach
Especially in the larger burns the stress response induces 
gastric, intestinal ileus and this is also further aggravated by 
the opioids provided for pain treatment. Therefore gastric 

decompression is often suggested by a nasogastric tube. 
Through this, also early enteral nutrition may be started and 
reducing the need for treatment with antacids for gastric 
ulcer prophylaxis [39]. The start of the enteral nutrition is 
made after the airway has been secured in cases of an imped-
ing airway problem.

Temperature Control and Regulation
In the larger burns, maintaining body temperature is manda-
tory as one of the most important functions of the skin—tem-
perature regulation—is affected by the burn. Also evaporative 
losses from the wounds generate further heat loss, which 
may further aggravate the situation. Therefore most often, 
active warming is needed. Temperature assessment needs to 
be properly done and one very good technique is to have 
thermistors in the intra-bladder part of the urinary catheter 
which senses the central body temperature. Good heating 
equipment includes heating ceilings; warm air mattresses 
(e.g., Bair Hugger®) or fluid heated mattresses (e.g., Allon®).

Invasive Blood Pressure Measurements: Central 
Circulation Surveillance and Central Venous Lines
Especially in larger burns (TBSA > 30%) the risk of circum-
ferential extremity burns and major circulation effects 
increases. In these cases already at the referring hospital 
there might be a need to use invasive blood pressure 
 monitoring and central circulatory surveillance, by, e.g., 
arterial thermodilution technique—e.g., the PICCO© sys-
tem. This is not only important in adults [35] but has been 
shown also for children in which especially detection of burn 
sepsis [40] with circulatory effects is a well-known chal-
lenge within general pediatric ICU care [41] and where the 
invasive central circulatory surveillance has been strongly 
recommended [42–44]. It may thus be advantageous to, if 
properly skilled to do so, insert such catheters for use and 
measurements. It needs then, especially in the early phase 
after burn (0–12–24  h) to be stressed, that if the Parkland 
protocol is followed focus should remain on urinary output if 
arterial pressure, lactate and base excess are within relevant 
limits. Otherwise there is an imminent risk for fluid over 
resuscitation [34, 36, 38]. However, proper use of invasive 
monitoring in conjunction to adequate knowledge of the cen-
tral circulatory parameters in burn shock resuscitation, a 
reduction in the use of inotropes may be accomplished, 
which at least from the theoretical perspective is advanta-
geous. Already having such equipment in place is also valu-
able for the further resuscitation of the patient beyond the 
fluid resuscitation phase where sepsis is becoming more fre-
quent and the major challenge [40, 45].

11.2.2.6  Referral to Burn Center
When the decision to refer the patient to a burn center is 
made, a physician to physician contact should be taken and 
the background of the patient and the details of the accident 
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should be properly communicated. Most often many inter-
ventions have been made since the accident and thereafter 
during transport or at the referral hospital. It is therefore 
important that all these are properly documented and that 
this documentation is properly communicated and trans-
ferred to the burn care physician. Especially the vital param-
eters, treatment interventions including fluid treatment and 
urine output should be documented and reported.

Referral criteria for burn center care may vary, but an 
often used table is that provided by the ABA, which also is 
applicable for most parts of Europe (e.g., Sweden), and 
which is close to that recommended by the European Burns 
Association (http://euroburn.org/wp-content/uploads/2014/ 
09/EBA-Guidelines-Version-4-2017-1.pdf).

Burn Center Referral Criteria (EBA 2017)
• Patients with superficial dermal burns on more than:

 – 5% of TBSA in children under 2 years of age.
 – 10% of TBSA in children 3–10 years of age.
 – 15% of TBSA in children 10–15 years of age.
 – 20% of TBSA in adults of age.
 – 10% of TBSA in seniors over 65 years of age.

11.3  Transportation

Transportation of the burn victim may involve several 
steps—but most often two. The first is from the site of the 
accident to a local hospital, or to a similar point for stabiliza-
tion. The second transport is from the referring hospital to 
the burn center, where the final treatment is provided. The 
first transport distance is often short and need for planning is 
less. Most often in Europe this is done by ambulance and the 
care during this transport is provided by paramedics or 
nurses which are stationed in the ambulance. The activities 
that have been undertaken at the scene of the accidents and 
during transport are then reported by the paramedics/nurse 
and/or documented in their report, which may be of comple-
mentary value when receiving the patient at the local hospi-
tal. In the report data regarding the patient, the circumstances 
at the scene as well as surveillance data may be found. At this 
point it is also important to identify the patient and obtain 
relevant data regarding relatives, so that information can be 
passed on or complementary questions regarding the back-
ground of the patient can be obtained.

The second transport is most often done from a local hos-
pital, where the patient has been stabilized and some impor-
tant burn-related treatments have been commenced, such as 
intubation/ventilatory treatment in cases of compromised 
airway, and fluid treatment for burn shock. In cases of circu-
latory compromise, escharotomies should have been per-
formed. Also important is that in the early care other 
trauma-induced injuries should have been diagnosed and 
attended to—especially if urgent and/or life-threatening.

The choice of transport means depends on several factors 
of which local geography may be important, e.g., in an island 
or in an archipelago where airborne transport is almost oblig-
atory. In general, transport exceeding 100 km often calls for 
airborne transport, such as helicopters or aircraft. Smaller 
hospitals may not have a helicopter landing facility and the 
first transport then involves an ambulance transport to the air-
field. Tertiary referral hospitals (burn centers) in Europe most 
often have helicopter landing facilities. Specifically, if the 
patient needs ventilator or other specific intensive care treat-
ments or interventions during transport a specially designed 
intensive care type ambulance is needed (Figs. 11.5 and 11.6).

It is important to stress the need for monitoring during 
transport, especially in major burns and in ventilated patients. 
For these patients, active heating devices, ventilators, and 
invasive blood pressure monitoring is relevant. It is impor-
tant for the referring physician to be aware of the monitoring 
facilities provided by each type of transport system as this 
may pose a risk if the patient is not properly monitored and/
or if interventions if needed are difficult or impossible to 
undertake during the transport. In some smaller helicopter 
types, critical care interventions may at times be difficult to 
perform and for such situations ground transport may be pre-
ferred. Also the referring physician needs to be updated on 
the skills and training of the transport surveillance personnel, 
who should be properly trained and have the relevant equip-
ment for the transport that is planned.

11.4  Special Challenges in the Prehospital 
Setting, Referral Procedure, 
and Receiving Unit

11.4.1  Assessment of Burn Depth and Burn 
Surface Area Burned

As the incidence of burns is declining in most western coun-
tries and that changes in health care staffing may occur, there 
is a risk that the initial contact for the burn injured is with 
someone with limited experience of burn care and therefore 
there is an inherent need for a good communication between 
the referral unit and the receiving personnel. Today such 
communication can easily be undertaken by means of tele-
medicine, i.e., where detailed photographs even by modern 
apps in mobile telephones easily can be transferred. Modern 
technology can provide such information transfer without 
losing the integrity of the patient. An example may be found 
at (https://play.google.com/store/apps/details?id=com.wast.
prehospitalcommunication), but proper versions are needed 
in order to ascertain patient integrity and compatibility with 
the computer systems of the involved hospitals. Information 
which is especially valuable in the prehospital setting is 
determining the depth and extent of the burn injury some-
thing known to be difficult not least for those less trained. It 
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is therefore recommended that good communication between 
the referring and the receiving units is facilitated. Such pro-
cedures should be initiated and validated by preferably the 
tertiary burn center and its use properly communicated in the 
uptake area of the burn center.

11.4.2  Proper Indication for Intubation

In cases of gas exchange problems, the indication for intuba-
tion is less problematic [23]. However, confronted by facial 
burns the need for intubation to secure the airway may be 
more difficult to establish. In such cases, the use of telemedi-
cine techniques may prove valuable as the referring physi-
cian/health worker may properly communicate with expertise 
at the burn center. This routine may reduce the need for 
unneeded intubations. It also makes the receiving unit aware 
of the present status of the patient in cases where changes 
occur during transport.

11.4.3  Fluid Resuscitation

In the time period years 2000–2010, an increase in the fluid 
treatment was noted in many publications and also fluid vol-
umes were enhanced to the level that it was considered detri-
mental to the patient. This was referred to as the “fluid creep” 

Fig. 11.5 Transportable 
critical care bed including 
equipment (text to be 
expanded)

Fig. 11.6 Large interior of ambulance prepared for transporting criti-
cally ill patients (text to be expanded)
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and concomitantly significant discussions and teaching 
attempts have been focusing on reducing fluids to reach 
those levels considered more appropriate [29, 30]. In this 
context, increased reports of compartment syndrome com-
plication have occurred. The risk of which increases signifi-
cantly when the total volume exceeds 300 mL/kg/24 h [33]. 
However, there are recent indications that the pendulum has 
returned to a situation of too little fluid being provided [46]. 
Also when relatively very large volumes are provided within 
the Parkland strategy, the use of colloid rescue may be prop-
erly advised by the receiving hospital to reduce the risk for 
compartment syndrome [33]. Therefore the increased use of 
telemedicine or communication between referring and 
receiving unit may show further advantages.

 Appendix: Referral and Transport Checklist

 Organization, Logistics, and Communication

Sending hospitals contact recipient hospitals. Responsible phy-
sician at dispatch unit decides on transport method in consulta-
tion with the doctor on the receiving unit, and always has the 
medical responsibility for the transportation until this can be 
handed over to the receiving unit’s medical doctor/specialist.

Those who transport patients should have the right skills 
for the task and should be used to transport/treat intensive 
care patients. For intubated or unstable patients, there should 
be two therapists in the care room and one of them must be 
specialist anesthetist.

All patient interventions before, during and after the 
transport should follow the patient, such as referral, list lists, 
surveillance lists, drug lists, hospital notes.

Other patient actions that are crucial for patient care after 
reception but not affecting treatment during transportation such 
as X-ray examination or hospital notes can be faxed to receiving 
in order not to delay transport. These documents shall, however, 
always be delivered at the receiving device by the time the patient 
arrives. X-rays should, if possible, be sent electronically.

Prior to transport, the transport team shall contact a dis-
patching hospital and receiving hospital and have relevant 
contact information (phone number/name) available under 
the entire transportation.

The mobile phone’s benefit is superior to the potential 
risk of interference electronic equipment. With a plastic 
surgeon on the receiving unit, the chosen transport method 
is confirmed and preliminary arrival time communicated. 
Convey with receiving ICU doctors and discuss possible 
measures in case of deterioration of the patient’s condi-
tion. The transport team shall inform the patient of the 
condition and assess the patient’s general status before 
transport.

Examinations that should be carried out before transport:

• Trauma assessment
• Blood gas
• Relevant X-ray examinations
• Blood samples (Hemoglobin/Hct and coagulation)
• B-glucose
• Other relevant studies (possibly including blood grouping 

and base test)
 – ENT tubes and i.v. lines properly sutured

 Monitoring

The basic principle of monitoring is that it must be at least 
the same monitoring level as at the sending hospital and 
should include:

• ECG with arrhythmia monitoring
• Invasive blood pressure measurement (invasive central 

circulation surveillance)
• Pulse oximetry
• Capnography (if the patient is intubated; controlled 

against arterial blood gas)
• Temperature measurement (if transport time exceeds 

2–4 h, and with larger burns—continuous). For all larger 
burns, active heating should be secured by thermoregu-
lated fluidized beds

• Diuresis (mL/h)

Treatment targets for all shipments are as follows (unless 
other target orders are given):

• SpO2 > 92%
• PCO2 4.5–5.5 kPa
• Temperature 37.5 °C
• Diuresis 0.5–1 mL/kg/h
• Blood gas and electrolytes within the normal reference 

range

Summary Box
The chapter describes the first evaluation and triage of 
the burn-injured patient and provides algorithms 
(ABLS/ATLS) for the early examination and stabiliza-
tion (first 24 h) prior to transport. Based on present 
guidelines, details are provided in the ABCDE format 
for patient evaluation and finally especially challenging 
issues are addressed, together with referral and trans-
port recommendations.
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and Transportation in Pre-hospital 
Burn Management
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12.1  Introduction

Burn centres serve as the gold standard in the treatment of 
patients with thermal injuries. However, a significant propor-
tion of burn injuries occur in rural or remote locations with-
out immediate access to a burn centre [1–3]. The declining 
incidence of thermal injuries has resulted in a decrease in the 
number of burn centres; as a result, the remaining facilities 
often provide service to large geographic regions with catch-
ment areas of hundreds or even thousands of square kilome-
tres [4]. Consequently, most thermally injured patients are 
initially assessed and triaged at a pre-hospital healthcare 
facility (i.e. a healthcare facility without specific burn care 
expertise) before considering transfer to a burn centre.

As a burn care provider, it is important to have an under-
standing of the transfer process for thermally injured patients. 
This chapter reviews the transfer and transportation of burn- 
injured patients from pre-hospital facilities to burn centres 
and reviews the role of telemedicine and technology in the 
pre-hospital management of burn injuries.

12.2  Transfer of Thermally Injured Patients

Once a thermally injured patient has been initially stabilized 
in the pre-hospital setting, one of the first questions that 
should be asked is ‘Does this patient require transfer to a ded-
icated burn centre?’ While this may seem like a straightfor-
ward question, multiple factors must be considered prior to 
making the decision to transfer (Table 12.1). In the ideal set-
ting, all thermally injured patients would have access to the 
specialized care that a burn centre provides. However, the 
number of burn centres has declined in recent years, thereby 

limiting this resource availability [4, 5]. As a burn care pro-
vider, it is imperative to ensure that these limited resources 
are used as efficiently and effectively as possible to treat those 
thermally injured patients who most require burn centre care.

12.2.1  Pre-hospital Referral Guidelines

To assist pre-hospital healthcare providers in determining 
which patients may require transfer to a burn centre, several 
national burn associations have developed referral guidelines 
[6, 7] (Fig. 12.1). However, not all patients who meet referral 
guidelines require urgent transfer to a burn centre. Most burn 
injuries can be treated either on an outpatient basis or by 
local specialists with training in the management of burn 
injuries. There is a common misconception that these refer-
ral guidelines are actually transfer guidelines. While the dif-
ference between ‘referral’ and ‘transfer’ may seem semantic, 
this misconception may lead to potentially unnecessary acute 
burn transfers [8].

Despite the lack of well-defined transfer criteria, certain 
injury-specific factors are more likely to necessitate acute 
transfer to a burn centre [7]:

• Inhalation injury/airway compromise
• Burn size sufficient to require formal fluid resuscitation or 

intensive care monitoring
 – >10% total body surface area (TBSA) in children
 – >20% TBSA in adults

• Complex burn mechanism (e.g. chemical burn, electrical 
burn)

• Need for urgent surgical intervention (e.g. escharotomy)

Nevertheless, each thermal injury presents a unique set of 
patient-specific and injury-specific factors which must be 
taken into consideration as part of the transfer decision- 
making process.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18940-2_12&domain=pdf
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Table 12.1 Factors to be considered when determing the need for 
transfer of thermally injured patients

Factors influencing the need for transfer of thermally injured patients
Pre-hospital 
factors

Experience treating burn injuries

Knowledge of the treatment of burn injuries
Resources for treating burn injuries
Specialized intensive care/resuscitation 
requirements

Injury factors Burn size, depth and location
Airway involvement/inhalation injury
Type of burn injury (e.g. flame, chemical and 
electrical)
Concomitant injuries
Need for urgent surgical intervention (e.g. 
escharotomy, fasciotomy, laparotomy)
Need for eventual surgical intervention (e.g. burn 
excision and grafting)

Patient 
factors

Age

Medical/psychiatric co-morbidities

Burn injuries that should be referred to a burn center include:

• Partial thickness burns >10% TBSA

• Full thickness burns in any age group

• Burns involving the face, hands, feet, genitalia, perineum, or major joints

• Electrical burns, including lightning injury

• Chemical burns

• Inhalation injury

• Burn injury in patients with medical co-morbidities that could complicate management, prolong

  recovery, or affect mortality

• Burn injury with concomitant trauma (in which the burn injury poses the greatest risk of

  morbidity or mortality)

• Burned children in hospitals without qualified personnel or equipment for the care of children

• Burn injury in patients who will require special social, emotional, or rehabilitative intervention

Fig. 12.1 American Burn 
Association (ABA) Burn 
Center Referral Criteria [6]

12.2.2  The Transfer Decision

Once the pre-hospital healthcare provider decides that a ther-
mally injured patient may benefit from transfer to a burn cen-
tre, the next step is to establish direct communication with a 
burn care provider at a burn centre. The burn care provider 
will be able to review the circumstances of the thermal injury, 
as well as guide the pre-hospital provider regarding the man-
agement and ongoing resuscitation of the patient. Given the 
complex nature of burn injuries, direct communication 
between the most responsible healthcare providers is of the 
utmost importance to ensure that information is relayed 
clearly and accurately. Based on this information, the burn 
care provider will then be able to make a final determination 
regarding patient disposition and the need for acute transfer. 
The decision to transfer a thermally injured patient is not one 
that should be made by a pre-hospital healthcare provider 
unaided.

Thermal injuries are complex by nature and may be over-
whelming to healthcare providers unaccustomed to manag-
ing these injuries. In fact, the literature has documented that 
most pre-hospital healthcare providers have limited training 
and experience in treating thermally injured patients due to a 
lack of formal burn education during both medical school 
and residency training [9–12]. A study by Vrouwe et  al. 
(2017) of Family Medicine and Emergency Medicine resi-
dent physicians, at a university training program associated 
with a regional burn centre, found that these primary care 
trainees encountered on average only 1–5 thermally injured 
patients during training and had limited to no burn-specific 
didactic or clinical teaching during their training. As a result, 
these primary care trainees self-reported being uncomfort-
able in the diagnosis and management of thermally injured 
patients [12].

Therefore, if primary healthcare providers are not 
being adequately trained or exposed to thermal injuries 
during training, it is not surprising that these providers 
have been well-documented to be significantly less accu-
rate than burn care providers in the assessment of burn 
injuries (i.e. burn size and depth) [13–19]. Pre-hospital 
healthcare providers have a tendency to overestimate the 
size of small burns (<20% TBSA) and underestimate the 
size of large burns (>20% TBSA) [13, 14, 19, 20]. These 
errors in burn size estimates can be significant, with dis-
crepancies as large as 560% of actual burn size reported in 
the literature [21]. Unfortunately, these inaccuracies 
regarding burn size estimation are further propagated by 
their direct impact on fluid resuscitation, as most resusci-
tation formulae are based on weight and %TBSA involve-
ment [14, 20, 22–24].

Furthermore, the assessment and management of the air-
way by pre-hospital healthcare providers in burn-injured 
patients has come under increasing scrutiny. Multiple studies 
have demonstrated a tendency towards premature intubation 
of thermally injured patients in the pre-hospital setting. 
Though prophylactic intubation may seem benign, erring on 
the side of precaution, this intervention is not without its own 
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inherent risks [25]. Studies have shown that among patients 
transferred to a burn centre having been intubated at a pre- 
hospital site, 30–60% are extubated within 24  h of arrival 
[21, 26–28].

In addition to %TBSA estimation and airway manage-
ment, significant deficiencies have been reported in regard to 
pre-hospital documentation of treatment for thermally 
injured patients. Reviews of pre-hospital transfer records 
have found that documentation of burn size assessment, burn 
depth assessment, analgesia, tetanus status, and information 
for referral and follow-up are commonly inadequate or miss-
ing [29, 30].

These aforementioned errors in the initial assessment of 
burn injuries present a unique issue for the care of thermally 
injured patients. As a burn care provider, this highlights not 
only the importance of communication with pre-hospital 
healthcare providers to ensure accurate assessments prior to 
transfer but also the potential role for outreach and education 
on the management of thermally injured patients for pre- 
hospital healthcare providers.

12.2.3  Overtriage in Burn Transfers

As previously mentioned, not all thermally injured patients 
require acute transfer to a burn centre. An important aspect of 
ensuring appropriate utilization of burn centre resources 
involves minimizing the number of acute transfers for burns 
that could otherwise be managed on an outpatient basis. These 
patients, when transferred acutely with injuries that do not 
require burn centre admission, have been labelled in the litera-
ture as ‘unnecessary’, ‘avoidable’ or ‘overtriaged’ transfers.

Overtriage in the management of thermally injured 
patients is a complex issue and one that all burn care provid-
ers must be aware of. One of the main issues with overtriage 
is that it occupies burn centre beds that otherwise could be 
used by patients more in need of these intensive care ser-
vices. One of the difficult issues with overtriage is that once 
these patients arrive at the burn centre, they may not be ame-
nable for immediate discharge. Thermally injured patients 
often have multiple social issues affecting their disposition 
and repatriation, including

• Lack of immediate transportation back to home 
community

• Lack of housing in home community
• Need for ongoing hospitalization for non-burn medical/

psychiatric co-morbidities

By transferring these patients away from their home com-
munity, they are distanced from family and social supports. 
It also becomes much more difficult to arrange the supports 
required for repatriation. A study by Austin et  al. (2017) 
found that among overtriaged transfers, average burn centre 

length of stay was 2.8 days despite average burn size of only 
5% TBSA [8].

Another issue with overtriage is the costs associated with 
transfer, both to the healthcare system and directly to the 
patient. Acute transfers for thermally injured patients can be 
quite expensive (see 12.4.4 Cost of Burn Transportation). In 
many cases, if hospitalization is not required, then the patient 
and their family are responsible for repatriation to the home 
community, which can be quite inconvenient [30]. In some 
cases, the patient may even be responsible for the costs of the 
transfer, which can be more expensive than the cost of the 
avoidable hospitalization [21, 31, 32].

Overtriage is an accepted risk in the management of acute 
thermal injuries, largely due to the potential risks of undertri-
age (i.e. not transferring burn-injured patients that require 
burn centre care). However, the issue becomes the rate at 
which overtriaged transfers occur for thermally injured 
patients. Studies have demonstrated that 17–30% of patients 
acutely transferred to a burn centre for thermal injuries were 
later deemed unnecessary [8, 31–33]. Latifi et  al. (2017) 
investigated the reasons for burn centre transfer at a single 
institution and found that 45% of referrals to a single burn 
centre were made at the request of a patient or their family, 
while only 43% were referred due to a need for treatment at 
a burn centre [34].

While  there are many possible explanations as to  why 
overtriage occurs in thermally injured patients, four key fac-
tors have been identified [8].

• Inadequate knowledge of burn care
• Insufficient experience providing burn care
• Inadequate resources to provide burn care
• Incorrect initial assessment of burn injury

As a burn care provider, it is important to recognize these 
factors and identify their potential influence on transfers, so 
as to minimize the effects of overtriage. It is also important to 
make efforts to overcome these barriers whenever possible. 
During the transfer discussion, it is important to provide the 
pre-hospital healthcare provider with support and guidance 
and to appreciate that the pre-hospital healthcare provider 
managing a burn patients may be overwhelmed or limited by 
inadequate resources. Furthermore, the value of local and 
regional education and outreach initiatives cannot be over-
stated, to ensure that pre-hospital healthcare providers have 
the knowledge required to treat these complex patients.

12.3  Telemedicine in Pre-hospital Burn 
Care

The interaction between pre-hospital healthcare provider and 
burn care specialist is an integral part of the transfer process. 
Perhaps the most important aspect of this interaction is 
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ensuring the accuracy of information conveyed about the 
burn injury  itself, as this can directly impact patient care. 
Traditionally, this interaction would occur via telephone. 
While this real-time form of communication provides a 
direct connection between providers, it is limited by its reli-
ance solely on the assessment and verbal description of the 
burn by the pre-hospital  healthcare provider. Given the 
highly visual nature of burn injuries, providing a burn spe-
cialist the opportunity to visualize the burn injury would 
allow for a more reliable initial assessment. In recent years, 
advances in technology have made this possible with the 
integration of telemedicine into acute burn care.

12.3.1  Definition of Telemedicine

Any technology that allows healthcare providers to connect 
across a distance can be classified as ‘telemedicine’. 
According to the World Health Organization, the official 
definition of telemedicine is “the delivery of healthcare ser-
vices, where distance is a critical factor, by all health care 
professionals using information and communication tech-
nologies for the exchange of valid information […] in the 
interests of advancing the health of individuals and their 
communities” [35]. This definition, though seemingly vague 
and broad, allows for the constant technological advance-
ments that have changed the way medicine is practiced in the 
twenty-first century.

For the purposes of this chapter, however, the discussion 
of telemedicine focuses solely on those technologies that 
allow for the transmission of visual media (i.e. photographs 
and video) in the care of thermally injured patients.

12.3.2  Image Transfer in Telemedicine

Image transfer in telemedicine can be can be divided into 
two major categories, depending on the timing of the interac-
tion between healthcare providers. In synchronous or ‘real- 
time’ telemedicine, individuals are simultaneously present 
for the exchange of information (e.g. videoconference). In 
asynchronous or ‘store-and-forward’ telemedicine, pre- 
recorded information is exchanged between individuals at 
different times (e.g. images sent via e-mail). In both synchro-
nous and asynchronous telemedicine, information may be 
shared by any form of media (i.e. text, audio, photograph, 
video) [35].

Both categories of telemedicine have their advantages and 
disadvantages. While synchronous telemedicine provides 
real-time interaction between providers, establishing this 
live connection requires all parties to be available at the same 
time, and there must be access to a fast and reliable telecom-
munication network. On the other hand, while asynchronous 

telemedicine may have a delay in the interaction between 
providers, these connections are easier to arrange with less 
reliance on advanced telecommunication networks, and the 
ability for providers to review information at their leisure. 
For these reasons, asynchronous technology is the more 
commonly used method of communication for telemedicine 
in acute burn care [4].

12.3.3  Evidence for Telemedicine in Acute 
Burn Care

In the acute setting, telemedicine has two important roles in 
the management of thermally injured patients. First, visual 
assessment of burn injuries by a burn care specialist provides 
pre-hospital healthcare providers with additional resources 
for the initial management of burn-injured patients, includ-
ing [21, 36]

• Assessment of inhalation injury and the need for 
intubation

• Assessment of burn size and depth
• Assessment of need for fluid resuscitation
• Assessment of need for surgical intervention

As previously mentioned, errors in the initial assessment 
of burn injuries by pre-hospital healthcare providers can sig-
nificantly impact patient care. Saffle et al. (2004) found that 
35% of patients transferred to a single burn centre would 
have had a substantial alteration in their care had telemedi-
cine been available prior to transfer [21]. Multiple studies 
have shown high rates of potentially avoidable intubation 
among burn-injured patients, with 30–60% of patients intu-
bated prior to transfer able to be safely extubated within 24 h 
of transfer [21, 26–28]. Furthermore, a prospective study by 
Wibbenmeyer et al. (2016) found that burn-injured patients 
transferred from referring centres that provided video images 
of the injuries prior to transfer had a significantly lower inci-
dence of over- or under-resuscitation compared to referring 
centres that only had telephone communication [18]. By 
confirming the accuracy of initial burn injury assessment, 
telemedicine can help to prevent potential complications 
arising from primary assessment errors.

Second, telemedicine can improve the triage accuracy for 
acute thermal injuries, allowing for more informed transfer 
decisions and minimizing the effects of overtriage. Allowing 
a burn care provider to see images of a burn injury prior to 
deciding on the need for transfer improves confidence in the 
triage decision-making process. In situations where visual 
documentation is unavailable, there is a natural tendency to 
err on the side of caution so as to reduce the risk of undertri-
age. Wallace et al. (2007) found that the implementation of a 
telemedicine program for burns reduced the rate of unplanned 
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clinic admissions from 21% down to 0% [37]. Den Hollander 
et  al. (2017) found that the use of telemedicine led to an 
alteration of the transfer plan in 66% of referrals, with 38% 
of transfer referrals being avoided completely during an 
8 month study period [38]. Saffle et al. (2009) demonstrated 
that the implementation of a regional telemedicine program 
altered the transfer plan in 55% of patients, with 42% of 
transfer referrals that would have previously required air 
transport able to receive local treatment only and another 
12% able to be transported by private vehicle instead of by 
air [39]. Russell et al. (2015) were able to decrease air trans-
port rates from 100% to 44% with the implementation of a 
telemedicine program [40].

As technology has improved and the potential benefits of 
telemedicine have been recognized, use of telemedicine in 
acute burn care has increased significantly. A 2012 study 
found that 84% of burn centres in the United States were 
using telemedicine, with the majority of centres reporting 
telemedicine use on a regular basis for both acute burn con-
sultation and to aid in the determination of need for acute 
burn transfer [4]. Successful telemedicine programs have 
been implemented in both developed and developing nations, 
as well as cross-border international programs [38, 40–44]. 
These telemedicine programs have repeatedly demonstrated 
a high satisfaction rating among referring providers and 
patients [18, 37, 39, 40]. In 2017, the American Telemedicine 
Association developed guidelines for the establishment of a 
Teleburn network, which can aid in the development and 
implementation of telemedicine programs [5].

12.3.4  Accuracy of Burn Assessment Using 
Telemedicine

One of the key features required for the adoption of tele-
medicine in burn care is that the technology must allow burn 
care providers to accurately assess burn injuries, both in 
terms of burn size and burn depth.

Telemedicine has repeatedly demonstrated both high reli-
ability and validity compared to in-person assessment for the 
estimation of burn size [39, 40, 45, 46]. Saffle et al. (2009) 
compared burn size estimates performed by burn physicians 
via telemedicine to in-person estimates and found high cor-
relations [39]. Shokrollahi et  al. (2007) demonstrated high 
intra- and inter-rater reliability comparing telemedicine eval-
uation to in-person evaluation of burn size [46]. Hop et al. 
(2014) compared burn size estimates made via telemedicine 
to laser Doppler imaging of burn size and again demon-
strated good inter-rater reliability and validity for the deter-
mination of burn size [45]. Even in dark skin types, 
telemedicine is at least as accurate as in-person evaluation of 
burn size [15]. However, when it comes to the assessment of 
burn size via telemedicine, experience does appear to play a 

role, with senior burn care providers being more accurate at 
estimation compared to providers with fewer years of experi-
ence [45].

In regard to the estimation of burn depth, the results of 
telemedicine have been slightly more mixed. While telemed-
icine can be used to distinguish full-thickness from partial- 
thickness burn injuries with a high degree of accuracy, 
determining the depth of partial-thickness burns (i.e. deep 
partial-thickness versus superficial partial-thickness) can be 
more difficult [46]. Boccara et al. (2011) reported that photo-
graphic evaluation of burn depth was equivalent to in-person 
assessment in 76% of cases, with most errors occurring 
amongst burns of intermediate depth [47]. Jones et al. (2003) 
also found that agreement on the depth of partial-thickness 
burns amongst four independent observers was lower than 
for either full-thickness or superficial burn injuries [47]. 
Boissin et  al. (2015) found that amongst dark skin types, 
burn depth could be accurately assessed via telemedicine in 
66% of cases [15]. In general, there seems to be a tendency 
to overestimate the depth of partial-thickness injuries when 
assessed via telemedicine [45]. Conversely, a study by Jones 
et al. (2005) found that inter-rater correlation of burn depth 
assessment ranged widely, from poor to good [46]. Hop et al. 
(2014) suggested that burn depth assessments via telemedi-
cine were unreliable when compared to laser Doppler imag-
ing assessment, though this technology is much more 
sensitive than clinical assessment alone [45]. However, it is 
important to remember that even experienced burn care pro-
viders only have a 50–76% accuracy rate for in-person deter-
mination of burn depth [17, 45].

Overall, telemedicine can be used to accurately assess ther-
mal injuries for the purposes of initial management and triage. 
However, caution should be exercised if planning to use tele-
medicine alone to determine a clinical treatment plan, particu-
larly if this plan is based on the assessment of burn depth. Hop 
et al. (2014) found that telemedicine alone could not be used 
to accurately determine the need for surgical debridement in 
small burn injuries (<10% TBSA) [45]. In situations where 
there is question about the need for potential surgical interven-
tion, close follow-up and re-evaluation should be considered 
to monitor burn wound evolution over time.

12.3.5  Image Quality in Telemedicine

For accurate image assessment to occur via telemedicine, the 
image files must be of sufficient quality. Resolution in digital 
imaging is commonly defined by the number of pixels present 
in an image, with higher pixel counts representing higher- 
quality images. Early studies in telemedicine for burn injuries 
found that a modest image resolution of 800 × 600 pixels was 
sufficient for accurate image interpretation and that higher 
resolution images and larger file sizes were not required [48]. 
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However, as technology has advanced, the standards for image 
resolution have evolved. In fact, the quality of camera technol-
ogy in smartphones today far exceeds even what was available 
in high-end camera technology a decade ago.

As image quality increases however, so too does the file 
size. Though larger files contain more data and detail, file 
size can quickly become too large to send using standard 
telecommunications networks. To work around this, file size 
is often compressed during the process of image transfer to 
allow for quick and reliable image transmission. While 
image compression reduces file size, it also lessens image 
quality, particularly when employing standard compression 
methods typically used in telemedicine (i.e. JPEG) [50]. Roa 
et al. (1999) demonstrated that images may be compressed 
up to 50:1 while maintaining 90% accuracy in image assess-
ment, though further compression reduced the accuracy of 
image assessment [49].

Current guidelines from the American Telemedicine 
Association have outlined the minimum image quality for 
telemedicine in burn care, as follows: [5]

• Photograph: 3-megapixel (MP) resolution with image 
compression not exceeding 20:1

• Video: 640 × 360 resolution at 30 frames per second

Most modern smartphones have specifications for both 
photographs and video that meet or exceed these minimum 
requirements [50].

On the receiving end, these images must be viewed on a 
display of sufficient resolution to allow for image interpreta-
tion. Previous studies in telemedicine for burn injuries have 
demonstrated that image resolution greater than 1024 × 768 
pixels does not appear to benefit the viewer [50]. This image 
resolution is available on most modern smartphones. In fact, 
a study by Boissin et al. (2017) demonstrated that emergency 
providers preferred interpreting clinical photographs on a 
smartphone or tablet compared to a standard laptop com-
puter screen [51]. The American Telemedicine Association 
guidelines, however, are slightly more stringent and suggest 
a minimum screen resolution of 1280  ×  1024 pixels for 
image interpretation to avoid loss of image quality [5].

Often overlooked when discussing image quality in tele-
medicine is the quality of the captured image itself. Clinical 
photography in the acute traumatic setting can be difficult, 
and standard guidelines for image capture do not exist [38]. 
However, inadequate image capture may present significant 
issues for telemedicine, as poor-quality images make image 
interpretation difficult and less reliable [39]. Furthermore, 
patient care may be delayed by having to retake and resend 
poor-quality images. A study by Jones et al. (2004) of clini-
cal photographs for plastic surgery and burn injuries found 
that 13% of transmitted images were inadequate for telemed-
icine analysis [48, 50]. Suggestions to improve the quality of 
image capture are presented in Table 12.2.

12.3.6  Smartphones and Telemedicine

One of the most significant advances in telemedicine over 
the past two decades has been the ubiquitous integration of 
the smartphone into daily life. With the ability to send and 
receive text, audio, photographs and video in both a synchro-
nous and a store-and-forward manner, anybody with a smart-
phone essentially has a mobile telemedicine studio in their 
pocket, obviating the need for expensive infrastructure [36].

The technology in smartphones has improved exponen-
tially over the past decade, and so too has their applicability 
in telemedicine. Take the iPhone® (Apple, Cupertino, CA) as 
an example. When the original iPhone® was released in 2007, 
it had a screen resolution of 320 × 480 pixels, a 2.0 MP cam-
era, and was unable to record video. Compare this, only 
10 years later, to the newest generation of the iPhone®, which 
boasts a screen resolution of 2436 × 1125 pixels, a 12MP 
camera, and the ability to record 3840 × 2160 pixel video at 
up to 60 frames per second; specifications that far exceed the 
minimum requirements for telemedicine image transmission 
outlined by the American Telemedicine Association [5]. A 
study by Boissin et al. (2015) found that among three major 
smartphone brands tested, all produced images that were as 
good quality as those produced by a digital camera [52].

As a result of these improvements, the role of the smart-
phone in the pre-hospital management of burn care has sig-
nificantly increased. A study by Shokrollahi et  al. (2007) 
found high inter- and intra-rater correlations in the determi-
nation of burn size and depth comparing photographs from a 
1.0 MP smartphone camera to clinical assessment [46]. Den 
Hollander et  al. (2017) found that based on telemedicine 
consultations from smartphone images alone they were able 
to avoid 38% of all pre-hospital referrals [38].

Furthermore, several burn-related applications have been 
created for use specifically with smartphones, focused on all 
areas of burn care from burn size and fluid resuscitation cal-

Table 12.2 Factors affecting image quality in the clinical photography 
of thermal injuries

Good-quality clinical photograph Poor-quality clinical photograph
Multiple images of the sites of 
interest from varying distance 
(i.e. afar for frame of reference, 
medium and close-up for detail)

Too few images; images too 
zoomed-in without frame of 
reference; images too zoomed- 
out to provide sufficient detail

Image focused; image centred in 
camera frame

Blurry image; area of interest 
off-centre in image

Well-lit photographs with 
appropriate use of flash to 
minimize shadowing

Over- or under-lit photographs

Standardized, clean background Distracting objects in 
background (e.g. blood, 
clothing, floor, jewellery, 
mirrors)

Ruler for standardized 
measurement when appropriate

Lack of standardized 
measurement between images
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culators to educational apps and even games [15, 53–56]. 
Applications have even been developed that allow 
 pre- hospital providers to upload images of a burn injury and 
calculate burn size, with the application then determining 
initial fluid requirements and automatically alerting a burn 
specialist of the injury to initiate the telemedicine interaction 
[57]. As smartphone technology continues to advance, there 
is no doubt that its applicability to burn care will continue to 
develop.

12.3.7  Limitations of Telemedicine

Telemedicine systems can be difficult to implement. 
Traditionally, the greatest barrier to the implementation of 
telemedicine systems has been cost. With an average cost for 
a single portable telemedicine studio of $15,000–$20,000 
(USD) and the start-up cost for a telemedicine network rang-
ing from $50,000 to $110,000 (USD), these costs have his-
torically been prohibitive [36, 50]. However, these cost 
estimates are for synchronous telemedicine systems. The 
cost of implementing an asynchronous system is far less, and 
costs will likely continue to decrease as advances in technol-
ogy make these systems more readily available [37]. 
Furthermore, smartphone technology has made it possible 
for nearly anybody to perform both synchronous and asyn-
chronous telemedicine [36].

Currently, the most significant barrier to the implementa-
tion of telemedicine systems in burn care is network security 
and patient privacy [4, 18, 58]. Most national healthcare 
agencies have developed legislation requiring that any per-
sonal health information, including images or videos, be 
transmitted across secured networks to ensure patient safety. 
The Health Insurance Portability and Accountability Act 
(HIPAA) in the United States is one of the most commonly 
cited examples of this legislation. The high costs associated 
with early telemedicine systems were, in large part, due to 
ensuring compliance with these regulations. However, these 
secured systems are often cumbersome to use, which may 
dissuade pre-hospital healthcare providers from using tele-
medicine communication [18]. Furthermore, as smartphones 
become more commonly used tools for telemedicine, the risk 
of unsecured interactions and privacy breeches may increase 
[59, 60]. All healthcare providers must be aware of the legis-
lation governing the use of telemedicine where they practice 
to ensure that all communications comply with local laws 
[60, 61].

Other issues commonly cited as limitations to the imple-
mentation of telemedicine systems include a lack of well- 
defined guidelines for billing and remuneration for 
telemedicine services, difficulties with licensure across bor-
ders for burn centres that cover large geographic catchment 
areas, ‘technophobia’ and a lack of willingness to incorpo-

rate technology into the practice of medicine, and the reli-
ance of telemedicine on information technology systems 
which may be affected by disruptions of the telecommunica-
tion network, such as in power outages or in the disaster set-
ting [4, 39, 40, 58].

12.4  Transportation of Thermally Injured 
Patients

Once the decision has been made to transfer a thermally 
injured patient to a burn centre, the next determination is 
how the patient should be transported. In most situations, 
this decision is made by either the pre-hospital healthcare 
provider or by the emergency medical service (EMS) trans-
port provider. When selecting the most appropriate method 
of transportation, multiple factors must be considered, 
including

• Injury severity/acuity
• Distance of transportation
• Accessibility of referring site
• Availability of EMS resources

Though most of these factors cannot be altered, as a burn 
care specialist, providing an accurate assessment of injury 
severity and acuity of transportation may directly impact 
selection of the method of transportation. This not only helps 
to ensure that patients are transported appropriately but also 
that transport resources are utilized efficiently and effectively.

When it comes to the transfer of thermally injured 
patients, the main goals of transportation are to ensure that 
the patients arrive at the burn centre

 1. Safely, in stable condition
 2. Within an appropriate period of time

In the transfer of thermally injured patients, the four most 
commonly utilized methods of transportation are private 
vehicle, ground ambulance (GEMS), helicopter (HEMS) and 
fixed-wing aircraft. While each option has its own unique 
advantages and disadvantages, the major difference between 
transportation methods relates largely to the speed of trans-
portation, the distance they are able to travel and the cost of 
transport.

12.4.1  Preparation for Transportation

To maximize patient safety during transfer, patient optimiza-
tion prior to transportation is critical [40, 62]. Resources 
available during transportation are limited, and procedural 
interventions (e.g. intravenous insertion and intubation) are 
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much more difficult within the limited confines of an ambu-
lance or helicopter. Adequate pre-transport optimization can 
help avoid potential complications. Burn care providers play 
an important role in pre-transport patient optimization, 
despite not being present on-site. Through frequent commu-
nication with both the pre-hospital healthcare team and the 
transportation team, it is important to ensure that a patient is 
suitable for transportation and to guide these providers 
regarding the needs of the thermally injured patient [40].

To optimize a thermally injured patient for transfer, all 
elements of the primary burn survey should be re-evaluated 
prior to transportation.

• Airway: Securing the airway prior to transportation is of 
the utmost importance, as an airway is more difficult to 
establish during transport once lost. However, unneces-
sary prophylactic intubation should be avoided to prevent 
undue risk to the patient. If there is doubt as to the secu-
rity of the airway and the potential need for intubation, 
this should be discussed with the burn care provider prior 
to transportation.

• Breathing: Adequate oxygenation is important due to the 
increased metabolic demands in burn-injured patients. 
Oxygen saturation should be monitored in all patients 
throughout transportation, particularly if fluid resuscitation 
is ongoing, as generalized soft tissue oedema can impact 
respiratory demands. If the patient is intubated prior to 
transportation, ventilation settings should be reviewed with 
the burn care provider prior to transport. Difficulties in 
oxygenation or ventilation should be addressed prior to 
departing the pre-hospital healthcare facility.

• Circulation: Intravenous (IV) access is critical in ther-
mally injured patients. Any patient being transferred via 
EMS should be sent with two large-bore peripheral IVs 
(minimum 18 gauge). Central venous access and arterial 
lines are commonly required in patients with larger burns; 
however, these are rarely placed in the pre-hospital setting 
and should never delay transfer. Fluid resuscitation with 
lactated Ringer’s solution should be continued during 
transportation at the pre-calculated rate, if appropriate. 
For patients being transferred whilst undergoing active 
fluid resuscitation, a urinary catheter should be placed 
prior to transportation to allow for resuscitation monitor-
ing. The goal for adequate fluid resuscitation is 0.5–
1.0 cm3/kg/h of urine output.

• Disability: Prior to transportation, the neurological status 
of the patient should be re-evaluated to ensure no interval 
change in the level of consciousness (LOC). Intoxication 
with drugs or alcohol is common in burn injuries and may 
affect LOC. Glasgow coma score (GCS) should be docu-
mented prior to transportation for all patients. Furthermore, 
a complete head-to-toe secondary survey should be per-
formed to rule-out traumatic injuries that may be masked 
by the thermal injury.

• Exposure: All burn wounds should be kept clean during 
transportation. Burn wounds should be dressed with a 
non-stick base layer dressing (e.g. petroleum- impregnated 
gauze) and covered with gauze and an absorbent layer to 
minimize dressing saturation. Due to the risk of develop-
ing hypothermia during transportation, efforts must be 
made to keep the patient warm during transport. This may 
include covering the patient with warm blankets, use of an 
active warming device and warmed intravenous fluid 
resuscitation.

Thermal injuries can result in significant systemic physi-
ologic derangement, and burn-injured patients can quickly 
and unpredictably become unstable during transportation. 
For this reason, all patients (with the exception of Private 
Vehicle transports) should be placed on continuous vital sign 
monitoring during transportation. This includes body tem-
perature monitoring, as hypothermia is common in burn 
injuries.

12.4.2  Timing of Burn Transportation

In the ideal setting, patients with thermal injuries would be 
transferred to a burn centre as quickly as possible. However, 
unlike mechanical trauma injuries, burn-injured patients do 
not have a defined ‘golden hour’ that clearly affects patient 
outcomes [28]. Though the impact that transportation time 
has on patient outcomes has been studied, this metric is dif-
ficult to standardize due to disparity in transportation dis-
tance and injury severity. For example, a non-life-threatening 
15% TBSA burn does not require the same transport urgency 
as a 30% TBSA burn with inhalation injury.

Reports of average transport times in the literature range 
widely, from less than 2 h to greater than 10 h for acute trans-
fers [8, 28, 38, 62, 63]. Despite this variability, however, time 
to transportation has been shown to not significantly impact 
the outcome of thermally injured patients. A study by Bell 
et al. (2012) found that indirect referral to a burn centre from 
a pre-hospital facility did not influence the risk of mortality 
or hospital length-of-stay [64]. Cassidy et al. (2015) found 
that the only factor that independently affected mortality for 
indirect transfers was a transfer time >16 h among patients 
with inhalation injury [63].

Provided that adequate fluid resuscitation is initiated at 
the pre-hospital healthcare facility, there is no need for urgent 
surgical intervention and no evidence of inhalation injury, 
transportation may safely be delayed during the acute resus-
citation phase. This certainly does not mean that transporta-
tion should be unduly postponed; instead, it simply means 
that not all thermally injured patients require transfer via the 
fastest method of transportation possible (i.e. air transporta-
tion) if there are other feasible options available. As a burn 
care provider, it is important to discuss these factors to help 
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guide EMS and pre-hospital healthcare providers as to the 
appropriate level of transport urgency for every burn 
transfer.

12.4.3  Safety of Burn Transportation

The transportation of thermally injured patients is a practice 
that can be safely performed at any time, even during the 
ongoing acute resuscitation phase, with low complication 
rates (4.0–6.2%) [28, 62]. The most commonly reported 
complications during transportation include airway-related 
issues (e.g. accidental extubation, respiratory distress and 
inability to secure airway), loss of intravenous access, car-
diac dysrhythmia and hemodynamic-related issues [28]. 
Hypothermia is also common in the transportation of ther-
mally injured patients. A study by Klein et al. (2007) found 
that approximately 10% of patients transported to a regional 
burn centre were hypothermic at the time of arrival [28]. 
While there was a correlation between hypothermia and 
increasing total burn size, the duration of transportation did 
not appear to play a significant role [28]. However, the 
method of transportation may have a direct effect on the 
physiology of thermally injured patients. Though a review of 
aeromedical medicine is beyond the scope of this chapter, 
thermally injured patients transferred via helicopter or fixed- 
wing aircraft are known to experience decreased core tem-
perature, increased oxygen demands and blood pressure 
fluctuations due to the changes in barometric pressures and 
altitude during air transportation [40].

12.4.4  Cost of Burn Transportation

Transportation of thermally injured patients can be associ-
ated with significant costs. Depending on injury severity and 
transport distance, these patients may require critical care 
EMS transfer teams, ongoing fluid resuscitation or even ven-
tilation during transportation. These costs are further ampli-
fied when air transport is required due to aircraft maintenance 
expenses, pilot fees and fuel. However, not all patients 
require these specialized EMS services. In recent years, there 
has been an increased focus on improving the cost-efficiency 
of transportation for thermally injured patients. In general, 
there are two ways that the cost-efficiency of acute burn 
transportation can be improved [8]

 1. Minimize the cost of transportation
 2. Avoid wasteful use of transportation resources

One method of maximizing the cost-efficiency of burn trans-
portation is to minimize transportation-related costs. Ideally, 
thermally injured patients should be transferred by the least 
expensive method of transportation possible, provided that 

this does not compromise patient outcome. Conceptually, a 
transportation hierarchy exists based on the inverse relation-
ship between transportation cost and transport time [8] 
(Fig.  12.2). Private vehicle transportation, wherein the 
patient is transported to the burn centre by a relative or friend 
with no EMS personnel or equipment, has the lowest associ-
ated cost but is also the slowest method of transportation. 
This method of transportation is typically reserved for minor 
injuries requiring outpatient assessment or follow-up. 
Ground  ambulance (GEMS) transfers are costlier, as they 
include EMS personnel and equipment. However, like pri-
vate vehicle transports, GEMS transport times may be lim-
ited by distance as well as local traffic conditions. Helicopter 
(HEMS) transfers and fixed-wing aircraft are able to cover 
greater distances in significantly less time, though they are 
associated with the highest transportation costs. In cases 
where a combination of transportation methods is required 
(e.g. ambulance + helicopter), costs can further escalate. An 
understanding of the relationship between cost and transport 
time will allow both pre-hospital and burn care providers to 
select the most appropriate method of transportation while 
maximizing cost-efficiency.

A second method of maximizing the cost-efficiency of burn 
transportation is avoiding the wasteful use of transportation 
resources. As previously discussed, overtriage is a significant 
issue for burn centres. What often goes overlooked, however, 
are the costs associated with transporting these patients to a 
burn centre. This is particularly applicable for overtriaged 
patients that are transported by HEMS or fixed- wing aircraft. 
The cost for a one way HEMS trip can range from $4000 up to 
$30,000, which is approximately 10–15× higher than 
ground  ambulance transfer costs [8, 32, 40]. These costs 
become even more significant with overtriage rates for HEMS 
burn transfers ranging from 12% to 65% [21, 31, 32, 65–68]. In 
fact, a single-centre study estimated that over a 2 year period, 
over $500,000 was wasted in the transportation of overtriaged 
patients by helicopter [69]. In some cases, the costs of HEMS 
transport for overtriaged patients can exceed the cost of 
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Fig. 12.2 The relationship between travel time and cost for commonly 
used methods of transportation in the transfer of thermally injured 
patients
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 hospitalization itself [21]. While some have argued that overtri-
age rates of 25–50% in the trauma setting should be considered 
acceptable given the risk of undertriage, there is no reason that 
these patients should be transported by the most expensive 
method of transportation, if at all avoidable [32]. By deescalat-
ing these transfers to a less expensive method of transportation, 
significant cost savings could be expected. Wibbenmeyer et al. 
(2016) demonstrated that they were able to  deescalate the 
method of transportation from HEMS or GEMS to private 
vehicle in 6.3% of transfers [18]. Saffle et al. (2004) found that 
18% of patients transferred by HEMS would have been appro-
priate for transfer by private vehicle instead [21]. The potential 
cost savings if these patients were transported by ambulance or 
private vehicle instead of helicopter could fund the develop-
ment of telemedicine or outreach initiatives aimed at burn edu-
cation for pre-hospital healthcare providers [8].

12.4.5  Development of Transportation Criteria

Transferring thermally injured patients via the most appro-
priate method of transportation maximizes the efficiency of 
transport resource utilization. The critical determination is 
whether or not  air transport is required, as helicopter and 
fixed-wing aircraft costs far exceed land transfer costs [70]. 
In the trauma literature, pre-hospital triage scores have been 
developed to identify patients who would benefit from heli-
copter transport, however, similar guidelines do not exist for 
burn-injured patients [71–74]. To determine whether a ther-
mally injured patient would benefit from air transportation, 
the following factors should be considered [67, 69]:

 – Distance: Studies have demonstrated no benefit to heli-
copter transportation within a 180–200  miles (290–
320 km) radius. Ground transportation within this radius 
typically adds no more than 2 h to the total travel time, 
which is well within the acceptable transfer window for 
thermal injuries. Beyond this distance helicopter use may 
be beneficial, depending on injury severity.

 – Inhalation Injury: Patients with no evidence of inhalation 
injury can safely be transported by ground and do not 
typically require air transportation. Inhalation injury has 
been shown to independently impact patient mortality if 
transfer is delayed more than 16 h from time of injury, 
which must be considered [63]. However, not all patients 
with inhalation injury require air transportation.

 – Burn Size: Patients with a burn size less than 20% TBSA 
can typically be safely transferred by ground transporta-
tion. Smaller burns typically have less physiologic 
derangement and are less likely to require intravenous 
fluid resuscitation, thereby reducing transfer urgency. 
Burns larger than 20% TBSA require fluid resuscitation 
and have greater physiologic derangement, making them 

more unstable  by definition. Therefore, patients with 
larger burn size are more likely to benefit from faster 
transportation to a burn centre.

 – Surgical Emergency: While early excision and grafting is 
common in burn surgery, this rarely occurs within the first 
24–48 h following burn injury. Therefore, emergent surgi-
cal intervention for thermally injured patients is typically 
reserved for circumferential burns (i.e. escharotomy), 
compartment syndrome (i.e. fasciotomy or laparotomy) 
or for concomitant traumatic injuries. Patients not requir-
ing urgent or emergent surgical intervention typically do 
not require air transportation and can be safely trans-
ported by ground.

While these are not intended to be strict criteria, these fac-
tors should be taken into consideration when determining the 
most appropriate method of transportation for thermally 
injured patients. If at all possible, efforts should be made to 
minimize the influence of non-injury-related factors on 
method of transportation (e.g. patient insurance status and 
competition between EMS service providers). Implementation 
of pre-transport telemedicine can help ensure safe, appropri-
ate, and efficient utilization of transportation resources [75].

Summary Box
• Every thermal injury presents unique patient- and 

injury-specific factors that must be considered 
when determining the need for transfer to a regional 
burn centre.

• Burn referral guidelines are not transfer criteria.
• As a burn care provider, it is important to establish 

and maintain direct communication with the trans-
ferring centre. Many pre-hospital healthcare pro-
viders have limited experience treating burn 
injuries. Errors in the initial assessment of burn 
injuries can significantly impact acute resuscitation 
and the decision to transfer.

• Telemedicine is an important tool in burn care, 
allowing burn care providers to remotely assess 
thermal injuries for the purposes of initial manage-
ment and triage. Though telemedicine (including 
smartphones) has demonstrated accuracy in the 
determination of burn size, assessment of burn 
depth may be less reliable.

• Burn care providers should provide the transferring 
centre with an accurate assessment of injury sever-
ity and acuity. This information can be combined 
with non-modifiable transportation factors (i.e. dis-
tance, accessibility of referring site, availability of 
EMS resources) to determine the most appropriate 
method of transportation.
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13.1  Introduction

This chapter addresses the treatment algorithms and bundles 
to be undertaken at the second or last treatment level, the 
burn center [1, 2]. The burn center provides the last treatment 
level where also burn surgery is undertaken to cover full- 
thickness burn wounds. This chapter focuses on the early 
period of admission at the burn center usually encompassing 
the first 24–48 h after the burn, whereas the treatment strate-
gies presented in the previous chapter focuses mainly on the 
triage and patient examination necessary for the acute care 
and proper prioritization for the next care level. One central 
aim has then been to do a proper trauma evaluation in line 
with a trauma triage guideline such as the ATLS and possibly 
also by a specific burn-based triage algorithm such as the 
ABLS [3–5] or the EMSB courses [6–8]. It is then important 
to strictly follow the algorithm so that no specific detail in 
the patient background or injury profile is overlooked—this 
strategy is then also continued at the receiving site as will be 
described below. Prior to referral contact is taken between 
the refereeing physician and the corresponding person at the 
receiving unit. As was stressed in the previous chapter, there 
are concerns that there may be details overlooked or the 
information may be hampered by at times the lack of experi-
ence at the referral site. This especially has been a topic of 
interest as burn care is constantly being further centralized as 
incidence numbers decline in most high-income western 
countries and the chance for different physician categories to 

be exposed to burns decline [9]. To facilitate the communica-
tion between referral and receiving units increasing focus 
has been directed at telemedicine tools that further enhances 
and facilitates communications [10–12]. Especially photos 
of injured tissues have been found valuable. Challenges that 
need special attentions in the early evaluation of the burn 
injured is related to the need for intubation, estimation of the 
burn size and depth and correspondingly the magnitude and 
titration of fluid treatment, and need of escharotomies. A sig-
nificant portion of the early assessment that will also ensue at 
the burn center has already been described in detail in the 
previous chapter and therefore is only shortly mentioned 
now, and focus is instead directed to important issues to be 
examined and dealt with at the burn center.

13.2  Primary Admittance Protocol 
and Control

When the initial discussion has been undertaken with the 
burn center and the underlying information details of the 
patient has been transferred to the burn center, the first action 
is to prepare resources and equipment for the receiving pro-
cess at the burn center. In a well-administered and trained 
burn center that means to activate the regular routines for 
new admittance. It may be advised that these procedures are 
well described in standard operating procedures (SOP) based 
on adequate guidelines [13, 14] as well as having checklist in 
place to control that each important procedure in the SOP is 
adequately followed. Such good examples for burn care may 
be found, e.g., in England [15]. It has been well documented 
that checklists within healthcare and not least intensive care 
may improve outcome [16–19]. Also good documentation 
principles are needed for follow-up purposes, quality assur-
ance, and benchmarking. This includes entering data into 
quality registries [20–22] and for later follow-up reports 
used in burn center verification processes such as described 
for Europe [23], Australia [24], and the USA [25].
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When the patient first arrives, control of previously 
obtained information is ascertained and it is ensured that the 
proper documentation is in place. In parallel, for the well- 
being of the patient, it is important that the different steps in 
the ABLS or the corresponding algorithm are regularly re- 
evaluated, so that the present medical status is ascertained and 
is in line with what has been reported earlier or if there are 
deviations, such as a deterioration in any of the vital parame-
ters, the corresponding action is promptly undertaken.

13.3  Primary and Secondary Assessment

As stressed in the previous chapter, primary and secondary 
assessment is again made at the burn center. There are how-
ever a number of important issues that are relevant at this 
level where a more detailed and ambitious approach may be 
advocated.

13.4  ABCDE

Airway. Airway assessment can be more thoroughly evalu-
ated, and the need or possibility to intubate can be more 
properly assessed using fiber-optic techniques examining the 
upper airway in detail for thermal injuries and the corre-
sponding risk of immediate or later swelling, e.g., secondary 
to fluid resuscitation. If intubated acutely at the referring 
facility a decision on the management of the airway long 
term can now be made. This airway assessment is made and 
evaluated in relation to patient history and blood gas analysis 
(gas exchange/diffusion). In larger burns with bronchoscopy- 
verified inhalation injury with concomitant gas diffusion dif-
ficulties, an early tracheostomy should be considered [26]. It 
is important to thoroughly evaluate the airway by bronchos-
copy and clear as much as possible of soot and debris at an 
early point. A thorough investigation at this point can also 
help predict the length of ventilator treatment [27]. Also the 
use of thoracic CT scans can help in delineating the extents 
of the inhalation injury [28–30]. Early ARDS development 
may occur but is not very common especially not in the very 
early phase after burn [31]. Early tracheostomy may facili-
tate treatment, based on completely without or with signifi-
cantly reduced sedation and thus increasing the rehabilitative 
potential in early care [26]. Here it may be important to con-
sider COPD in older patients with a smoking history, who 
might have fallen asleep while smoking and being injured, 
and who may have a pulmonary problem already prior to the 
accident. Increased fire accidents have also been noted in 
oxygen-treated COPD population [32].

Breathing. Again the restrictive effects of circular burns 
need to be re-assessed and the need for complementary 

escharotomies may be considered. In this situation, the 
restrictive effect of large fluid volumes may also be appreci-
ated. At this point in time carbon monoxide and cyanide 
intoxication may be still relevant although oxygen may have 
been properly provided during transport in cases with sus-
pect carbon monoxide poisoning. Blood levels need to be 
evaluated and especially in patients who have been extricated 
unconscious from the fire. It needs to be stressed that that 
may have been the primary reason for intubation. If carboxy-
hemoglobin levels in blood are not reduced, extended oxy-
gen treatment is mandatory. There is no evidence for 
beneficial effects of hyperbaric oxygen treatment additional 
to an extended oxygen treatment administered through a 
ventilator or by nasal cannula in patients with smoke inhala-
tion. If still considered it should be noted that treatment in 
hyperbaric oxygen chamber, including logistics and trans-
port, may delay appropriate acute burn care including resus-
citation, monitoring, and the need for additional 
escharotomies. Notes in the medical charts of cerebral 
effects, or the patient not having a normal level of conscious-
ness (LOC), are indicators that need to be further examined. 
In unclear cases, the need of a cerebral CT scan may be man-
datory to exclude other cerebral diseases.

Circulation. Is assessed as has been made at the referral 
site, including blood pressure and ECG, if needed as indi-
cated by the medical history, cardiovascular risk factors, or 
due to the injury mechanism being an electrical one. 
Especially extremity perfusion needs to be assessed properly 
in cases of circular extremity burns with or without previous 
escharotomies. Here the use of Doppler techniques can 
improve accuracy although palpation of peripheral pulsation 
in the arms or audible pulsations using the hand Doppler is 
not a sure sign to escape escharotomy. The examination 
should be based on signs of capillary refill in the fingers/toes 
and on the swelling of the proximal tissues and if there is 
suspicion of compromised circulation even if suspected in 
the following few hours. In cases of electrical injuries, the 
risk of compartment issues needs to be considered and 
extremities at risk should be repeatedly examined.

Disability. Repeated examinations (e.g., Glascow coma 
scale) need to be made to ascertain that the LOC remains 
stable and uncompromised. In an elderly population, stroke, 
cardiovascular disease, or diabetes may have contributed to 
the circumstances for the accident and should be excluded in 
risk patients as it may need specific medical attention in par-
allel to the burn. Especially intracerebral hemorrhage may 
pose a challenge at this point [33].

Expose and Examine. This part is most particular for the 
early examination at the burn center as the organ of injury 
needs to be fully examined and scrutinized in conjunction 
with the planning process of wound care and importantly the 
ensuing surgery.
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13.5  Burn Wound Evaluation 
and Treatment Planning Including 
Surgery

Evaluating the depth (partial/full thickness) and extent of 
burn injury (percentage of total body surface area burned, 
TBSA%) is crucial by many means not only because it is the 
most important factor for the overall outcome for the patient 
involving both short and long term [34, 35]; but also as it 
underlies the calculation for the fluid management. At this 
point however, from the burn center perspective, we will also 
focus on some specific details, such as early cleaning and 
debridement of the wound and also specifically address burn 
injury depth and the TBSA% estimate.

Cleaning and debridement. For this procedure, the cir-
cumstances for the burn wound assessment evaluation need 
to be optimized. Generally, it is undertaken in an operation 
like facility, with proper cleaning possibilities (tub) under 
clean conditions. In order to properly remove debris, blisters, 
and clean the skin, conscious sedation or general anesthesia 
is most often preferred. This procedure involves mechanical 
cleansing using cloth, brushes and scraping tools. It may be 
debated whether regular soap should be supported by anti-
bacterial/cidal agents. Theoretically, the burn wound imme-
diately after injury is sterile, but colonization may occur 
during any part of the transport process. Here also ointments 
with antibacterial properties are often used, but the science 
supporting either measures in this early phase is almost 
nonexistent.

Burn depth assessment. Over the years, this has been a hot 
topic, and not least, it has repeatedly been shown that the 
burn depth estimate varies between referral sites and burn 
centers, and importantly, it has also been shown to vary 
between different skilled surgeons. There are two important 
issues that need to be stressed today: first, depth estimate 
may be discussed and conveyed during the referral process 
between the referral site and the burn center by means of 
photography/telemedicine [10–12]. This will ensure a better 
primary estimate and more proper handling of the patient 
during the referral process. Second, it has been shown that 
technical instruments as the laser Doppler system can further 
improve even the skilled surgeons’ estimate of the depth 
assessment [36–38]. This is today supported by the fact that 
several large burn centers in Europe use the Laser Doppler 
system to support decision-making as to the need for surgery. 
Scientifically it has been shown that by the use of two con-
secutive measurements in scald injures, 100% both sensitiv-
ity and specificity can be obtained [37]. This supports the 
further use and development of technical adjuncts in the burn 
depth assessment.

Burn extent estimate. As with the depth estimate, difficul-
ties in getting uniform determinations of burn extent between 

referring and receiving parties are well acknowledged [39]. 
To simplify and optimize the process, the historical approach 
has been the use of the rule of nines and the Lund Browder 
chart as described in the previous chapter. In present times 
with an increasing computer capacity and support and 
Internet availability, other methods are emerging. These 
being either that the burn wound extent is being plotted on a 
three dimensional computer model i.e. in an app for fluid 
resuscitation estimates [40] or more importantly by photog-
raphy/imaging systems generating three dimensional images 
of the injury extent on a three dimensional computer model 
[41]. In this setting, burn estimates in square centimeter can 
be provided. In the future it can be predicted that the registra-
tion of burn injuries using the two above-mentioned tech-
nologies may become the standard of care even in developing 
countries where such functions have already been launched 
on smartphone devices [41].

13.6  Secondary Assessment

As at the site of accident and the referral hospital, secondary 
assessment needs to be repeatedly undertaken to exclude a 
complication from other trauma than the burn. Often when 
refereed between hospitals and tertiary burn centers, the 
trauma responsible surgeon at the tertiary hospital is made 
aware of the burn injured being transported and transferred 
between institutions, and in case of a complication of the 
burn by regular trauma, the trauma organization is made 
aware and updated. Not seldom, the trauma team at the refer-
ral hospital has already arranged a trauma CT in unclear 
cases, and a detailed examination may have been done along 
the treatment path.

13.7  Early Burn Center Planning (at 
Admittance or Shortly After, <24–
48 h) for Larger Injuries (>20/30%) 
Needing Surgery and Intensive Care

13.7.1  Very Early Intensive Care Planning at 
the Burn Center

Temperature. Temperature control is crucial in the burn ICU 
setting as it among many things may lead to infections; 
therefore, patients with larger burns need to be actively 
heated. This is best done by fluid-heated mattresses [42].

Vascular access. As discussed in the previous chapter, 
recommendations were made that invasive blood pressure 
measurements, central circulation surveillance, and central 
venous lines should be inserted and measurements started. If 
this has not been done previously, complementary instilla-
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tions needs to be made at the center. Also in cases with early 
renal failure, a veno-venous line may be installed prior to the 
start of filtration or dialysis measures.

Early fluid therapy and continuous surveillance in the 
ICU period. From the fluid balance perspective, especially 
the risk of fluid over and under resuscitation needs to be 
acknowledged. In the time period 1995–2010, a significant 
concern was fluid over resuscitation, called the “fluid creep” 
also at the burn center level [43–46]. Presently there are indi-
cations that fluid under resuscitation is again beginning to be 
a problem [47, 48]. Urine output remains the main outcome 
parameter for the early fluid resuscitation.

To continuously have access to central circulation param-
eters has been increasingly important after the early fluid 
resuscitation period, and one system advocated and used by 
many in this respect in the burn setting [49–53] is the arterial 
thermodilution PiCCO system (Pulsion Medical Systems, 
Munich, Germany) [54]. It provides many useful surveil-
lance parameters such as intrathoracic blood volume, which 
well depicts the patient fluid volume needs and can be used 
to titrate fluids in conjunction with pulse pressure variation 
(PPV), which also shows fluid volume needs but can be con-
tinuously assessed (in between every bolus for thermodilu-
tion), systemic vascular resistance (SVR), and extravascular 
lung water (EVLV). Another good argument for this system 
is also that it provides long-term intra-arterial assessment 
and is not usually as transient in function as are lines located 
in the radial or dorsal foot arteries. If difficult to apply in the 
femoral vessel due to, e.g., extensive burns, it has also been 
shown to function properly when either the central venous 
line is located in the femoral region [55–57] or the arterial 
catheter is placed in the proximal part of the brachial artery 
[58, 59]. Importantly, it needs to be stressed that the use of 
PiCCO system for fluid volume assessment in major pediat-
ric burns have recently shown a positive outcome effect fur-
ther supporting its general applicability in the burn ICU 
setting over even extended period of time [60]. It may then 
be advocated to use this mode of surveillance modality in the 
planning of the ICU period for larger burn injuries. 
Competing systems based on ultrasound technique may pro-
vide arguments based on ease to apply, but the parameters 
that may be assessed by this mode are significantly less. An 
important word of caution however needs be highlighted on 
invasive monitoring early after burn as the regular Parkland 
fluid resuscitation strategy provides a hypovolemic situation 
at 12 h post burn [49], and if not accepted in the resuscita-
tion, a significant fluid over resuscitation will occur on a 
regular basis. This has been shown repeatedly in RCT trials 
[50, 51].

Further regarding the fluid balance, the risk of compart-
ment problems, mainly abdominal compartment in very 
large burns when crystalloid fluid volumes exceed 300 mL/
kg/24  h [61], needs to be remembered and the need for 

adjusted fluid strategies. The most popular approach is by 
adding colloids known as “colloid rescue” which signifi-
cantly reduces the total fluid volumes provided [43, 62, 63]. 
Other and important alternatives include the use of hyper-
tonic resuscitation fluids [64, 65], but caution is warranted as 
there has been shown risks of kidney affection in one study 
[66]. A common approach by many to reduce fluid needs in 
resuscitation of burns is by providing vitamin C.  This has 
repeatedly been found successful and is therefore a strategy 
used by many, but the timing for the start of this treatment 
and the dosing is still debated [67].

It is important during the early care at the burn center to 
ascertain that the fluid resuscitation strategy is successful. 
This means that urine production is according to plan but 
also that the base excess and lactate are normalized early 
(another endpoint may be central venous saturation, SAT%). 
If not the patient is properly fluid resuscitated, i.e., these 
parameters normalize, organ failure will ensue and the risk 
of a mortality outcome increases [48].

If any doubts on the status of the abdominal compartment 
pressure, intra-abdominal compartment pressure measure-
ments through the urinary catheter is recommended [61, 65].

There is limited risk of sepsis in this early phase after 
burn but surveillance for such signs of sepsis are important.

It may be underlined that the main use for arterial thermo-
dilution surveillance starts at 24 h after burn in patients with 
large burns when the early burn shock period is coming to an 
end and the main focus is being directed to optimizing fluids 
for surgery and reducing risks of circulatory failure due to 
sepsis. At this point, 24 h after burn and if resuscitated by the 
Parkland strategy, the patient should be normovolemic, and 
the next 24  h should be directed toward reducing tissue 
edema. It is important to stress that definitions and treatment 
of sepsis have evolved in general [68], and it is well known 
that burn-related sepsis constitutes a particular and different 
challenge [69, 70]. When using the PiCCO system at 24 h 
after burn, the intrathoracic blood volume index (ITBVI) 
may serve as an excellent fluid volume estimate, and the flu-
ids provided can properly be titrated against this value. Most 
often burn injured, even with large burns, should be without 
vasoactive support, and only when ITBVI is normal or 
slightly elevated and systemic vascular resistance index is 
low (together with a MAP <65–70 mmHg), there is a need 
for use of vasoconstrictors, as these are known to be injuri-
ous to both skin and intestine when used improperly.

Nutrition and mitigation of the hypermetabolic syndrome 
and its side effects. Important in the early burn center admit-
tance period is to start enteral feeds as an early start increases 
the success rate [71–73]. Many advocate also putting the 
feeding tube beyond the pyloric region to increase the suc-
cess rate however as of yet the scientific support for this is 
limited. In this perspective also, opioid receptor antagonists 
may be added to the gastrointestinal canal together with 
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motility-stimulating agents to reduce the risk of 
 opioid- induced obstipation and gut standstill—a not uncom-
mon situation in burn care. Rectal catheters for fecal collec-
tion in patients with perineal injuries may be advocated, and 
some units even perform colostomies to reduce bacterial bur-
den in the perineal burn wound. Nutrition may start at 
25 kcal/kg/24 h and should be increased as data is emerging 
from indirect calorimetry readings on days 4–5 when most of 
the hypermetabolic effects are fully expressed, usually at a 
caloric level of +40% resting energy expenditure (REE) [74].

The hypermetabolic syndrome seen in larger burns carries 
a number of negative consequences for the burn injured [75, 
76]. Importantly, a number of therapies have during the last 
20 years been shown to mitigate the majority of the aspects 
of the hypermetabolic response [74, 77–83]. Interventions 
range from very early physical (early wound closure, ther-
moregulation, or exercise) to pharmacological; some strate-
gies should be employed early during the acute hospitalization 
and can continue well into the rehabilitative stage. Early 
studies of β-blockade claim that although reduced adrenergic 
stress reduces hypermetabolic response after burns [77, 80, 
81], modulation of additional mediators may lead to even 
greater reduction of the hypermetabolism. The combination 
of β-blockade with other therapies, including insulin, growth 
hormone, or oxandrolone, shows positive effects for the burn 
injured. The administration of growth hormone and propran-
olol reduces energy consumption, attenuates the systemic 
inflammatory response, reduces peripheral lipolysis, and 
alleviates side effects seen with rhGH alone [81]. When pro-
pranolol and insulin are given together, improvements in glu-
cose turnover and growth are observed. More recently also 
positive long-term effects of propranolol and oxandrolone 
have been shown. The results of these studies show that miti-
gation of several aspects of the hypermetabolic response can 
further benefit patient recovery even more than when only 
based on a single treatment, and these interventions should 
start early. The expansion of these results, which mostly have 
been obtained in large pediatric burns, needs however to be 
further explored and confirmed in larger patient samples 
including burned adults and especially elderly as well.

Antibiotics. The use of prophylactic antibiotics early in 
care have been debated, and there are arguments supporting 
to wait for signs of infection prior to starting antibiotic treat-
ment. This however makes close patient surveillance very 
important [84]. The use of antibiotic prophylaxis for newly 
burned patients upon admission to burn center has been stud-
ied extensively. In such a setting, two types of antibiotic pro-
phylactic strategies were identified. First, local antibiotic 
prophylaxis in the form of creams and ointments, e.g., silver 
sulfadiazine. This however did not show any beneficial 
effects. Systemic prophylaxis has shown decreasing mortal-
ity in some studies but a review in 2010 concluded that the 
methods used in these studies were weak, and therefore, the 

role of systemic prophylactic antibiotics is still not validated. 
And in light of this, there is today no recommendation to use 
prophylactic antibiotics in burns [84]. The perioperative anti-
biotic prophylaxis has however shown a beneficial effect in 
the improvement in the survival of skin grafts.

Pain. From the pain perspective, there is a high variability 
of the pain perception among the patients early after burn, 
and pain remains a big concern for this patient group and a 
challenge throughout the care period [85, 86]. Most often 
background pain can be properly addressed but mobilization 
pain and pain during dressing changes constitute a major 
problem [85, 86]. A multimodal management approach is 
used to address nociceptive and neuropathic pain symptoms 
and contributing psychological factors. A combination of 
long-acting opioids for background pain and short-acting 
opioids for procedural and breakthrough pain is the standard 
of care. Dosing is titrated to account for altered pharmacoki-
netics due to impaired perfusion [87], metabolism, and 
plasma protein levels as well as opioid tolerance. Alternative 
treatments are increasingly used to avoid opioid misuse. 
Acetaminophen is efficacious in combination with opioids 
for minor burn. Adjuvant medications include NSAIDs, 
muscle relaxants, and anti-epileptics. However, also the use 
of gabapentin and other substances addressing specifically 
neuropathic pain components may be considered early, and 
these drugs are recommended as significant treatment effects 
are present [88] albeit pain remains a major issue in burn 
centers [89].

Ventilation. The need for continued invasive ventilations 
should be scrutinized early, and planning for longer such 
periods may be important on to which to base an early tra-
cheotomy. If needed, a 6–8 mL/kg tidal volumes should be 
aimed for. Trying to avoid sedation is important to reduce the 
risk of PICS (post intensive care syndrome) [87] and the risk 
of developing delirium [90]. Unfortunately, as larger burn 
patients are often ventilator-dependent longer than general 
ICU patients, the risk for developing delirium and concomi-
tantly cognitive dysfunction is larger; hence, adhering to a 
restrictive sedation strategy is important [90]. Presently there 
are arguments supporting sedation based on dexmedetomi-
dine, which can possibly further reduce its incidence and 
consequences [91–93]. Early tracheostomy may thus be 
advantageous in this setting [26].

Laboratory investigations. Laboratory test has not seldom 
been issued already at the referring hospital, but still there is 
a need to follow the course of the burn, and therefore, a com-
plete set of admittance laboratory test are usually issued at 
admittance to the burn center and should be specified in the 
SOPs. In this aspect, also a protocolized laboratory surveil-
lance of the burn patients during the length of stay may be 
recommended and also for follow-up reasons [94]. Of spe-
cific importance is to assess if the patient is infected by hepa-
titis B/C, HIV as knowledge of these are important for safety 
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reasons. Carboxyhemoglobin is another important test that 
needs to be controlled in the perspective both of oxygen 
treatment and prognostic as high levels of carboxyhemoglo-
bin may herald the risk of later negative cognitive effects. 
Focus later in the care process should be directed to assess-
ing signs of infection [68] (e.g., CRP/PCT and platelets) as 
well as markers for organ failure, i.e., if recording of SOFA 
(sequential organ failure score assessment) score is a stan-
dard at the unit, e.g., bilirubin and creatinine need to be taken 
on a regular basis (every third day). When taking laboratory 
samples from the patient, bacterial cultures are also very 
important. First, to assess any colonization of bacteria that 
has unfavorable resistance patterns, e.g., MRSA, which now 
can be transferred endemically and that may complicate the 
course of treatment. Such repeated cultures are also impor-
tant as they can help in reducing the risk for obtaining oppor-
tunistic bacteria which may be difficult to isolate and 
eradicate from within the facility even after extensive clean-
ing procedures (e.g., Acinetobacter baumanii) [95].

13.8  Early Burn Wound Treatment 
and Surgery Planning

Early after admission and assessment of the burn extent and 
depth, proper planning for the ensuing dressing changes, 
burn excision, and grafting is a necessity. This constitutes the 
main stem and will most directly influence the effectiveness 
of the treatment plan. It involves both partial- and full- 
thickness wounds, which are treated by different protocols. 
According to recent ISBI guidelines, these procedures should 
be undertaken by an appropriately trained, prepared, and 
equipped burn team [14].

Different treatment approaches are available, and they 
vary between burn centers and at times between surgeons. 
One of the most important factors in this early planning is the 
depth of the injury.

Partial-thickness burns are treated conservatively with 
dressing changes, and spontaneous healing is expected to 
occur within 14 days unless invasive infection has compli-
cated the healing course resulting in deepening of the burn 
and the need for excision. There is no universal consensus 
regarding dressing materials, and therefore, the materials 
that are used tends to vary between burn centers, national and 
internationally. However, a recent review has advocated the 
superiority of biological membranous dressings [96].

In case of full-thickness burns, planning for the excisional 
strategy is important. Simplifying this strategy it may be 
claimed to be based on two separate strategies, either early or 
late excision with the ensuing autografting. Also the timing 
of the auto grafting may vary, with some centers doing 

mostly early autografting after excision and others, who pre-
fer to wait or at least have a observational period prior to 
grafting to ascertain a stable and proper wound bed to be 
present at grafting occasion [97].

13.8.1  Early Excision

Early excision and grafting is known to improve the outcome 
of burn care such as duration of hospital stay and scarring, and 
it is cost-effective. The early excision technique is widely 
known to have the best survival rates [98, 99]. Timing for early 
excision of burns varies, and it can start from the first day after 
injury, and even excisions up to day 10 after injury can be 
considered early excisions. Again there is a lack of consensus 
although most would consider early excision before day 3 
after injury. The depth of excision may also vary, and gener-
ally tangential excision as first described by Janzekovic is 
most often used [100], and the less popular alternative exci-
sion method “fascial excision” is reserved for significantly 
deeper wounds in not seldom medically compromised patients, 
as the cosmetic outcome is less favorable [101].

The extent of burn injury often influences the strategy 
chosen for excision. Limited burns can most often and more 
easily be excised in one session with coverage with, e.g., 
temporary dressing until the wound bed is considered opti-
mized, and then skin grafts are applied, or if the wound bed 
is considered optimal, direct skin grafting is made. With 
burns of larger extent, the strategy varies even more. In the 
early 90s, total excision of the burns was advocated in one or 
maximum two sessions with subsequent skin grafting [98, 
99]. Nevertheless, another approach was proposed later by 
Still et al., where excisions were made in successions with 
temporary skin coverage followed by skin grafts after the 
wound bed was considered optimal [97]. This method proved 
a reduction of the duration of hospital stay in this specific 
study.

Temporary coverage of excised burns is otherwise a 
highly debated topic. Most authors would agree at times that 
optimization of the wound bed is needed. However, the tim-
ing and choice of covering materials are controversial. Most 
popular materials include donor skin (allografts), porcine 
xenografts, collagen-based scaffolds, and in the low cost 
range, Vaseline gauze. Research is limited in this area, and 
no study yet has convincingly shown superiority of any one 
procedural aspect or material. The choice of material today 
still depends mainly on the experience and training of the 
treating surgeon in conjunction with the availability and cost 
[102–105].

A later comparison by Elmasry and coworkers between 
delayed and an immediate total excision plan has not shown 
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any superiority of either techniques in terms of duration of 
hospital stay [102, 103].

Present ISBI guidelines [14] states that “The first early 
excision should be aimed at excision and coverage of a 
large portion of the full thickness burn, and the largest areas 
that can be safely excised are to be chosen.” Typically, 
these involve the front or back of the trunk or large areas on 
the limbs. The extent of the burn area excised in each oper-
ation is determined by the experience and approach of the 
surgical team in conjunction with the availability of auto-
graft donor sites or skin substitutes. If the team is relatively 
inexperienced and/or there is little autograft available, less 
% TBSA burn is recommended to be excised during one 
surgical procedure to reduce operative risk and the risk of 
graft loss. After excision, all excised burn areas must be 
covered with autografts, skin allograft, or other skin substi-
tutes [104, 105].

Technically early excision is not difficult; however, a 
well-trained surgical and anesthesia team should be available 
to carry out this task. In many areas where lack of training 
and resources exists, this task seems to be more difficult and 
do not provide the same outcomes [7, 106]. A specific recur-
ring challenge is graft take and especially in previously 
grafted areas with graft loss [107].

Bleeding is also a considerable risk in excision burn sur-
gery, and the whole team should have enough experience to 
control this situation rapidly and efficiently. This involves 
access to a blood bank with sufficient capacity. Usually, tan-
gential excision is made using handheld dermatomes as 
Watson or Downy knives, and hemostasis is regularly 
achieved by the application of adrenaline-soaked dressings 
in conjunction with precise hemostasis of larger bleeding 
points by diathermy. The bipolar type is often the primary 
choice to limit the extent of tissue injury inflicted by the 
apparatus.

13.8.2  Late Excision

One rather uncommon technique, which needs to be 
mentioned in the area of late excision, is based on the 
chemical eschar binding properties by cerium. This 
approach is used by a smaller number of centers in 
Europe [108, 109].

Contrary to the previously described early excision plan, 
late excision is associated with lower costs and risk as long 
as the patient is not seriously infected or septic, the rates of 
which increases with burn size. Bleeding is less, and there is 
a possibility of doing direct skin grafting. In places with sig-
nificantly reduced experience and resources, this technique 
may be recommended.
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Burn Size Estimation, Challenges, 
and Novel Technology

Herbert L. Haller, M. Giretzlehner, and Stefan Thumfart

14.1  Introduction

Burn size, depth of burn, and age are the pillars of a scientific 
approach to burn treatment. So, the history of burn size esti-
mation is a history of a developing scientific approach to 
burns. Progress based on a critical evaluation needs reliable 
data. Which advantage offer rules for burn center treatment 
based on the extent of burns when the reliability of primary 
evaluation must be questioned? How can we compare the 
quality of treatment, when the data on which the evaluation 
is based on depends on personal impression and are mixed 
with a subjective bias? How can we plan the costs of treat-
ment without reliable data foundation!

The development of tools for accurate burn extent estima-
tion is influenced by the contemporary technical standard 
and should lead to unique standards making studies compa-
rable and less biased.

One Burn One Standard is an international intention, 
started at the ODBC (Committee on Organization and 
Delivery of Burn Care) of the American Burns Association 
on an initiative of James Jeng [1]. This was done as there was 
increasing evidence that the contemporary methods of regis-
tration and calculation of TBSA (Total Burned Surface Area) 
were highly prone to errors based on individual and technical 
reasons. The development of usable electronic burn surface 
area calculators showed the necessity to develop a generally 
accepted standard for TBSA registration and calculation. 
This problem was seen with high urgency as there was a ten-
dency to develop into two different directions—two- 
dimensional and three-dimensional systems, showing 

different results. The existing rather erroneous methods of 
TBSA calculations with a mixture of non-electronically and 
electronically calculations in future will decrease the already 
poor level of comparability of burn injuries in studies, qual-
ity, workload, and cost controls.

14.2  Extract of History of Burn Size 
Estimation

Documented knowledge of the correlation of burn severity 
and the probability of survival starts in Europe in the late 
eighteenth century with a report of Richter in 1788. It was 
only roughly described by Schjerning in 1884, and the coher-
ence of size and mortality was doubted at this time, e.g., by 
Liman in 1882 [2]. Weidenfeld from University of Vienna 
established in 1879 a constant relationship of well-defined 
body areas to the whole-body surface area based on the cal-
culations of Meeh [3]. He defined the relationship as propor-
tions and not yet as a percentage. Riehl confirmed his 
findings in 1925 [4]. He together with von Zumbusch corre-
lated the time of death with the extent of burns in a publica-
tion in 1905.

Berkow, not being aware of Weidenfeld’s work, recalcu-
lated the surface area of parts of the body in five persons with 
very different physique using the formula of Dubois and 
Dubois [5]. While Berkow found an average error of 15% in 
the calculations of Meeh, he found an error rate of less than 
5% in his calculations [2]. He found out that the body pro-
portions of children were different and suggested to consider 
this fact. Berkow suggested the method to calculate the size 
of a burn as a percentage of total body surface area to be 
named after Weidenfeld and himself, which was not accepted.

In 1942, the treatment of burns on a scientific foundation 
got into the center of national interest not only because of the 
ongoing war. At this time a Burn Research Service had been 
established at the Boston City Hospital, and a National Burns 
and Trauma Research Committee had started. The determi-
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nation of TBSA and the feasibility of a highly qualitative 
method got increasing importance as the treatment of shock 
based on the TBSA was started, suggested by the conference 
of the National Research Council in 1942.

CC. Lund and N.C. Browder, both members of Harvard 
Medical School, published their Lund Browder Chart in 
1944 [6] with the aim to improve bodily proportions and to 
reduce errors. The chart was based on the surface calcula-
tions of Boyd [7]. They established clearly defined borders 
of the body regions and regarded different proportions dur-
ing growth. The Lund Browder Chart was modified by many 
authors [8, 9] but remained in its original form in use until 
now.

Per Wallace (1979) he created together with Pulaski the 
“Rule of Nine” in 1949. Pulaski could demonstrate that he 
showed slides on this rule in 1950 at a symposium of the 
National Burns Research Council in Washington based on a 
cooperation with Tennison. This is the reason why this 
method is mostly credited to them by American authors [2]. 
The rule of nines was designed for a quick estimate of TBSA 
in a preclinical scenery.

The “Rule of Palms” according to Rossiter was based on 
the original Lund Browder Chart and is described in a “field 
surgery pocketbook” by Kirby and Blackburne in 1981 [10]. 
There are different understandings of this rule regarding 
what a “palm” is, whether it is with or without fingers [11]. 
This rule is a simple rule, and it is used alone or as an adjunct 
when using other methods like the Lund Browder to estimate 
the percentage of the burned area of a defined area of the 
body.

Following technical progress, IT-based systems started in 
the early 80s of the last century. In an intention to reduce 
calculation errors in estimating percentages, Wachtel pub-
lished the use of computers to do so in 1983 followed by 
Nichter in 1984 (1985) [12, 13]. Both used Lund Browder 
Charts on screens which were calculated by computers and 
did pixel counts as a form of adapted two-dimensional pla-
nimetry. SAGE II (Surface Area Graphic Evaluation) is a 
system developed by Parshley in 1987 too using 2D charts 
which can be modified by age, weight, and height, and it uses 
the adapted planimetry of Lund Browder [14]. It is available 
online as free for single evaluations or as a registered form 
for multiple observations with costs.

Three-dimensional systems were developed and described 
first by Lee in 1994 [15, 16]. 3D Burn Vision was developed 
by a team of the University of Chicago and was sponsored by 
EPRI (Electric Power Research Institute). The release of the 
version 1.0 was in 1999 [17]. It was described in Comparison 
to Sage II in 2002 [14]. The project was stopped due to the 
end of funding.

Based on the increasing possibilities of IT technology, 
Burn Vision 3D had many forward-looking features like 

adaptation to sex, weight, height, and age. It was zoom-
able; you could rotate the model, it had a morph function, 
joints were movable, the results were storable in an elec-
tronic database and allowed multiple observations. 
Recording of degrees of burn, the area of allografts and 
autografts was possible. The available resolution of the 
model has not been described. Many ideas for further 
usability were developed in this project but could not be 
realized.

BurnCase 3D is a software project for three-dimensional 
registration and documentation of burn patients which was 
started as a student project in 2001. It is now run by RISC 
(Research Institute for Symbolic Computation) which is an 
80% daughter of Johannes Kepler University in Linz, and 
20% are owned by Upper Austrian Research. It runs as a 
research project where the members pay for an annual mem-
bership and can use the full features and influence the ongo-
ing project and do have support. BurnCase 3D software and 
database runs on contemporary versions of Windows and can 
act as a standalone version or as a server with multiple cli-
ents serving for different departments or even hospital 
networks.

More recently, TBSA calculators as apps for smart-
phones and tablets were developed. Using graphic tablets 
for drawing burns had already been done by Nichter in 
1984 [13]. Technical progress reduced the size of comput-
ers and screens to a cigarette box, having more power than 
the big computers in 1983. So a lot of apps was created to 
do TBSA calculation still based on the principles described 
after [18, 19].

A new approach is provided by Sheng and his system 
BurnCalc [20]. It consists of 3D scanning, 3D reconstruc-
tion, and interactive surface calculation. It is a technically 
high standard approach, which shows the possible high accu-
racy of 3D systems but the feasibility of this approach has 
not been demonstrated in clinical use.

These programs and apps could serve as treatment 
guides, but their use is limited due to laws for medical prod-
ucts and lacking certifications by the FDA or European 
Community.

14.3  Requirements for a Future Tool

To evaluate the requirements for a future tool, a weighting 
was performed. The results demonstrate a compromise 
between feasibility and accuracy to be the most promising 
way if technical means do not allow a 1:1 transfer of a photo 
or a scan to a model of the total body within a minimum of 
time under all conditions (preclinical as well as intubated 
and ventilated in the burns operating room or emergency 
room) (Table 14.1).
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14.4  Challenges in TBSA Evaluation

14.4.1  Types of Errors in TBSA Calculations

14.4.1.1  Painting Error
Painting error is the error which occurs when a burn wound 
is transferred to a model. This means that more investigators 
see the same burn and paint it differently. This error can be 
determined by seeing a burn and drawing it on an evaluation 
sheet. The difference in extent and localization shows the 
transfer error.

14.4.1.2  Estimation Error
Estimation error is the error happening when the percentage 
of the area of the body burned already painted on the model 
is estimated by the investigator and declared as a certain per-
centage of the area. Estimation errors can be combined with 
transfer errors. The estimation error was investigated by 
Miller [21] who sent charts of hypothetical patients to burn 
units and found out that there were significant differences in 
the calculated burn size both by doctors and by nurses. This 
phenomenon was described by Berry as well [22], not using 
charts, but the calculations of TBSA.

He compared estimates of transferring facilities to the esti-
mations of the centers to which patients were transferred. Out 

of 333 patients transferred, 105 documentation of an exact 
TBSA were found and could be used for this study. Only 12 
patients showed the same estimations, 65 patients were rated 
higher by the transferring units, and 28 proved to be underes-
timated. The mean TBSA was 22,5%, so there were many 
burns not being extensive. The question remains whether the 
kind of error was simply misestimation or whether there was a 
specific intention to overestimation to find a good reason for 
the transfer. In average, the transferring hospitals estimated the 
TBSA 5% higher than the burn centers.

The error could even be bigger due to the general overes-
timation done by Lund Browder charts. This error has been 
described and investigated together with transfer error by 
Wachtel [23] although he used planimetry as “golden stan-
dard.” The Lund Browder based charts showed a significant 
difference to the Rule of 9.

14.4.1.3  Inter-rater Error
The sum of the above-described errors is the inter-rater error 
caused by different estimates of one burned area by different 
estimators.

14.4.1.4  Calculation Error
Calculation error is the possible error, when calculations are 
done when summing up the total percentage of TBSA 

Table 14.1 Requirements for a documentation tool in burns

Requirements
Environmental Usability in 

IT-environment
0 0 100 25 100

Equipment needed 50 100 50 0 50
Usability in clinical 
settings

0 0 100 25 100

Usability in 
preclinical settings

0 0 100 25 100

Ease of use 100 75 75 0 50
Quality Exactness 25 50 75 0 50

Low inter-rater 
variability

0 50 75 100 100

Medical 
documentation

Enable timeline 0 0 75 100 100
Enable automatic 
encoding

0 0 0 100 100

Enable documentation 
of lateral

0 25 25 100 100

Physiology Body shape 0 0 0 100 75
Aging (of a surface 
point)

0 0 0 50 100

Extreme body 
deformations

0 0 0 75 25

Changing proportions 0 50 50 100 75
Size 0 50 50 100 100
Sex, age 0 0 0 100 100

Planimetric Lund Browder (adapted 
planimetric) manually

Lund Browder (adapted 
planimetric) electronically

3D 
scan

Adapted 3D 
model

175 400 775 1100 1350
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affected (miscalculations in additions, multiplications, 
 percentage calculation) Usually this kind of error can be 
reduced when summing up the areas affected by the burn and 
do the control with the area not affected what should sum up 
to 100%.

14.4.1.5  Methodical Error
Methodical error is happening when a three-dimensional 
surface is transferred to the two-dimensional model, e.g., of 
Lund Browder or when a method attributes the wrong per-
centage to a certain area.

As an example: Lund Browder Error:
The chart is showing different percentages of the body 

surface, compared to objective methods like 3D body scan or 
measurement of real surfaces by spherical planimetry.

14.4.1.6  Model Error
Model error happens, when the model does not reflect the 
body shape of the patient. This error happens when obese 
patients or patients with an unusual body shape are reduced 
to average models which are not adapted.

14.4.2  BIAS Caused by Secondary Motivation

All methods are open for motivational error. In any system, 
you can draw bigger burns than they are. Photo comparison 
and overlay is a method to reduce this influence and make 
the evaluation more objective. Intended overestimation in 3D 
systems is more obvious than in 2D systems.

14.4.2.1  Motivation
An example of how to improve motivation was our investiga-
tion about burn size estimation by participants of interna-
tional burn meetings. By the chance of winning a price 
(iPad), the standard deviation of estimates was reduced in 
comparison to other studies.

14.4.2.2  Funding
Another reason could be a reimbursement strategy of burns 
treatment. An example of this is a DRG Group dependent 
from TBSA.

14.4.2.3  Psychology and Vanity
A psychological aspect should not be missed: When a patient 
is successfully treated, it feels better to “diagnose” a big burn 
as this gives better self-esteem than the survival of a patient 
with a small burn and when a patient died despite our treat-
ment it must have been a big burn as he would have survived 
otherwise. This happens, e.g., when benchmarking processes 
are done between centers.

14.5  Technical Aspects of TBSA Calculation 
Methods

14.5.1  Paperless and IT Less Documentation

14.5.1.1  A Simple Estimate by the First Guess
A simple estimate by the first guess is a time-saving method. 
Just by looking at a patient, TBSA is estimated. The method 
seems to be inexact, but Hintermüller could demonstrate that 
the results were nearly comparable to the “rule of palms” 
[24]. Both methods resulted in an overestimation of TBSA; 
the simple estimate was the most inexact method. This 
method often is hidden under the term “clinical 
assessment.”

14.5.2  Paper-Based Charts

14.5.2.1  Simple Drawing
Long before the time when charts with relations existed , 
simple drawing in paper was done [2]. By mental arithmetic, 
the system is open to nearly all kinds of error combined with 
low inter-rater reliability.

14.5.2.2  Drawing on a Model on Paper
Example of this is the Lund Browder Chart. The burn extent 
and quality is drawn on a model on a piece of paper. 
Evaluation of the percentage of the areas affected and calcu-
lations must be done by estimate.

14.6  IT-Supported Drawings 
and Calculations

IT-based systems may still have a methodological error, but 
inter-rater reliability is much better than the hand and brain 
work, no matter whether they are two- or three-dimensional 
[24–27].

14.6.1  Two-Dimensional IT Systems

2D models are based on simple drawings of the human body 
on a plane screen of a computer. These models do not con-
sider three dimensionalities of the human body, and in many 
applications, there is no space to register the lateral and other 
parts of the body.

Many 2D models do not reflect the difference in sex, body 
shape, size, and weight of the patients. On the other hand, 
they are easy to be handled but can only give a very crude 
overview about the type of burns and areas affected  especially 
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on the lateral body parts and miss the true extent of areas. 
Different types can be described:

14.6.1.1  Simple Planimetry
This refers to a simple pixel count in a two-dimensional pic-
ture. Some electronic devices use this approach.

14.6.1.2  Corrected Planimetry
Corrected planimetry is a pixel count in a two-dimensional 
picture corrected by a certain body percentage advised to a 
certain body area.

14.6.2  Examples for Corrected Planimetry Are

• Rule of nine [28].
• Rule of fives [29].
• Lund Browder and related charts [6].
• SAGE II.
• Some computerized charts partly accommodated to gen-

der, height, weight, age, and body shape.
• Most smartphone apps are based on a two-dimensional 

calculation corrected by the Lund Browder percentages.

14.6.3  Three-Dimensional Systems

3D models can be adapted to the individual properties of the 
patients.

14.6.4  3D Models Can Be Better Adapted 
to the Reality

Three-dimensional systems avoid the methodological error 
of reduction to a 2D drawing. They can be adapted to body 
size, weight, sex, and body shape.

Existing methods show a high validity in grown-ups with 
BMI < 30 [27]. Limitations are in severe obesity or unusual 
body proportions. The accuracy of the model is dependent on 
the adaptation to the model to the individual patient’s body 
shape and properties.

14.6.4.1  Individual Measurement Based 
Systems

Individual measurement based systems should show an accu-
rate picture of the body of the patient to be evaluated such 
considering gender, height, weight, age, and body shape.

An exact 3D scan seems to be a total individual and 
exact 3D model. They have been mainly used in studies 
till now, having shortcomings themselves but also show-

ing the weakness of other methods [30]. A complete 3D 
body scan consists of a series of sub-scans which must be 
adapted to one.

14.6.4.2  Model-Based Systems
Models are used and adapted to gender, height, weight, age, 
and body shape. A choice of a model out of a library is done 
by the system or the user. It is then adapted to the different 
qualities as far as the IT system provides. Adaptation can be 
based on measurements. The choice of a model out of a 
library can be partially or total IT supported based on these. 
Another way is just hoping that the model fits best to reality 
out of the offered choice by visual compliance.

Lund Browder offers one model with one standard type of 
body shape. The proportions of certain body parts can be 
adapted to different ages. Just one model to draw on it repre-
sents three different models, and by this, it is a library based 
system.

14.6.4.3  Examples for 3D Methods
• Rule of palms [31]
• Measurement by comparing to the known surface:

 – Rapid Burn Assessor [32]
 – EPRI 3D Vision [14]
 – BurnCase 3D [33–35]
 – 3D Scanners [36]

14.7  Error Types Dependent on Methods 
(Table 14.2)

14.7.1  Methodological Error

14.7.1.1  The Methodological Errors of  
Two- Dimensional Charts

The Projection Error
In a front and/or backside view, the true size of an area 
affected can only be shown as the projection of a three- 
dimensional area on a plane area, not showing the true size. 
When an additional lateral picture exists, the same happens 
as a projection on a sagittal plane with the same shortcom-
ings [13, 23, 37]. This error can be calculated by mathemati-
cal rules.

Calculation of Projection Error
The human body can be interpreted as a series of cylinders 
and cubes (Fig. 14.1).

In a lateral burn and a chart cutting the body in a two- 
dimensional anterior and posterior half, the area or percent-
age covered by the burn can be calculated (Fig. 14.2):
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Presumed: radius = 1, height = 1, the area of the plane 
projection can be calculated by the formula (1 − x) ∗1 where 
x = cos (alpha).

Y = 1 − cos(alpha); Projected area = (1 − cos(alpha) × 1). 
In a three-dimensional measurement, the red area can be cal-
culated as follows: (2rπ × α) ∗h/360 = 2pi × alpha)/360

The relation between the two-dimensional and three- 
dimensional area in the lateral body parts where the form of 
the body corresponds to a circle shape can be calculated 
depending on the angle α (Table 14.3).

The numbers in the table above are only calculated for 
one-quarter of the body and as total angles.

Result: In a lateral wound between 0° and 10° it can be 
demonstrated that the 3D registration calculates 11 times the 
area which is calculated by the 2D registration and 1.5 times 
for the whole area of a quarter of the body cylinder and the 
double amount when the anterior and the posterior quarters 
are affected.

Calculation of Projection of Segments of 10° Each 
(Fig. 14.3)
To calculate the area as a projection of segments which 
means not as true angles but as the segment between, e.g., 10 
and 20°, a different calculation for the relation between 2D 
and 3D must be done.

The calculation for the plane 2D area is
Presumed r = 1, h = 1; Area 1 = r (cos (β) − cos (α)) ∗h 

where r and h are eliminated as 1
And for the 3D documentation: 2rπ∗(α − β) × h where r 

and h are eliminated as 1
This number stays the same for all 10-degree slices 

(Fig. 14.4 and Table 14.4).
Result: It can be shown that the projection of wounds lat-

eral from 60° only shows between 90 and 8% of the true 
area. This effect is doubled when the anterior and the poste-
rior quarters are affected!

14.7.1.2  The Standardization Error
The standardization error is the error happening when the 
measurement has an immanent system error due to the type 
of standardization of the measurement. This can be demon-
strated by showing the different results of different methods 
of measurement.

This can be demonstrated by computer simulation:
Lund Browder chart was compared to the male and female 

3D model (BurnCase 3D) and male and female scan models 
and to Make Human Taiwanese models based on the mea-
surements of Yu. Typical areas of the body were selected, and 

Table 14.2 Susceptibility to error types of different methods

Painting error Estimation error Calculation error Methodological error Open for motivational error
Paper based ∗∗∗∗∗ ∗∗∗∗∗ ∗∗∗∗∗ ∗∗∗∗∗ ∗∗∗
IT-based 2D ∗∗∗ ∗∗∗∗ – ∗∗∗ ∗∗∗
IT-based 3D ∗ – – ∗(dep. on body shape) ∗∗∗

Fig. 14.1 Shows how a body can be abstracted to circles and 
rectangles

α
x y

Fig. 14.2 Projection of a burnt area on a plane 2D system compared to 
3D beginning from 0° to alpha: y is the projection of the circle segment 
to the plane
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the total percentage of body surface area as indicated by the 
different systems were compared.

Models used: (Table 14.5)
The standardization error is a technical error and the indi-

vidual errors by the investigators are not reflected.

14.8  Description, Critics, and Literature 
of Different Methods

14.8.1  Which Rules Are Used in Common 
Practice? (Table 14.6)

Although burn surgeons mostly declare to use a special pro-
cedure (per SOP) in determining TBSA, when demonstrat-
ing how they do, a combination of methods is used, where 
the rule of the palm is a basic tool (personal experience of the 
authors). The rule of nines seems to be the most used method.

14.8.2  Rule of Palm

14.8.2.1  Rule
The surface of the patient’s palm is about 1% of the total 
body surface. There are different usages of this rule, whether 
palm is to be calculated with or without fingers [11].

14.8.2.2  Critics
The rule of palm leads to an overestimation of the real extent 
of the burn injury. In adults, the extent of a palm varies 
between 0.75% [11] and 0.94% of the total body surface 
[47]. There are principal gender-related differences as the 
palm of a man is 0.85% [11], and the palm of a woman is 
0.79% [48] of the total body surface in normal BMI.  The 
isolated palm is 0.5% in men and 0.4% in women [11]. In 
children, the palm is 0.92% and the palm 0.52% [47].

The rule of the palm is influenced by the BMI as the true 
area of the palm does not change in the same amount than 
body surface area in a BMI  >  31 [49] both in men and 
women. Butz [50] describes the dependency of the real pal-
mar surface from BMI and formula of BSA calculation and 

Table 14.3 Cumulated difference in true 3D areas to projected 2D areas from

α Area 2D Area 3D Percentage 2D area of 3D area Percentage 3D area of 2D area Difference 3D-2D
0–10 0.01519225 0.17453278 0.08704524 11.4882794 0.15934053
0–20 0.06030738 0.34906556 0.17276806 5.78810686 0.28875818
0–30 0.1339746 0.52359833 0.25587285 3.90819117 0.38962374
0–40 0.23395556 0.69813111 0.33511693 2.98403304 0.46417555
0–50 0.35721239 0.87266389 0.40933559 2.44298326 0.5154515
0–60 0.5 1.04719667 0.47746523 2.09439333 0.54719667
0–70 0.65797986 1.22172944 0.53856429 1.85678852 0.56374959
0–80 0.82635182 1.39626222 0.5918314 1.68967041 0.5699104
0–90 1 1.570795 0.63662031 1.570795 0.570795
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10° segment area from lateral to medial
(0°-90°) and relation of 2D to 3D area

(0°-10° = 11 fold, 0-90°= 1,5 times)

2D 3D 3D/2D

Fig. 14.3 How much of a 3D area (10° segment) do you really see in 
2D projection?
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Fig. 14.4 Shows how a 10° cylinder segment is projected to a 2D 
plane
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found values in a BMI of 18.5–24, between 0.95 (Mosteller 
and Dubois) and 0.99 (Yu et al.) [50]. In a BMI ≥ 40, the 
values differed between 0.61 (Livingston and Scott) and 0.73 
(Du-Bois and Du-Bois).

The degree of overestimation in practical use varies. 
Hintermüller found a variance from +173% to +41.55% of 
the true area and a standard deviation of 19.91% and an aver-
age overestimation of 70.88% in the total area of 7 wounds 
evaluated. The error was bigger in small wounds than in 
large wounds.

The method could be the reason for severe overestima-
tion up to 100% in A&E departments as described by 
Laing [51]. He describes a clear dependency from the spe-
cialty or grade of the assessor in the A&E department. 

Doctors varied between 117 and 7% of overestimation 
although using a Lund Browder chart. This could be 
caused by the rule of palms to assist in Lund Browder 
evaluation. Cone described an average overestimation of 
75% by referring physicians [52]. Sheng et al. describe an 
overestimation by the combined use of Chinese rule of 
nines and the rule of palms between 12 and 30% in 17 
wounds evaluated [20].

14.8.2.3  Validation
The rule of palm has been tested for validity by Rossiter [11]. 
He measured the size of the palms in 70 subjects (36 male, 
34 female) and compared it to BSA calculations by a for-
mula (which formula is not described). Evaluations were 

Table 14.4 Shows the numeric differences between a 3D cylinder segment and its projection to a single plane

Angle cos cos > - Cos < Segment 3D 2D/3D∗100 percentage projected on 2D 3D/2D
0–10 1 0.01519225 0.17453278 8.7045236 11.4882794
10–20 0.98480775 0.04511513 0.17453278 25.8490885 3.86860836
20–30 0.93969262 0.07366722 0.17453278 42.2082419 2.36920553
30–40 0.8660254 0.09998096 0.17453278 57.2849192 1.74566014
40–50 0.76604444 0.12325683 0.17453278 70.6210232 1.41600894
50–60 0.64278761 0.14278761 0.17453278 81.8113431 1.22232439
60–70 0.5 0.15797986 0.17453278 90.5158668 1.10477868
70–80 0.34202014 0.16837197 0.17453278 96.4701117 1.03659049
80–90 0.17364818 0.17364818 0.17453278 99.493161 1.00509421

BurnCase 3D male BurnCase 3D female

MakeHuman Basis model MakeHuman obese male and female

Taiwanese model
MakeHuman male

Taiwanese model
MakeHuman female

Fig. 14.5 Shows the different models tested for comparison
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done as well by Sheridan [53], Nagel and Schunk [47], 
Amirsheybani [54], Jose [55, 56], and others.

14.8.2.4  Result
A palm is not 1% of body surface area [57]. Severe overesti-
mation of TBSA can be expected when using the rule of palms 
due to inaccuracy in definition and usage, varying between 10 
and 70%. The inter-rater error is expected to be high.

14.8.3  Rule of Nines per Pulaski and Tennison 
(Wallace)

14.8.3.1  Description
In his publication in 1951 [58], following percentages are 
given arms 9% of total body surface each, legs 18% each, 
chest and back 18% each, head 7%, neck 2%, hands and feet, 
genitals 1% each. There is no adaption to sex, weight, height, 
and different body shapes.

14.8.3.2  Critics
The rule was intended for preclinical use in a disaster or 
mass casualty situation. The application of the rule of 
nines often leads to an overestimation of the real extent of 
the burn injury [22, 23], especially in patients with an 
increased body mass index [59]. In patients weighing more 
than 80 kg, it is more promising to apply a rule of fives, 
under 10 kg a rule of eights [59]. Not regarding different 
body shapes leads to an overestimation of extremity burns 
and underestimation of torso burns [29]. In normal 
weighted patients, the back and the torso are overrepre-
sented by the rule of nines when compared to the results of 
3D scans [36].

14.8.3.3  Validation
This rule was intended as fast orientation in the place of the 
accident. Its simplicity contributed to a wide use even in burn 
centers. The author found no validation study of the rule of 
nines. The inter-rater error is expected to be high.

Table 14.5 Results of comparison of body areas in different models

Method

Lund Browder BurnCase 3D Yu et al. Make Human obese Make Human model adapted 
to average of Taiwanese 
Body Bank

Male Female Male Female Male Female
Region % BSA % BSA % BSA % BSA % BSA % BSA % BSA % BSA
Head 7 6.71 7.36 7.43 5.76 6.09 8.26 8.06
Neck 2 1.39 1.38 2.67 1.05 0.98 1.5 1.09
Anterior trunk 13 13.32 12.9 14.94 20.6 20.56 13.68 15.46
Posterior trunk 13 9.78 8.27 10.97 11.76 10.38 10.7 9.88
Right buttock 2.5 3.01 3.38 2.55 2.87 3.34 2.32 3.06
Left buttock 2.5 3 3.21 2.55 2.88 3.37 2.33 3.1
Genitals 1 1.17 0.26 0 0.44 0.5 0.41 0.5
Right upper arm 4 4.39 4.88 4.11 4.31 4.07 4.42 4.02
Left upper arm 4 4.36 4.82 4.11 4.41 4.16 4.51 4.13
Right lower arm 3 3.64 3.24 2.99 3.15 2.89 2.93 2.65
Left lower arm 3 3.63 3.21 2.99 3.15 2.88 2.93 2.65
Right hand 2.5 2.2 2.08 2.32 2.02 1.7 2.5 1.98
Left hand 2.5 2.2 2.07 2.32 2.02 1.7 2.5 1.98
Right thigh 9.5 11.25 12.24 9.93 9.03 10.25 10.38 11.14
Left thigh 9.5 11.07 12.11 9.93 8.94 10.1 10.29 11.01
Right shank 7 5.97 6.2 6.83 6.34 6.2 6.98 6.62
Left shank 7 6.14 6.14 6.83 6.34 6.2 6.98 6.62
Right foot 3.5 3.4 3.13 3.28 2.47 2.31 3.19 3.03
Left foot 3.5 3.39 3.13 3.28 2.47 2.31 3.19 3.03

Table 14.6 Usage of rules accordimg to literature

Publication Rule of palms Rule of Nines Lund Browder Electronic Combination of LB and R. of 9 s Not described or others
Miller percentage [21] 35 33 1.75 21
Giretzlehner [41]
DAV percentage 37.3 38.8 10.4 29.4 9
EBA percentage 41.8 37.3 24.1 41.2 4.8
Ziegler percentage 
[43]

71 18 29

14 Burn Size Estimation, Challenges, and Novel Technology



190

14.8.3.4  Result
The rule of nines is very dependent on the BMI and usually 
leads to severe overestimations. It was one of the most com-
mon rules in the investigation of Giretzlehner [41]. He found 
an average overestimation (= estimate – true value) by use of 
the rule of nines and Lund Browder of 138%. The rule is 
considered inaccurate by many authors [13, 22, 23, 60].

14.8.4  Lund Browder Chart [6]

14.8.4.1  Description
The Lund Browder Chart assigns various age groups to vari-
ous body proportions. One model is attributing different per-
centages of BSA to special areas, which are defined by their 
borders. It cannot be adapted to sex, weight, height and body 
shape and five different ages.

It uses adapted planimetry for the calculation procedure. 
It is regarded as “the most accurate procedure” by most 
authors [61].

14.8.4.2  Critics
Several authors have shown an overestimation of the extent 
of the burn injury when applying the Lund Browder Chart, 
maybe as it is based on only one type of physique. Various 
forms of corpulence and different weight categories cannot 
be considered as well as different body shapes and changes 
in proportions between the given ages.

14.8.4.3  Validation
When evaluating the Lund Browder Chart, the challenge is to 
compare it to objective measurements. Usually, the “golden 
standard” in comparisons is an experienced senior surgeon 
of the burn center. This is no objective method. Computerized 
planimetry only can improve the calculation of the percent-
age of burns of an identified area without calculating the real 

extent as this method has the projection error immanent. 
Computerized methods like 3D measurements or stereo-
grammetry seem to be adequate [61]. Another method is the 
evaluation with paper squares. Klippel described concerns 
about the validity of the chart which had not been validated 
by an expert panel and that the anthropometric data used 
were more than 60 (now 100) years old [62].

14.8.4.4  Results
The comparison to 3D methods sometimes shows severe 
overestimations by this method (see table).

Differences between investigators estimating the same 
patient can be found due to different surroundings (e.g., 
A&E department, preclinical evaluation, and burn center) 
where many types of error are possible. Such studies have 
mainly been performed when patients were transferred to a 
burn unit after primary evaluation. Big differences were 
found in many studies [63–66]. Most of the preclinical evalu-
ations were compared to burn center evaluation what again 
was a Lund Browder Chart.

14.8.4.5  Overestimation
Table 14.7 shows estimation errors published in the 
literature:

14.8.4.6  Underestimation
Underestimation is only diagnosed when compared to an 
“expert Lund Browder Chart.” It happens less frequently 
than overestimation and when mainly in extensive burns.

14.8.5  Inter-rater Error

Inter-rater error is the error when two investigators evaluate 
the same burn differently. A high inter-rater error makes data 
not sufficient for scientific use.

Table 14.7 Over- and underestimation when using own method chart

Author Over-under estimation Info Golden standard
Alm 2003 [38] Average plus 17.18% Overestimation in 90% Paper squares
Nichter 1985 [13] cited in Neuwalder 
2002 [14]

Average plus 29–49% Mean estimate 21.1 for a 
10.8% burns

Acetate rip-off planimetry of 
affected area in computer

Nichter [13] Mean rater plus 90% TBSA 
paper chart

Mean overestimation found 
was 12.48%

2D computer against true area

Berry [39] Standard distribution of error 
20.5 TBSA

Overestimation in 94 of 256 
cases (37%)

Burn unit assessment (LB)

Martin Lundy [40] Military 
Operational Surgical Group

Underestimated avg—12% 2 Burn Center experts using Lund 
Browder

Martin Lundy [40] CPSS 
(Burns + plastic Surgeons)

Overestimate + 1% 2 Burn Center experts using Lund 
Browder

Giretzlehner [41] Overestimation of plus 
77–161%

Estimation from photos 3D computer model (BurnCase 3D)

Berry [42] Overestimation 12% (39.4% 
versus 34.9%)

2D system manually versus 2D 
system computerized
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Table 14.8 shows the inter-rater error in literature.

14.8.5.1  Conclusion
The Lund Browder Chart mostly leads to an overestimation 
of the real burn and is prone to a high inter-rater error. These 
overestimations are bigger in small burns and smaller in 
larger burns [22, 39]. Big burns have the trend to be underes-
timated by Lund Browder Chart (only compared to Lund 
Browder performed by experts). As the total burn size is lim-
ited to 100%, it is obvious that bigger burns are less overes-
timated having this mathematical limit.

14.8.6  Electronic Systems

14.8.6.1  Two-Dimensional Systems
One example of a two-dimensional electronic system is 
Mersey Burns. It has been approved by Medicines and 
Healthcare Regulatory Affairs Agency in the UK [18]. The 
App showed in comparison to Auburn [18] nearly the same 
ease of use and frequency of errors. The real TBSA evaluated 
was not investigated, and the electronic calculations of both 
programs were based on a 2D Lund Browder Chart.

Examples for this are [19] (Tables 14.9 and 14.10).

14.8.6.2  3D Systems as Apps
Examples for 3D apps:

Results: 3D systems have less inter-rater errors and 
high intra-class correlations compared to the truth. As 
they are based on different calculation methods, different 
results are to be expected. Hintermüller compared 2D 
electronic system (Mersey Burns) to a 3D electronic sys-
tem (BurnCase 3D). In her evaluation, Mersey Burns was 
linked to an overestimation of 32% to the ground truth 
with a range of 17.8%, while BurnCase 3D showed an 
overall difference to the ground truth of average −4.53% 
with a range of 7.6%. So, it was superior to the other 
methods. Similar findings were described by Goldberg 
[25, 46].

14.8.7  3D Systems as Desktop Programs

Desktop programs are mostly designed for usage in burn 
centers. They can act as standalone versions or as a network 
of computers.

14.8.7.1  BurnCase 3D

Description
It is a Windows-based desktop program and database for 3D 
registration and storage and electronic processing of burns 
information. Most challenges of modern burn care are con-
sidered by the developers. Its strength is the simple and 

Table 14.8 Inter-rater error as shown in literature

Author/year Chart
True size 
TBSA

Average std. 
dev in % BSA Add. info Method of comparison

Neuwalder [14] 2D computerized and 
3D computerized

n.a. n.a. Can reduce overestimation and 
increase accuracy to 0.5% error

Technical comparison

Wachtel et al. 
2000 [23]

Univ. San Diego Cal. 50.50 ±5.86% No 3D comparison Computer planimetry

Wachtel et al. 
2000 [23]

Univ. San Diego Cal. 
Rule of Nines

52.36 ±6.32 No 3D comparison Computer planimetry

Martin 2013 [40] 
MOST cohort

Mod. Lund Browder 
Chart

64.5
Avg. 
eval.: 
52.53

±10.03 No 3D comparison Comparison to “expert Lund 
Browder”

Martin 2013 [40] 
CSPSS cohort

Mod. Lund Browder 
Chart

64.5
Avg. 
eval.: 
65.68

±10.29 No 3D comparison Comparison to “expert Lund 
Browder”

Retrouvey [44] Lund Browder Median 
10%

±1.5% 
average 
(1.4–2.2)

Compared to BurnCase 3D Est. error of +14% to +22% by 
use of LB

Electronic systems:
Berry [42] Electronic Lund 

Browder Chart
Interobserver variability 0.995

Parvizi [27] 3D electronic 
calculator model based

20.7;
27.2;
16.5

0.9
1.5
0.1

0.1863
0.01088
0.00495

Intra-class 
correlation
98% CI 95%

BurnCase 
3D

Sheng 2016 [20] 3D electronic 
calculator based on 3D 
scans

Intra-class 
correlation 
99.9%

BurnCalc
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intuitive user interface, allowing quick data input without 
the need for sophisticated training [24].

The model is build up as a 3-dimensional mesh of over 
90,000 connected triangles with each smaller than 1 cm2. By 
specifying age, sex, height, and weight, and choosing an 
appropriate 3D standard model the system generates an auto-
matically adapted virtual body surface which fits the patient’s 
body shape. It incorporates the 12 most widely accepted 
TBSA estimation formulas in the scientific literature. Also, 
the adaptation algorithm considers the growth behavior of 
different body regions to reach realistic body expansion.

The burned surface area is marked on the 3D body surface 
by standard mouse or touchpad interaction. Consequently, 
the marked area appears in a significant color and pattern, 
thus visualizing different burn degrees or even surgical pro-
cedures, dressings, or medications. The covered surface area 
as well as affected percentage of the TBSA and several medi-
cal scores and indices (ASBI, Baux, Baxter-Parkland, etc.) 
are calculated in real time and presented on the user interface 
immediately after drawing.

14.8.7.2  Special Features

Can Be Used as a Network Server or Client
The system is designated for network use in a hospital or 
within hospitals as well as a standalone feature.

It can cooperate with BurnCase 3D app, to work as a cen-
tral data collection tool in mass casualties where pictures and 
datasheets can be transferred as well.

Creation of a Timeline
Such an acquisition of a 3D state can be created and revisited 
at different points in time throughout the whole treatment. 

Thus, a comprehensive 3-dimensional track of the complete 
treatment history is created and stored in the database for 
every patient. So the history of burns treatment can be docu-
mented, percentage of graft loss can be documented as well 
as the time to heal [67].

Additional Database for Injury-Related Data
Additional burn-related information such as the course of the 
accident, first aid, complications, former illnesses, and con-
dition on admission can also be acquired and stored to the 
database. To be able to supervise all changes to the stored 
data, BurnCase 3D keeps track of every data acquisition or 
deletion in a separate changelog. This data collection is com-
patible with the United States’ National Trauma Registry 
(NTRACS).

Intelligent Picture Archieves
The system enables picture storage and retrieval by an intel-
ligent link to patient, date, procedure, diagnosis, and much 
more in a simple and intuitive way.

Improvement of Accuracy by Picture Overlay
To further increase the level of accuracy, an integrated digital 
picture archive provides visual verification by superimpos-
ing pictures on the 3D model. An intuitive model-picture- 
registration algorithm has been implemented, which allows 
the physician to easily move the virtual body in the position 
of the patient on any digital picture. By doing so, the whole 
burn surface estimation procedure becomes as easy as 
sketching the border of burn wounds on a picture, however 
without subjective influences.

This can be done with true or false color pictures as pro-
duced by burn depth classification methods.

Table 14.9 Technical and other specifications of different systems

App Method Min res Medical implications Medical product
Literature on 
medline

BurnCare Lund 
Browder

Minimum 1% 
square

Gives suggestion for 
resuscitation

No None 
available

Mersey 
Burns

Lund 
Browder

Parkland Medicines and Healthcare products Regulatory Agency 
(MHRA) authority as a class I medical device in the 
United Kingdom [18]

[18, 24, 45]

NurseCalc Rule of 
Nines

1 Unit 
(extremity)

Just TBSA No None

BurnCalc Lund 
Browder

uBurn Rule of 
Nines

Parkland No [18, 24]

Table 14.10 Apps and used methods

App Method Min res Medical implications
Medical 
Product

Literature on 
medline

3D Burn 3D model 
adapted

? Parkland formula No Not found

BurnMed 
Lite

3D model 
adapted

9704 triangles 
total

TBSA No [46]

BurnCase 
3D

3D model 
adapted

90,000 
triangles

TBSA, TBSA superficial, deep, partially deep, BMI, Parkland 
B.E.E. Caloric requirements

No [24]
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Addition of Burn Depth Diagnosis
CCD cameras with appropriate classification software as devel-
oped by Dr. Werner Eisenbeiß and Dr. Jörg Marotz in Lübeck, 
Germany at Delphi-Optics GmbH or other methods like Laser-
Doppler-Measurement (Moore Instruments, UK) or Infrared 
Spectroscopy (NRCC, Canada) can also be used as classifica-
tion input for BurnCase 3D and leads to an automatic and 
objective characterization and documentation of burn injuries.

Automated Encoding
The system encodes automatically all diagnostic procedures 
per ICD and operation procedures.

Workload Description Based on ICD and Surgical 
Procedure Codes
At the end of treatment, the total used ICD codes and OPS 
codes are generated to enable the comparison of workload 
and to generate DRGs.

14.8.8  Validation

14.8.8.1  Accuracy and Interobserver Error
BurnCase 3D was validated in a study comparing computer 
measurements of seven wounds in each of three models (male-
female, child) to the real extent of wounds measured by detach-
ing the wound areas from the models and planimetric 
measurements [27, 68]. It showed an average deviation of mea-
surements to the ground truth of 0.2% and an intra-class correla-
tion of 98. So, it proved to be “a valid and reliable tool for the 
determination of percentage burned TBSA in standard 
models.”

14.8.8.2  The Dependency of Results 
from Training

Hintermüller demonstrated that after an introduction into the 
program of just 1-min paramedics achieved an intra-class 
correlation of 96% and an average standard deviation of esti-
mates <1.2%.

It has been observed that the use of a 3D evaluation tool 
even reduced the overestimation when using Lund Browder 
Charts.

14.8.9  Limitations

14.8.9.1  Severe Obesity or Unusual Body Shape
Validation was done using standard models of manikins. 
Although an adaptation of the models can be done to an “obe-
sity type,” this adaptation is limited by a higher BMI (~30) or by 
unusual body shape. Further model development is in progress.

14.8.9.2  Children
TBSA evaluation in children was described as an unsolved 
problem [69]. Lund Browder only offers models of a new- 
born baby, a baby about 1 year and a juvenile model with 

about 12  years. In the MICA Study (Measurements for 
Infants, Children, and Adolescents) the team of Kinderklinik 
Linz measured the proportions of 2529 children [70] and cre-
ated 12 proportionally correct models for different age 
groups, which can be adapted to weight sex and height. 
These models were integrated into BurnCase 3D. An evalua-
tion has been started.

14.8.9.3  Results
BurnCase 3D is reliable and easy to use tool with many dif-
ferent features. It shows the highest accuracy and lowest 
inter-rater error of all tools in clinical practice [27].

14.8.9.4  3D Pictures
3D pictures together with an objectivation of size (e.g., by 
the ruler, a fixed distance of photos or a grid pattern [71]) can 
be a good method to determine burns extent especially in 
small burns with high accuracy.

Critique: Results are given in absolute square cm, the 
calculation of TBSA percentage demands BSA estima-
tion by a formula. So this method is only perfect in small 
burns [72].

14.8.9.5  3D Scans
3D scans can be useful for accurate determination of the size 
of a burn wound, as these systems once calibrated give the 
absolute size of an area.

14.8.10  Partial Scans

Partial scans are used to produce compression devices, e.g., 
for the head. The usual method of a plaster cast is replaced 
by a 3D scan of the face and the scars. A compression mask 
can be produced by a 3D print. The degree of compression 
must be determined by a special algorithm.

14.8.11  Total Scans

14.8.11.1  Description
When there are bigger burns or unusual body shapes, 3D 
scan needs a total body scan from all aspects (e.g., planta 
pedis, palms of the hand). Only a scan can determine the 
surface of the body so scans of axilla, perineum and other are 
necessary. So about eight total scans are necessary to recon-
struct a body exactly [56]. These scans must be assembled as 
a “total body scan picture” which demands an evaluation of 
the composition procedure. To evaluate changes on the sur-
face, the 3D scan from a point cloud must be stored in a 
model where each surface point can be followed up over the 
timeline.

14.8.11.2  Critique
Till now no usable 3D scan for a total body scan in a burns 
environment has been published. BurnCalc [20] shows the 
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accuracy of a 3D scan but does not tell how to use in an envi-
ronment with a ventilated and sedated patient. The storage in 
a point cloud does not allow follow-up of a certain point of 
the surface over different scans.

14.9  Consequences of Wrong TBSA 
Evaluation

14.9.1  Over-Resuscitation

Shock treatment in burn injuries was one of the greatest pro-
gresses in burns treatment when it was implicated by a fea-
sible rule like the one of Parkland created by Baxter and 
shires in 1968. The rules implicated were mainly based on 
the extent of burns as a percentage of TBSA [73]. In 1979, an 
NIH-sponsored conference on burn care was summarized 
with a statement that burn patients should be resuscitated 
with as little fluid as possible to maintain organ perfusion. 
Initial fluid therapy should consist of isotonic crystalloid at a 
volume between 2 and 4 mL/kg/%TBSA for the first 24 h 
and titrated to maintain urine output of 30–50 mL/h [74].

In the years’ complications in burns, treatment was found 
in increasing number which was not documented before 
[73]. Abdominal compartments led the attention to the fact 
that most centers used amounts of fluids for resuscitation 
which were sometimes severely more than the calculated 
4 mL/kg/TBSA%.

Many reasons may be causal for this.
First, there was the trend to optimize resuscitation to 

“super-normal” values [75]. Small boluses of fluid were 
given to the point that cardiac output did not increase any 
more. By following this procedure, very high volumes were 
applied. “More” simply was accepted as better. First results 
seemed promising, but in a multicenter trial, supra-normal 
values did not provide a better outcome [76].

Sympathetic activation by vasoconstrictor substances as 
catecholamine or angiotensin 2 increases CVP and releases 
NAP.  This happens in the primary situation of the injury 
where pain raises pressure and makes tachycardia.

NAP mediates the shredding of the glycocalyx which is 
responsible for the tightening or leakage of vessels [77, 78]. 
This effect can be aggravated by the application of addi-
tional fluid [79].

Early shredding of the glycocalyx may establish early 
capillary leakage, demanding higher amounts of fluid later 
[80]. The low-volume responders could be differentiated 
from the high-volume responders in the very early phase 
which was within the first 4 h [81]. “Difference developed 
after two hours and remained so” [81]. So the very early 
phase of resuscitation is determining the later run. Once ini-
tiated, “fluid begets more fluid” [80]! Control by urine output 
fails in the case of severe capillary leakage. This can be seen 
in Friedrich who investigated supra-Baxter resuscitation and 
found no difference in 24-h urine output between groups of 
high-volume resuscitation and low-volume resuscitation 

[82]. The same can be seen in the paper of Engrav where she 
showed that the average urine output did not increase 
although the fluid administrations did [83].

Initial overestimation of TBSA increases all the previous 
effects. Over-resuscitation caused by overestimation will 
happen during the primary transport where no urine output is 
measured. The consequences of burn edema cannot be 
reversed later. It is common in emergency departments.

14.9.2  Complications Due to Burn Edema

Complications of burn edema as pulmonary dysfunction and 
increased intra-abdominal and intercompartmental are well 
described [73]. Mortality has not been proven due to high- 
volume resuscitation. Local complications like reduced take 
rates of dermatomes too are not investigated and described till 
now. Low-volume resuscitation reduces the risk for MODS 
and makes a improved lung function in the early phase [84]. 
After all “suboptimal fluid resuscitation in burn, patients leads 
to greater burn depth and extension of the shock period [85].”

14.9.3  Missing Accuracy in Studies

A scientific approach to burns treatment is based on accurate 
TBSA calculation. This has been generally accepted, and dif-
ferent intentions are going on an international level. The 
OBOS (One Burn One Standard) initiative of the ABA [1], 
the one world one burn of ISBI, and the standardization 
 initiatives of the German-Speaking Association for Burns 
Treatment [86, 87] try to set up standards for burns treatment. 
The necessity of standards was well recognized in, e.g., the 
“Inflammation and the Host Response to Injury study.” The 
creation of SOPS was seen as necessary for this study to cre-
ate high-quality clinical endpoints in burn care as a basis for 
further evaluation of genetic and proteomic changes and its 
influence on inflammation [88]. Unfortunately, this study like 
others is based on an evaluation of TBSA by Lund Browder 
Chart, ignoring the immanent errors like over- or underesti-
mations and inter-rater error of these methods. Even if in a 
very expert surrounding doing TBSA evaluations, the validity 
of data based on methods and errors is basic to further conclu-
sions. An inter-rater error of 10% as reported by Wachtel and 
others [13, 23] can change results and significances and can 
simply be changed by the use of electronic media.

14.9.4  Wrong Distribution of Patients

14.9.4.1  Distribution to Burn Centers
Burn size is the most important parameter whether to transfer 
patients to burn centers or not. TBSA evaluation happens 
either preclinically or in the emergency department. It is com-
mon knowledge that TBSA evaluated preclinically or in an 
emergency department, in an Emergency Department, where 
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burns treatment is not common knowledge often differs 
severely from later TBSA evaluation in the burn center [63, 
66]. In a recent study [89], it was demonstrated that 59% of the 
burn patients were administered more fluid, based on the pri-
mary evaluation than was necessary after evaluation in the 
burn center. The percentage of overestimation of TBSA found 
by Goverman was 339%. Burn size was overestimated in 94% 
of all children transferred. The degree of overestimation could 
even be higher as the “golden standard” for burn center evalu-
ation was Lund Browder chart. As according to the ABA rules 
certain percentages of TBSA are an indication for transfer to a 
burn center, this could lead to an overuse of the resources of 
burn centers and avoidable costs for transports [90].

14.9.4.2  Distribution in Mass Casualties
In mass casualties, the utilization of burn center resources is 
critical. Dependent on TBSA and other parameters, the dis-
tribution of burn victims must be guided. Wrong estimates 
can contribute to wrong decisions about further treatment, 
causing complications or missing adequate treatment.
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Early Management of Burn Patients 
and Fluid Resuscitation

David G. Greenhalgh

15.1  Introduction

The initial management of the burn patient has a significant 
impact on his/her ultimate outcome. Failure to adequately 
address airway or breathing problems can be devastating. 
Under- or over-resuscitation can be just as problematic. 
Insufficient resuscitation can lead to renal failure, burn depth 
progression, and even death. Even more prevalent has been 
over-resuscitation, a term that has been coined “fluid creep” 
[1]. Providing too much fluid may lead to pulmonary edema or 
acute respiratory distress syndrome (ARDS), heart failure, 
burn depth progression, and various forms of compartment 
syndrome (extremity, thoracic or abdominal). While the con-
cept of fluid resuscitation is relatively simple, the performance 
of most burn teams is frequently quite poor [2]. The simple 
fact that there are multiple resuscitation formulas that are all 
relatively inaccurate suggests that there is a long way to go in 
optimizing initial burn shock resuscitation. The goal of this 
chapter is to briefly describe the “ABCs” of the initial manage-
ment of burns. Since there are chapters on airway management 
and breathing problems, those topics will just be touched 
upon. The major focus will be to present issues related to 
“C”—Circulation in the first 24–48 h after a major burn.

15.2  Airway, Breathing, Circulation: 
The “ABCs”

All major burns should be treated by the “trauma strategy” of 
addressing the “ABCs”—airway, breathing, and circulation. 
“Airway” is first because loss of an airway can lead to death 

within minutes. The main concern for “airway” is swelling 
of the upper airway leading to total obstruction. The degree 
of swelling is proportional to the extent of burn, depth of 
injury, and involvement of the face. The major decision point 
is whether to intubate the patient or not. This topic is covered 
elsewhere. There are several issues related to “breathing” 
that are special to burns. The first issue is hypoxia since fire 
in an enclosed space competes with the patient for oxygen. 
The next issue is related to carbon monoxide poisoning 
which interferes with oxygen binding to the hemoglobin 
molecule and thus impairs oxygen delivery. Patients may 
also suffer from acute respiratory distress syndrome (ARDS) 
and constriction from circumferential chest burns or abdomi-
nal compartment syndrome. Finally, smoke inhalation injury 
leads mucosal sloughing and ultimately increases mortality 
related to the size burn. Again, these breathing issues will be 
covered in another chapter. The major focus of this chapter 
will be on burn resuscitation.

15.3  Pathophysiology of Initial Burn Shock

Any injury causes edema due to the release of local media-
tors. If one sprains an ankle, is punched in the eye or bangs 
his thumb, there is local swelling. The same local response 
occurs after a small burn. Local injury leads to the release of 
many mediators including histamine, serotonin, bradykinins, 
leukotrienes, α-thrombin, and platelet activating factor. The 
purpose of these mediators is to increase vasodilation and 
vascular permeability in order to allow delivery of factors 
that assist with fighting infection and initiating wound heal-
ing. The large number of mediators that participate in perme-
ability changes suggests that there is significant redundancy 
in the system. Studies from the past support this redundant 
system since blocking any one mediator had little effect on 
the extent of capillary leak.

The molecular and cellular signaling that increase cellular 
permeability is quite well known and reviewed in a recent 
publication [3]. In response to mediator binding to a recep-
tor, there is increased efflux of water and small molecules 
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that occurs both between and through the endothelial cells. 
The three adhesion molecules that hold the endothelial cells 
together are “tight junctions,” “adherens junctions,” and “gap 
junctions.” Each type of junction is composed of many dif-
ferent known molecules, which will not be covered here. The 
tight junction is relatively constant and is not the main con-
nection that changes in response to signaling. The gap junc-
tion has the primary function of being a conduit for cell to 
cell communication. The adherens junction is the main regu-
lator of permeability. The extracellular component of the 
adherens junction consists of cadherin molecules that pro-
trude into the gap between endothelial cells. The cadherin 
molecules on opposing cells actually “swap” parts of their 
molecules to create the junction. This swapping is reversed 
to allow increased permeability. In addition, molecules of the 
adherens junction extending within the cytoplasm are linked 
to f-actin within the cytoplasm. The f-actin binds to nonmus-
cular myosin to create a muscle-like motor that responds to 
signals to increase permeability. The link to actin/myosin is 
also utilized as a sensor to detect tension within the capillary 
lumen. When signaling molecules such as histamine bind the 
G-protein-coupled receptor (GPCR), the Rho signaling path-
way up-regulates GTP (guanosine triphosphate) to pull the 
endothelial cell gap open. This is an over-simplification of a 
very complex process.

Classic teaching describes the “Starling Equation” as the 
main regulator of vascular permeability [4].

 
Starling sEquation f cap i p i’ :Q K P P= −( ) − −( )σσ ππ ππ  

Q—Fluid filtration rate
Kf—Capillary filtration coefficient (capillary surface area x 
hydraulic conductivity)
Pcap—Capillary hydrostatic pressure
Pi—Interstitial hydrostatic pressure
σ—Reflection coefficient (Permeability)
πp—Plasma oncotic pressure
πi—Interstitial oncotic pressure

After a deep burn, the fluid filtration rate (Q) increases 
drastically. All components of the Starling equation contrib-
ute to the increase in capillary fluid filtration rate [5]. The 
capillary filtration coefficient (Kf) increases 2–3 times nor-
mal after a burn. Capillary hydrostatic pressure (Pcap) 
increases as a result of increased vasodilation in response to 
the injury, especially in superficial burns. Interestingly, 
interstitial hydrostatic pressure (Pi) becomes more negative 
because of the breakdown of proteins to create smaller and 
more osmotically active molecules that draw water into the 
interstitial space. Another theory to explain this negative 
interstitial pressure suggests that structural changes in col-
lagen and hyaluron contribute to the negative interstitial 

pressure. The reflection coefficient (σ) clearly decreases 
with increased permeability. A reflection coefficient of 1 
means that no molecule passes through the capillary wall 
and at 0 there is free flow of macromolecules. Normal reflec-
tion coefficient is 0.9 but the value drops after a burn. The 
plasma oncotic pressure (πp) drops as macromolecules, 
especially albumin leaks out of the capillary. The value 
drops by as much as 50% after a burn. The interstitial 
oncotic pressure (πi) increases as albumin and other large 
molecules escape.

There are other factors that affect the amount of fluid 
leaking across the capillary wall. The destruction of colla-
gen leads to increased “interstitial compliance,” which in 
essence, means that there is more room for interstitial 
expansion. The most important factor that regulates the 
amount of edema is the rate of lymphatic resorption of fluids 
[6]. If lymphatic flow is decreased, such as with compart-
ment syndromes, then less fluid is resorbed back into the 
intravascular space.

The Starling equation has been found to be more complex 
than previously considered. On the inner surface of the endo-
thelial cells, there is a glycocalyx layer consisting of 
membrane- bound glycoproteins and proteoglycans that acts 
like a sponge [6–9]. The endothelial glycocalyx layer acts as 
the main oncotic space that determines transcapillary fluid 
flow. The Starling equation has been revised to be [8]:

 
Q K P P= −( ) − −( )f cap i p gσσ ππ ππ  

In this formula, πi (interstitial oncotic pressure) has been 
replaced with πg (subglycocalyx oncotic pressure). This 
endothelial glycocalyx layer is usually destroyed by local 
burn injury (and local sepsis) leading to greater fluid loss 
[10]. The capillaries of the uninjured tissue maintain this 
layer and thus do not have the same volume of fluid loss. 
This mechanism may partially explain why oncotic fluids 
have some efficacy in some part of burn resuscitation.

15.4  A Practical Guide to Burn 
Resuscitation

Burn shock resuscitation has not been perfected by any 
means. The fact that there are many different formulas and 
preferred fluids indicates that no method works very well. 
The debate on the appropriate volume and endpoints has 
been going on for over 50 years [11, 12]. The question of 
whether to use crystalloid versus colloid has also been 
debated for decades. It is clear that there have been more 
problems with providing too much fluid—a problem called 
“fluid creep” [1, 2, 13–15]. Much of the problem of over- 
resuscitation has been the result of failing to respond to indi-
cators of over-resuscitation such as excessive urine output 
[2]. It is clear that providing too much fluid does lead to 
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many complications such as respiratory failure and compart-
ment syndromes. The initial resuscitation will influence the 
ultimate outcome of burn patients. Therefore, it is essential 
that caregiver optimize burn shock resuscitation.

It is intuitively obvious that fluid resuscitation should be 
dictated by the patient’s response to fluids. Unfortunately, 
the endpoints of burn resuscitation are poorly defined [11, 
12, 16]. Clearly, formulas provide an estimate of fluid vol-
ume based on an “average” patient. But not all burns are the 
same. It is clear that more fluids are required for any patient 
who has a deeper burn, delay in resuscitation, smoke inhala-
tion injury, other injuries or receives escharotomies. Drugs 
and alcohol, commonly associated with burns, also increase 
the amount of fluid required for resuscitation. The age of the 
patient also influences the volume required for resuscitation. 
Young children have higher daily fluid requirements per 
weight than adults [17, 18], so it is not surprising that their 
fluid requirements are greater per kilogram than adults. The 
elderly need fewer fluids than younger adults. Since it is 
expected that there would be so much variability, it is essen-
tial to have guidelines to direct fluid resuscitation.

If one plots the amount of fluid required during burn 
shock resuscitation, a curve is created with large amounts of 
fluids required at the start. The fluid requirements rapidly 
decrease as distant capillary leaks close, and over time, the 
leak rate slows to a stable maintenance rate. Clearly, the con-
cept that a patient requires “half” of the fluids at 8 h is erro-
neous and this part of the Parkland Formula needs to be 
eliminated from the burn literature. The fluid rate must be 
reduced based on the patient response. The current standard 
is to target urine output as an indicator for adequate resusci-
tation. For adults the urine output target is 0.5 mL/kg/h 
and for children less than 30 kg the goal is 1.0 mL/kg/h. It 
is clear that urine output is not perfect but if one really 
reduces fluids to avoid urine output rates greater than those 
targets, most patients do fairly well. There have been attempts 
to develop other more accurate endpoints but as of yet, no 
great endpoints exist [16].

Therefore, the purpose of any burn resuscitation for-
mula is to provide an estimate as to the starting fluid rate. 
After determining the starting rate, all formulas should 
be ignored and fluids should be adjusted based on the 
patient’s response. There are many burn resuscitation 
guidelines that have been described but the most commonly 
used formula is the “Parkland Formula” [19]. The Parkland 
Formula is probably most commonly used since it is very 
simple:

• Parkland Formula: 4 mL/kg/%TBSA Burn
 – Start at a rate to give half during the first 8 h
 – Do not worry about the second 16 h, just decrease flu-

ids to target urine output of 0.5 mL/kg/h

As an example, for a 100  kg patient with 80% TBSA 
burns:

• 4 × 100 × 80 = 32,000 mL
• Start rate to give half during the first 8 h = 16,000 mL or 

start at 2000 mL/h
• Target urine output = 50 mL/h

If urine output is too low, increase fluids, and if urine out-
put is high, reduce fluids. Since there is a concern for provid-
ing too much fluid, some guidelines (American Burn 
Association’s Advanced Burn Life Support) have suggested 
using the Parkland Formula at a lower rate (2 mL/kg/%TBSA 
burn) for superficial burns and raising the rate for patients 
with deeper burns [20]. The target of 2 mL/kg/%TBSA burn 
is what is recommended by the Brooke Formula. In actuality, 
the starting rate is of lesser concern as long as the fluid rate 
is adjusted based on the patient’s urine output and other 
physiologic responses.

It has been documented that small children with burns 
tend to need more fluids per weight than adults [17, 18]. 
There is a tendency to need up to 6 mL/kg/%TBSA burn. 
The explanation for this greater need is that because of their 
small size, there is a relative increase in the proportion of 
daily basal fluid requirements. In other words, the daily basal 
requirements become a greater percentage of the resuscita-
tion fluid requirements. To adjust for the increased fluid 
requirements in children, we simply add daily basal fluid 
requirements to the Parkland Formula.

• Pediatric Burn Resuscitation:
 – Daily Basal Fluid Requirements + 4 mL/kg/%TBSA
 – Start rate to give half during the first 8 h
 – Do not worry about the second 16 h, just decrease flu-

ids to target urine output of 0.5 mL/kg/h if >30 kg or 
1 mL/h if <30 kg

• Daily Basal Fluid Requirements
 – <30 kg = 2000 × Body Surface Area (BSA)
 – >30 kg = 1500 × Body Surface Area

• or
 – 100 mL/kg for the first 10 kg
 – + 50 mL/kg for 10–20 kg
 – + 20 mL/kg for >20 kg

As an example, for a 10 kg infant, (BSA 0.5 m2), with 
50% TBSA burn

• Daily Basal Fluid Requirements (using either formula)
 – 2000  ×  0.5 (BSA)  =  1000  mL/day or by the other 

formula
 – 100 m/kg × 10 kg = 1000 mL/day

• Parkland Formula = 4 × 10 × 50 = 2000 mL
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• Total Resuscitation Volume = 1000 mL + 2000 mL = 3
000 mL in 24 h

• Give half in the first 8 h = 1500 mL/8 h = 187.5 mL/h
• Target urine output = 10 mL/h

15.5  Endpoints of Burn Shock 
Resuscitation

Currently the most commonly used endpoint of resuscitation 
is urine output [19] but it is clear that that guideline is fairly 
inaccurate. It is common for uninjured people to have peri-
ods of low urine output during periods of exercise or mild 
dehydration—without any sequelae. The same can be said 
for burn patients who can tolerate short periods of urine out-
put. The philosophy of “permissive hypovolemia” [21, 22] or 
“permissive hypooliguria” [23] is practiced in many places 
where fluids are not increased for urine outputs as low as 
0.3 mL/kg/h for short periods. There are also periods during 
burn resuscitation when the patient has greater than the target 
urine output but they are hypotensive. It is not clear what to 
do in this situation—many just increase fluids anyway. 
Others may provide vasopressors to increase blood pressure 
but there is the risk that vasoconstriction to the injured skin 
might increase burn depth. In addition, it is not uncommon 
for the patient’s hemoglobin and hematocrits to rise as an 
indicator of hemoconcentration. Using the hemoglobin or 
hematocrit to guide resuscitation tends to lead to the admin-
istration of excessive fluids since experience suggests that it 
takes time for hemodilution to occur. Another option is to 
measure lactate levels since higher levels are an indication of 
poor perfusion [24–27]. Again, it is not uncommon for the 
patient to have higher lactate levels while making adequate 
urine.

Because of these problems, many burn teams have used 
more advanced methods of detecting cardiac output and 
hemodynamics during burn shock. Using central venous 
pressures (CVP) is unreliable since they rarely rise above 
normal levels despite excessive urine output [28–31]. The 
use of pulmonary catheters has also been shown to over- 
resuscitate burn patients [30, 31]. More modern noninvasive 
devices have not been any better in guiding resuscitation [12, 
16, 32]. In special cases, such as patients with renal or car-
diac failure, these devices may be all that is available to 
guide resuscitation. Fortunately, most healthy patients can 
tolerate a wide range of inadequate or excessive volumes of 
fluid.

The major problem in the modern burn unit is from pro-
viding too much fluid, not under-resuscitating. There has 
been an increase in effort to understand why “fluid creep” 
has become a problem [1, 2, 13–15]. One problem is that the 
many endpoints do not align. If the patient is not making 
good urine output, the tendency is to increase volumes. It is 

clear, however, that many times over-resuscitation is the 
result of failing to respond to the patient’s response. It is not 
uncommon to observe a failure to reduce fluids despite 
excessive urine output. One solution is to utilize nurse-based 
protocols that provide guidelines for adjusting resuscitation 
fluids [2, 24]. This problem has also prompted investigators 
to develop computer-based devices that automatically adjust 
fluids based on urine flow [33–35]. Another theory is that the 
increased use of opioids has led to increased vasodilation 
and thus the need for more fluids [36]. This “opioid creep” 
phenomenon might be reduced by avoiding automatic nar-
cotic drips and providing pain medications on an as needed 
basis. The other theory is that when a patient is placed on a 
ventilator the positive chest pressure reduces venous return 
[37]. More fluids are required in order to overcome the 
increased thoracic pressure. Clearly, there is still a great deal 
of work required to understand how to optimize fluids during 
burn shock.

15.6  Maintenance Fluid Rate

The signals that create the capillary leak syndrome of burn 
shock gradually decrease and eventually disappear around 
24  h after the injury. Initially, distant uninjured capillary 
beds close, and later the capillaries beneath the burn close. 
At this point, burn shock is completed. The problem is that 
there are no good indicators of when burn shock has resolved. 
One method of determining when burn shock has been com-
pleted is to calculate the maintenance fluid rate that is 
expected when there is no capillary leak. One can easily 
determine basal fluid rates (as described above) but the fluid 
losses are even greater than basal calculations since destruc-
tion of the epidermis eliminates the barrier to water loss. 
Fortunately, one can approximate evaporative rate based on 
the following formulas [38]:

• Evaporative Water Loss
 – <30 kg = (35 + % TBSA burn) × BSA = mL/h
 – >30 kg = (25 + % TBSA burn) × BSA = mL/h

We then consider burn shock to be completed when the 
resuscitative volume reaches the sum of basal require-
ments + evaporative water loss:

Maintenance Fluid Rate  =  Daily Basal Fluid 
Rate + Evaporative Water Losses

As an example, for a 10 kg infant, 10 kg, BSA 0.5 m2, 
50% TBSA burn

• Basal Fluid Requirements = 100 mL/kg × 10 = 1000 mL 
for 24 h or 40 mL/h
 – Evaporative Fluid Rate = (35 + 50) × 0.5 = 42.5 mL/h
 – Maintenance Fluid Rate = 82.5 mL/h (1020 mL/day)
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Therefore, when the fluid rate for burn resuscitation drops 
to the calculated maintenance rate, 82.5 mL/h, we consider 
the patient to be resuscitated and we switch the fluid to 
D5½NS with 20  mEq KCl. After the initial resuscitation, 
urine output becomes unreliable due to the resorption of 
resuscitative fluids and fluids provided in the operating room. 
In addition, the hypermetabolic changes often lead to spill-
ing glucose or proteins so urine output tends to be high 
despite normovolemia. We leave the daily fluid target at the 
maintenance rate until the wound starts to close. Fine tuning 
of the rate is based on the blood urea nitrogen and 
creatinine.

15.7  The Choice of Fluid for Resuscitation

The classic teaching has always been to provide an isotonic 
crystalloid fluid—usually lactated Ringer’s (LR) solution 
during burn shock. The rationale for using an isotonic crys-
talloid was that during shock the gap created between the 
endothelial cells was so large that many proteins, including 
albumin, passed into the interstitial space. The leak of large 
proteins occurs not only at the burn site but also away from 
the burn [39–42]. There is no sense to provide colloid if it 
were to leak into the interstitial space. Even worse, the 
extravasated proteins would increase interstitial oncotic 
pressure and tend to drive more fluid into the interstitium. 
This protein leakage does occur but capillary leak away from 
the burn tends to be less severe and tends to close within 
6–12 h. In addition, serum albumin levels drop precipitously 
due to leakage and dilution. There must be a point where the 
plasma oncotic pressure becomes so low that more fluid 
leaks than is necessary. Because of this fact, many burn 
teams are utilizing oncotic fluids more commonly than in the 
past [19].

There are pros and cons behind using crystalloids versus 
colloids. Crystalloids have been favored for many years 
because they are effective most of the time. There is little risk 
of transmitting infectious organisms compared to human- 
derived products. They are significantly less expensive than 
colloids and much easier to store. Therefore they are readily 
available for the field situation. The main downside for crys-
talloids is that they are freely permeable from the intravascu-
lar space to the interstitial space. Since the interstitial space 
has 3 times the volume of the intravascular space, one must 
replace 3–4 times the volume of lost intravascular fluid. In 
other words, if a patient loses 1 L of blood, then, in theory, 
one must give 3–4 L of isotonic crystalloid to replace that 
blood loss. In addition, proteins create the osmotic intravas-
cular pressure that keeps fluid in the intravascular space. As 
more crystalloid is delivered, the intravascular osmotic pres-
sure gradually decreases to a point that even greater leakage 
of fluids out of the intravascular space. In theory, this extra 

interstitial fluid would predispose a patient with large fluid 
requirements to higher risks of extremity, thoracic and intra- 
abdominal compartment syndromes. In addition, one may be 
at higher risk for pulmonary and cardiac compromise. 
Fortunately, most healthy patients can tolerate the extra vol-
ume and will later excrete the extra fluid.

Colloids, in theory, should reduce the volume of fluid 
needed to resuscitate a patient who is in shock. Colloids 
should replace blood loss in a 1:1 ratio, so that only 1 L of 
colloid would be required to replace 1 L of blood loss. In 
addition, colloids increase the intravascular osmotic pressure 
to reduce fluid loss through the capillaries. The downside of 
colloids is that they are more expensive than crystalloids; 
and there is a slight risk for infectious transmission, at least 
for human products such as albumin or fresh frozen plasma. 
The other problem that has been described in the past was 
that many proteins, including albumin, leak across the capil-
laries during burn shock. The argument against their use is 
that since they freely leak out they are wasted and even 
harmful [39–42]. It is possible that increasing the osmotic 
pressure in the interstitial space will “draw” more fluids from 
the intravascular space. In other words, colloids are fine if 
there is no capillary leak, but if there is an ongoing capillary 
leak then they are potentially harmful.

After a major burn injury, there is leakage of albumin and 
other proteins at the burn site and, in addition, distant from 
the burn site. The capillary leak at the uninjured capillary 
sites is less severe and lasts 6–12 h. In addition, the albumin 
levels frequently drop to very low levels (<1 mg/dL) [43–45] 
so that after several hours there is very little intravascular 
osmotic pressure to prevent further fluid loss. Therefore, 
after 6–12  h the addition of exogenous albumin to reduce 
fluid administration makes sense. When burn directors 
around the world were surveyed, it was discovered that while 
most initiated resuscitation with crystalloid, most “cheated” 
at some time during the first 24  h by adding albumin or 
another colloid to the resuscitation [19]. During the resusci-
tation discussion at the 2016 Burn State of the Science meet-
ing [12], most participants admitted to using either albumin 
or fresh frozen plasma at some time during burn resuscita-
tion. The remaining major dilemma is whether colloids 
should be started immediately or hours later when crystal-
loid resuscitation was failing. Everyone agreed that a 
 multicenter prospective trial testing the validity of crystal-
loid versus colloid is needed.

Several studies have compared the use of albumin versus 
crystalloids for all types of resuscitation. The use of albumin 
was tempered by the Cochrane Collaborative, which in 1998 
stated that the use of albumin increased the risk of death [46]. 
In 2012 and 2013, however, the same group reviewed 24 tri-
als and found no difference in mortality [47, 48]. Very large 
trials have been performed, but not in burn patients. The 
“Saline versus Albumin Fluid Evaluation (SAFE) Trial” 
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found no increase in mortality in a study with nearly 7000 
patients [49]. The “Early Albumin Resuscitation During 
Septic Shock (EARSS) Study” [50] and “Albumin Italian 
Outcome Sepsis (ALBIOS) Study” [51] also found no differ-
ence in mortality. In 2014, a meta-analysis of all three of the 
above studies suggested a small reduction in mortality with 
the use of albumin [52].

There are fewer studies with the use of albumin in burns, 
and the number of patients is much smaller than the above 
studies. There are two approaches to studying the use of 
albumin for burn resuscitation—“immediate use” or deliver-
ing albumin as a “rescue” when crystalloid resuscitation vol-
umes exceed predictive values. There were two studies from 
the 1970s that compared albumin versus crystalloid starting 
at the initiation of burn resuscitation [53, 54]. Both revealed 
that the immediate use of albumin reduced the fluids required 
for resuscitation. The study by Goodwin, et  al. found that 
albumin could lower fluid requirements during burn resusci-
tation but they found that albumin increased lung water com-
pared to the use of lactated Ringer’s solution [55]. This study 
led to the philosophy that albumin usage during burn resus-
citation had potential adverse consequences. In 2006, Cooper 
et  al. performed a prospective trial comparing lactated 
Ringer’s solution versus lactated Ringer’s solution contain-
ing 5% albumin [56]. They found an insignificant reduction 
in fluids with the addition of albumin. The philosophy at the 
time was that there was no need to provide albumin at the 
start of burn resuscitation.

As stated earlier, albumin was being provided later during 
resuscitation as burn caregivers “cheated” by adding albumin 
to improve resuscitations that were providing excessive 
amounts of fluids [19]. At the same time, the concept of 
“fluid creep”—providing way too much fluid—was the topic 
of the burn community. The concept of providing albumin as 
a “rescue” to reduce fluid requirements in patients not meet-
ing target resuscitation goals became popular. The concept is 
that around 6–12 h the capillary leak starts to close at the 
same time as the intravascular osmotic pressures drop to 
extremely low levels (albumin levels often <1  mg/dL). It 
makes sense that at 6–12  h, increasing the intravascular 
osmotic pressures with albumin would slow capillary leak-
age and reduce fluid requirements. The first study examining 
albumin for rescue, from Utah, utilized the protocol to add 
5% albumin (1/3 rate) to 2/3 rate lactated Ringer’s solution if 
the patient was receiving volumes twice the Parkland for-
mula (>4 mL/kg/% burn) [57]. This study demonstrated that 
adding albumin could reduce the amount of fluids used later 
in the course and it suggested a reduction in mortality. The 
United States military reviewed their protocol of adding 5% 
albumin if fluid rates were >6 mL/kg/% burn, and they added 
vasopressin if the patient was hypotensive [58]. They dem-
onstrated a reduction in abdominal compartment syndrome 
(36% versus 18%, p = 0.0315). Another study suggested that 
albumin might reduce extremity compartment syndromes 

and renal failure [59]. Two more recent studies from Utah 
clearly demonstrated that the initiation of albumin had a dra-
matic effect changing the trajectory of resuscitation from 
greater than target back to reasonable levels [60, 61]. Finally, 
a report from Michigan suggested that use of albumin for 
“rescue” reduced the incidence of abdominal compartment 
syndrome, ventilator days, oxygenation, vasopressor use, 
and mortality [62]. The volumes, however, were not different 
in this retrospective trial. Two meta-analyses on the use of 
albumin on burn resuscitation have been recently published 
which reveal no differences in mortality, renal failure, and 
respiratory failure with the use of albumin [63, 64]. In addi-
tion, there was a reduction in fluid volumes and compartment 
syndromes. While the controversy over the use of albumin 
seems to be lessened, there is still a need for a larger prospec-
tive study to evaluate the role of albumin.

There are other colloids that are available but their use has 
fallen into disfavor. Hydroxyethyl starch (HES) solutions 
have been used for burn resuscitation since the 1980s [65, 
66]. A prospective trial from England compared Hartmann’s 
solution (crystalloid) versus 1/3 of the predicted crystalloid 
was replaced with 6% HES. Those patients receiving HES 
required less fluid and had less interstitial edema [67]. In the 
same year, another study compared burn patients resuscitated 
with lactated Ringer’s solution to hyperoncotic 10% HES in 
30 patients [68]. The fluids required with HES were less but 
not statistically significant. The major concern was the find-
ing that the patients treated with HES had a higher mortality 
and a 25% incidence of renal failure [68]. In 2013, the same 
group performed another trial with 6% HES 48 burn patients 
[69]. They found no differences in the amount of fluid deliv-
ered, but mortality and renal failure were not different in this 
study [69]. The use of HES for resuscitation in any patient 
was greatly discouraged after two very large randomized pro-
spective trials demonstrated a higher risk for renal failure and 
mortality [70, 71]. The use of gelatins or dextran solutions 
has not gained favor for any major resuscitation. There are 
some centers that use fresh frozen plasma for burn shock 
resuscitation. O’Mara et al. demonstrated that using fresh fro-
zen plasma for resuscitation reduced total resuscitative vol-
umes, weight gain, intra-abdominal pressures, and base 
deficit compared to lactated Ringer’s solution [72]. The main 
protein in fresh frozen plasma is albumin so one could argue 
that it is just another formulation of albumin.

15.8  High Dose Vitamin C and Other 
Methods to Reduce Inflammation

Ascorbic acid (vitamin C) has gained popularity in many 
burn centers as an inexpensive drug to reduce burn-related 
oxidative stress and thus reduce fluid requirements for burn 
resuscitation. The initial animal studies were performed by 
Matsuda and Tanaka who found that adding vitamin C to 
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lactated Ringer’s solution would reduce the fluids required 
for burn resuscitation compared to lactated Ringer’s solution 
alone [73–75]. They next performed an unblinded prospec-
tive trial in 37 burn patients adding 66 mg/kg/h vitamin C to 
lactated Ringer’s solution. They found that the high dose 
vitamin C significantly reduced fluid volumes and improved 
oxygenation compared to lactated Ringer’s alone [76]. Kahn 
and Lentz found similar reductions in fluid requirements 
with no increase in complications [77, 78]. When discussing 
different vitamin C protocols at the Resuscitation Special 
Interest Group of the 2017 Annual Meeting of the American 
Burn Association, all centers admitted that vitamin C would 
induce paradoxical diuresis and that one must beware of 
hypovolemia [12]. Kahn and Lentz, for instance, stated they 
would provide fresh frozen plasma if there were signs of 
hypovolemia. There is a need to expand the studies of the use 
of high dose vitamin C to determine its efficacy and safety. 
There is the theoretic potential for renal failure and hypovo-
lemic shock [79]. Hopefully, multicenter trials will lead to a 
definitive answer to the use of vitamin C.

Another method of reducing oxidative stress and other 
signals of inflammation is to remove the inciting agents from 
the blood. The burn team at Utah proposed the use of 
exchange transfusions for small children and plasmapheresis 
to “rescue” patients from excessively high volume resuscita-
tions [80–82]. Their data suggest that both techniques reduce 
fluid requirements. More recently, the teams in Seattle [83] 
and Wake Forest [84] have supported these findings with 37 
and 21 patients, respectively. More expansive studies are 
needed to corroborate the effectiveness of therapeutic plasma 
exchange in burn resuscitation.

15.9  Complications of Excessive Fluids

Providing inadequate volumes of resuscitation leads to the 
complications of hypovolemic shock such as renal failure, 
increased burn depth, and ultimately death. To compensate 
for hypovolemia, catecholamines are released which in turn 
lead to vasoconstriction to peripheral capillary beds, espe-
cially the skin and extremities. Typically, the burn is divided 
into three zones: zone of coagulation where the skin is 
destroyed, zone of stasis where capillary blood flow is 
decreased due to leukocyte crowding, and the zone of ery-
thema due to vasodilation. With inadequate resuscitation 
capillary flow is further decreased in the zone of stasis, which 
increases the chance of burn depth progression. Therefore, 
providing adequate fluid resuscitation during burn shock is 
essential to optimizing an optimal outcome.

Clearly, not providing enough fluid leads to adverse out-
comes but this knowledge has led to tendency to provide 
excessive amounts of fluid, described as “fluid creep” [1, 2, 
13–15]. It is clear, however, that providing too much fluid 
has its own set of complications including extremity com-

partment syndromes, and intrathoracic and intra-abdominal 
compartment  syndromes. There has also been a description 
of blindness from increased intraocular pressure [85]. In 
addition, excessive fluid can enter the lungs to exacerbate the 
risks for acute respiratory distress syndrome or worsen 
smoke inhalation injury. Too much fluid can overwhelm the 
heart and lead to congestive heart failure. Excessive edema 
leads to a greater distance for nutrients to travel from the 
capillaries to the wound, so it has been associated with 
impaired wound healing. While these complications may 
occur with appropriate burn resuscitation, they are clearly 
increased with excessive over-resuscitation.

Extremity compartment syndromes are caused by pres-
sures within a closed muscle compartment that lead to 
impaired capillary flow to the enclosed muscle. There are 
two factors that lead to compartment syndromes in burned 
extremities: significant capillary leakage within an enclosed 
muscle compartment and a deep circumferential burn that 
will not expand. In other words, small superficial and cir-
cumferential burns that are relatively small do not lead to 
compartment syndromes. Deep, full-thickness and circum-
ferential burns do not expand and are at risk for compartment 
syndromes. The classic symptom of compartment syndromes 
is pain that is caused by ischemia to the muscle. The pain is 
worsened with passive motion. Unfortunately, many patients 
have so much pain due to the burn itself that compartment 
syndromes are missed. Therefore, one should always be cog-
nizant that compartment syndromes may occur in patients 
with deep circumferential burns.

The diagnosis of extremity compartment syndrome may 
not always be simple. The risks are greater for the problem if 
the patient has larger and deeper circumferential burns. Some 
caregivers feel there is no compartment syndrome if the 
extremity has a distal pulse. Unfortunately, compartment 
damage may occur in the presence of distal pulses. In order 
to lose the distal pulse, the compartment pressure must be 
higher than systolic blood pressure. It requires compartment 
pressures of around 30 mmHg to lose capillary flow to the 
muscle, so damage often occurs despite having distal pulses 
[86]. If there is a question of compartment tightness, one 
may easily measure pressures by placing an 18 gauge needle 
on monitor (such as central venous pressure monitor) and 
inserting it into the compartment. If the pressure is 
>30 mmHg, then escharotomies are usually indicated. If the 
patient has very large and deep burns, I will often perform 
escharotomies early in the course of the initial resuscitation. 
Failure to perform escharotomies when indicated may lead 
to muscle necrosis and potentially, amputations. As a worst 
case scenario, I had one patient with 80% TBSA burns sent 
to us 4 days after injury who required bilateral above knee 
amputations because most of the extremity muscle had died. 
He had never had escharotomies. There is very little down-
side to performing escharotomies since those same wounds 
will ultimately require grafting.
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Escharotomies are usually performed at the bedside with 
conscious sedation. We use ketamine for children, and fen-
tanyl and midazolam for adults. An escharotomy is a “cut 
through eschar” and eschar is the coagulated proteins replac-
ing the skin as a result of the burn. To minimize bleeding, a 
cautery is used to create incisions into the fat on the medial 
and lateral sides of the extremity. The incision should extend 
continuously from the proximal to distal extents of the burn 
(Fig. 15.1). Bleeding should be controlled prior to completion. 
The extremity should then be checked to ensure that the mus-
cle compartments are <30 mmHg and if not, then fasciotomies 
should be performed. For the lower leg, there are four com-
partments—anterior, lateral, superficial posterior, and deep 
posterior. Since the anterior compartment is the smallest, it is 
at highest risk for ischemic damage. I have seen several 
patients with foot drop because of anterior compartment dam-
age [86]. Fasciotomies of the lower extremity are also bedside 
procedures that can be performed with escharotomies. Usually, 
only the lateral and anterior compartments require releases for 
thermal burns. The lateral escharotomy is performed over the 
lateral compartment so the dissection is carried down to the 
fascia and a small nick is made in the lateral fascia. Scissors 
then are pushed up and down to open up the entire fascia 
(Fig.  15.1). Dissection is then performed a little anteriorly 
until the anterior compartment is visualized and the same pro-
cedure is performed. If there is a need for posterior fascioto-
mies, the medial escharotomy incision is deepened to the 
fascia and both the superficial and deep posterior fascia can be 
opened approximately 1 cm medial to the tibia. The deep fas-
cia is just a few millimeters below the superficial fascia. 
Forearm fasciotomies are a little more complicated since the 
carpal tunnel needs to be released with the flexor compart-
ment. Forearm releases are usually performed in the operating 
room to facilitate exposing the median nerve. A curvilinear 
incision is made up the forearm for the flexor surface. A 
straight incision is used for the extensor fascia. There is a sepa-
rate compartment called the “mobile wad” (brachioradialis, 
extensor carpi radialis brevis, extensor carpi radialis longus 
muscles) but that compartment is rarely released.

Deep circumferential chest burns may also restrict chest 
excursion as indicated by the need for increased ventilator 
pressures. Escharotomies may need to be performed through 
the mid-axillary line from the shoulders to the pelvis to 
release the chest. Usually, another release is performed hori-
zontally between the chest and abdomen. The other compart-
ment that is at risk is the abdominal cavity. The first 
description of abdominal compartment syndrome in a burn 
patient was by Greenhalgh and Warden in 1994 [87]. During 
resuscitation, the peritoneal cavity may fill up with enough 
fluid to create pressures that increase peak inspiratory pres-
sure, compress the renal veins and interfere with venous 
return. The three classic signs are elevated peak inspiratory 
pressures, minimal urine output (since renal flow is impaired), 
and hemodynamic instability. While the problem has been 
attributed to excessive fluid delivery, there are occasional 
patients who develop abdominal compartment pressures 
despite careful monitoring of resuscitative rates. One may 
measure intra-abdominal pressures through the bladder and 
intra-abdominal hypertension is considered to present at 
20 mmHg and abdominal compartment syndrome is present 
at >30 mmHg. If the patient has the three cardinal signs and 
the abdominal pressure is >30 mmHg, there are several treat-
ment options. First, chest and abdominal escharotomies may 
be performed. The patient should also have a nasogastric 
tube and Foley catheter to ensure that those organs are not 
distended. Percutaneous drainage of the abdominal cavity 
has been described and may be effective [88]. In our experi-
ence, however, the relief is often only temporary. The defini-
tive treatment is to perform a laparotomy. Typically, a large 
amount of serous fluid is released with marked improve-
ments within an hour. The abdominal contents are temporar-
ily covered with a silicone sheet. It used to felt that a 
laparotomy for abdominal compartment syndrome in a burn 
patient was routinely fatal but we have had significant num-
bers of survivors [89]. We have also found that it is possible 
to close the abdomen within 1–2 days without any problem. 
If the abdomen is closed rapidly, there are few problems but 
after a couple of weeks there is loss of domain and it is not 
possible to close the abdomen. In this case, the abdominal 
contents can be covered with a biologic mesh and after for-
mation of granulation tissue it can be grafted. The hernia is 
then repaired months after discharge.

There are other complications of over-resuscitation that 
should be mentioned. The burn team in Seattle has reported 
blindness after a major burn that was attributed to increased 
intraocular pressures [85]. They have advocated performing 
lateral canthotomies if there is an elevation of the intraocular 
pressure. I have never seen that complication but it is proba-
bly worthwhile to be concerned about higher pressures 
within the globe. Excessive volume overload can also stress 
the heart, especially in the elderly where relative failure 
might occur. In addition, one must also be concerned with 
over-resuscitation in any patient who has the combination of 

Fig. 15.1 Escharotomies were performed to both medial and lateral 
aspects of the legs in this child with deep circumferential burns. After 
the escharotomies were completed, the compartment pressures were 
still >30 mmHg so anterior and lateral fasciotomies were performed
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traumatic or ischemic brain injury combined with a large 
burn. With loss of the blood-brain barrier, there is leakage of 
fluid into the cranial vault. This combination is often fatal 
since there is a tendency to develop intracranial herniation.

15.10  Conclusion

Appropriate resuscitation of the burn patient will provide the 
patient with the massive burn the best opportunity for sur-
vival. Simply paying close attention to prevent over- or 
under-resuscitation will improve outcomes. Formulas should 
only be used as a starting point for resuscitation. After deter-
mining the starting volume, all subsequent adjustments 
should be guided by the patient’s physiologic response. 
Hopefully, better endpoints will be developed in the future 
but for now urine output is the best guide. Classic teaching 
has always been to use isotonic crystalloids for burn shock 
resuscitation, but recently, there has been evidence to sup-
port the addition of colloids, especially albumin to the resus-
citation strategy. Hopefully, multicenter, randomized, 
prospective trials will be performed to answer the optimal 
resuscitation strategy. Optimal resuscitation will minimize 
the complications of over-resuscitation but despite best prac-
tices, compartment syndromes may develop so the burn team 
needs to be prepared to treat them.

References

 1. Pruitt BA Jr. Protection from excessive resuscitation: “pushing the 
pendulum back”. J Trauma. 2000;49:567–8.

 2. Saffle JR. The phenomenon of fluid creep in acute burn resuscita-
tion. J Burn Care Res. 2007;28:382–95.

 3. Komarova YA, Kruse K, Mehta D, Mali AB. Protein interactions at 
endothelial junctions and signaling mechanisms regulating endo-
thelial permeability. Circ Res. 2017;120:179–206.

 4. Starling EH.  On the absorption of fluids from connective tissue 
spaces. J Physiol. 1896;19:312–26.

 5. Demling RH.  The burn edema process: current concepts. J Burn 
Care Rehabil. 2005;26:207–27.

 6. Woodcock TE, Woodcock TM. Revised Starling equation and the 
glycocalyx model of transvascular fluid exchange: an improved 
paradigm for prescribing intravenous fluid therapy. Br J Anaesth. 
2012;108:384–94.

 7. Myburgh JA, Mythen MG.  Resuscitation fluids. N Engl J Med. 
2013;369:1243–51.

 8. Kottke MA, Walters TJ. Where’s the leak in vascular barriers? A 
review. Shock. 2016;46:S20–36.

 9. Ushiyama A, Kataoka H, Iijima T. Glycocalyx and its involvement 
in clinical pathophysiologies. J Intensive Care. 2016;4:59–70.

 10. Johansson P, Stensballe J, Ostrowski S.  Shock induced endothe-
liopathy (SHINE) in acute critical care illness—a unifying patho-
physiologic mechanism. Crit Care. 2017;21:25–32.

 11. Greenhalgh DG.  Burn resuscitation. J Burn Care Res. 
2007;28:555–65.

 12. Cartotto R, Greenhalgh DG, Cancio C. Burn state of the science. 
Fluid resuscitation. J Burn Care Res. 2017;38:e596–604.

 13. Cartotto RC, Innes M, Musgrave MA, Gomez M, Cooper AB. How 
well does the Parkland Formula estimate actual fluid resuscitation 
volumes? J Burn Care Rehabil. 2002;23:258–65.

 14. Cartotto R, Zhou A. Fluid creep: the pendulum hasn’t swung back 
yet! J Burn Care Res. 2010;31:551–9.

 15. Engrav LH, Colescott PL, Kemalyan N, et al. A biopsy of the use of 
the Baxter Formula to resuscitate burns or do we do it like Charlie 
did? J Burn Care Rehabil. 2002;23:258–65.

 16. Paratz JD, Stockton K, Paratz ED, et al. Burn resuscitation—hourly 
urine output versus alternative endpoints: a systemic review. Shock. 
2014;42:295–306.

 17. Merrell SW, Saffle JR, Sullivan JJ, et al. Fluid resuscitation in ther-
mally injured children. Am J Surg. 1986;152:664–8.

 18. Graves TA, Cioffi WG, McManus WF, et  al. Fluid resuscitation 
of infants and children with massive thermal injury. J Trauma. 
1988;28:1656–9.

 19. Greenhalgh DG. Burn resuscitation: the results of the ISBI/ABA 
survey. Burns. 2010;36:176–82.

 20. Advanced Burn Life Support. Emergency Care of the Burn Patient. 
American Burn Association, Chicago, Illinois, 2018

 21. Arlati S, Storti E, Pradella V, et  al. Decreased fluid volume to 
reduce organ damage: a new approach to burn shock resuscitation. 
Resuscitation. 2007;72:371–8.

 22. Walker TLJ, Urriza Rodriguiz DU, Coy K, et al. Impact of reduced 
resuscitation fluid on outcomes of children with 10-20% body sur-
face area scalds. Burns. 2014;40:1581–6.

 23. Kulkarni S, Harrington DT, Heffernan D, et al. Tolerance of oligu-
ria improves burn resuscitation. J Burn Care Res. 2013;34:S113.

 24. Cancio L, Chavez S, Alvarado-Ortega M, et al. Predicting increased 
fluid requirements during the resuscitation of thermally injured 
patients. J Trauma. 2004;56:404–14.

 25. Choi J, Cooper A, Gomez M, et al. The relevance of base deficits 
after burn injuries. J Burn Care Rehabil. 2000;21:499–504.

 26. Cochran A, Edelman LS, Saffle JR, Morris SE. The relationship of 
serum lactate and base deficit in burn patients to mortality. J Burn 
Care Res. 2007;28:231–40.

Summary Box
• A systemic capillary leak that is caused by media-

tors released at the burn site occurs in all burns 
>15–20% TBSA.

• Endothelial cells have receptors that detect these 
mediators. In response, endothelial cells relax junc-
tions between the cells to allow leakage of water, 
electrolytes, and proteins.

• The glycocalyx on the surface of endothelial cells 
moderates the capillary leak.

• Formulas for burn resuscitation should only be used 
to determine the initial fluid resuscitation rates. All 
further adjustments should be based on the patient’s 
response to fluids.

• Urine output is currently the standard used to dic-
tate fluid resuscitation. The use of newer methods 
of determining fluid status and cardiovascular 
response is being evaluated.

• While isotonic crystalloids have been the standard 
resuscitation fluids, newer data suggests that the use 
of colloids may reduce fluid requirements.

• One should monitor the patient for compartment 
syndromes and early escharotomies or fasciotomies 
may save tissue or limbs.

15 Early Management of Burn Patients and Fluid Resuscitation



208

 27. Andel D, Kamolz LP, Roka J, et al. Base deficit and lactate: early 
predictors of morbidity and mortality in patients with burns. Burns. 
2007;33:973–8.

 28. Marik PE, Baran M, Vahid B. Does central venous pressure predict 
fluid responsiveness? A systematic review of the literature and the 
tale of the seven mares. Chest. 2008;134:172–8.

 29. Shippey CR, Appel PL, Shoemaker WC.  Reliability of clinical 
monitoring to assess blood volume in critically ill patients. Crit 
Care Med. 1984;12:107–12.

 30. Osman D, Ridel C, Ray P, et al. Cardiac filling pressures are not 
appropriate to predict hemodynamic response to volume challenge. 
Crit Care Med. 2007;35:64–8.

 31. Kumar A, Anel R, Bunnell E, et  al. Pulmonary artery occlusion 
pressure and central venous pressure fail to predict ventricular fill-
ing volume, cardiac performance, or the response to volume infu-
sion in normal subjects. Crit Care Med. 2004;32:691–9.

 32. Tokarik M, Sjöberg F, Balik M, et al. Fluid therapy LiDCO con-
trolled trial-optimization of volume resuscitation of extensively 
burned patients through noninvasive continuous real-time hemody-
namic monitoring LiDCO. J Burn Care Res. 2013;34:537–42.

 33. Hoskins SL, Elgjo GI, Lu J, et al. Closed loop resuscitation of burn 
shock. J Burn Care Res. 2006;27:377–85.

 34. Salinas J, Drew G, Gallagher J, et  al. Closed-loop and decision- 
assist resuscitation of burn patients. J Trauma. 2008;64:S321–32.

 35. Salinas J, Chung KK, Mann EA, et al. Computerized decision sup-
port system improves fluid resuscitation following severe burns: an 
original study. Crit Care Med. 2011;39:2031–8.

 36. Sullivan SR, Freidrich JB, Engrav LH. Opioid creep is real and may 
be the cause of fluid creep. Burns. 2004;30:583–90.

 37. Mackie DP, Spoelder EJ, Paauw RJ, et al. Mechanical ventilation 
and fluid retention in burn patients. J Trauma. 2009;67:1233–8.

 38. Warden GD. Burn shock resuscitation. World J Surg. 1992;16:16–23.
 39. Baxter CR, Shires T. Physiological response to crystalloid resusci-

tation of severe burns. Ann N Y Acad Sci. 1968;150:874–94.
 40. Baxter CR, Marvin J, Curreri PW. Fluid and electrolyte therapy of 

burn shock. Heart Lung. 1973;2:707–13.
 41. Pruitt BA Jr. Fluid and electrolyte replacement in the burned 

patient. Surg Clin North Am. 1978;58:1291–312.
 42. Pruitt BA Jr. The burn patient: II. Later care and complications of 

thermal injury. Curr Probl Surg. 1979;16:1–95.
 43. Demling RH, Smith M, Bodai B, et  al. Comparison of postburn 

capillary permeability in soft tissue and lung. J Burn Care Rehabil. 
1981;15:86–92.

 44. Harms BA, Bodai BI, Kramer GC, Demling RH.  Microvascular 
fluid and protein flux in pulmonary and systemic circulations after 
thermal injury. Microvasc Res. 1982;23:77–86.

 45. Vlachou E, Moieman NS. Microalbuminemia: a marker of endothe-
lial dysfunction in thermal injury. Burns. 2006;32:1009–16.

 46. Cochrane Injuries Group. Human albumin administration in criti-
cally ill patients: systematic review of randomized controlled trials. 
BMJ. 1998;317:235–40.

 47. Perel P, Roberts I.  Colloids versus crystalloids for fluid resus-
citation in critically ill patients. Cochrane Database Syst 
Rev. 2012;(6):CD000567. https://doi.org/10.1002/14651858.
CD000567.pub5.

 48. Perel P, Roberts I, Ker K.  Colloids versus crystalloids for fluid 
resuscitation in critically ill patients. Cochrane Database Syst 
Rev. 2013;(2):CD000567. https://doi.org/10.1002/14651858.
CD000567.pub6.

 49. The SAFE Study Investigators. A comparison of albumin and saline 
for fluid resuscitation in the intensive care unit. N Engl J Med. 
2004;350:2247–56.

 50. Charpentier J, Mira JP. EARSS study group. Efficacy and tolerance 
of hyperoncotic albumin administration in septic shock patients: the 
EARSS Study. Intensive Care Med. 2011;37(Suppl 1):S115.

 51. Caironi P, Tognoni G, Masson S, et  al. Albumin replacement 
in patients with severe sepsis or septic shock. N Engl J Med. 
2014;370:1412–21.

 52. Wieddermann CJ, Joannidid M.  Albumin replacement in severe 
sepsis or septic shock. N Engl J Med. 2014;371:83–4.

 53. Recinos PR, Hartford CA, Ziffren SE. Fluid resuscitation of burn 
patients comparing a crystalloid with a colloid containing solution: 
a prospective study. J Iowa Med Soc. 1975;65:426–32.

 54. Jelenko C 3rd, Williams JB, Wheeler ML, et al. Studies in shock 
and resuscitation, I: use of a hypertonic, albumin-containing, 
fluid demand regimen (HALFD) in resuscitation. Crit Care Med. 
1979;7:157–67.

 55. Goodwin CW, Dorethy J, Lam V, Pruitt BA Jr. Randomized trial 
of efficacy of crystalloid and colloid resuscitation on hemody-
namic response and lung water following thermal injury. Ann Surg. 
1983;197:520–31.

 56. Cooper AB, Cohn SM, Zhang HS, Hanna K, Stewart TE, Slutsky 
AS, ALBUR Investigators. Five percent albumin for adult burn 
shock resuscitation: lack of effect on daily multiple organ dysfunc-
tion score. Transfusion. 2006;46:80–9.

 57. Cochran A, Morris SE, Edelman LS, Saffle JR. Burn patient charac-
teristics and outcomes following resuscitation with albumin. Burns. 
2007;33:25–30.

 58. Ennis JL, Chung KK, Renz EM, et al. Joint Theater Trauma System 
implementation of burn resuscitation guidelines improves out-
comes in severely burned military casualties. J Trauma. 2008;64(2 
Suppl):S146–51; discussion S151–2.

 59. Dulhunty JM, Boots RJ, Rudd MJ, et al. Increased fluid resuscita-
tion can lead to adverse outcomes in major burn injured patients, 
but low mortality is achievable. Burns. 2008;34:1090–7.

 60. Lawrence A, Faraklas I, Watkins H, et  al. Colloid administration 
normalizes resuscitation ratio and ameliorates “fluid creep”. J Burn 
Care Res. 2010;31:40–7.

 61. Faraklas I, Lam V, Cochran A, et al. Colloid normalizes resuscita-
tion ratio in pediatric burns. J Burn Care Res. 2011;32:91–7.

 62. Park SH, Hemilla MR, Whal WL.  Early albumin use improves 
mortality in difficult to resuscitate burn patients. J Trauma. 
2012;73:1294–7.

 63. Navickis RJ, Greenhalgh DG, Wilkes MM. Albumin in burn shock 
resuscitation: a meta-analysis of controlled clinical studies. J Burn 
Care Res. 2016;37:e268–78.

 64. Eljaiek R, Heylbroeck C, Dubois M-J. Albumin administration for 
fluid resuscitation in burn patients: a systemic review and meta- 
analysis. Burns. 2017;43:17–24.

 65. Waters LM, Christenson MA, Sato RM.  Hetastarch: an alterna-
tive colloid in burn shock management. J Burn Care Rehabil. 
1989;10:11–5.

 66. Waxman K, Holness R, Tominaga G, et al. Hemodynamic and oxy-
gen transport effects of pentastarch in burn resuscitation. Ann Surg. 
1989;209:341–5.

 67. Vlachou E, Gosling P, Moieman NS. Hydroxyethylstarch supple-
mentation in burn resuscitation—a prospective randomized con-
trolled trial. Burns. 2010;36:984–91.

 68. Béchir M, Puhan MA, Neff SB, et al. Early fluid resuscitation with 
hyperoncotic hydroxyethyl starch 200/0.5 (10%) in severe burn 
injury. Crit Care. 2010;14:R123.

 69. Béchir M, Puhan MA, Fasshauer M, Schuepbach RA, Stocker 
R, Neff TA.  Early fluid resuscitation with hydroxyl ethyl starch 
130/0.4 (6%) in severe burn injury: a randomized controlled double 
blind clinical trial. Crit Care. 2013;17:R299.

 70. Myburgh JA, Finfer S, Bellomo R, et  al. Hydroxyethyl starch 
or saline for fluid resuscitation in intensive care. N Engl J Med. 
2012;367:1901–11.

D. G. Greenhalgh

https://doi.org/10.1002/14651858.CD000567.pub5
https://doi.org/10.1002/14651858.CD000567.pub5
https://doi.org/10.1002/14651858.CD000567.pub6
https://doi.org/10.1002/14651858.CD000567.pub6


209

 71. Perner A, Haase N, Guttormsen AB, et  al. Hydroxyethyl starch 
130/0.42 versus Ringer’s acetate in severe sepsis. N Engl J Med. 
2012;367:124–34.

 72. O’Mara MS, Slater H, Goldfarb IW, Caushaj PF.  A prospec-
tive, randomized evaluation of intra-abdominal pressures with 
crystalloid and colloid resuscitation in burn patients. J Trauma. 
2005;58:1011–8.

 73. Matsuda T, Tanaka H, Williams S, et  al. Reduced fluid volume 
requirements for resuscitation of third degree burns with high dose 
vitamin C. J Burn Care Rehabil. 1991;12:525–32.

 74. Matsuda T, Tanaka H, Shimazaki S, et  al. High-dose vitamin C 
therapy for extensive deep dermal burns. Burns. 1992;18:127–31.

 75. Sakurai M, Tanaka H, Matsuda T, et al. Reduced resuscitation fluid 
volume for second degree experimental burns with delayed initia-
tion of vitamin C therapy (beginning 6 h after injury). J Surg Res. 
1997;73:24–7.

 76. Tanaka H, Matsuda T, Miyagantani Y, et al. Reduced resuscitation 
volumes in severely burned patients using ascorbic acid administra-
tion. A randomized prospective study. Arch Surg. 2000;135:326–31.

 77. Kahn SA, Beers RJ, Lentz CW.  Resuscitation after severe burn 
injury using high-dose ascorbic acid: a retrospective review. J Burn 
Care Res. 2011;32:110–7.

 78. Lentz CW, Huelskamp S, Reid D.  Adjuvant high dose ascorbic 
acid reduces both the volume of burn resuscitation fluids and the 
time to complete resuscitation in burn shock. J Burn Care Res. 
2014;46:S107.

 79. Lin J, Falwell S, Greenhalgh DG, et al. High dose ascorbic acid for 
burn shock resuscitation may not improve outcomes. J Burn Care 
Res. 2018;39(5):708–12.

 80. Warden GD, Strata RJ, Saffle JR, et  al. Plasma exchange ther-
apy in patients failing to resuscitate from burn shock. J Trauma. 
1983;23:945–51.

 81. Kravitz M, Warden GD, Sullivan JJ, Saffle JR. A randomized trial 
of plasma exchange in the treatment of burn shock. J Burn Care 
Rehabil. 1989;10:17–26.

 82. Strata RJ, Saffle JR, Kravitz M, et al. Exchange transfusion therapy 
in pediatric burn shock. Circ Shock. 1984;12:203–12.

 83. Klein MB, Edwards JA, Kramer CB, et al. The beneficial effects 
of plasma exchange after severe burn injury. J Burn Care Res. 
2009;30:243–8.

 84. Neff LP, Alman JM, Holmes JH.  The use of therapeutic plasma 
exchange (TPE) in the setting of refractory burn shock. Burns. 
2010;36:372–8.

 85. Sullivan SR, Ahmadi AJ, Singh CN, et al. Elevated orbital pressure: 
another untoward effect of massive resuscitation after burn injury. J 
Trauma. 2006;60:72–6.

 86. Brown RL, Greenhalgh DG, Kagan RJ, Warden GD. The adequacy 
of limb escharotomies/fasciotomies after referral to a major burn 
center. J Trauma. 1994;37:916–20.

 87. Greenhalgh DG, Warden GD.  The importance of intra- 
abdominal pressure measurements in burned children. J Trauma. 
1994;36:685–90.

 88. Latenser BA, Kowel-Vern A, Kimball D, et al. A pilot study com-
paring percutaneous decompression with decompressive laparot-
omy for acute abdominal compartment syndrome in thermal injury. 
J Burn Care Rehabil. 2002;23:190–5.

 89. Hobson KG, Young KM, Ciraulo A, Palmieri TL, Greenhalgh 
DG. Release of abdominal compartment syndrome improves sur-
vival in patients with burn injury. J Trauma. 2002;53:1129–34.

15 Early Management of Burn Patients and Fluid Resuscitation



211© Springer Nature Switzerland AG 2020
M. G. Jeschke et al. (eds.), Handbook of Burns Volume 1, https://doi.org/10.1007/978-3-030-18940-2_16

C. Meador (*) 
Arcos, Inc., Missouri City, TX, USA
e-mail: chris.meador@arcosmedical.com 

G. Kramer 
Arcos, Inc., Missouri City, TX, USA 

University of Texas Medical Branch, Galveston, TX, USA
e-mail: gkramer@utmb.edu

16Novel Resuscitation Strategies 
and Technology

Chris Meador and George Kramer

Challenges of Fluid Resuscitation of Burn Injury: Optimal 
trauma fluid resuscitation is controversial and a frequent 
topic at scientific proceedings and reviews [1–4]. The con-
troversy may be greatest in burns, where a variety of differ-
ent treatments are under discussion and clinical testing [4]. 
Classic formulas are taught, but their application varies. 
Education and training are challenging amidst declining per 
capita severe burn incidents and staff turnover. In addition, a 
sizeable portion of burn resuscitations are not “normal” and 
present unique challenges to bedside caregivers. Can tech-
nology improve care in this daunting environment?

Severe burns cause a variety of physiological changes and 
sequelae throughout the “golden day,” the  first 24  h post 
burn. After burn trauma, direct injury and inflammatory 
agents increase capillary porosity, allowing plasma and its 
protein molecules to enter the interstitial space. This perme-
ation reduces the colloid osmotic gradient, which shifts flu-
ids from the vascular space to the interstitial space. Untreated 
vascular fluid loss results in reduced cardiac output, reduced 
tissue perfusion and ultimately organ ischemia, failure, and 
death. Fluid therapy is the first choice for maintaining tissue 
perfusion. Lactated Ringer’s is typically utilized as a basic 
volume supporting fluid to avoid these under-resuscitation 
outcomes. However, overuse of fluid therapy can be equally 
deleterious. Fluid overload in burns is widely recognized and 
has been termed fluid creep [5]. Fluid overload can result in 
poor outcomes, including pulmonary edema, abdominal or 
extremity compartment syndrome, retinal detachment, poor 
wound healing, and mortality [1, 6, 7]. Since fluid therapy 
can both support and hinder outcomes, it must be guided by 

the patient’s changing physiological status. The goal of fluid 
resuscitation is to maintain global and end organ perfusion 
with the least amount of fluid.

Resuscitation Formulas: There are two commonly refer-
enced guidelines which describe both the starting rate and an 
estimate of total volume to be given by 24 h post burn. For 
instance, a guideline may suggest a patient receive a total of 
16 L in 24 h and start at 1000 mL/h. The Parkland formula 
(4  mL per kg per percent total body surface area (TBSA) 
burned volume in 24 h) is the most well-known “formula” 
internationally, published by Charles Baxter [8, 9]. Baxter’s 
team at Parkland Hospital resuscitated 277 patients using 
primarily cardiac output based on dye dilution measure-
ments. Baxter reported that those patients received an aver-
age of 3.5 mL per kg per TBSA and had an acceptable early 
survival rate [8]. In animals, Baxter’s work found that giving 
a higher rate of fluids in the first 8 h provided a better cardiac 
output recovery response than giving a straight amount dur-
ing the first 24 h [8]. In order to develop a simple guideline 
for fluid resuscitation without invasive cardiac output moni-
toring, the average volume number was rounded up to 4 (mL 
per kg per TBSA) and a starting rate was derived as the 24 h 
volume divided by 2 then divided by 8.

However, use of the Parkland formula’s starting rate can 
be problematic. A review by Chung et  al. found that fluid 
therapy initiated at the Parkland starting rate resulted in 
actual fluids given by 24  h to be nearly 50% above the 
Parkland 24 h volume; whereas, if fluid therapy was started 
at half Parkland, or the Modified Brooke formula rate (2 mL 
per kg per %TBSA in 24  h), actual fluids given averaged 
3.8 mL per kg per TBSA, notably just below the Parkland 
formula volume at 24 h but above Baxter’s published average 
volume [10]. These data suggest that either hourly reductions 
in infusion are not aggressive enough to match urinary out-
put targets or that more fluids administered early drives more 
fluids to be given later in resuscitation. The American Burn 
Association recently changed its Advanced Burn Life 
Support (ABLS) guidelines to have pre-hospital caregivers 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18940-2_16&domain=pdf
mailto:chris.meador@arcosmedical.com
mailto:gkramer@utmb.edu


212

start at the Brooke rather than Parkland rate for adults [11]. 
For pediatric patients, halfway between Brooke and Parkland 
is suggested as a starting rate.

Use of Urinary Output (UO) as a Target Endpoint: As 
Baxter suggested, the most often used goal or target of fluid 
therapy of burn shock is an adequate UO, based on the ratio-
nale that adequate UO equates with adequate renal blood 
flow, end organ perfusion, and cardiac output [8, 9]. The UO 
bioassay of effectiveness of fluid therapy or specific target 
levels has never been proven. However, ABLS guidelines 
recommend a target UO goal of 0.5 mL per kg per hour (30–
50 mL per hour) for adults and 1.0 mL per kg per hour for 
pediatric patients weighing less than 40 kg [11].

Adjusting fluids hourly is important. The cumulative 
physiological cost of fluid requires clinical vigilance, titrat-
ing fluids down when higher rates are no longer needed. A 
35-year meta-analysis evidences the practical difficulty of 
vigilance, with most studies documenting fluids given well 
in excess of Baxter’s guideline and mean 24 h UO above tar-
get levels [4, 12]. These data validate the phenomenon of 
widespread fluid creep.

In addition to UO, caregivers seek to maintain normal or 
decreasing lactate levels and prevent hypotension and elevated 
heart rates, as these variables are further indicators of inade-
quate cardiovascular function. “Chasing” these variables with 
increased fluid infusion rates may also contribute to fluid over-
load, so early use of pressors and inotropes might be preferred.

Other Resuscitation Endpoints: As above, other endpoint 
variables are used for assessing hemodynamic support and 
resuscitation effectiveness in general. A technological 
approach can be provided by a variety of invasive and nonin-
vasive cardiac output monitors based on thermal dilution 
(Pulsion PiCCO, Edwards EV-1000, LiDCO) or bioimped-
ance (Cheetah’s NICOM and Cardiotronic’s ICON). Cardiac 
output can also be estimated using pulse contour analysis of 
arterial waveforms (Edwards EV-1000 and Pulsion PiCCO). 
In particular, intrathoracic blood volume and cardiac output 
as measured by transpulmonary thermal dilution has been 
suggested for burns [13]. Generally, only descriptive studies 
have evaluated hemodynamic monitoring versus UO end-
point in burn resuscitation [14]. Advanced hemodynamic 
monitoring has largely failed to be effective in guiding fluid 
therapy of burns. Use of hemodynamic endpoints has most 
often been reported to lead to over-resuscitation [15]. 
Another approach has been the use of metabolic markers, 
such as lactate, to help guide fluid therapy [16]. Lactate and 
base excess are widely used as an indicator for when resusci-
tation is inadequate, but they have not been shown useful as 
a prospective endpoint to guide hourly care. Pending new 
research results, UO as an endpoint appears to be the best 
single variable to guide fluid therapy in burns.

Electronic Urinary Output Monitor (eUOM): UO is 
most often measured manually with graduated urimeters 

that allow the nurse to measure accumulated UO and then 
to dump the UO in a large collection bag. An advancement 
is the development of eUOMs that measure UO using 
weight (Adaptec SensicaUO), capacitive sensors 
(Navamedic Sippi), ultrasound of accumulated UO (Bard 
Criticore), or UO in a small collection chamber (Potrero 
Medical Accuryn). One advantage of all eUOMs is that 
they reduce volume assessment errors and time errors when 
measuring UO either before or after the hour. A 15-min 
error causes a 25% error in hourly flow rate. Most eUOMs 
do not necessarily correct for air locks that trap urine in the 
drainage tubing and bladder [17]; however, the Accuryn 
uses a double-lumen drainage tube and pump to clear the 
drainage tube every 5 min [18]. Finally, the greatest benefit 
of eUOMs may be the clinical value of continuous UO 
data. Algorithms may be able to process such data to pro-
vide more effective and timely recommendations to infu-
sion rate to bring UO to target levels.

Resuscitation Solutions: Several resuscitation strategies 
have emerged based on fluid type. The antioxidant vitamin C 
in high doses (66 mg per kg per hour) is advocated by some 
groups who report lower fluid infused volumes and less com-
plications [19, 20]. High dose vitamin C is a strong diuretic 
and thus precludes the use of UO as endpoint. There is no 
standard approach to guiding fluids when Vitamin C is used. 
Rizzo’s analysis of vitamin C resuscitation protocols found 
wide disparity in practice [21]. Thus, to date, vitamin C does 
not lend itself to a single endpoint variable, nor has it been 
protocolized.

Over the last 15 years, practitioners have utilized albumin 
more frequently in ratio with Lactated Ringer’s, as a rescue 
intervention when the in/out ratio reaches an indexed level 
[22, 23] or as an adjunct therapy when UO does not respond 
to Lactated Ringer’s alone. Some burn centers use albumin 
as the primary resuscitation fluid for pediatric patients after 
8 h post burn. Most groups use albumin on a case-by-case 
basis based on clinical expertise and experience, but typi-
cally advocate starting it after 8-h post injury, based on the 
rationale that the capillary leak may largely be repaired by 
that time point. Cartotto has written extensively on the use of 
albumin in burns [24, 25]. The value and best use of albumin 
in burn care may be determined by an ongoing prospective 
observational trial sponsored by the US Army and American 
Burn Association.

Clinical Decision Support (CDS): Until recently, compu-
tational tools for burn resuscitation were simply printed 
tools, calculators, or apps which provided a quicker way to 
calculate the Parkland formula based on body weight and 
burn size [26, 27]. Some burn centers utilize Excel spread-
sheets to perform calculations for initial fluid rates and 
hourly titrations. One paper tool utilized for bedside resusci-
tation is a decision tree flow chart that suggests hourly 
changes in infusion rate. Adjustment to infusion rate of 10 or 
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Fig. 16.1 Graph from Burn Navigator showing current volume (green), Parkland (yellow) and Modified Brooke (bright green) guidelines and 
projected 24-hour fluid volume

20% is based on the last hour’s UO being above or below 
target levels [22, 28]. Bedside “nurse-driven” resuscitation 
using decision tree flowcharts have been implemented as 
Quality Improvement projects [28–30].

Recently, a predictive model and infusion algorithm was 
developed for adult patients to guide hourly fluid rates. The 
Salinas model was based on data from 39 burn patients that 
related fluid infusions to burn size and resultant UO [31, 32]. 
Whereas paper protocols use only the last hour of data and a 
limited set of fixed 10–20% changes to infusion rates, the 
predictive algorithm uses 3 h of physiological trends and a 
mathematical model to predict the infusion rate most likely 
to achieve target UO in the next hour. However, predictive 
algorithms are limited in part by demographics of the patient 
population that contributed data to the algorithm’s develop-
ment. A predictive algorithm for “adults” will not be as spe-
cific as a predictive algorithm for “adults with gross 
myoglobinuria” or “adolescents above 40 kg.”

One commercialized CDS tool (Arcos Burn Navigator) 
incorporates the Salinas model to provide hourly decision 
support along with novel resuscitation displays that provide 
situational awareness of the fluid status and UO levels during 
the resuscitation process [33]. One display is a volume graph 
showing total fluids infused since time of burn, with Baxter 
and Modified Brooke guidelines overlaid and total 24 h vol-
ume projection (Fig.  16.1). Such computer drawn graphs 
would be too tedious and time-consuming for clinicians to 

manually create, yet provide a useful visual representation of 
the fluid resuscitation.

A single-center cohort study showed that computerized 
decision support can increase how often patients meet UO 
goals, reduce total fluids given, reduce ventilator days, and 
may contribute to a reduction in mortality [32]. These results 
occurred even when 20% or more of the recommendations 
are rejected by clinicians. The rejection rate may reflect a 
limitation of the recommendation for the most complicated 
patients, general skepticism, or proof that the graphical aids 
and alerts are useful apart from the recommendations. For 
patient safety, an essential feature of any computerized 
resuscitation system is the ability for clinicians to override a 
recommended fluid rate at any time.

In practice, satisfaction with CDS seems to be based on a 
confidence level obtained with use and familiarity, which 
results in less need for late night consults between nurses and 
physicians. It should be noted that when urinary output is not 
responding to fluid rate increases, or a high 24 h fluid volume 
is projected, the computer alerts the bedside caregiver to 
contact the attending physician. CDS technology is a tool to 
aid, not replace, physician judgment.

Limitations of current CDS: The use of UO is both a 
strength and a weakness of computerized decision support. 
UO remains the primary target endpoint today, albeit with 
notable limitations when it cannot be used. End stage renal 
disease, hyperglycemia, and high blood alcohol (EtOH) lev-
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els make urine output a falsely low or falsely high surrogate 
of organ perfusion. Those scenarios require users to rely 
more on hemoglobin, lactate, and hemodynamic indicators 
for titrating fluids. Gross myoglobinuria and hematuria 
necessitate a kidney preservation strategy of higher target 
UO rates to clear high renal concentrations of toxins.

Current CDS approaches face two main limitations: man-
ual data entry and fluid “non-responders,” who are generally 
defined as patients whose urine output does not increase after 
increasing infusion rates, or patients whose UO is adequate 
but only with excessively high infusion rates and a large pos-
itive net fluid balance. Patients with a total infused volume 
over 250  mL/kg, regardless of burn size, are at risk for 
abdominal compartment syndrome, which is associated with 
high rates of morbidity and increased mortality [10, 34]. 
Some patients are non-responders only temporarily, so phy-
sicians may tolerate oliguria for 1–3 h during the first 10 h 
post burn [35]. However, many patients will continue to be 
non-responders after 10 h post burn. If clinicians continue to 
increase a crystalloid fluid, such as Lactated Ringer’s, for 
chronic non-responders, then over-resuscitation and mor-
bidities can result.

Medical providers need to remain vigilant toward inter-
vening. Albumin is a common intervention for many burn 
centers facing non-responders. Although CDS tools can pro-
vide alerts and suggest considering albumin, use of albumin 
varies greatly by burn center and physician judgment. 
Albumin therapy typically requires a separate medical pre-
scription order.

Future Technology and Automation: Clinical computer-
ized decision support systems can be advanced in two broad 
ways. First, by improving approaches to UO confounding 
situations, as seen with electrical injuries, end stage renal dis-
ease or vitamin C use. Adjusting the UO targets higher or 
lower may be sufficient in some cases; however, incorpora-
tion of other endpoint variables and multivariable models 
may be needed. The second way is by automating UO data 
collection and fluid titration.

Open Loop Resuscitation: A potential improvement to 
manual data entry and computerized decision support would 
be “open loop” CDS, which involves communication and 
controls between an eUOM, a CDS computer, and IV infu-
sion pumps (Fig.  16.2). Data entry would be automatic, 
hourly recommendations could be generated, and the care-
giver could accept them or change the infusion rate per clini-
cal judgment. When accepting recommendations, a single 
button push sets the pump each hour. By reducing manual 
data entry, technology can free clinicians for the more impor-
tant tasks of clinical assessments and therapies. Automating 
data entry may reduce occasional data entry mistakes, which 
are not well tracked in daily care.

Fully Automated Resuscitation. Beyond open loop is 
“closed loop” resuscitation (Fig. 16.3). The concept of auto-

mated, or closed loop, burn resuscitation is not new. Bowman 
et  al. obtained a US patent in 1981 [36]; however, their 
invention had limited research and was not commercialized 
[37]. In the last decade, the U.S. Department of Defense has 
been heavily funding  internal and external resuscitation 
research, beginning a renaissance of autonomous critical 
care technology development [38–41]. Automated burn 
resuscitation seeks two main goals: reduce tedious manual 
data entry and mistakes and enable titration frequency to 
approach physiological response.

The response time of UO to fluid and drugs can be on the 
order of minutes, not an hour. A bolus of fluid delivered over 
5 min takes another roughly 5–10 min to result in an increase 
in UO in the bladder. Fenrich presented sheep data when an 
automated system adjusted fluids every 10 min based on UO 
and infusion rates [42]. This frequency of titration would be 
far too impractical for clinicians to conduct with competing 
clinical duties, yet promises optimal resuscitation.

In the distant future, a fully automated system may set the 
UO target based on the patient scenario, run the resuscita-
tion, titrating and weaning fluids, and then announce that the 
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resuscitation phase is over. The U.S.  Food and Drug 
Administration is defining levels of automation and laying 
the path toward approving physiological closed loop control-
lers [43].

The connection between a physiologic-based controller 
and an infusion pump is not a technical challenge, but a 
 regulatory and business challenge with patient safety over-
tones. Infusion pump companies are extremely reluctant to 
allow remote rate commands by a third-party device (even an 
FDA cleared device) since adding such a capability requires 
a significant cybersecurity defense for the pump’s open port.

A clinician might wonder why the therapeutic device isn’t 
also the controller; why have two devices instead of one? 
Infusion pump companies are typically very large companies 
due to the advanced engineering required to develop and mar-
ket an infusion pump and the significant safety hurdles that 
must be maneuvered. On the other hand, companies pioneer-
ing closed loop controllers are typically small and heavily 
reliant on federal development funds. Large, established com-
panies expect to see little improvement in revenues from add-
ing a closed loop feature or controller, particularly for a 
market as small as burn resuscitation. Despite these business 
challenges, we suggest that with the pull of the U.S. Department 
of Defense and with a clear regulatory environment, manu-
facturers will come to an arrangement on increasing levels of 
device interaction and automation.

16.1  Conclusion

Burn resuscitation is a complex and ongoing area of research. 
Challenges include use of surrogate endpoints, the need for 
physiological vigilance, tedious infusion rate changes, and 
high variation in patient response to therapy. Emerging strat-
egies, such as use of high dose vitamin C, and evolving strat-
egies, such as use of albumin, offer more options for 
resuscitative interventions. Novel technologies allow addi-
tional visualization and monitoring capabilities and present a 
vision for automating therapy in the future.
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Respiratory Management in Burn Care

Kevin N. Foster

17.1  Introduction

Airway and respiratory management are necessary and 
important components of burn care because a significant 
minority of burn patients requires intubation and mechanical 
ventilation, often for weeks or even months. Burn patients 
require respiratory management for two major reasons: the 
presence of smoke inhalation injury (II) and/or a large per-
cent total body surface area (% TBSA) burn. Inhalation of 
the products of combustion causes a cascade of injury and 
inflammatory response that typically leads to respiratory 
failure and the need for intubation and ventilation. Likewise, 
a large % TBSA thermal injury (typically ≥30% TBSA) 
imposes such a large systemic metabolic load on patients 
that intubation and ventilation are almost always necessary. 
This chapter reviews general concepts of airway and respira-
tory management in burn patients.

17.2  Airway Management

17.2.1  Endotracheal intubation

As noted previously, the two major indications for endotra-
cheal intubation in burn patients are inhalation injury and a 
large % TBSA burn. Each of these indications has several 
individual components.

Inhalation injury (II) is classically caused by breathing in 
the hot products of combustion. The smoke produced by 
such combustion typically has hundreds of toxic chemicals. 
These chemicals react with airway and alveolar cells pro-
ducing injury and initiating an intense inflammatory 
response. This injury and inflammatory response ultimately 
causes airway obstruction, impaired ciliary function and 

surfactant production, thickening of the alveolar-capillary 
membrane, ventilation-perfusion mismatch, hypoxemia, 
hypercarbia, acidosis, and respiratory failure [1–5]. II can 
be classified into injury above larynx which is caused pri-
marily by heat, and injury below the larynx which is typi-
cally caused by chemical exposure. Patients with upper 
airway (heat) injury often require intubation because the 
local edema and tissue swelling from the burn injury may 
cause upper airway obstruction. Patients with lower airway 
and lung injury (chemical) often require intubation because 
of respiratory failure. Not infrequently patients will have 
both upper airways and lower airway and lung injury simul-
taneously [6].

The suspicion of an II (either upper or lower) often is 
enough of an indication for intubation. However, not all 
patients exposed to smoke will require intubation. It can be 
difficult to determine early in a patient’s clinical course if 
that patient will develop significant upper airway edema to 
cause obstruction and/or enough lower airway and lung 
injury to cause respiratory failure. Close observation with 
preparation to intervene immediately is a prudent course. If 
the patient is to be transported to another facility and obtain 
a definitive airway during transport is likely to be difficult, 
then prophylactic intubation is warranted. Ultimately, if the 
course is uncertain, then intubation is the wisest choice. If 
the intubation proves unnecessary, then the endotracheal 
tube can be removed. Conversely, if the patient is not intu-
bated and subsequently requires intubation, the procedure 
may be very difficult because of upper airway edema and 
obscuring of the airway and landmarks.

Thus, patients with evidence of upper airway injury upon 
presentation or developing during observation, such as obvi-
ous orinasal burns, swelling, erythema, stridor, or hoarseness 
should be promptly intubated. Likewise, patients with evi-
dence of lower airway and lung injury such as a history of 
closed space injury, the presence of true carbonaceous spu-
tum either coughed up or suctioned, an elevated carboxyhe-
moglobin level >10% (see below), stridor, or hoarseness 
should also be promptly intubated.
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A third component of II is carbon monoxide (CO) poison-
ing. CO is produced by virtually every type of fire. CO 
 preferentially binds to hemoglobin over oxygen and causes 
hypoxemia. The degree of CO poisoning is determined by 
the degree of binding to hemoglobin to produce carboxyhe-
moglobin (COHg). This is measured as a percent of hemo-
globin bound to CO. Most patients have baseline levels of 
COHg close to 0%. Mild to moderate symptoms occur with 
levels of 20–30%, severe symptoms with levels of 30–50%, 
and death with levels >50%. Documentation or suspicion of 
CO poisoning (levels >10%) mandates prompt intubation 
and placing the patient on 100% FiO2. The half-life of COHg 
can be reduced from 4 h on room air to less than 60 min with 
100% oxygen [7].

Finally, there are rare instances where the lower airway 
and lung suffer direct thermal injury. Examples of this are 
inhalation of hot steam or inhalation of hot or flaming liquids 
such as flaming fuel. These situations almost always warrant 
immediate intubation.

The second major indication for early intubation in burn 
patients is the presence of a large %TBSA burn injury. The 
generalized inflammatory response to burn injury and the 
resulting soft tissue edema from that response plus the large 
fluid volume resuscitation often leads to airway edema even 
in the absence of an II or direct burns to the face and head. 
The metabolic load from the large thermal injury adds addi-
tional stress. Finally, the high levels of analgesia and seda-
tion usually required to maintain adequate pain control and 
comfort in a burn patient often could not be administered 
safely in the absence of intubation and ventilation. There is 
no mandatory cut-off for % TBSA above which intubation is 
necessary. However, 30% TBSA seems a reasonable level at 
which to consider intubation and is the cut-off recommended 
by Acute Burn Life Support.

Another consideration in addition to the size of the burn is 
their anatomic location. Upper body burns (head and neck, 
torso above the nipples, upper extremities) may cause airway 
edema even if the airway and surrounding structures are not 
directly involved. This potentially dangerous situation should 
be recognized early and intubation performed before airway 
edema makes it difficult.

Finally, a last indication for intubation is a decreased level 
of consciousness (DLOC). This may occur with or without II 
and/or a large %TBSA burn. There are numerous reasons for 
this DLOC including hypoxia, hypercarbia, medications, 
substance abuse, associated traumatic injury, II, CO poison-
ing, etc. These patients should be immediately intubated and 
a thorough investigation into the cause of the decreased level 
of consciousness initiated.

Once the decision has been made to intubate, the entire 
team should be assembled and the most experienced person 
should intubate. Equipment should include a functioning bag 
and mask with 100% FiO2, suctioning device, ventilator, 
laryngoscope, and appropriate medications. Adjuncts to 

facilitate visualization of the vocal cords and airway include 
a fiberoptic bronchoscope and glideslope. The team should 
be prepared to perform an emergency cricothyroidotomy or 
tracheostomy if standard endotracheal intubation fails.

17.2.2  Tracheostomy

There are several controversies surrounding the use of elec-
tive tracheostomy in burn patients requiring prolong ventila-
tion. The first controversy is whether tracheostomy is 
indicated (“to trach or not to trach?”). If one believes that 
tracheostomy is in fact indicated, the next issue is the timing 
of the tracheostomy (1  week post-injury? 2  weeks? 
3 weeks?). Once one has decided when to perform a trache-
ostomy, the next issue is how to perform. The general choices 
are traditional, operative, open tracheostomy versus bedside 
percutaneous dilational tracheostomy, or some combination 
of the two. A final question is whether a neck burn impacts 
any of the other three issues presented. Let’s look at each of 
these in greater detail.

The advantages of tracheostomy include easier suction-
ing, better maintenance of oral hygiene, better ventilator 
mechanics, more secure, better tolerated requiring less seda-
tion, and easier weaning from ventilation [8]. Disadvantages 
include necessity for an invasive procedure, easier coloniza-
tion of respiratory tract, and possible development of a tra-
cheoinnominate fistula. Studies on the effectiveness and 
safety of tracheostomy prior to the mid-1990s were mostly 
retrospective and did not provide good data. Early studies 
tended to report high complication rates and poorer out-
comes with tracheostomy [9]. More recent studies report low 
complication rates and better outcomes [10].

Saffle et al. [11] randomized burn patients to early trache-
ostomy (4 days post-injury) or conventional treatment with 
ventilation via standard endotracheal tube until day 14 at 
which time the patients underwent tracheostomy. There were 
no differences in the two groups in length of stay, need for 
ventilator support, incidence of pneumonia, or survival. The 
early tracheostomy group demonstrated improvement in 
PAO2/FiO2 ratio within 24 h of the procedure. However, there 
was a significantly great number of patients in the conven-
tional treatment group who were extubated compared to the 
early tracheostomy group. The authors concluded that early 
tracheostomy offered no particular advantage or disadvan-
tage over conventional management.

Palmieri et al. [12] reported a retrospective review of 38 
severely burn children who underwent tracheostomy at a 
mean time of 3.9 days after admission. Peak inspiratory pres-
sure, PaO2/FiO2 ratio, pulmonary compliance, and ventila-
tory volumes all improved following tracheostomy. There 
were no tracheostomy-related deaths, no tracheostomy site 
infections, and no post-tracheostomy tracheal stenosis. The 
authors concluded that early tracheostomy in this population 
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of burn patients was safe and effective, and that it resulted in 
a more secure airway and improvement in ventilator 
management.

Aggarwal et al. [13] reported a retrospective comparison 
of burn patients who received tracheostomy (n  =  48) with 
burn patients who had ventilation with endotracheal intuba-
tion only (n = 84). The tracheostomy group had significantly 
larger % TBSA burns, a significantly greater incidence of 
inhalation injury, and a lower probability of survival based 
on the Abbreviated Burn Severity Index (ABSI). Duration of 
ventilation, length of hospital and ICU stay, and incidence of 
pulmonary infection were all greater in the tracheostomy 
group, but mortality was equivalent between the two groups.

The second controversy regarding tracheostomy is the 
timing of tracheostomy. Reports of tracheostomy performed 
as early as 3 [14] or 4 [11, 12] days after the initiation of 
mechanical ventilation have demonstrated safety and effi-
cacy for the procedure and timing. A recent survey of venti-
lator practices showed that most (67%) of respondents 
considered tracheostomy after 2 weeks of mechanical venti-
lation. Reasons for earlier tracheostomy included large % 
TBSA burn, burns of the head and neck, failed extubation 
attempts and poor fluid resuscitation status. Additional con-
siderations for early tracheostomy were severe traumatic 
brain injury and predicted prolonged need for mechanical 
ventilation [15].

The third controversy regarding tracheostomy is the 
choice of technique, either a traditional open tracheostomy 
or a bedside percutaneous dilational tracheostomy. The tradi-
tional method is performed in the operating room under gen-
eral anesthesia. The neck is dissected through an anterior 
incision, the trachea is exposed, and the tracheostomy is 
place under direct vision. The percutaneous method is per-
formed at the bedside usually under IV sedation with or 
without monitored anesthesia care. A needle is percutane-
ously placed into the trachea under bronchoscopic visualiza-
tion. A guideline is placed through the needle, a dilator is 
used to dilate the track and the tracheostomy site, and a tra-
cheostomy tube is placed. In the survey of ventilation prac-
tices, 78% of burn surgeons preferred to perform 
tracheostomy in the operating room [15]. Comparative trials 
of the two techniques have generally demonstrated either no 
difference in outcomes, or fewer complications and lower 
cost with the percutaneous technique [16–19].

The final issue is that of tracheostomy use in a patient 
with a neck burn. This remains controversial and the evi-
dence for one clinical path over another is lacking [8]. As 
noted above, head and neck burns may be an indication for 
tracheostomy or even early tracheostomy. Smailes et  al. 
studied this and found a higher incidence of stoma infections 
in grafted necks if the autograft was not fully adhered and 
healed to the neck. They recommended performing tracheos-
tomy only after the neck autograft was completely healed, 
and suggested 10 days post-graft [19].

In conclusion, tracheostomy appears to be a useful tool in 
burn care, and the advantages largely outweigh its disadvan-
tages. The most common timing for tracheostomy is approx-
imately 2 weeks after the onset of ventilation although early 
tracheostomy (3–4  days) may be beneficial in some situa-
tions. Open tracheostomy is the preferred method of trache-
ostomy. However, percutaneous tracheostomy is safe and 
may offer some advantages over open. Patients with neck 
burns can safely undergo tracheostomy, but the procedure is 
best performed after excision and autografting.

17.3  Ventilator Management

Burn patients with injuries ≥30% TBSA or burn patients 
with inhalation injury typically require mechanical venti-
lation, often for weeks or even months. Burn patients are 
somewhat unique in the fact that they have normal lungs 
and normal lung function, at least at the time of initiation 
of mechanical ventilation. Obviously, patients with inhala-
tion injury have lung pathology, and the inflammatory 
response of burn injury may induce some pathophysiologic 
changes in otherwise normal lungs. This makes evaluation 
of ventilator studies somewhat difficult because most of 
these studies have been done in patients with lung pathol-
ogy such as acute lung injury (ALI), acute respiratory dis-
tress syndrome (ARDS), pneumonia, and others. 
Compounding this problem is the fact that burn patients 
have not infrequently been excluded from ventilator stud-
ies. Let’s now examine the various ventilator management 
strategies used in burn patients. We will start with the two 
most common ventilation management strategies for 
patients with ARDS: lung protective ventilation and the 
open-lung approach. We will conclude with several less 
common ventilation strategies.

17.3.1  Lung Protective Mechanical Ventilation

The Acute Respiratory Distress Syndrome Network (ARDS 
Net) trial in 2000 has had a profound effect on ventilator 
management. The trial compared ventilation with lower tidal 
volumes (6 mL/kg) to ventilation with traditional higher vol-
umes (12  mL/kg). The lower tidal volume group demon-
strated significantly lower mortality and greater number of 
ventilator-free days. Mean plateau pressures were also sig-
nificantly lower in the lower tidal volume group. Subsequent 
studies have confirmed the safety and efficacy of lower tidal 
volume ventilation. It has become known as lung protective 
ventilation [20].

Lung protective ventilation (LPV) is appropriate and 
indicated for burn patients with and without inhalation 
injury. Initial ventilator setting goals in these patients are a 
tidal volume of 6–8 mL/kg with respiratory rate and positive 
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end- expiratory pressure (PEEP) to attain normal arterial 
blood gas values for PAO2, PACO2, and pH, and with peak 
inspiratory pressures (PIP) less than 35 cm H2O. Numerous 
studies have validated the effectiveness of lung protective 
ventilation in patients with ARDS, ALI, and other pulmo-
nary disorders requiring ventilation management [21–25].

Lung protective ventilation may present challenges in 
burn patients because of unique features of burn patho-
physiology. Burn injury and fluid resuscitation results in 
soft tissue swelling and edema. Body wall and torso edema 
may be significant enough to decrease chest wall compli-
ance. Under these circumstances, it may be necessary to 
increase tidal volume to compensate for decreased compli-
ance. Likewise, a thermal burn extending over most or all 
of the torso may adversely decrease chest wall compli-
ance. This is particularly true for circumferential and/or 
full-thickness burns.

17.3.2  The Open-Lung Approach 
to Mechanical Ventilation and Positive 
End-Expiratory Pressure (PEEP)

The protective lung strategy aims to reduce lung strain by 
decreasing lung volumes and pressures. The second strategy, 
the open-lung approach (OLA), aims to decrease dynamic 
strain on alveoli. The purported advantages of OLA include 
improved oxygenation and ventilation, decreased atelectasis, 
and decreased shear injury from opening and closing of alve-
oli [26]. The hallmarks interventions of the OLA are: (1) to 
open alveoli with recruitment maneuvers, and then (2) keep 
them open with PEEP [27].

Recruitment maneuvers (RMs) comprise a variety of 
techniques used to temporarily increase intrapulmonary 
pressures and expand airless and atelectatic alveoli. The 
overall goal of RMs is to increase the number of open alve-
oli, improve lung aeration, increase the surface for gas 
exchange, and ultimately improve oxygenation. One key to 
successful recruitment is to use RMs that effectively open 
collapsed alveoli but do not over-distend and injure the alve-
oli. Indeed, one objection to RMs is that if they are improp-
erly implemented, adverse effects such as hypotension, 
barotrauma, or oxygen desaturation can occur. There are sev-
eral RMs that have been demonstrated to be effective includ-
ing sigh breaths, sustained inflation, assisted ventilation, 
prone positioning, and stepwise increase in airway pressure 
and/or PEEP. The ideal RM protocol (type, frequency, dura-
tion, peak pressure, etc.) is not known and patient response 
to an RM is impossible to predict. Thus, RMs must be indi-
vidualized. There is ample clinical data to support the con-
cept that stepwise RMs tend to better improve oxygenation 
with less adverse hemodynamic or respiratory consequences 
than traditional abrupt RMs. Once a successful PM has been 

performed, the second hallmark of OLA ventilation is to 
maintain alveolar patency with PEEP [28–30].

PEEP in the context of mechanical ventilation (also 
known as extrinsic or applied PEEP) is positive pressure 
applied by the ventilator at the end of expiration. PEEP helps 
to keep alveoli in the open position and prevent their col-
lapse. There are numerous advantages to PEEP. It helps to 
recruit alveoli and prevent trauma to them by keeping them 
open. It improves oxygenation by increasing surface area for 
gas exchange. It increases functional residual capacity and 
diminishes ventilation-perfusion mismatches. It increases 
pulmonary compliance. Disadvantages to PEEP include the 
inability to fully expire leading to breath stacking or auto- 
PEEP, and possibly decreasing cardiac return and thus 
decreasing cardiac output [31]. The ideal level of PEEP to be 
utilized in OLA ventilation is not known. As with RMs, a 
balance must be attained between PEEP that is too low and 
fails to maintain open alveoli and PEEP that is too high and 
causes barotrauma leading to worsening of oxygenation and 
possibly hemodynamic instability. A number of appropri-
ately powered, well-conducted prospective clinical trials 
have been performed to determine the optimal level of 
PEEP. None of these trials individually or in combination has 
provided a definitive answer to the optimal PEEP question 
[27, 32–37]. The following simple methods have been sug-
gested (this list is not exhaustive) [38]:

• Use a relatively high PEEP: 15 to 20 cm H2O
• Use ARDSNet PEEP-FiO2 escalation tables (PEEP set 

based on oxygenation)
• Titrate PEEP to maximum static compliance
• Set PEEP to slightly above the lower inflection point of 

pressure-volume curve
• Use stepwise recruitment to find lowest PEEP with maxi-

mal oxygenation

17.3.3  Permissive Hypercapnia

Permissive hypercapnia (PH) is a ventilation strategy often 
used as an adjunct to LPV and/or OLA. The lower tidal vol-
umes used in these ventilation approaches can result in CO2 
retention. Attempts to normalize this hypercapnia may result 
in larger tidal volumes or higher pressures and may defeat 
the purpose of the employed ventilation strategies. PH allows 
abnormally high PCO2 levels to permit ventilation with low 
tidal volumes. PH is not detrimental; indeed, it has been 
shown to have beneficial effects on lung and other tissues 
and organs. PH may attenuate lung injury and edema and 
decrease cytokine release. It increases cardiac output and 
oxygen carrying capacity and decreases peripheral vascular 
resistance. PH increases cerebral oxygenation [39]. Most 
studies have shown a benefit with the use of PH [40, 41] 
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although one large database study demonstrated a higher 
mortality with PH use [42]. The ideal technique of PH and 
the optimal PCO2 level remain to be defined.

17.3.4  High Frequency Percussive Ventilation

High frequency percussive ventilation (HFPV) is a unique 
mode of ventilation that imposes high frequency, subtidal 
percussive volume breaths onto conventional pressure venti-
lation breaths. This delivers intrapulmonary percussion (sim-
ilar to chest physiotherapy) that helps to loosen debris, 
mobilize secretions, and facilitate removal from the lungs 
and airways while supporting recruitment and gas exchange. 
This function ultimately increases oxygenation and lowers 
airway pressures. HFPV is administered to patients using a 
special ventilator, the Volumetric Diffusive Respirator®-4 
(VDR-4) which is time-cycled and pressure-driven. Early 
retrospective studies comparing HFPV with conventional 
ventilation generally found that HFPV improved oxygen-
ation, lower airway pressures and barotrauma, reduced the 
incidence of ventilator-associated pneumonia, and improved 
survival [43–46]. Two subsequent comparative trials demon-
strated improved oxygenation a lower airway pressures with 
HFPV compared to conventional ventilation. There was no 
difference in VAP rate or mortality between the two groups 
[47, 48]. A recent clinical trial comparing HFPV with LPV 
demonstrated no significant difference in primary or second-
ary outcomes in the two groups with the exception of need 
for rescue ventilation which significantly lowers in the HFPC 
group [49]. The mechanism of action of HFPV seems ideally 
suited for patients with inhalation injury, and existing evi-
dence supports its use in this population. More evidence- 
based study is needed to draw definite conclusions [50–64].

17.3.5  High Frequency Oscillatory Ventilation

High frequency oscillatory ventilation (HFOV) works by 
delivering very small tidal volumes (1–4 mL/kg) at very high 
respiratory rates or frequencies (3–15 Hz) using an oscilla-
tory pump combined with continuous application of high 
mean airway pressure. This functions to maintain alveolar 
recruitment and to prevent lung injury from over-distension 
or loss of alveolar recruitment. Oxygenation is controlled 
primarily by the mean airway pressure and ventilation is 
controlled primarily by the frequency, which affects both 
respiratory rate and tidal volume. The advantages of HFOV 
are that it decreases ventilator-induced lung injury, mobilizes 
secretions, and separates oxygenation and ventilation (CO2 
clearance) processes. The disadvantages of HFOV is that it 
requires deep sedation and usually chemical paralysis, the 
higher pressures cause a higher risk for hemodynamic insta-

bility, and there is de-recruitment once the HFOV is termi-
nated [65, 66]. HFOV has been shown to be safe and effective 
as a salvage or rescue ventilator mode. Three clinical trials 
comparing HFOV with conventional ventilation failed to 
show any significant benefit with HFOV [67–69]. One trial 
demonstrated increased adverse effects [68] and one trial 
demonstrated an increased mortality [67]. A recent meta- 
analysis, which did not include two of the three clinical trials 
above, suggested that HFOV improved oxygenation (P/F 
ratios) and decreased mortality with no increase in adverse 
events [70]. There has been some experience with HFOV is 
several burn centers and the results have generally been sat-
isfactory [71–83]. Currently, HFOV cannot be recommended 
as a primary therapy in burn patients. However, it should be 
considered in patients with complicated or severe lung injury, 
and as a salvage ventilator when conventional ventilation 
methods fail.

17.3.6  Airway Pressure Release Ventilation

Airway Pressure Release Ventilation (APRV) functions by 
applying a continuous airway pressure (P high) for a relatively 
long period of time (T high). Periodically, this pressure is 
released to a lower pressure (P low) for a short period of time 
(T low). Then the ventilator is cycled back to P high. This 
provides alveolar recruitment and prevents alveolar collapse, 
allowing for excellent gas exchange and oxygenation and ven-
tilation. One of the unique aspects of APRV is that it is a very 
comfortable ventilator mode. Patients do not require addi-
tional sedation or analgesia. And patients can breathe sponta-
neously at both the P high and P low levels [84]. There is 
minimal information on the use of APRV in burn patients [85].

17.3.7  Extracorporeal Membranous 
Oxygenation

Extracorporeal membranous oxygenation (ECMO) utilizes 
cardiopulmonary bypass technology to temporarily provide 
oxygen and carbon dioxide gas exchange in patients with 
severe respiratory failure. ECMO is unique in that it does not 
rely on the lungs for gas exchange. ECMO is of proven ben-
efit in neonates and there is a growing body of evidence that 
it may also be effective in older pediatric and adult patients 
[86]. There is a fairly substantial burn experience with ECMO 
although most reports are case reports or case histories [87–
101]. A recent report from a survey of the American Burn 
Association National Burn Repository database identified 30 
patients treated with ECMO. Overall outcomes were accept-
able, and the authors concluded that ECMO is a viable option 
for supporting critically ill burn patients, especially those 
who have failed conventional ventilation management [102].
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17.4  Adjuncts to Ventilation

17.4.1  Bronchodilators

Bronchodilators work by opposing cholinergic bronchocon-
striction causing bronchodilation, decreased resistance to 
airflow, increased compliance, and increased gas exchange. 
Bronchodilators include ß2-adrenegic agonists such as alb-
uterol and salbutamol, muscarinic antagonists such as 
ipratropium bromide and tiotropium bromide, and ß agonists 
such as epinephrine. Studies of bronchodilator use in burn 
patients generally show benefit in burn by improving P/F 
ratio, decreased airway pressures, and possibly by decreas-
ing host immune response [88, 103–105].

17.4.2  Inhaled Anticoagulants

Inhaled heparin has been used as an adjunct in the ventilator 
management of burn and inhalation injury patients. Heparin 
helps to prevent formation and aids in dissolution of fibrin 
casts and clots which form in the airways of ventilated 
patients. This improves oxygenation and decreases baro-
trauma. Heparin use is usually combined with NAC to take 
advantage of its mucolytic and anti-inflammatory properties. 
Often a ß2-adrenegic agonist is given with the heparin-NAC 
combination to help open the airways for better drug delivery 
and to prevent bronchospasm that NAC may incite. Two 
studies have document benefit from a heparin-NAC regimen 
in burn patients with increases in compliance, oxygenation, 
and survival and decreases in pulmonary resistance and mor-
tality [106, 107]. In contrast, another similar study found no 
benefit to heparin-NAC [108]. A recent retrospective, case- 
control study demonstrated that nebulized heparin 
(10,000  units) use resulted in a significant decrease in 
ventilator- free days compared to controls. There was no dif-
ference in length of stay, mortality, VAP, or bleeding compli-
cations [109]. A systematic review of inhaled anticoagulation 
regimens for the treatment of smoke inhalation-associated 
lung injury confirmed decreased morbidity and increased 
survival with the use of inhaled anticoagulants [110].

17.4.3  Mucolytic Agents

N-acetylcysteine (NAC) is a mucolytic that exerts its effects 
by reducing disulfide bonds on mucous protein and decreas-
ing its viscosity. In addition to its properties as a reducing 
agent, NAC also provides cysteine for glutathione synthesis 
and may thus have an added anti-inflammatory effect. 
Animal studies and studies in patients with chronic obstruc-
tive pulmonary disease (COPD) have demonstrated efficacy 
[5, 111–113].

17.5  Ventilator-Associated Pneumonia

Ventilator-associated pneumonia is an expected complication 
of ventilator therapy in burn patients. The incidence of VAP is 
about 35% [114] or 22–26 cases per 1000 ventilator days [115, 
116]. Burn patients are susceptible to VAP because of immu-
nosuppression, inhalation injury, prolonged ventilation, 
wound colonization, and infectious processes elsewhere. VAP 
typically begins with colonization of the upper aerodigestive 
tract followed by aspiration of microbe into the airways and 
lung, followed by colonization of these areas followed by 
infection. Diagnosis of VAP in the burn setting is challenging 
because burn patients at baseline have finding consistent with 
systemic infection, including fever, leukocytosis, tachycardia, 
and tachypnea. Diagnosis of VAP usually rests on a clinical 
gestalt based on changes or new findings in vital signs coupled 
with increasing and/or new purulent respiratory secretions, 
increase in ventilator support, and new findings on chest radio-
graph. The diagnosis is confirmed with protected bronchoal-
veolar lavage specimen(s) sent for quantitative culture and 
sensitivity. If VAP is suspected, then the patient is started on 
broad-spectrum antibiotics based on the expected or likely 
pathogens, covering for both Gram-positive and Gram-
negative microorganisms. Once culture and sensitivities are 
obtained, the antibiotic regimen is de-escalated appropriately.
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Pathophysiology of Burn Injuries

Marc G. Jeschke and Gerd G. Gauglitz

Burn injury represents a significant problem worldwide. 
More than one million burn injuries occur annually in the 
United States. Although most of these burn injuries are 
minor, approximately 40,000–60,000 burn patients require 
admission to a hospital or major burn center for appropriate 
treatment every year [1]. The devastating consequences of 
burns have been recognized by the medical community and 
significant amounts of resources and research have been ded-
icated, successfully improving these dismal statistics: Recent 
reports revealed a 50% decline in burn-related deaths and 
hospital admissions in the United States over the last 
20  years; mainly due to effective prevention strategies, 
decreasing the number and severity of burns [2, 3]. Advances 
in therapy strategies, due to improved understanding of 
resuscitation, enhanced wound coverage, better support of 
hypermetabolic response to injury, more appropriate infec-
tion control and improved treatment of inhalation injury, 
based on better understanding of the pathophysiologic 
responses after burn injury have further improved the clinical 

outcome of this unique patient population over the past 
years. This chapter describes the present understanding of 
the pathophysiology of a burn injury including both the local 
and systemic responses, focusing on the many facets of 
organ and systemic effects directly resulting from hypovole-
mia and circulating mediators following burn trauma.

18.1  Local Changes

Locally, thermal injury causes coagulative necrosis of the 
epidermis and underlying tissues, with the depth of injury 
dependent upon the temperature to which the skin is exposed, 
the specific heat of the causative agent, and the duration of 
exposure.

Burns are classified into five different causal 
categories/etiologies and depths of injury. The causes include 
injury from flame (fire), hot liquids (scald), contact with hot 
or cold objects, chemical exposure, and/or conduction of 
electricity. The first three induce cellular damage by the 
transfer of energy, which induces coagulative necrosis. 
Chemical burns and electrical burns cause direct injury to 
cellular membranes in addition to the transfer of heat.

The skin, which is the largest organ on the human body, 
provides a staunch barrier in the transfer of energy to deeper 
tissues, thus confining much of the injury to this layer. Once 
the inciting focus is removed, however, the response of local 
tissues can lead to injury in the deeper layers. The area of cuta-
neous or superficial injury has been divided into three zones: 
zone of coagulation, zone of stasis, and zone of hyperemia. 
The necrotic area of burn where cells have been disrupted is 
termed the zone of coagulation. This tissue is irreversibly 
damaged at the time of injury. The area immediately surround-
ing the necrotic zone has a moderate degree of insult with 
decreased tissue perfusion. This is termed the zone of stasis 
and, depending on the wound environment, can either survive 
or go on to coagulative necrosis. The zone of stasis is associ-
ated with vascular damage and vessel leakage [4]. 
Thromboxane A2, a potent vasoconstrictor, is present in high 
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concentrations in burn wounds, and local application of inhibi-
tors improves blood flow and decreases the zone of stasis. 
Antioxidants, bradykinin antagonists, and  subatmospheric 
wound pressures also improve blood flow and affect the depth 
of injury [5–8]. Local endothelial interactions with neutrophils 
mediate some of the local inflammatory responses associated 
with the zone of stasis. Treatment directed at the control of 
local inflammation immediately after injury may spare the 
zone of stasis, indicated by studies demonstrating the block-
age of leukocyte adherence with anti-CD18 or anti-intercellu-
lar adhesion molecules monoclonal antibodies improves tissue 
perfusion and tissue survival in animal models [9]. The last 
area is the zone of hyperemia, which is characterized by vaso-
dilation from inflammation surrounding the burn wound. This 
region contains the clearly viable tissue from which the heal-
ing process begins and is generally not at risk for further 
necrosis.

18.1.1  Burn Depth

Local changes appear in the tissue when the amount of 
absorbed heat exceeds the body system’s compensatory 
mechanisms. On a molecular level protein degradation 
begins at a temperature of 40 °C. This degradation leads to 
alterations in cell homeostasis. This is reversible if the tem-

perature is lowered. Starting at 45  °C proteins are perma-
nently denatured. This is reflected by local tissue necrosis. 
The speed with which permanent tissue damage can appear 
is dependent on time exposed and temperature:

45–51 °C within minutes
51 and 70 °C within seconds
Above 70 °C less than a second

The depth and severity of the burn are also determined by 
the ability of the contact material to transfer heat, a factor 
referred to as the specific heat. This is especially important in 
scald and contact burns. The knowledge about the material 
type allows for a more accurate estimate of tissue damage.

Definition: Burn depth is determined by the time of expo-
sure, the temperature at which the burn occurred, and the 
caloric equivalent of the burn media.

Another determinant of the severity of burn is the location 
of the burn wound and the age of the burn patient. The thick-
ness of the skin layers increases from the age of 5 up to the 
age of 50. In elderly patients, the thickness starts to decrease 
at the age of 65. The epidermis can vary by location from 
0.03 up to 0.4 mm. The depth of burn varies depending on 
the degree of tissue damage. Burn depth is classified into 
degree of injury in the epidermis, dermis, subcutaneous fat, 
and underlying structures.

First Degree

Second Degree

Third Degree

First Degree
Epidermis

Superficial second
degree

Partial
thickness

Dermis
Mid second degree

Deep second
degree

Third degree: Full thickness

Fat
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 (a)  I degree: Superficial burn of the epidermis
First-degree burns are painful, erythematous, and 

blanch to the touch with an intact epidermal barrier. 
Examples include sunburn or a minor scald from a 
kitchen accident. These burns do not result in scarring, 
and treatment is aimed at comfort with the use of topical 
soothing salves with or without aloe and oral nonsteroi-
dal anti-inflammatory agents.

 (b) IIa degree: Burn including epidermis and superficial 
dermis

 (c) IIb degree: Burn including epidermis and deep dermis
Second-degree burns are divided into two types: super-

ficial and deep. All second-degree burns have some degree 
of dermal damage, by definition, and the division is based 
on the depth of injury into the dermis. Superficial dermal 
burns are erythematous, painful, blanch to touch, and often 
blister. Examples include scald injuries from overheated 
bathtub water and flash flame burns. These wounds spon-
taneously re-epithelialize from retained epidermal struc-
tures in the rete ridges, hair follicles, and sweat glands in 
1–2 weeks. After healing, these burns may have some 
slight skin discoloration over the long term. Deep dermal 
burns into the reticular dermis appear more pale and mot-
tled, do not blanch to touch, but remain painful to pinprick. 
These burns heal in 2–5 weeks by re-epithelialization from 
hair follicles and sweat gland keratinocytes, often with 
severe scarring as a result of the loss of dermis.

 (d) III degree: Burn including epidermis and dermis and 
subcuticular layer

Third-degree burns are full-thickness through the epi-
dermis and dermis and are characterized by a hard, 
leathery eschar that is painless and black, white, or 
cherry red. No epidermal or dermal appendages remain; 
thus, these wounds must heal by re-epithelialization 
from the wound edges. Deep dermal and full-thickness 
burns require excision with skin grafting from the patient 
to heal the wounds in a timely fashion.

 (e)   IV degree: All dermal layers including fascia, muscles, 
and/or bones

Fourth-degree burns involve other organs beneath the 
skin, such as muscle, bone, and brain.

Currently, burn depth is most accurately assessed by judg-
ment of experienced practitioners. Accurate depth determi-
nation is critical to wound healing as wounds that will heal 
with local treatment are treated differently than those requir-
ing operative intervention. Examination of the entire wound 
by the physicians ultimately responsible for their manage-
ment then is the gold standard used to guide further treat-
ment decisions. New technologies, such as the multi-sensor 
laser Doppler flow-meter, hold promise for quantitatively 
determining burn depth [10].

18.1.2  Burn Size

Determination of burn size estimates the extent of injury. 
Burn size is generally assessed by the “rule of nines.” In 
adults, each upper extremity and the head and neck are 9% of 
the TBSA, the lower extremities and the anterior and poste-
rior trunk are 18% each, and the perineum and genitalia are 
assumed to be 1% of the TBSA. Another method of estimat-
ing smaller burns is to equate the area of the open hand 
(including the palm and the extended fingers) of the patient 
to be approximately 1% TBSA and then to transpose that 
measurement visually onto the wound for a determination of 
its size. This method is crucial when evaluating burns of 
mixed distribution.

Children have a relatively larger portion of the body sur-
face area in the head and neck, which is compensated for by 
a relatively smaller surface area in the lower extremities. 
Infants have 21% of the TBSA in the head and neck and 13% 
in each leg, which incrementally approaches the adult pro-
portions with increasing age. The Berkow formula is used to 
accurately determine burn size in children.
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18.1.2.1  Etiology
The causes include injury from flame (fire), hot liquids 
(scald), contact with hot or cold objects, chemical expo-
sure, and/or conduction of electricity. The first three induce 
cellular damage by the transfer of energy, which induces a 
coagulation necrosis. Chemical burns and electrical burns 
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cause direct injury to cellular membranes in addition to the 
transfer of heat.

18.2  Systemic Changes

The release of cytokines and other inflammatory mediators 
at the site of injury has a systemic effect once the burn 
reaches 30% of total body surface area (TBSA). Cutaneous 
thermal injury greater than one-third of the total body sur-
face area invariably results in the severe and unique derange-
ments of cardiovascular function called burn shock. Shock is 
an abnormal physiologic state in which tissue perfusion is 
insufficient to maintain adequate delivery of oxygen and 
nutrients and removal of cellular waste products. Before the 
nineteenth century, investigators demonstrated that after a 
burn, fluid is lost from the blood and blood becomes thicker; 
and in 1897, saline infusions for severe burns were first 
advocated [11, 12]. However, a more complete understand-
ing of burn pathophysiology was not reached until the work 
of Frank Underhill [13]. He found that unresuscitated burn 
shock correlates with increased hematocrit values in burned 
patients, which are secondary to fluid and electrolyte loss 
after burn injury. Increased hematocrit values occurring 
shortly after severe burn were interpreted as a plasma vol-
ume deficit. Cope and Moore showed that the hypovolemia 
of burn injury resulted from fluid and protein translocation 
into both burned and non-burned tissues [14].

Over the last 80 years an extensive record of both animal 
and clinical studies has established the importance of fluid 
resuscitation for burn shock. Investigations have focused on 
correcting the rapid and massive fluid sequestration in the 
burn wound and the resultant hypovolemia. The peer- 
reviewed literature contains a large experimental and clinical 
database on the circulatory and microcirculatory alterations 
associated with burn shock and edema generation in both the 
burn wound and non-burned tissues. During the last 40 years, 
research has focused on identifying and defining the release 
mechanisms and effects of the many inflammatory mediators 
produced and released after burn injury [15].

It is now well recognized that burn shock is a complex 
process of circulatory and microcirculatory dysfunction that 
is not easily or fully repaired by fluid resuscitation. Severe 
burn injury results in significant hypovolemic shock and sub-
stantial tissue trauma, both of which cause the formation and 
release of many local and systemic mediators [16–18]. Burn 
shock results from the interplay of hypovolemia and the 
release of multiple mediators of inflammation with effects on 
both the microcirculation as well as the function of the heart, 
large vessels, and lungs. Subsequently, burn shock continues 
as a significant pathophysiologic state, even if hypovolemia 
is corrected. Increases in pulmonary and systemic vascular 
resistance (SVR) and myocardial depression occur despite 

adequate preload and volume support [18–22]. Such cardio-
vascular dysfunctions can further exacerbate the whole body 
inflammatory response into a vicious cycle of accelerating 
organ dysfunction [17, 18, 23]. Hemorrhagic hypovolemia 
with severe mechanical trauma can provoke a similar form of 
shock.

18.2.1  Hypovolemia and Rapid Edema 
Formation

Burn injury causes extravasation of plasma into the burn 
wound and the surrounding tissues. Extensive burn injuries 
are hypovolemic in nature and characterized by the hemody-
namic changes similar to those that occur after hemorrhage, 
including decreased plasma volume, cardiac output, urine 
output, and an increased systemic vascular resistance with 
resultant reduced peripheral blood flow [16, 18, 24–26]. 
However, as opposed to a fall in hematocrit with hemor-
rhagic hypovolemia due to transcapillary refill an increase in 
hematocrit and hemoglobin concentration will often appear 
even with adequate fluid resuscitation. As in the treatment of 
other forms of hypovolemic shock, the primary initial thera-
peutic goal is to quickly restore vascular volume and to pre-
serve tissue perfusion in order to minimize tissue ischemia. 
In extensive burns (>25%TBSA), fluid resuscitation is com-
plicated not only by the severe burn wound edema, but also 
by extravasated and sequestered fluid and protein in non- 
burned soft tissue. Large volumes of resuscitation solutions 
are required to maintain vascular volume during the first sev-
eral hours after an extensive burn. Data suggests that despite 
fluid resuscitation normal blood volume is not restored until 
24–36 h after large burns [27].

Edema develops when the rate by which fluid is filtered 
out of the microvessels exceeds the flow in the lymph vessels 
draining the same tissue mass. Edema formation often fol-
lows a biphasic pattern. An immediate and rapid increase in 
the water content of burn tissue is seen in the first hour after 
burn injury [25, 28]. A second and more gradual increase in 
fluid flux of both the burned skin and non-burned soft tissue 
occurs during the first 12–24 h following burn trauma [17, 
28]. The amount of edema formation in burned skin depends 
on the type and extent of injury [25, 29] and whether fluid 
resuscitation is provided as well as the type and volume of 
fluid administered [30]. However, fluid resuscitation elevates 
blood flow and capillary pressure contributing to further 
fluid extravasation. Without sustained delivery of fluid into 
the circulation edema fluid is somewhat self-limited as 
plasma volume and capillary pressure decrease. The edema 
development in thermal-injured skin is characterized by the 
extreme rapid onset of tissue water content, which can dou-
ble within the first hour after burn [25, 31]. Leape and col-
leagues found a 70–80% water content increase in a 
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full-thickness burn wound 30 min after burn injury with 90% 
of this change occurring in the first 5 min [26, 32, 33]. There 
was little increase in burn wound water content after the first 
hour in the nonresuscitated animals. In resuscitated animals 
or animals with small wounds, adequate tissue perfusion 
continues to “feed” the edema for several hours. Demling 
and others used dichromatic absorptiometry to measure 
edema development during the first week after an experi-
mental partial-thickness burn injury on one hind limb in 
sheep [28]. Even though edema was rapid with over 50% 
occurring in the first hour, maximum water content did not 
occur until 12–24 h after burn injury.

18.2.2  Altered Cellular Membranes 
and Cellular Edema

In addition to a loss of capillary endothelial integrity, thermal 
injury also causes change in the cellular membranes. Baxter 
found in burns of >30% a systemic decrease in cellular trans-
membrane potentials as measured in skeletal muscle away 
from the site of injury [20]. It would be expected that the 
directly injured cell would have a damaged cell membrane, 
increasing sodium and potassium fluxes, resulting in cell 
swelling. However, this process also appears in cells that are 
not directly heat-injured. Micropuncture techniques have 
demonstrated partial depolarization in the normal skeletal 
muscle membrane potential of −90  mV to levels of −70–
−80 mV; cell death occurs at −60 mV. The decrease in mem-
brane potentials is associated with an increase in intracellular 
water and sodium [34–36]. Similar alterations in skeletal 
membrane functions and cellular edema have been reported 
in hemorrhagic shock [34, 36] also in the cardiac, liver, and 
endothelial cells [37–39]. Early investigators of this phe-
nomenon postulated that a decrease in ATP levels or ATPase 
activity was the mechanism for membrane depolarization, 
however, other research suggests that it may result from an 
increased sodium conductance in membranes or an increase 
in sodium-hydrogen antiport activity [35, 38]. Resuscitation 
of hemorrhage rapidly restores depolarized membrane 
potentials to normal, but resuscitation of burn injury only 
partially restores the membrane potential and intracellular 
sodium concentrations to normal levels, demonstrating that 
hypovolemia alone is not totally responsible for the cellular 
swelling seen in burn shock [40]. A circulating shock 
factor(s) is likely to be responsible for the membrane depo-
larization, [41–43] but surprisingly, the molecular character-
ization of such a circulating factor has not been elucidated; 
suggesting that it has a complex structure. Data suggests it 
has a large molecular weight, >80 kDalton [44]. Membrane 
depolarization may be caused by different factors in different 
states of shock. Very little is known about the time course of 
the changes in membrane potential in clinical burns. More 

importantly, we do not know the extent to which the altered 
membrane potentials affect total volume requirements and 
organ function in burn injury or even shock in general.

18.2.3  Mediators of Burn Injury

Many mediators have been proposed to account for the 
changes in permeability after burn, including histamine, b 
serotonin, bradykinin, prostaglandins, leukotrienes, platelet- 
activating factor, and catecholamines, among others [10, 
45–49]. The exact mechanism(s) of mediator-induced injury 
are of considerable clinical importance, as this understand-
ing would allow for the development of pharmacologic mod-
ulation of burn edema and shock by mediator inhibition.

Histamine: Histamine is most likely to be the mediator 
responsible for the early phase of increased microvascular 
permeability seen immediately after burn. Histamine causes 
large endothelial gaps to transiently form as a result of the 
contraction of venular endothelial cells [50]. Histamine is 
released from mast cells in thermal-injured skin; however, 
the increase in histamine levels and its actions are only tran-
sient. Histamine also can cause the rise in capillary pressure 
(Pc) by arteriolar dilation and venular contraction. 
Statistically significant reductions in burn edema have been 
achieved with histamine blockers and mast cell stabilizers 
when tested in acute animal models [50]. Friedl et al. demon-
strated that the pathogenesis of burn edema in the skin of rats 
appears to be related to the interaction of histamine with xan-
thine oxidase and oxygen radicals [51]. Histamine and its 
metabolic derivatives increased the catalytic activity of xan-
thine oxidase (but not xanthine dehydrogenase) in rat plasma 
and in rat pulmonary artery endothelial cells. In thermally 
injured rats, levels of plasma histamine and xanthine oxidase 
rose in parallel, in association with the uric acid increase. 
Burn edema was greatly attenuated by treating rats with the 
mast cell stabilizer, cromolyn, complement depletion or the 
H2 receptor antagonist, cimetidine; but was unaffected by 
neutrophil depletion [52–54]. Despite encouraging results in 
animals, beneficial antihistamine treatment of human burn 
injury has not been demonstrated although antihistamines 
are administered to reduce risk of gastric ulcers.

Prostaglandins: Prostaglandins are potent vasoactive 
autocoids synthesized from the arachidonic acid released 
from burned tissue and inflammatory cells and contribute to 
the inflammatory response of burn injury [55, 56]. 
Macrophages and neutrophils are activated through the body; 
infiltrate the wound and release prostaglandin as well as 
thromboxanes, leukotrienes, and interleukin-1. These wound 
mediators have both local and systemic effects. Prostaglandin 
E2 (PGE2) and leukotrienes LB4 and LD4 directly and indi-
rectly increase microvascular permeability [57]. Prostacyclin 
(PGI2) is produced in burn injury and is also a vasodilator, 
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but also may cause direct increases in capillary permeability. 
PGE2 appears to be one of the more potent inflammatory 
prostaglandins, causing the post-burn vasodilation in 
wounds, which, when coupled with the increased microvas-
cular permeability amplifies edema formation [58, 59].

Thromboxane: Thromboxane A2 (TXA2) and its metabo-
lite, thromboxane B2 (TXB2) are produced locally in the burn 
wound by platelets [50]. Vasoconstrictor thromboxanes may 
be less important in edema formation; however, by decreas-
ing blood flow they can contribute to a growing zone of isch-
emia under the burn wound and can cause the conversion of 
a partial-thickness wound to a deeper full-thickness wound. 
The serum level of TXA and TXA2/PGI2 ratios are increased 
significantly in burn patients [60]. Heggers showed the 
release of TXB2 at the burn wound was associated with local 
tissue ischemia, and that thromboxane inhibitors prevented 
the progressive dermal ischemia associated with thermal 
injury and thromboxane release [61, 62]. The TXA2 synthe-
sis inhibitor anisodamine also showed beneficial macrocir-
culatory effects by restoring the hemodynamic and 
rheological disturbances towards normal. Demling showed 
that topically applied ibuprofen (which inhibits the synthesis 
of prostaglandins and thromboxanes) decreases both local 
edema and prostanoid production in burned tissue without 
altering systemic production [63]. On the other hand, sys-
temic administration of ibuprofen did not modify early 
edema, but did attenuate the post-burn vasoconstriction that 
impaired adequate oxygen delivery to tissue in burned sheep 
[64]. Although cyclooxgenase inhibitors have been used 
after burn injury, neither their convincing benefit, nor their 
routine clinical use has been reported.

Kinins: Bradykinin is a local mediator of inflammation 
that increases venular permeability. It is likely that bradyki-
nin production is increased after burn injury, but its detection 
in blood or lymph can be difficult owing to the simultaneous 
increase in kininase activity and the rapid inactivation of free 
kinins. The generalized inflammatory response after burn 
injury favors the release of bradykinin [65]. Pretreatment of 
burn-injured animals with aprotinin, a general protease 
inhibitor, should have decreased the release of free kinin, but 
no effect on edema was noted [66]. On the other hand, pre-
treatment with a specific bradykinin receptor antagonist 
reduced edema in full-thickness burn wound in rabbits [8].

Serotonin: Serotonin is released early after burn injury 
[67]. This agent is a smooth-muscle constrictor of large 
blood vessels. Antiserotonin agents such as ketanserin have 
been found to decrease peripheral vascular resistance after 
burn injury, but have not been reported to decrease edema 
[67]. On the other hand, the pretreatment effect of methyser-
gide, a serotonin antagonist, reduces hyperemic or increases 
blood flow response in the burn wounds of rabbits, along 
with reducing the burn edema [8]. Methysergide did not pre-
vent increases in the capillary reflection coefficient or per-

meability [68]. Ferrara and colleagues found a dose-dependent 
reduction of burn edema when methysergide was given pre-
burn to dogs, but claimed that this was not attributable to 
blunting of the regional vasodilator response [68]. Zhang 
et  al. reported a reduction in nonnutritive skin blood flow 
after methysergide administration to burned rabbits [69].

Catecholamines: Circulating catecholamines epinephrine 
and norepinephrine are released in massive amounts after 
burn injury [17, 70, 71]. On the arteriolar side of the 
microvessels, these agents cause vasoconstriction via alpha 1 
receptor activation, which tends to reduce capillary pressure, 
particularly when combined with the hypovolemia and the 
reduced venous pressure of burn shock [50]. Reduced capil-
lary pressure may limit edema and induce interstitial fluid to 
reabsorb from non-burned skin, skeletal muscle, and visceral 
organs in nonresuscitated burn shock. Further, catechol-
amines, via β-agonist activity, may also partially inhibit 
increased capillary permeability induced by histamine and 
bradykinin [50]. These potentially beneficial effects of cate-
cholamines may not be operative in directly injured tissue 
and may also be offset in non-burned tissue by the deleteri-
ous vasoconstrictor and ischemic effects. The hemodynamic 
effects of catecholamines will be discussed later in the 
chapter.

Oxygen Radicals: Oxygen radicals play an important 
inflammatory role in all types of shock, including burn. 
These short-lived elements are highly unstable reactive 
metabolites of oxygen; each one has an unpaired electron, 
creating them into strong oxidizing agents [72]. Superoxide 
anion (O2

−), hydrogen peroxide (H2O2), and hydroxyl ion 
(OH−) are produced and released by activated neutrophils 
after any inflammatory reaction or reperfusion of ischemic 
tissue. The hydroxyl ion is believed to be the most potent and 
damaging of the three. The formation of the hydroxyl radical 
requires free ferrous iron (Fe2) and H2O2. Evidence that these 
agents are formed after burn injury is the increased lipid per-
oxidation found in circulating red blood cells and biopsied 
tissue [53, 72, 73]. Demling showed that large doses of def-
eroxamine (DFO), an iron chelator, when used for resuscita-
tion of 40% TBSA in sheep, prevented systemic lipid 
peroxidation and decreased the vascular leak in non-burned 
tissue while also increasing oxygen utilization [74]. However, 
DFO may have accentuated burned tissue edema, possibly 
by increasing the perfusion of burned tissue.

Nitric oxide (NO) simultaneously generated with the 
superoxide anion can lead to the formation of peroxynitrite 
(ONOO−). The presence of nitrotyrosine in burned skin 
found in the first few hours after injury suggests that per-
oxynitrite may play a deleterious role in burn edema [75]. On 
the other hand, the blockade of NO synthase did not reduce 
burn edema, while treatment with the NO precursor arginine 
reduces burn edema [76]. NO may be important for main-
taining perfusion and limiting the zone of stasis in burned 
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skin [77]. Although the pro- and anti-inflammatory roles of 
NO remain controversial, it would appear that the acute ben-
eficial effects of NO generation out-weigh any deleterious 
effect in burn shock.

Antioxidants, namely agents that either directly bind to 
the oxygen radicals (scavengers) or cause their further 
metabolism, have been evaluated in several experimental 
studies [78, 79]. Catalase, which removes H2O2 and superox-
ide dismutase (SOD), which removes radical O2−, have been 
reported to decrease the vascular loss of plasma after burn 
injury in dogs and rats [53, 78].

The plasma of thermally injured rats showed dramatic 
increases in levels of xanthine oxidase activity, with peak 
values appearing as early as 15  min after thermal injury. 
Excision of the burned skin immediately after the thermal 
injury significantly diminished the increase in plasma xan-
thine oxidase activity [51, 53]. The skin permeability changes 
were attenuated by treating the animals with antioxidants 
(catalase, SOD, dimethyl sulfoxide, dimethylthiourea) or an 
iron chelator (DFO), thus supporting the role of oxygen radi-
cals in the development of vascular injury as defined by 
increased vascular permeability [53]. Allopurinol, a xanthine 
oxidase inhibitor, markedly reduced both burn lymph flow 
and levels of circulating lipid peroxides, and further pre-
vented all pulmonary lipid peroxidation and inflammation. 
This suggests that the release of oxidants from burned tissue 
was in part responsible for local burn edema, as well as dis-
tant inflammation and oxidant release [73]. The failure of 
neutrophil depletion to protect against the vascular permea-
bility changes and the protective effects of the xanthine oxi-
dase inhibitors (allopurinol and lodoxamide tromethamine) 
suggests that plasma xanthine oxidase is the more likely 
source of the oxygen radicals involved in the formation of 
burn edema. These oxygen radicals can increase vascular 
permeability by damaging microvascular endothelial cells 
[51, 53]. The use of antioxidants has been extensively inves-
tigated in animals, and some clinical trials suggest benefit. 
Antioxidants (vitamin C and E) are routinely administered to 
patients at many burn centers. High doses of antioxidant 
ascorbic acid (vitamin C) have been found to be efficacious 
in reducing fluid needs in burn-injured experimental animals 
when administered post-burn [80–82]. The use of high doses 
(10–20 g per day) of vitamin C was shown to be effective in 
one clinical trial, but ineffective in another [83, 84]. High 
dose vitamin C has not received wide clinical usage.

Platelet Aggregation Factor: Platelet aggregation (or acti-
vating) factor (PAF) can increase capillary permeability and 
is released after burn injury [66, 85]. Ono and colleagues 
showed in scald-injured rabbits that TCV-309 (Takeda 
Pharmaceutical Co Ltd., Japan), a PAF antagonist, infused 
soon after burn injury blocked edema formation in the wound 
and significantly inhibited PAF increase in the damaged tis-
sue in a dose-dependent manner. In contrast, the superoxide 

dismutase content in the group treated with TCV-309 was 
significantly higher than that of the control group [85]. These 
findings suggest that the administration of large doses of a 
PAF antagonist immediately after injury may reduce burn 
wound edema and the subsequent degree of burn shock by 
suppressing PAF and superoxide radical formation.

Angiotensin II and Vasopressin: Angiotensin II and vaso-
pressin or antidiuretic hormone (ADH) are two hormones 
that participate in the normal regulation of extracellular fluid 
volume by controlling sodium balance and osmolality 
through renal function and thirst [50]. However, during burn 
shock where sympathetic tone is high and volume receptors 
are stimulated, both hormones can be found in supranormal 
levels in the blood. Both are potent vasoconstrictors of termi-
nal arterioles with little effect on the venules. Angiotensin II 
may be responsible for the selective gut and mucosal isch-
emia, which can cause translocation of endotoxins and bac-
teria and the development of sepsis and even multi-organ 
failure [86, 87]. In severely burn-injured patients, angioten-
sin II levels were elevated two to eight times normal in the 
first 1–5 days after burn injury with peak levels occurring on 
day 3 [88]. Vasopressin had peak levels of 50 times normal 
upon admission and declined towards normal over the first 
5 days after burn injury. Vasopressin, along with catechol-
amines may be largely responsible for increased system vas-
cular resistance and left heart afterload, which can occur in 
resuscitated burn shock. Sun and others used vasopressin- 
receptor antagonist in rats with burn shock to improve hemo-
dynamics and survival time, while vasopressin infusion 
exacerbated burn shock [89].

Corticotropin-releasing Factor: Corticotropin-releasing 
factor (CRF) has proven to be efficacious in reducing protein 
extravasation and edema in burned rat paw. CRF may be a 
powerful natural inhibitory mediator of the acute inflamma-
tory response of the skin to thermal injury [90].

18.2.3.1  Hemodynamic Consequences of Acute 
Burns

The cause of reduced cardiac output (CO) during the resus-
citative phase of burn injury has been the subject of consider-
able debate. There is an immediate depression of cardiac 
output before any detectable reduction in plasma volume. 
The rapidity of this response suggests a neurogenic response 
to receptors in the thermally injured skin or increased circu-
lating vasoconstrictor mediators. Soon after injury a devel-
oping hypovolemia and reduced venous return undeniably 
contribute to the reduced cardiac output. The subsequent per-
sistence of reduced CO after apparently adequate fluid ther-
apy, as evidenced by a reduction in heart rate and restoration 
of both arterial blood pressure and urinary output, has been 
attributed to circulating myocardial depressant factor(s), 
which possibly originates from the burn wound [21, 22]. 
Demling and colleagues showed a 15% reduction in CO 
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despite an aggressive volume replacement protocol after a 
40% scald burn in sheep [28]. However, there are also sus-
tained increases in catecholamine secretion and elevated sys-
temic vascular resistance for up to 5 days after burn injury 
[70, 88]. Michie and others measured CO and SVR in anes-
thetized dogs resuscitated after burn injury [91]. They found 
that CO fell shortly after injury and then returned towards 
normal, however, reduced CO did not parallel the blood vol-
ume deficit. They concluded that the depression of CO 
resulted not only from decreased blood volume and venous 
return, but also from an increased SVR and from the pres-
ence of a circulating myocardial depressant substance. Thus, 
there are multiple factors that can significantly reduce CO 
after burn injury. However, resuscitated patients suffering 
major burn injury can also have supranormal CO from 2 to 
6 days post-injury. This is secondary to the establishment of 
a hypermetabolic state.

18.2.3.2  Hypermetabolic Response to Burn 
Injury

Marked and sustained increases in catecholamine, glucocor-
ticoid, glucagon, and dopamine secretion are thought to initi-
ate the cascade of events leading to the acute hypermetabolic 
response with its ensuing catabolic state [92–100]. The cause 
of this complex response is not well understood. However, 
interleukins 1 and 6, platelet-activating factor, tumor necro-
sis factor (TNF), endotoxin, neutrophil-adherence com-
plexes, reactive oxygen species, nitric oxide, and coagulation 
as well as complement cascades have also been implicated in 
regulating this response to burn injury [101]. Once these cas-
cades are initiated, their mediators and by-products appear to 
stimulate the persistent and increased metabolic rate associ-
ated with altered glucose metabolism seen after severe burn 
injury [102].

Several studies have indicated that these metabolic phe-
nomena post-burn occur in a timely manner, suggesting two 
distinct pattern of metabolic regulation following injury 
[103]. The first phase occurs within the first 48 h of injury 
and has classically been called the “ebb phase” [103, 104], 
characterized by decreases in cardiac output, oxygen con-
sumption, and metabolic rate as well as impaired glucose 
tolerance associated with its hyperglycemic state. These 
metabolic variables gradually increase within the first 5 days 
post-injury to a plateau phase (called the “flow” phase), char-
acteristically associated with hyperdynamic circulation and 
the above-mentioned hypermetabolic state. Insulin release 
during this time period was found to be twice that of controls 
in response to glucose load [105, 106] and plasma glucose 
levels are markedly elevated, indicating the development of 
an insulin resistance [106, 107]. Current understanding has 
been that these metabolic alterations resolve soon after com-
plete wound closure. However, recent studies found that the 
hypermetabolic response to burn injury may last for more 

than 12 months after the initial event [92, 93, 100, 108]. We 
found in recent studies that sustained hypermetabolic altera-
tions post-burn, indicated by persistent elevations of total 
urine cortisol levels, serum cytokines, catecholamines, and 
basal energy requirements, were accompanied by impaired 
glucose metabolism and insulin sensitivity that persisted for 
up to 3 years after the initial burn injury [109].

A 10–50-fold elevation of plasma catecholamines and 
corticosteroid levels occur in major burns which persist up to 
3  years post-injury [49, 109–112]. Cytokine levels peak 
immediately after burn, approaching normal levels only after 
1-month post-injury. Constitutive and acute phase proteins 
are altered beginning 5–7 days post-burn and remain abnor-
mal throughout acute hospital stay. Serum IGF-I, IGFBP-3, 
parathyroid hormone, and Osteocalcin drop immediately 
after the injury tenfold, and remain significantly decreased 
up to 6 months post-burn compared to normal levels [111]. 
Sex hormones and endogenous growth hormone levels 
decrease around 3 weeks post-burn [111].

For severely burned patients, the resting metabolic rate at 
thermal neutral temperature (30 °C) exceeds 140% of normal 
at admission, reduces to 130% once the wounds are fully 
healed, then to 120% at 6 months after injury, and 110% at 
12 months post-burn [92, 111]. Increases in catabolism result 
in loss of total body protein, decreased immune defenses, 
and decreased wound healing [92].

Immediately post-burn patients have low cardiac output 
characteristic of early shock [113] However, 3–4 days post- 
burn, cardiac outputs are greater than 1.5 times that of non- 
burned, healthy volunteers [111]. Heart rates of pediatric 
burn patients’ approach 1.6 times that of non-burned, healthy 
volunteers [114]. Post-burn, patients have increased cardiac 
work [110, 115]. Myocardial oxygen consumption surpasses 
that of marathon runners and is sustained well into rehabili-
tative period [115, 116]. There is profound hepatomegaly 
after injury. The liver increases its size by 225% of normal 
by 2 weeks post-burn and remains enlarged at discharge by 
200% of normal [111].

Post-burn, muscle protein is degraded much faster than it 
is synthesized [111, 114]. Net protein loss leads to loss of 
lean body mass and severe muscle wasting leading to 
decreased strength and failure to fully rehabilitate [117, 
118]. Significant decreases in lean body mass related to 
chronic illness or hypermetabolism can have dire 
consequences.

• 10% loss of lean body mass is associated with immune 
dysfunction.

• 20% loss of lean body mass positively correlates with 
decreased wound healing.

• 30% loss of lean body mass leads to increased risk for 
pneumonia and pressure sores.

• 40% loss of lean body mass can lead to death [119 #365]
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Uncomplicated severely burned patients can lose up to 
25% of total body mass after acute burn injury [120]. Protein 
degradation persists up to nearly 1-year post severe burn 
injury resulting in significant negative whole body and cross- 
leg nitrogen balance [110, 118, 121]. Protein catabolism has 
a positive correlation with increases in metabolic rates [118]. 
Severely burned patients have a daily nitrogen loss of 20–25 
g/ m2 of burned skin [110, 122]. At this rate, a lethal cachexia 
can be reached in less than 1 month [122]. Burned pediatric 
patients’ protein loss leads to significant growth retardation 
for up to 24 months post-injury [123].

Severe burn causes marked changes in body composition 
during acute hospitalization. Severely burned children lost 
about 2% of their body weight (−5% LBM, −3% BMC, and 
−2% BMD) from admission to discharge. Total fat and per-
cent fat increased from admission to discharge by 3% and 
7%, respectively.
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Septic patients have a particularly profound increase in 
metabolic rates and protein catabolism up to 40% more com-
pared to those with like-size burns that do not develop sepsis 
[118]. A vicious cycle develops, as patients that are catabolic 
are more susceptible to sepsis due to changes in immune 

function and immune response. Modulation of the hyper-
metabolic, hypercatabolic response, thus preventing second-
ary injury is paramount in the restoration of structure and 
function of severely burned patients.

Elevated circulating levels of catecholamines, glucagon, 
and cortisol after severe thermal injury stimulate free fatty 
acids and glycerol from fat, glucose production by the liver, 
and amino acids from muscle [103, 124, 125]. Specifically, 
glycolytic-gluconeogenic cycling is increased 250% during 
the post-burn hypermetabolic response coupled with an 
increase of 450% in triglyceride-fatty acid cycling [126]. 
These changes lead to hyperglycemia and impaired insulin 
sensitivity related to post-receptor insulin resistance demon-
strated by elevated levels of insulin, fasting glucose, and sig-
nificant reductions in glucose clearance [127–130].

18.2.3.3  Glucose Metabolism
Glucose metabolism in healthy subjects is tightly regulated: 
under normal circumstances, a postprandial increase in blood 
glucose concentration stimulates release of insulin from pan-
creatic β-cells. Insulin mediates peripheral glucose uptake 
into skeletal muscle and adipose tissue and suppresses 
hepatic gluconeogenesis, thereby maintaining blood glucose 
homeostasis [131, 132]. In critical illness, however meta-
bolic alterations can cause significant changes in energy sub-
strate metabolism. In order to provide glucose, a major fuel 
source to vital organs, release of the above-mentioned stress 
mediators oppose the anabolic actions of insulin [133]. By 
enhancing adipose tissue lipolysis [125] and skeletal muscle 
proteolysis [134], they increase gluconeogenic substrates, 
including glycerol, alanine, and lactate, thus augmenting 
hepatic glucose production in burned patients [131, 132, 
135]. Hyperglycemia fails to suppress hepatic glucose 
release during this time [136] and the suppressive effect of 
insulin on hepatic glucose release is attenuated, significantly 
contributing to post-trauma hyperglycemia [137]. 
Catecholamine-mediated enhancement of hepatic 
 glycogenolysis, as well as direct sympathetic stimulation of 
glycogen breakdown, can further aggravate the hyperglyce-
mia in response to stress [132]. Catecholamines have also 
been shown to impair glucose disposal via alterations of the 
insulin signaling pathway and GLUT-4 translocation muscle 
and adipose tissue, resulting in peripheral insulin resistance 
[131, 138]. Cree and colleagues [137] showed an impaired 
activation of Insulin Receptor Substrate-1 at its tyrosine 
binding site and an inhibition of AKT in muscle biopsies of 
children at 7 days post-burn. Work of Wolfe and colleagues 
indicates links between impaired liver and muscle mitochon-
drial oxidative function, altered rates of lipolysis, and 
impaired insulin signaling post-burn attenuating both the 
suppressive actions of insulin on hepatic glucose production 
and on the stimulation of muscle glucose uptake [106, 125, 
136, 137]. Another counter-regulatory hormone of interest 

18 Pathophysiology of Burn Injuries



238

during stress of the critically ill is glucagon. Glucagon, like 
epinephrine, leads to increased glucose production through 
both gluconeogenesis and glycogenolysis [139]. The action 
of glucagons alone is not maintained over time; however, its 
action on gluconeogenesis is sustained in an additive manner 
with the presence of epinephrine, cortisol, and growth hor-
mone [133, 139]. Likewise, epinephrine and glucagon have 
an additive effect on glycogenolysis [139]. Recent studies 
found that pro-inflammatory cytokines contribute indirectly 
to post-burn hyperglycemia via enhancing the release of the 
above-mentioned stress hormones [140–142]. Other groups 
showed that inflammatory cytokines, including tumor necro-
sis factor (TNF), interleukin (IL)-6, and monocyte chemo-
tactic protein (MCP)-1 also act via direct effects on the 
insulin signal transduction pathway through modification of 
signaling properties of insulin receptor substrates, contribut-
ing to post-burn hyperglycemia via liver and skeletal muscle 
insulin resistance [143–145]. Alterations in metabolic path-
ways as well as pro-inflammatory cytokines, such as TNF, 
have also been implicated in significantly contributing to 
lean muscle protein breakdown, both during the acute and 
convalescent phases in response to burn injury [121, 146]. In 
contrast to starvation, in which lipolysis and ketosis provide 
energy and protect muscle reserves, burn injury considerably 
reduces the ability of the body to utilize fat as an energy 
source.

Skeletal muscle is thus the major source of fuel in the 
burned patient, which leads to marked wasting of lean body 
mass (LBM) within days after injury [110, 147]. This muscle 
breakdown has been demonstrated with whole body and 
cross-leg nitrogen balance studies in which pronounced neg-
ative nitrogen balances persisted for 6 and 9  months after 
injury [118]. Since skeletal muscle has been shown to be 
responsible for 70–80% of whole body insulin-stimulated 
glucose uptake, decreases in muscle mass may significantly 
contribute to this persistent insulin resistance post-burn 
[148]. The correlation between hyperglycemia and muscle 
protein catabolism has been also supported by Flakoll and 
others [149] in which an isotopic tracer of leucine was uti-
lized to index whole body protein flux in normal volunteers. 
The group showed a significant increase in proteolysis rates 
occurring without any alteration in either leucine oxidation 
or non-oxidative disposal (an estimate of protein synthesis), 
suggesting an hyperglycemia-induced increase in protein 
breakdown. Flakoll and others [149] further demonstrated 
that elevations of plasma glucose levels resulted in a marked 
stimulation of whole body proteolysis during hyperinsu-
linemia. A 10–15% loss in lean body mass has been shown to 
be associated with significant increases in infection rate and 
marked delays in wound healing [150]. The resultant muscle 
weakness is further shown to prolong mechanical ventilatory 
requirements, inhibits sufficient cough reflexes, and delays 
mobilization in protein-malnourished patients, thus mark-

edly contributing to the incidence of mortality in these 
patients [151]. Persistent protein catabolism may also 
account for delay in growth frequently observed in our pedi-
atric patient population for up to 2 years post-burn [123].

Septic patients have a particularly profound increase in 
metabolic rates and protein catabolism up to 40% more com-
pared to those with like-size burns that do not develop sepsis 
[92, 152, 153]. A vicious cycle develops, as patients that are 
catabolic are more susceptible to sepsis due to changes in 
immune function and immune response. The emergence of 
multidrug-resistant organisms has led to increases in sepsis, 
catabolism, and mortality [153–155]. Modulation of the 
hypermetabolic, hypercatabolic response, thus preventing 
secondary injury is paramount in the restoration of structure 
and function of severely burned patients.

Lipid metabolism has recently gained interest in the field 
of hypermetabolism with the discovery of changes in the 
structure and function of adipose tissue, called browning. 
Lipolysis with the change in lipidomic profiling and brown-
ing of the adipose could explain in part why hypermetabo-
lism is persistently elevated and is associated with various 
detrimental outcomes on a clinical level but also on cellular 
levels.

18.2.3.4  Cardiovascular System: Myocardial 
Dysfunction

Myocardial function can be compromised after burn injury 
due to overload of the right heart and direct depression of 
contractility shown in isolated heart studies [156, 157]. 
Increases in the afterload of both the left and right heart 
result from SVR and PVR elevations. The left ventricle 
compensates and CO can be maintained with increased 
afterload by augmented adrenergic stimulation and 
increased myocardial oxygen extraction. The right ventri-
cle has a minimal capacity to compensate for increased 
afterload. In severe cases, desynchronization of the right 
and left ventricles is deleteriously superimposed on a 
depressed myocardium [158]. Burn injury greater than 45% 
TBSA can produce intrinsic contractile defects. Several 
investigators reported that aggressive early and sustained 
fluid resuscitation failed to correct left ventricular contrac-
tile and compliance defects [157–159]. These data suggest 
that hypovolemia is not the only mechanism underlying the 
myocardial defects observed with burn shock. Serum from 
patients failing to sustain a normal CO after thermal injury 
have exhibited a markedly negative inotropic effect on 
in vitro heart preparations, which is likely due to the previ-
ously described shock factor [160]. In other patients with 
large burn injuries and normal cardiac indices, little or no 
depressant activity was detected.

Sugi and colleagues studied intact, chronically instru-
mented sheep after a 40% TBSA flame burn injury and 
smoke inhalation injury, and smoke inhalation injury 
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alone. They found that maximal contractile effects were 
reduced after either burn injury or inhalation injury [161, 
162]. Horton and others demonstrated decreased left ven-
tricular contractility in isolated, coronary perfused, guinea 
pig hearts harvested 24 h after burn injury [163]. This dys-
function was more pronounced in hearts from aged ani-
mals and was not reversed by resuscitation with isotonic 
fluid. It was largely reversed by treatment with 4 mL/kg of 
hypertonic saline dextran (HSD), but only if administered 
during the initial 4–6 h of resuscitation [164, 165]. These 
authors also effectively ameliorated the cardiac dysfunc-
tion of thermal injury with infusions of antioxidants, argi-
nine and calcium channel blockers [166–168]. Cioffi and 
colleagues in a similar model observed persistent myocar-
dial depression after burn when the animals received no 
resuscitation after burn injury [169]. As opposed to most 
studies, Cioffi reported that immediate and full resuscita-
tion totally reversed abnormalities of contraction and 
relaxation after burn injury. Murphy et al. showed eleva-
tions of a serum marker for cardiac injury, Troponin I, for 
patients with a TBSA >18%, despite good cardiac indices 
[170]. Resuscitation and cardiac function studies empha-
size the importance of early and adequate fluid therapy and 
suggest that functional myocardial depression after burn 
injury may not occur in patients receiving prompt and ade-
quate volume therapy.

The primary mechanisms by which burn shock alters 
myocardial cell membrane integrity and impairs mechani-
cal function remain unclear. Oxygen-derived free radicals 
may play a key causative role in the cell membrane dys-
function that is characteristic of several low-flow states. 
Horton et  al. showed that a combination therapy of free 
radical scavengers SOD and catalase significantly improved 
burn-mediated defects in left ventricular contractility and 
relaxation when administered along with adequate fluid 
resuscitation (4  mL/kg per percent of burn). Antioxidant 
therapy did not alter the volume of fluid resuscitation 
required after burn injury [166].

18.2.3.5  Effects on the Renal System
Diminished blood volume and cardiac output result in 
decreased renal blood flow and glomerular filtration rate. 
Other stress-induced hormones and mediators such as angio-
tensin, aldosterone, and vasopressin further reduce renal 
blood flow immediately after the injury. These effects result 
in oliguria, which, if left untreated will cause acute tubular 
necrosis and renal failure. Twenty years ago, acute renal fail-
ure in burn injuries was almost always fatal. Today newer 
techniques in dialysis became widely used to support the 
kidneys during recovery [171]. The latest reports indicate an 
88% mortality rate for severely burned adults and a 56% 
mortality rate for severely burned children in whom renal 
failure develops in the post-burn period [172, 173]. Early 

resuscitation decreases risks of renal failure and improves 
the associated morbidity and mortality [174].

18.2.3.6  Effects on the Gastrointestinal System
The gastrointestinal response to burn is highlighted by 
mucosal atrophy, changes in digestive absorption, and 
increased intestinal permeability [175]. Atrophy of the 
small bowel mucosa occurs within 12 h of injury in pro-
portion to the burn size and is related to increased epithe-
lial cell death by apoptosis [176]. The cytoskeleton of the 
mucosal brush border undergoes atrophic changes associ-
ated with vesiculation of microvilli and disruption of the 
terminal web actin filaments. These findings were most 
pronounced 18 h after injury, which suggests that changes 
in the cytoskeleton, such as those associated with cell 
death by apoptosis, are processes involved in the changed 
gut mucosa [177]. Burn also causes reduced uptake of glu-
cose and amino acids, decreased absorption of fatty acids, 
and reduction in brush border lipase activity [178]. These 
changes peak in the first several hours after burn and return 
to normal at 48–72 h after injury, a timing that parallels 
mucosal atrophy.

Intestinal permeability to macromolecules, which are nor-
mally repelled by an intact mucosal barrier, increases after 
burn [179]. Intestinal permeability to polyethylene glycol 
3350, lactulose, and mannitol increases after injury, correlat-
ing to the extent of the burn [180]. Gut permeability increases 
even further when burn wounds become infected. A study 
using fluorescent dextrans showed that larger molecules 
appeared to cross the mucosa between the cells, whereas the 
smaller molecules traversed the mucosa through the epithe-
lial cells, presumably by pinocytosis and vesiculation [181]. 
Mucosal permeability also paralleled increases in gut epithe-
lial apoptosis.

Changes in gut blood flow are related to changes in per-
meability. Intestinal blood flow was shown to decrease in 
animals, a change that was associated with increased gut per-
meability at 5 h after burn [182]. This effect was abolished at 
24 h. Systolic hypotension has been shown to occur in the 
hours immediately after burn in animals with a 40% TBSA 
full-thickness injury. These animals showed an inverse cor-
relation between blood flow and permeability to intact 
Candida [183].

The best treatment to alleviate mucosal atrophy is early 
initiation of enteral nutrition, usually within 8–12  h post- 
burn. Glutamine and other antioxidants have been shown to 
improve enteral inflammatory driven pathways as well as gut 
function.

Despite the need for liver function and integrity the liver is 
profoundly affected post-burn and in our opinion a central con-
tributor to post-burn morbidity and mortality [111, 184]. The 
liver has several myriad functions that are each essential for 
survival:
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Metabolic response
• Hyperglycemia
• Insulin resistance
• Proteolysis
• Lipolysis
• Glycogenolysis
• Gluconeogenesis Acute phase response

• Increased acute phase proteins
• Decreased constitutive proteins
• Increased cytokines

Hormonal system
• Alterations in IGF-1, HGF, GH

Biliary system
• Intrahepatic cholestasis
• Impaired intrahepatic bile acid transporters

Vitamin metabolism
• Decreased Vitamin A, B12, C, D, E

Reticuloendothelial system
• Depressed RES response
• Immune compromise

Coagulation
• Alterations in clotting system

 

All of these hepatic functions are affected by a thermal 
injury, and we have strong evidence that hepatic biomark-
ers predict and determine morbidity and mortality in 
severely burned patients. We, therefore, believe that the 
liver is central for post-burn outcome and we propose that 
attenuation of liver damage and restoration of liver function 
will improve morbidity and mortality of severely burned 
patients [111].

There is currently no treatment for hepatic dysfunction or 
failure post-burn. Animal and in  vitro studies suggested a 
beneficial effect on hepatic apoptosis and function with the 
use of insulin and Propranolol.

The pancreas may or may not be affected after burn. 
There is little evidence that looks at the endocrine and para-
crine function of the pancreas after burn; it is only well docu-
mented that if pancreatitis occurs after burn this is associated 
with a high morbidity and mortality.

18.2.3.7  Effects on the Immune System
Burns cause a substantial hyperinflammation but also a 
global depression in immune function, which is shown by 
prolonged allograft skin survival on burn wounds. Burned 
patients are then at great risk for a number of infectious 
complications, including bacterial wound infection, pneu-
monia, and fungal and viral infections. These susceptibili-
ties and conditions are based on depressed cellular function 
in all parts of the immune system, including activation and 
activity of neutrophils, macrophages, T lymphocytes, and 
B lymphocytes. With burns of more than 20% TBSA, 
impairment of these immune functions is proportional to 
burn size.

Macrophage production after burn is diminished, which is 
related to the spontaneous elaboration of negative regulators 
of myeloid growth. This effect is enhanced by the presence 
of endotoxin and can be partially reversed with granulocyte 
colony-stimulating factor (G-CSF) treatment or inhibition of 
prostaglandin E2 [185]. Investigators have shown that G-CSF 
levels actually increase after severe burn. However, bone 
marrow G-CSF receptor expression is decreased, which may 
in part account for the immunodeficiency seen in burns 
[186]. Total neutrophil counts are initially increased after 
burn, a phenomenon that is related to a decrease in cell death 
by apoptosis [187]. However, neutrophils that are present are 
dysfunctional in terms of diapedesis, chemotaxis, and phago-
cytosis. These effects are explained, in part, by a deficiency 
in CD11b/CD18 expression after inflammatory stimuli, 
decreased respiratory burst activity associated with a defi-
ciency in p47-phox activity, and impaired actin mechanics 
related to neutrophil motile responses [188, 189]. After 
48–72 h, neutrophil counts decrease somewhat like macro-
phages with similar causes [186].

T-helper cell function is depressed after a severe burn 
that is associated with polarization from the interleukin-2 
and interferon-γ cytokine-based T-helper 1 (Th1) response 
towards the Th2 response [190]. The Th2 response is 
 characterized by the production of interleukin-4 and inter-
leukin- 10. The Th1 response is important in cell-mediated 
immune defense, whereas the Th2 response is important in 
antibody responses to infection. As this polarization 
increases, so does the mortality rate [191]. Administration 
of interleukin-10 antibodies and growth hormone has par-
tially reversed this response and improved mortality rate 
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after burn in animals [192, 193]. Burn also impairs cyto-
toxic T-lymphocyte activity as a function of burn size, thus 
increasing the risk of infection, particularly from fungi and 
viruses. Early burn wound excision improves cytotoxic 
T-cell activity [194].

18.2.3.8  Summary and Conclusion
Thermal injury results in massive fluid shifts from the 
circulating plasma into the interstitial fluid space causing 
hypovolemia and swelling of the burned skin. When burn 
injury exceeds 20–30% TBSA, there is minimal edema 
generation in non-injured tissues and organs. The 
Starling-forces change to favor fluid extravasation from 
blood to tissue. Rapid edema formation is predominating 
from the development of strongly negative interstitial 
fluid pressure (imbibition pressure) and to a lesser degree 
by an increase in microvascular pressure and 
permeability.

Secondary to the thermal insult, there is release of 
inflammatory mediators and stress hormones. Circulating 
mediators deleteriously increase microvascular permea-
bility and alter cellular membrane function by which 
water and sodium enter cells. Circulating mediators also 
favor renal conservation of water and salt, impair cardiac 
contractility, and cause vasoconstrictors, which further 
aggravates ischemia from combined hypovolemia and 
cardiac dysfunction. The end result of this complex 
chain of events is decreased intravascular volume, 
increased systemic vascular resistance, decreased car-
diac output, end-organ ischemia, and metabolic acidosis. 
Early excision of the devitalized tissue appears to reduce 
the local and systemic effects of mediators released from 
burned tissue, thus reducing the progressive pathophysi-
ologic derangements. Without early and full resuscita-
tion therapy, these derangements can result in acute 
renal failure, vascular ischemia, cardiovascular collapse, 
and death.

Edema in both the burn wound and particularly in the 
non-injured soft tissue is increased by resuscitation. Edema 
is a serious complication, which likely contributes to 
decreased tissue oxygen diffusion and further ischemic 
insult to already damaged cells with compromised blood 
flow increasing the risk of infection. Research should con-
tinue to focus on methods to ameliorate the severe edema 
and vasoconstriction that exacerbate tissue ischemia. The 
success of this research will require identification of key 
circulatory factors that alter capillary permeability, cause 
vasoconstriction, depolarize cellular membranes, and 
depress myocardial function. Hopefully, methods to pre-
vent the release and to block the activity of specific media-

tors can be further developed in order to reduce the 
morbidity and mortality rates of burn shock. The profound 
and overall metabolic alterations post-burn associated with 
persistent changes in glucose metabolism and impaired 
insulin sensitivity also significantly contribute to adverse 
outcome of this patient population and constitute another 
challenge for future therapeutic approaches of this unique 
patient population.

Time Course

Time Postburn
%

 C
h

an
g

e
Inflammatory Response

Protein and
Hormone Response

Hypermetabolism and
Organ Dysfunction

 

Conflicts of Interest and Source of Funding This study 
was supported by National Institutes of Health 
R01-GM087285-01. CFI Leader’s Opportunity Fund: 
Project #25407 and Canadian Institutes of Health Research 
(CIHR) grant #123336. Authors have no conflicts of interest 
to declare.

Summary Box
The pathophysiologic response after burn injury is one 
of the most formidable and complex ones after any 
injury. It is impossible to normalize this response. 
However due to recent advances in the inflammatory 
metabolic cellular and stress responses, various pat-
terns have now been identified that potentially allow 
modification and perturbation. This now leads to the 
question, how to ideally and optimally alter these 
responses. Again, it is imperative to note that there are 
a time- and course-dependent differences and that 
alteration may have different effects at different times. 
Additionally, treatment of one single pathway seems 
over simplistic and will most likely not lead to 
improved outcomes. Therefore, diligent thoughts and 
careful consideration about intervention need to be 
conducted.
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Abbreviations

AKI Acute kidney injury
AKIN Acute kidney injury network
ARDS Acute respiratory distress syndrome
BD Base deficit
CVP Central venous pressure
CRRT Continuous renal replacement therapy
ICU Intensive care unit
IHD Intermittent hemodialysis
JTTS Joint Theater Trauma System
LTVV Low tidal volume ventilation
RIFLE Risk injury failure loss end-stage
RRT Renal replacement therapy
ScvO2 Central venous oxygen saturation
SV Stroke volume
SVV Stroke volume variation
TBSA Total body surface area

19.1  Introduction

Severe burn injury is a massive physiologic insult to the human 
body. The trauma to tissue caused by large burns results in an 
intense immune-inflammatory and hypermetabolic response 
that can be greater than other forms of severe critical illness 
and trauma. To address the highly complex and morbid 

 physiologic derangements caused by burn injury, multi-disci-
plinary teams in burn intensive care units have aggressively 
sought ways to support injured and failing organs while the 
patient undergoes initial resuscitation and subsequent surger-
ies for excision and grafting. High impact advances in the 
critical care of burn patients with organ failure in recent 
decades include: multi-modal pain management, prevention 
of resuscitation morbidity using resuscitation protocols and 
decision support devices, advances in assessing the adequacy 
of resuscitation, the use of medications and physical therapy to 
prevent the loss of lean muscle mass, the use of high frequency 
percussive ventilation and other rescue modes when treating 
burn patients with severe acute respiratory distress syndrome 
and inhalation injury, the early use of renal replacement ther-
apy (RRT) in patients with acute kidney injury (AKI), the rec-
ognition and management of gut failure, and the use of 
multi-organ support technologies. This chapter seeks to detail 
the physiologic organ response to severe burn injury and the 
means of organ support being used in current practice.

19.2  Central Nervous System

Burn patients suffer severe pain that does not always corre-
late with burn thickness or the area affected [1]. If this pain 
is managed inappropriately, it can result in physiologic 
derangements, anxiety, and post-traumatic stress disorder 
[2]. Inappropriate management of pain medications and sed-
atives in patients who are intubated and receiving mechani-
cal ventilation can result in an increased incidence of 
delirium. This can thwart weaning from mechanical ventila-
tion and prolong the intensive care unit (ICU) length of stay. 
Burn patients are at an increased risk of developing delirium 
due to the high incidence of mental health disorders and sub-
stance abuse among patients with burn injury [3]. Clinicians 
who treat burn patients must address constantly present 
background pain, take steps to mitigate procedural pain, and 
make medication available on an as-needed basis to address 
breakthrough pain.
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Tools for treating burn pain include opioid analgesics, 
acetaminophen, NSAIDS, gabapentin, and ketamine. The 
use of NSAIDs is often limited by their nephrotoxicity and 
the damage that they can cause gastrointestinal mucosa. 
Medications that can help reduce the perception of pain 
include clonidine, dexmedetomidine, and benzodiazepines. 
The management of pain, agitation, and delirium are dis-
cussed in other chapters of this textbook.

19.3  Pulmonary

Approximately one-third of patients with burn injury require 
mechanical ventilation with that number increasing in 
patients with inhalation injury [4]. The primary difference 
between mechanical ventilation and our normal spontaneous 
breathing is that mechanical ventilation utilizes positive 
pressure whereas our normal breathing is done using nega-
tive pressure. While positive pressure can recruit alveoli, 
increase functional residual capacity, and improve gas 
exchange, it can also cause barotrauma to the lungs, reduce 
venous return to the heart, and decrease cardiac output. 
Understanding basic modes of mechanical ventilation will 
help the clinician be able to appropriately support this organ 
system when respiratory failure is caused by a burn injury or 
inhalation injury.

Control and Assist Control Ventilation. These are volume- 
cycled modes that deliver a preset tidal volume at a pro-
grammed respiratory rate and inspiratory flow rate without 
respect to the patient’s respiratory effort. The control mode 
cannot be triggered by the patient and as such causes patients 
significant discomfort and results in patient-ventilator dys-
synchrony. As such, this mode is usually used on heavily 
sedated and paralyzed patients in the operating room. The 
assist control mode will deliver the preset settings at a mini-
mum and will allow the patient to trigger breaths when the 
ventilator senses that the patient is generating at least 
2 cmH2O of negative pressure. Patients are more comfortable 
being able to trigger their own breaths, and this mode will 
allow them to take a larger tidal volume breath than the pre- 
programmed tidal volume if they desire. Both the peak inspi-
ratory pressure and plateau pressure should be serially 
measured in patients on this mode to avoid barotrauma.

Time-Cycled Pressure Control Ventilation. In patients 
with ARDS, the functional lung that can be aerated is a small 
fraction of the diseased lung. This small portion of functional 
lung has been referred to as a baby lung in literature on 
ARDS [5]. Because volume-cycled modes will deliver the 
tidal volume programmed, regardless of the pressure needed 
to deliver that tidal volume, patients on volume-cycled 
modes are at increased risk of barotrauma. Time-cycled pres-
sure control ventilation delivers the breath at a preset flow 
rate and maximal inspiratory pressure. The breath is termi-

nated at a preset time so the tidal volume delivered will be 
variable and that volume will be based on the compliance of 
the patient’s lung and the amount of air that can be delivered 
at the preset flow rate while staying under the maximum pro-
grammed pressure. Clinicians who use this form of ventila-
tion need to serially assess the adequacy of ventilation as the 
patient’s lung compliance changes over time.

Synchronized Intermittent Mandatory Ventilation. The 
mode was initially developed as a weaning mode of ventila-
tion with the principle being that it would allow patients to 
take spontaneous breaths in between programmed time or 
volume-cycled breaths. Technological advances allowed for 
synchronization of the breaths so that the machine did not 
deliver a pre- programmed breath on top of a spontaneous 
breath. Additionally, clinicians can provide varying levels of 
pressure support according to patient needs for the spontane-
ously triggered breaths. Clinicians believed that overtime as 
the patient’s lung compliance improved that the programmed 
respiratory rate would decrease and the spontaneous respira-
tory rate would increase to the point that eventually the 
patient would be triggering and pulling nearly all of their 
minute ventilation and could thus be extubated. This how-
ever has not proved to be the case; when SIMV weaning is 
compared to weaning using pressure support or a T-piece, it 
has been demonstrated to be the most ineffective method of 
weaning [6].

Pressure Support Ventilation. In this mode, the patient 
triggers the breath when they generate a minimal negative 
pressure, usually (−)2 cmH2O. The breath is delivered with a 
preset flow and pressure limit. Since these breaths are flow 
cycled, they will terminate once the patients inspiratory 
demand falls below the pre-programmed level. Thus for an 
awake patient who wants to be able to control the size and 
frequency of their own breaths, this is an ideal mode that will 
help avoid patient-ventilator dyssynchrony. This is not a 
good mode for patients who are heavily sedated or receiving 
neuromuscular blockade as the patient will not be able to 
trigger the ventilator. Once patients are awake and calm and 
able to spontaneously breathe, pressure support ventilation 
can be a good weaning mode as the preset inspiratory pres-
sure can be weaned over time until it is at a low enough level 
and the patient can be extubated.

Inverse Ratio Ventilation. Usually, breaths are delivered 
by a ventilator with a short inspiratory time and a prolonged 
expiratory time with ratios of 1:2 or 1:4 being common. 
When inverse ratio ventilation is used, these ratios are 
reversed and longer inspiratory times are utilized with ratios 
from 1:1 to 2:1 being common. The principle behind the 
reversal of ratios is that the rapid initial flow rate will increase 
mean airway pressure and result in alveolar recruitment and 
that this recruitment effect won’t be lost during the decelerat-
ing flow period of the inspiratory phase. This mode is used to 
improve oxygenation in patients with reduced pulmonary 
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compliance as the prolonged inspiratory time will allow for 
more gas exchange to occur in areas of lung with ventilation 
and perfusion mismatch. These patients are usually difficult 
to ventilate due to their decreased compliance so the inverse 
ratios are applied to pressure controlled modes so as to avoid 
barotrauma.

High Frequency Percussive Ventilation. High frequency 
percussive ventilation (HFPV) has been associated with 
improved outcomes in patients with inhalation injury [7]. It 
facilitates the clearance of respiratory secretions, carbona-
ceous deposits, and endobronchial casts composed of 
sloughed bronchial mucosa. It is the author’s mode of choice 
in the initial management of patients with inhalation injury 
as gas exchange goals can be met using lower inspiratory 
pressures. The breaths delivered to the patient are time-
cycled with preset inspiratory and expiratory pressure limits 
and sub-tidal breaths cycled at a frequency of 400–800 per 
minute are superimposed on top. Patients with inhalation 
injury initially managed with HFPV had better chances of 
meeting gas exchange goals and not requiring rescue modes 
of ventilation when compared to patients receiving low tidal 
volume ventilation [8].

Airway Pressure Release Ventilation. It delivers continu-
ous positive airway pressure at a preset time under a pressure 
limit with brief, intermittent releases. This mode works best 
in patients who are able to spontaneously breathe during the 
time that they are at the preset high pressure. This mode is an 
open lung strategy as it recruits alveoli in the under venti-
lated juxta-diaphragmatic portions of the lung as opposed to 
conventional positive pressure ventilation that tends to 
deliver breaths only to the already functional lung units. 
While there are no multi-center, randomized controlled trials 
demonstrating this mode to be superior to conventional posi-
tive pressure ventilation, there are numerous small trials and 
many experienced clinicians that have noted improved oxy-
genation, alveolar recruitment, improved hemodynamic per-
formance, and decreased sedative requirements in patients 
being ventilated in this mode [9].

Acute respiratory distress syndrome (ARDS) complicates 
the course of 40–54% of patients with burn injury who 
require mechanical ventilation [10, 11]. ARDS is diagnosed 
using the Berlin criteria when there are bilateral opacities on 
chest imaging that are not due to cardiogenic pulmonary 
edema, atelectasis, or pleural effusions within 1 week of a 
known clinical insult. Echocardiography should be per-
formed to rule out hydrostatic causes of edema if no risk 
factor for ARDS is present. See Table 19.1 for a description 
of how the severity of ARDS is categorized. Strategies for 
managing ARDS in patients with burn injury include low 
tidal volume ventilation (LTV) and other open lung ventila-
tion strategies, usage of neuromuscular blockade, prone 
positioning, inhaled pulmonary vasodilators, and usage of 
extra corporeal membrane oxygenation.

The use of LTV in patients with burn injury has been 
extrapolated from the ARDSNet study, which is controver-
sial due to the fact that this trial excluded patients with burn 
injury [12]. A single center, randomized controlled trial was 
performed on 62 patients with burn injury that randomized 
them to either LTV or mechanical ventilation with a high 
frequency percussive ventilator [8]. Baseline demographics, 
percentage of total body surface area (TBSA) burned, and 
rates of inhalation injury were similar in both groups. Nearly 
one-third of patients in the LTV group failed to meet pre- 
determined goals for oxygenation and ventilation and had to 
be placed on a rescue mode of mechanical ventilation. Two 
thirds of patients with smoke inhalation failed LTV.  Burn 
injury and the loss of chest wall compliance due to edema or 
burn eschar, the hyper-catabolic state associated with burns 
and other variables make LTV a less effective treatment 
strategy.

Therapies for Refractory Hypoxemia in Patients with 
ARDS. Severe hypoxia induces vasoconstriction of the pul-
monary vasculature which in turn causes pulmonary hyper-
tension [13]. It is hypothesized that vasodilation of blood 
vessels perfusing aerated lung tissue with inhaled pulmonary 
vasodilators would redistribute blood from less ventilated 
regions of lung, reducing shunt fraction and correcting pul-
monary hypertension. This process should then improve 
oxygenation and decrease mortality; however, it has not 
proven to be the case in randomized clinical trials [14]. 
Meta-analysis of the data from randomized trials reveals that 
while inhaled nitric oxide will improve oxygenation it does 
not decrease mortality and may increase rates of AKI [15]. 
The role of inhaled nitric oxide as a therapy for refractory 
hypoxemia is unclear.

Prone positioning is a viable treatment for refractory 
hypoxemia in adult burn-injured patients with severe 
ARDS. In a trial involving 18 burn ICU patients, the average 
PaO2 to FiO2 ratio increased from an average value of 87 
prior to prone positioning to 236 at 36 hours after initiating 
prone positioning [16]. While facial ulcers developed on 4 
patients, there were no unintentional extubations.

Extracorporeal membrane oxygenation (ECMO) technol-
ogy has improved in the last decade with respect to its use in 
burn-injured patients [17]. In our burn center, the survival to 
hospital discharge rate for patients with severe ARDS due to 
burn injury, inhalation injury, or toxic epidermal necrolysis 

Table 19.1 Berlin criteria for assessing the severity of a patient’s 
ARDS

Mild PaO2/FiO2 ratio from 200 to 300 mmHg with PEEP or 
CPAP ≥ 5 cmH2O

Moderate PaO2/FiO2 ratio from 100 to 200 mmHg with 
PEEP ≥ 5 cmH2O

Severe PaO2/FiO2 ratio < 100 mmHg with PEEP ≥ 5 cmH2O
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treated with ECMO is 57% [18]. This is a viable treatment 
strategy to reduce mortality in properly selected patients.

19.4  Cardiovascular

Burn injury can disturb multiple physiologic variables that 
affect the function and performance of the circulatory sys-
tem. Volume loss into burned and non-burned tissue results 
in intravascular volume depletion which reduces the venous 
return to the heart, resulting in decreased cardiac output. 
Large TBSA burns induce myocardial depression which can 
cause a global decrease in contractility and a reduced left 
ventricular ejection fraction. This myocardial depression is 
pronounced during the initial presentation and this is usually 
followed by a hyper-dynamic phase in which cardiac output 
is augmented by an increase in heart rate and a reduction in 
afterload caused by vasodilation which is mediated by 
inflammatory cytokines. When patients with burn injury 
develop hypotension, clinicians will usually attribute this to 
volume depletion and vasodilation, and it is often the case 
early in the patient’s resuscitation. Clinicians should put 
forth effort to make an accurate determination of the patient’s 
intravascular volume status as unnecessary fluids or fluid 
creep can cause edema to form in the brain, lungs, bowel 
wall, renal parenchyma, skin and soft tissue. Determining 
intravascular volume status using the physical exam, vital 
signs, intake and output flow sheets, urine output, and calcu-
lating insensible losses is difficult to do reliably and in a way 
that is easy to reproduce among members of a care team. 
Any one, or many, of these parameters can be confounded by 
factors other than intravascular volume and this assessment 
relies upon multiple points of data rather than any one gold 
standard measure.

Right sided or static measures of hemodynamics and car-
diovascular performance, namely the central venous pres-
sure and pulmonary artery occlusion pressure have been 
demonstrated to be inaccurate in healthy patients, let alone 
those that are critically ill [19]. For this reason, dynamic 
measures of cardiac performance such as using an arterial 
line to calculate arterial wave form pulse pressure variation 
or stroke volume variation, cardiac output and cardiac index 
or using beside transthoracic or transesophageal echocar-
diography in real time is preferred.

When an intravascular volume assessment reveals that the 
patient has been adequately resuscitated and the patient 
remains hypotensive with a mean arterial pressure less than 
65  mmHg, vasopressor therapy should be initiated. While 
there are no large, multi-center randomized controlled trials 
on this subject, our practice is to initiate vasopressin first fol-
lowed by norepinephrine, epinephrine, and phenylephrine. 
The use of vasopressin in burn patients already on norepi-
nephrine had a norepinephrine sparing effect and resulted in 

graft loss in only one of 30 patients involved in the study 
[20]. In patients with echocardiographic evidence of myo-
cardial depression and left ventricular systolic dysfunction, 
clinicians should consider the use of dobutamine. 
Additionally, if patients have high vasopressor requirements, 
especially in the setting of septic shock, clinicians should 
consider initiating stress dose corticosteroids (hydrocorti-
sone 100 mg IV every 8 h) for relative adrenal insufficiency 
associated with sepsis. [21].

19.5  Renal

Over the last decade, various diagnostic criteria have been 
proposed and validated in multiple populations, including 
surgical patients. These include the Risk Injury Failure Loss 
End-stage (RIFLE) criteria, the Acute Kidney Injury Network 
(AKIN) criteria and most recently the Kidney Disease 
Improving Global Outcomes (KDIGO) criteria. See 
Table 19.2 regarding the clinical and laboratory criteria for 
diagnosing AKI using the KDIGO criteria. Fenoldopam is a 
selective dopamine-1 receptor agonist approved for the treat-
ment of hypertensive emergencies that in low doses (0.03–
0.09 μg/kg/min) has been used to treat burn-injured patients 
with AKI. The patients who received fenoldopam in a retro-
spective study had varying degrees of AKI and initiating 
fenoldopam resulted in increased urine production, increased 
systolic blood pressure, and decreased serum creatinine lev-
els. These effects were seen in the first 24 h and continued to 
improve through 48 h [22]. The use of this medication can 
sometimes prevent the patient from having to receive renal 
replacement therapy.

Traditional complications of AKI that would warrant 
immediate initiation of renal replacement therapy are 
included in Table 19.3.

The literature demonstrates that early and intensive RRT 
may provide the best benefit for critically ill patients, partic-
ularly in those with AKI diagnosed early in their clinical 
course. Critically ill burn patients who develop AKI have 
mortality rates that are over 20% higher than the general 
critical care population [23, 24]. Historically, these patients 
were often not considered candidates for intermittent hemo-
dialysis (IHD) due their hemodynamic instability by the time 
they developed a traditional indication for RRT. Continuous 
veno-venous hemofiltration (CVVH) is known to be well tol-

Table 19.2 KDIGO staging criteria for patients with AKI

Creatinine criteria Urine output criteria
Stage 1 ↑ 0.3 mg/dL in 48 h or by 

>50% over 7 days
<0.5 mL/kg/h for >6 h

Stage 2 ↑ Creatinine of >100% <0.5 mL/kg/h for >12 h
Stage 3 ↑ Creatinine of >200% <0.3 mL/kg/h for ≥24 h or 

anuria for ≥12 h
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erated in the setting of shock. In a recent study, patients with 
greater than 40% total body surface area burn and AKIN 
stage 3 AKI or AKIN stage 2 AKI with shock were started on 
CVVH, even if they did not meet traditional criteria for initi-
ating RRT. When these patients were compared to historical 
controls, they had a 24% lower in-hospital mortality rate, a 
33% lower 28-day mortality rate, a dramatic reduction in 
vasopressor requirement and an average PaO2/FiO2 ratio 
increase of 153 within 24 h [25]. What mode of renal replace-
ment therapy will provide maximal benefit to the patient, at 
what dose and when therapy should be initiated are questions 
that investigators have sought to answer with the best data 
available. We review these controversies below.

Mode. In a review of nine randomized trials comparing 
outcomes in patients placed on intermittent compared to 
continuous therapy, there was no standardization of the tim-
ing, criteria for initiation or dose of renal replacement ther-
apy [26]. This review concluded that there was no statistically 
significant evidence that the initial RRT modality influenced 
mortality or recovery of renal function. There was a trend 
observed that CRRT was associated with less hemodynamic 
instability and better control of the patient’s fluid balance. 
Another meta-analysis reviewed 23 randomized controlled 
trials and 16 observational studies to investigate if there was 
any difference in rates of renal recovery among severe AKI 
survivors [27]. Pooled analysis of the RCT’s did not reveal a 
statistically significant difference in renal recovery based on 
RRT modality used. A pooled analysis of the observational 
studies did demonstrate a higher rate of renal recovery 
among patients receiving continuous therapy.

The main factor to be considered in deciding to use inter-
mittent or continuous RRT is the patient’s hemodynamic sta-
bility. Advanced age, female gender, diabetes, low blood 
pressure prior to dialysis, hypoalbuminemia, and higher BMI 
are all associated with increased risk for intradialytic hypo-
tension [28]. If removal of intravascular volume exceeds the 
patient’s ability to refill their plasma volume, then hypoten-
sion will occur. The level of sodium in the dialysate, plasma 
albumin levels and hydrostatic capillary force all influence 
plasma refill [29]. The patient’s osmolality declines during 

dialysis due to the rapid removal of urea and shifts in plasma 
sodium concentrations which will lead to slower plasma 
refill and eventually hypotension [29]. For patients who are 
hemodynamically unstable or who cannot tolerate large vol-
ume shifts and rapid changes in plasma osmolality, continu-
ous modalities offer the benefit of renal replacement therapy 
with less risk of hypotension. Patients with neuro-trauma or 
other conditions that elevate intra-cranial pressure cannot 
tolerate the osmotic shifts that occur during IHD and it is 
contraindicated in this patient population [30].

Dose of Renal Replacement Therapy. The currently rec-
ommended dose for renal replacement therapy is 20–25 mL/
kg/h [30]. Most patients do not have day after day of uninter-
rupted CRRT. Therapy can be interrupted by trips to radiol-
ogy for imaging studies or dysfunction with the circuit 
caused by clotting or malfunction of the dialysis access line. 
In one study, interruptions in RRT ranged from 8 to 28% of 
the total treatment time [31]. Clinicians should target a pre-
scription of 25–30 mL/kg/h and above so as to account for 
interruptions in therapy and insure that the patient is receiv-
ing the minimal delivered dose of 20–25 mL/kg/h. The cur-
rent recommended dose is based on several clinical trials that 
compared different doses of renal replacement therapy and 
their impact on clinical outcomes. The VA/NIH Acute Renal 
Failure Trial Network randomized 1124 patients with acute 
kidney injury and failure of at least one non-renal organ or 
sepsis to intensive therapy (CRRT dose of 35 mL/kg/h) or 
less intensive therapy (CRRT dose of 20 mL/kg/h). The pri-
mary end point was all-cause mortality by day 60. There was 
no difference in the rate of all-cause mortality, or in duration 
of renal replacement therapy, or the rate of renal recovery 
[32]. The RENAL Replacement Therapy Study Investigators 
conducted a multi-center, randomized controlled trial to 
compare the effect of different doses of renal replacement 
therapy on 90-day mortality. They randomized patients with 
AKI and critical illness to post-dilution CVVH with a dose 
of 40 or 25 mL/kg/h. There was no statistically significant 
difference in all-cause 90-day mortality or renal recovery or 
duration of renal replacement therapy [33].

Given the seeming absence of any benefit to higher doses, 
the KDIGO guideline recommends a dose of 20–25 mL/kg/h 
for CRRT in AKI [30]. However, this may not be the case for 
patients with post-surgical AKI. In a recent Cochrane review, 
post-surgical patients who developed AKI had a statistically 
significant reduction in mortality if they received a dose 
greater than 35 mL/kg/h [34]. This was based on two studies 
that enrolled 531 patients and was deemed by reviewers to be 
high quality evidence. We therefore recommend the consid-
eration of an initial higher delivered dose of 35 mL/kg/h of 
RRT for patients with post-surgical AKI, especially when 
dealing with severe metabolic disturbance.

Timing. The literature demonstrates that early and intensive 
RRT may provide the best benefit for critically ill patients. 

Table 19.3 Traditional indications for initiating renal replacement 
therapy

Complication Criteria for initiating renal replacement therapy
Metabolic acidosis Refractory to sodium bicarbonate infusion
Electrolyte 
imbalance

Hyperkalemia refractory to medical 
management

Toxic ingestion Small molecular size and low level protein 
binding so as to be cleared by dialysis

Uremia Uremic encephalopathy, pericarditis, 
gastropathy, or bleeding due to uremic 
platelets

Intravascular 
volume overload

Pulmonary edema refractory to diuretic 
therapy
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Two recently published trials attempted to answer the question 
of when to initiate renal replacement therapy in AKI.  The 
Artificial Kidney Initiation in Kidney Injury (AKIKI) study 
group performed a multi-center randomized controlled trial on 
patients with KDIGO stage 3 AKI who required mechanical 
ventilation and catecholamine infusion. These patients did not 
have a life-threatening complication directly related to renal 
failure and were designated to an early or delayed strategy for 
RRT initiation [35]. Early initiation consisted of starting RRT 
at the time of randomization. Delayed initiation consisted of 
starting RRT when the patient developed a potentially life-
threatening complication of AKI to include severe hyperkale-
mia, metabolic acidosis, pulmonary edema, BUN higher than 
112 mg/dL, or oliguria for more than 72 h after randomization. 
The primary outcome was survival at 60 days. The results of 
the trial demonstrated no difference in mortality but did dem-
onstrate an increased incidence of catheter-related blood 
stream infection in the early initiation group and half of the 
patients in the delayed initiation arm never needed renal 
replacement therapy. While the trial did not demonstrate a 
mortality reduction attributable to early initiation, it may be 
that waiting to initiate RRT once the patient has KDIGO stage 
3 AKI is already too late to see a benefit in “early” initiation.

The Early Versus Late Initiation of Renal Replacement 
Therapy in Critically Ill Patients with Acute Kidney Injury 
(ELAIN) randomized clinical trial was a single center study 
that randomized 231 patients with KDIGO stage 2 AKI and 
plasma neutrophil gelatinase-associated lipocalin levels 
higher than 150 ng/mL to early initiation of RRT (within 8 h 
of diagnosis of KDIGO stage 2 AKI) or delayed initiation 
(within 12 h of diagnosis of KDIGO stage 3 AKI) or no ini-
tiation [36]. Ninety-day mortality in the early RRT group 
was 39% and 54% in the delayed group. In the early group, 
53% experienced renal recovery whereas in the delayed 
group 38% experienced renal recovery. Duration of renal 
replacement therapy and hospital length of stay were also 
shorter in the early initiation group. These results led the 
authors to call for larger, multi-center trials to be performed 
using a similar protocol so as to demonstrate whether these 
results can be generalized to all critical care patients with 
KDIGO stage 2 AKI.

19.6  Gastrointestinal

The pathophysiology of burn shock includes end-organ 
hypoperfusion and the gastrointestinal (GI) tract is at high 
risk during the acute phase of burn resuscitation and also 
during episodes of sepsis. The risk of intestinal ischemia is 
further increased with increasing burn size, high resuscita-
tion volumes, and the use of vasoactive agents [37]. Intestinal 
ischemia results in a disruption of the barrier function of the 
mucosa, resulting in the movement of bacteria and/or endo-
toxin into the mesenteric lymph nodes and systemic tissues, 

termed translocation. Life-threatening bacteremia with asso-
ciated abdominal sepsis can quickly ensue. Treatment is pri-
marily focused on prevention with controlled resuscitation, 
judicious use of vasoactive agents, early enteral nutrition, 
and close monitoring.

Gastrointestinal dysfunction, not related to burn shock or 
the resulting hypoperfusion, occurs commonly after burn 
injury. The liberal use of opioid-based analgesia, electrolyte 
imbalances, prolonged immobility, endocrine abnormalities, 
and septic episodes are factors that contribute to the increased 
prevalence of GI dysfunction in critically ill burn patients. 
Common manifestations of GI dysfunction include increased 
gastric secretions, tube feeding intolerance, reduced intesti-
nal motility resulting in paralytic ileus, mucosal ulceration, 
and constipation. Constipation and late defecation is com-
mon in burn patients and treatment should be aimed at pre-
vention by understanding the multi-factorial etiology and 
implementing appropriate therapy early. Osmotic laxatives, 
such as lactulose and polyethylene glycol, and stool soften-
ers, such as docusate, are first-line agents. These are often all 
that is needed to prevent or treat constipation. Opioid-based 
analgesia is a mainstay of pain control in burned patients. 
Acting on the μ-receptor centrally produces analgesia but 
stimulation of this receptor in the mucosal layer of the GI 
tract causes reduced peristalsis and inhibition of intestinal 
ion and fluid secretion, resulting in opioid-induced bowel 
dysfunction, most commonly manifested by constipation. 
μ-receptor antagonists, such as naloxone and methynaltrex-
one, are agents that can reverse the peripheral effects of opi-
oids while preserving the central analgesic effects. Naloxone 
dosing is often 2 mg orally every 4 hours, methynaltrexone is 
dosed at 12–24 mg subcutaneously daily [38]. The side effect 
profile of these agents is minimal; they are recommended for 
patients on opioids who fail laxative therapy. Acute colonic 
pseudo-obstruction is a well-recognized cause of lower GI 
tract dysfunction in burn patients, presenting with abdominal 
distention and pain and obstipation [39]. Abdominal imaging 
demonstrates a massive dilation of the colon, most often the 
cecum and right colon. Conservative management, including 
correction of electrolyte abnormalities as well as nasogastric 
and rectal decompression, is often successful. If unsuccess-
ful, neostigmine is recommended as the next line of therapy 
as it stimulates muscarinic receptors in the colon to promote 
motility. Continuous monitoring is required during adminis-
tration of this medication with common adverse effects being 
bradycardia that is responsive to atropine, abdominal cramp-
ing, and excessive salivation [40].

19.7  Conclusion

Improvements in organ support of the severely burned have 
reduced mortality in recent decades. This is due to improve-
ments in resuscitation and the prevention of resuscitation 

C. R. Ainsworth et al.



253

morbidities, improvements, and widespread implementation 
of advanced forms of mechanical ventilation, renal replace-
ment therapy, and strategies to mitigate the hypercatabolic 
state associated with burns. These treatment modalities are 
delivered by highly trained specialists who compose a multi- 
disciplinary team dedicated to the care of critically injured 
burn patients until their organs can resume their normal 
physiologic function.
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Summary Box
• Severe burn injury is a massive physiologic insult to 

the human body, greater than other forms of severe 
critical illness and trauma.

• Critical care is a process of frequent physiologic 
monitoring coupled with procedural or pharmaco-
logic interventions.

• Organ failure is common after severe burns.
• Adequate organ support is paramount to improving 

outcomes.
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20.1  Introduction

Severe burns represent around 436,000 ambulatory care visits 
to hospital emergency departments in the United States [1]. A 
significant portion of these burns are minor; nevertheless 
between 40,000 and 60,000 burn patients undergo admission 
to a hospital [2]. Of all cases, nearly 4000 people die of com-
plications related to the burn [3]. During the 1940s and 1950s, 
the burn size lethal to 50% of the population was 42% of total 
body surface area (TBSA). More recently, this number has 
increased to more than 90% TBSA in selected groups of 
patients. The devastating consequences of burns have been 
recognized by the medical community, and significant 
amounts of resources and research have been dedicated to 
improve our understanding and enhancing the way we manage 
patients, successfully improving these dismal statistics [3–5]. 
This significant improvement is secondary to the establish-

ment of specialized burn centers, refinements in resuscitation 
strategies, advances in critical care, sepsis management and 
infection control, early excision of burn wounds, enhanced 
wound coverage, better support on the metabolic response to 
burns, and improved treatment of inhalation injury [5, 6].

A major burn involves more than 20% TBSA, and one that 
involves 40% TBSA or more is termed “massive.” Increased 
morbidity and mortality are directly proportional to burn size. 
There is a distinction noted at around 60% TBSA for pediatric 
patients and around 40% TBSA for adult burn patients [7]. 
This subset of patients benefits the greatest from specialized 
burn centers and intensive care. Severe burns are devastating 
injuries affecting nearly every organ system and leading to sig-
nificant morbidity and mortality [3–6, 8]. The presence of 
inhalation injury further increases mortality, up to 20% added 
mortality for patients in the 50% lethality region [9–11].

Patients with severe burns share several characteristics 
with other critically ill patients; nonetheless, there are note-
worthy differences:

• Patients suffer a cutaneous exudative losses of fluids, pro-
portional to the TBSA. These fluids contain large amounts 
of proteins, minerals, and micronutrients.

• The injured body surface area poses an enormous cata-
bolic challenge.

• The loss of the skin barrier increases risk of infection; 
moreover, significant immunosuppression results follow-
ing major burn.

• The duration of inflammatory and hypermetabolic 
response is immediate and long-lasting.

• Venous access is compromised secondary to the destruc-
tion of the skin at puncture sites.

• Long stays in the ICU and prolonged nutritional support 
are indicated.

Total length of hospital stay and the proportion of inten-
sive care unit days is variable and highly dependent on 
TBSA. Overall, the mean length of stay is approximately 2 
days per percent burn, based on the National Burn Repository 
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report. It ranges from 1.5 to 3 days per % TBSA in patients 
with less than 20% TBSA to patients with burns greater than 
60% TBSA, respectively [12]. ICU stay can represent 20% 
of the total hospital stay in both adult and pediatric patients. 
In a cohort by Maan et al., the mean length of stay in the ICU 
was 0.32 ± 0.02 days per % burn while the length of stay in 
the general burn ward was 0.68 ± 0.06 days per % burn [13].

Deaths secondary to burns generally occur either immedi-
ately after the injury or weeks later as a result of infection/
sepsis, multisystem organ failure, or hypermetabolic responses 
[6, 14]. Therefore, this chapter is divided into critical care dur-
ing early phases and late phases. The quality of the complex 
care of burn patients is directly related to the outcome and 
survival of burn patients. The key aspects for the care are:

 1. Prehospital and initial management of burns: an adequate 
and timely response, evaluation of the burns, treatment of 
the burn patient, resuscitation, initial pain management, 
and transport

 2. Early hospital phase: admission to a burn 
center,escharatomies/fasciotomies, resuscitation, treat-
ment of inhalation injury, critical care to maintain organ 
perfusion and function

 3. Later hospital phase: wound care including burn wound 
closure operations, infection control, attenuation of 
hypermetabolism, maintaining organ function, and reha-
bilitation efforts

In this chapter, we focus on critical care components that 
have been shown to contribute to improved outcomes after 
burn. Prehospital and early management as well as fluid 
management will be discussed at length.

20.2  Early Hospital Phase

In the initial management, the therapeutic goal for burn 
patients is the prevention of organ failure, an effort that 
begins with adequate resuscitation [15–19]. Resuscitation 
and all current formulas are discussed in detail in another 
chapter in this book. However, resuscitation is also one of the 
key aspects of the early phase in critical care.

Once the burn patient is received by the accepting burn 
center, the patient usually is evaluated and treated in a room 
for wound cleaning and treatment (tubroom). This visit 
includes cleansing, an evaluation of burn wounds, possible 
escharotomies/fasciotomies, intubation including bronchos-
copy and a diagnosis of inhalation injury, the placement of 
arterial and venous access, the placement of a Foley catheter, 
early analgesia, and adequate dressing care. When these 
interventions are finished, the central element of critical care 
is the monitoring of vital signs and subsequent regulation of 
homeostasis. Monitoring can include:

• Invasive arterial blood pressure
• Noninvasive blood pressure (not recommended for large 

burns >40% TBSA)
• Urine output
• Central venous pressure
• Oxygen saturation and respiratory rate
• Blood gas with lactate
• Ventilation settings
• Invasive and noninvasive hemodynamic monitoring (i.e., 

cardiac output, cardiac index, stroke volume, stroke vol-
ume variation)

• Serum organ markers
• Central and peripheral tissue perfusion markers

20.2.1  Cardiovascular Management 
and Resuscitation

Immediately following injury, inflammatory shock media-
tors are released from the burned skin. These include hista-
mine, serotonin, bradykinin, nitric oxide, lipid peroxides, 
prostaglandins, derived oxygen and nitric oxide-free radi-
cals, thromboxane, cytokines (interleukins and TNF), and 
platelet aggregating factor with the subsequent coagulation 
cascade. Additionally, numerous mechanisms affect the 
endothelial cells, by these mechanisms the connections 
between these cells could become compromised and the 
proteins that make up those connections might be altered 
[20]. The response is proportional to the injury, and sys-
temic effects of these mediators will become obvious with 
burns exceeding 20–25% TBSA [21] though as little as 10% 
TBSA can induce edema in nonburned tissues. This phase 
lasts for 24–72 h and is characterized by increased vascular 
permeability, fluid shifts resulting in intravascular hypovo-
lemia, and the formation of edema. The massive histamine 
release will cause an early increase in the permeability of 
local and systemic capillaries, initiating a massive capillary 
leak enabling large molecules such as albumin to escape 
into the interstitial space. Serotonin and bradykinin will 
cause the persistence of this phenomenon during the first 
18–24  h. Due to the loss of plasma, a steep increase in 
hematocrit is observed.

The generalized edema after burns starts developing as 
soon as 2–4 h after injury and follows a biphasic pattern: an 
early rapid phase and a slower increase during the next 
12–36 h [22, 23]. A slow resolution of the increased perme-
ability will start between 8 and 12 h depending on the burn 
size. During this resolution phase, extravasated plasma pro-
teins and resuscitation fluids will remain sequestered in 
extravascular spaces of nonburned and burned soft tissue. 
Edema formation will exceed the capacity of the lymph ves-
sels to evacuate fluid. The rate of resorption from lymphatics 
is faster in partial-thickness rather than full-thickness burns. 
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The difference in rates of resorption is thought to be due to 
the destruction of lymphatics in full-thickness burns [24]. 
The speed of the edema progression will depend on the qual-
ity of the resuscitation: a rapid early delivery of large amounts 
of resuscitation fluids increases the edema formation and 
worsens the compromised local microcirculation, worsening 
ischemia in the injured tissues. In addition to the capillary 
leak, fluid losses can directly be attributed to the wound exu-
dates (1–2  L/10% TBSA during the first 24  h, decreasing 
thereafter until closure of the wound) and evaporation, and 
these losses include plasma proteins (30  g of protein/10% 
TBSA/day), minerals, and trace elements.

Burn shock is the result of the significant loss of fluids 
described as a combination of hypovolemic and distributive 
shock. A component of cardiogenic shock has also been rec-
ognized. Myocardial dysfunction after burns has been repeat-
edly demonstrated both in humans and animals. 
Neuroendocrine responses will contribute to the worsening 
of the hemodynamic condition by increasing cardiac after-
load due to the massive release of endogenous norepineph-
rine and epinephrine. This is further complicated by the 
decrease in preload due to the hypovolemic stage. Cardiac 
function is affected by mitochondrial burn-induced oxidative 
stress. Oxygen-free radicals and lipid peroxides play an 
important role. In burns over 40% TBSA cardiac intrinsic 
contractile defects are observed, which are only partially 
reversed by fluid resuscitation and antioxidants [25]. 
Troponin I increases in a large proportion of the patients with 
major burns, reflecting intrinsic tissue damage.

Resuscitation should aim to maintain organ perfusion 
through: urinary output of 0.5 mL/h, stabilization of the heart 
rate, maintenance of a mean arterial pressure (MAP) of 
≥60  mmHg; normal lactate and base excess levels. These 
parameters will generally reflect the patient’s resuscitation 
status [3, 26, 27]. The majority of burn surgeons use the 
Parkland formula for the initial resuscitation [17]. A com-
puter decision support system (Burn Resuscitation Decision 
Support System) was developed in an effort to guide resusci-
tation based on hourly urine output. Its use has been associ-
ated with a reduction in crystalloid volume used, ventilator 
days, and mortality, and with an increase in the frequency of 
urine output within the target range [28, 29].

Inadequate resuscitation, either under- or over- 
resuscitation (Table 20.1), can have deleterious effects on the 
patient. Over-resuscitation is associated with significant gen-
eralized edema resulting in respiratory failure, abdominal 
compartment syndrome, and ocular and extremity compart-
ment syndromes.

The continuous monitoring of the arterial blood pressure 
ensures adequate organ perfusion and is a key aspect in the 
initial post-burn phase. In burns over 40% TBSA, invasive 
monitoring may be required. Chronic hypertensive patients 
may benefit from a greater MAP, which can vary. The most 

common problem during the first 24–48 h after burn is hypo-
tension with very few patients having hypertension. Adequate 
MAP and organ perfusion can be achieved by:

• Adequate fluid resuscitation (e.g., Parkland 4  cc/kg/m2 
burn of Ringer’s lactate)

• Albumin substitution after 8–12 h after burn if initial fluid 
resuscitation fails (5% albumin 75–125 cc/h)

• Transfusion of packed red blood cells
• Dobutamine if low cardiac index (0.5–1 μg/kg/min)
• Norepinephrine or epinephrine in cases of fluid-resistant 

hypotension
• Vasopressin in refractory distributive shock (up to 

0.03 units/min)

If a patient is hypertensive (systolic > 200 mmHg or dia-
stolic > 120 mmHg) and has signs of over-resuscitation, the 
recommendation is to decrease the vasopressors, decrease 
fluids, and decrease albumin in stages until target MAP is 
achieved. If the patient is not on vasopressors, inotropes, and 
hypertensives, recommendations are:

• Nitroprusside (up to 10 μg/kg/min)
• Labetalol (10–20 mg)
• Nicardipine (5 mg/h)

In patients with associated trauma and altered mental sta-
tus that exhibit unexplained early arterial hypertension, the 
presence of traumatic brain injury should be considered.

Rates of infusion during resuscitation tend to be attenu-
ated following hour 13 after injury. Even when comparing 
different resuscitation strategies, Salinas et al. showed a sus-
tained increase in urine output after the 12 h mark [28]. This 
effect, might be secondary to a relative and progressive myo-
cardial recovery. After 24–48  h, the patients generally 
become spontaneously hyperdynamic and the fluid delivery 

Table 20.1 Assessment of resuscitation

Under-resuscitation Over-resuscitation
Oliguria < 0.3 mL/kg/h Polyuria > 1.0 mL/kg/h
Hemoglobin > 18 g/dL 
(Hct > 55%)

Decreasing PaO2/FiO2, 
→pulmonary edema

Sodium > 145 mEq/L Increasing pulmonary artery wedge 
pressure, central venous pressure 
(CVP)

Cardiac index < 2 L/min/m2 Rapidly increasing cutaneous 
edema

Mixed venous oxygen 
saturation (SvO2) < 55%

Fluid delivery > Ivy index (fluid 
delivery > 250 mL/Kg body weight) 
[30]

Plasma lactate > 2 mmol/L 
or increasing

Intra-abdominal hypertension

Base deficit < −5 mmol/L or 
decreasing

Compartment syndrome
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should be drastically reduced to about 30–40% of that 
infused during the first 24 h. As the microvasculature starts 
to seal and peripheral blood flow is increased to the burned 
areas, the physiology shifts to a decreased vascular permea-
bility, increased heart rate, and decreased peripheral vascular 
resistance resulting in an increase in cardiac output. The 
patients’ metabolic rate is increased to nearly three times that 
of their basal metabolic rate [31].

20.2.1.1  Crystalloids
Adequate resuscitation is a key element of early burn criti-
cal care [15–19]. Maintenance of organ perfusion during 
burn shock depends upon the restoration of intravascular 
volume. The principles of burn fluid resuscitation were 
developed in the early 1950s. The most common algo-
rithm, the Parkland formula, calculates a total volume of 
crystalloid to be given over the first 24  h according to 
4 mL × weight (kg) × TBSA (%) [15, 17, 27, 32, 33]. Drs. 
Baxter and Shires published their seminal article in 1968 
after experiments on animal models followed by their 
early experience with burn patients. They used animal 
models to determine direct extracellular fluid volume 
changes in the early post-burn period. Subsequently, 11 
patients were treated experimentally with the volumes 
estimated by the experimental burns. They proposed that 
in the first 24  h post-burn, hemodynamics appear to be 
closely in correlation with functional extracellular fluid 
volume maintenance but unrelated to volume thereafter. 
Even in this early work, significant changes in cardiac out-
put were noticed in burn subjects [34].

In accordance with the American Burn Association, the 
resuscitation formula is only to be used as a guideline for 
resuscitation in burn shock [16–18, 26, 33]. The endpoints 
(urine output of 0.5 cc/kg/h, MAP > 60) which traditionally 
had been used for fluid resuscitation are not always adequate. 
With the advent of goal-directed therapy (base deficit, lac-
tate, cardiac index and/or output, and stroke volume varia-
tion) [15, 27, 32, 33, 35, 36], it has become apparent that 
traditional formulas may inadequately estimate fluid require-
ments. The Parkland formula is deficient in calculating the 

fluid requirements for resuscitation in patients with: a large 
burn size, deeper burns, an inhalation injury, delays in resus-
citation, current alcohol or drug use, and an electrical injury, 
leading to inadequate/inappropriate resuscitation.

Patients with severe burns and electrical injuries receive 
far greater crystalloid volumes than predicted, resulting in 
“fluid creep” [16, 17, 27, 36, 37] with its inherent complica-
tions such as: pulmonary edema, pleural effusions, pericar-
dial effusions, abdominal compartment syndrome, extremity 
compartment syndrome, and the conversion of burns to 
deeper wounds. In addition, increasing the fluid administra-
tion in burned patients significantly increases the risk of 
developing acute respiratory distress syndrome (ARDS), 
pneumonia, bloodstream infections, multiorgan failure, and 
death [26]. Given the risk of abdominal compartment syn-
drome with large burns and its dire consequences, intra- 
abdominal pressure monitoring is therefore recommended in 
burns involving more than 30% TBSA [30].

The selection of crystalloid for resuscitation has been 
debated extensively. Exudates and edema fluid are known to 
be isotonic, containing the same amounts of electrolytes and 
protein as plasma. Whatever the formula, the fluid used must 
contain sodium in sufficient concentration to deliver about 
0.5 mmol/kg/%TBSA by 48 h to prevent water intoxication 
associated with hypotonic fluids. Ringer’s lactate solution is 
a common option. However, the use of other alternatives is 
acceptable. The use of normal saline can induce acidemia 
due to the disassociation of ions of sodium and chloride in 
the solution, further exacerbating the acidosis associated 
with burn injury. Hypertonic saline has been associated with 
hypernatremia, renal failure, and mortality when used in 
burn resuscitation.

By day 3, the interstitial fluids that have accumulated dur-
ing the first 24–48 h start to mobilize and be excreted. This 
might be augmented by active stimulation of diuresis using 
loop diuretics, sometimes in combination with an aldoste-
rone antagonist.

As the resuscitation phase approaches an end, it becomes 
important to determine the total daily maintenance fluid 
requirement, which can be calculated by:

 
Basal Fluid mL BSA m Evaporative Water Loss TBSA( ) ( %1500 252´ +] [ + (( )( ùû´ éë ùû´éë )BSA m h2 24

However, calculated fluid balances are difficult to calcu-
late, as they do not account the exact amount of exudative 
losses through the burn wounds (about 0.5–1.0  L/10% 
TBSA/day). The condition may be complicated by the use of 
fluidized or air beds, which cause an even greater loss of free 
water.

20.2.1.2  Colloids
The use of albumin in burn patients is not well defined and to 
date no prospective randomized trial in burn patients shows 
an advantage or disadvantage of albumin administration for 
burn resuscitation, maintenance, or burn infection/sepsis 
[17, 38]. The use of albumin and its timing is controversial. 
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Many burn care providers believe that albumin has a positive 
effect in the case of burn resuscitation as a rescue modality. 
The use of colloids reduces the amounts of total fluids 
administered, decreasing the risks of over-resuscitation and 
consequently decreasing the risk of intra-abdominal com-
partment syndrome. The use of albumin has been related to 
decreased mortality and a decreased incidence of extremity 
compartment syndrome and renal failure [39–41]. Huzar 
et al. has proposed the use of thrombelastography (TEG) to 
predict patients who will require supranormal resuscitation. 
The risks of over-resuscitation have been described else-
where in this chapter but the early identification of these 
patients might prompt an earlier use of colloids [42].

To the contrary, Cochrane systematic reviews show no 
benefit in mortality with colloids over crystalloids alone. No 
difference in outcomes was seen among the many colloid 
solutions; moreover, the use of hydroxyethyl starch might 
increase mortality [43, 44]. The use of TEG and thrombo-
elastometry (ROTEM) can aid in the decision of which col-
loid to use, and fresh frozen plasma (FFP) could be favored 
in patients with a concurrent hypocoagulable state [42]. The 
use of FFP is associated with transfusion-associated lung 
injury and anaphylaxis. Since colloids are substantially more 
expensive than crystalloids and might have potentially fatal 
complications, their use should be individualized. In patients 
with comorbidities sensitive to fluid changes, such as renal 
or cardiac insufficiency, the use of colloids is justified. Some 
have proposed the protocolized use of albumin in patients 
with hypoalbuminemia (<2.0  g/dL) or in those for whom 
resuscitation is failing [45].

20.2.1.3  Transfusion
Transfusion guidelines are currently under investigation. 
Transfusion requirements should be aligned with a patient’s 
operative plan and rehabilitation efforts. If significant burn 
excision is planned, the patient ought to be optimized and a 
low starting hemoglobin concentration is not recommended. 
During the rehabilitation phase, anemia can compromise 
activity levels. The results of delayed or impaired rehabilita-
tion are not inconsequential in this patient group [46].

A target level of at least 7  g/dL is reasonable, but if a 
patient is premorbid with impaired cardiac function or poor 
oxygen delivery, we consider reaching hemoglobin levels of 
8 mg/dL. A recent prospective randomized multicenter trial 
contrasted a liberal transfusion strategy with a restrictive 
modality and found that with a restrictive approach, the 
blood product utilization halved. Major outcomes evaluated, 
such as bloodstream infection, mortality, and organ dysfunc-
tion, were not worse than the liberal strategy [47].

20.2.1.4  Vasopressors/Inotropes
Vasopressors or inotropes can be used when indicated in dif-
ficult to resuscitate patients. Usually during the first 8–12 h, 

vasopressors should be avoided as vasoconstriction can have 
adverse effects. The evidence in favor of using one vasopres-
sor or a combination over others is scarce in the literature and 
continues to be debated. Titration is usually dependent on 
mean arterial pressure with a goal of greater than 60 mmHg, 
though even this can be debated. Normal filling pressures 
should not be an objective, as this strategy causes over-resus-
citation and its multitude of subsequent complications. A 
study by Evans et al., based on an animal model, showed that 
the potency of α-adrenergic receptor agonists to increase 
mean arterial pressure within 24 h after burn is reduced, and 
the potency and efficacy of a vasopressin receptor agonists 
are increased. Severe burn sensitizes intrinsic vasopressin 
receptor reactivity in resistance arteries. While this data might 
assist in selecting a vasopressor drug, it is unknown if early 
use of vasopressors will positively impact outcomes [48].

Dobutamine as an inotrope can improve cardiac function 
if cardiac output or cardiac index is low (<3). The classic 
vasopressors, epinephrine and norepinephrine, should be 
used with caution. Vasopressin is currently being studied in 
various trials, and we await the results. In the critical care 
population, vasopressin did not improve outcomes compared 
to catecholamines. In addition, there are case reports that 
show no benefit with vasopressin but an increased incidence 
of adverse effects, which is usually associated with high 
doses of vasopressin (>2.4  IU). However, it appears that 
doses between 1.2 IU and 2.4 IU are relatively safe and can 
improve blood pressure to meet goals. The use of vasopres-
sin as a second-line agent has also been suggested. Dopamine, 
another inotropic agent, is used by some but generally is not 
widely used in burns.

20.2.2  Invasive and Noninvasive Monitoring

Monitoring of vital signs and other measures in large burns 
is crucial. Resuscitation endpoints, including clinical, hemo-
dynamic, and biochemical parameters, might improve out-
comes of resuscitation. The exclusive use of formulas can be 
misleading as fluid requirements can be impacted by other 
factors such as burn depth, inhalation injury, associated inju-
ries, age, a delay in resuscitation, escharotomies/fascioto-
mies, and the use of alcohol or drugs [16].

Another study evaluating base deficit and lactate levels 
during burn resuscitation confirmed increased mortality with 
increased base deficit and lactate derangement. The study 
authors noted that the normalization of base deficit within 
24 h after burn correlated with improved outcomes compared 
to patients with prolonged elevated base deficit [49]. These 
findings have been corroborated in other studies in burned 
patients [50, 51]. Therefore, increased tissue hypoxia may 
represent under-resuscitation and result in increased organ 
dysfunction and higher mortality.
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Pulse contour analysis is based on the shape of the arterial 
waveform from either a femoral or radial arterial catheter. 
Prospective data regarding pulse contour analysis in burn 
patients are currently lacking. Transesophageal echocardiog-
raphy, partial carbon dioxide rebreathing, and impedance 
electrocardiography are some of the other methods used to 
determine cardiac output. Tissue perfusion monitors, such as 
gastric tonometers and subcutaneous devices, have been 
tested without substantial clinical application.

Cardiovascular monitoring requirements will depend on 
the extent of injury and the presence of inhalation injury. 
Volume status and cardiac performance are especially diffi-
cult to evaluate in the burned victim. In particular, burned 
extremities may impede the ability to obtain a blood pressure 
reading by a sphygmomanometer (blood pressure cuff). 
Generally, in cases with burns over 20% TBSA an arterial 
catheter will be used for blood pressure monitoring, in those 
patients who are intubated due to inhalation injury or airway 
protection. Blood gas determinations will, in addition, enable 
the monitoring of arterial lactate and the evolution of acid- 
base status. With increasing severity of burns and in patients 
over 60 years, information about cardiac output becomes 
more valuable.

Hemodynamic findings in early invasive cardiovascular 
monitoring will be variable. Massive burns are generally 
associated with cardiogenic shock even in the youngest 
patients and will invariably be present in the elderly during 
the early phase. The etiology includes increased afterload 
caused by high levels of stress hormones, direct depression 
of the myocardium by cytokines, lipoperoxides, intravascu-
lar hypovolemia with low preload, and vasoplegia [25, 52].

Pulmonary catheters may be used in patients with mas-
sive burns and major cardiopulmonary comorbidities. 
Invasive hemodynamic monitoring via a pulmonary artery 
catheter allows the direct and continuous measurement of 
central venous pressure (CVP), pulmonary capillary wedge 
pressure, cardiac output, systemic vascular resistance, 
oxygen delivery, and oxygen consumption. Pulmonary 
artery catheter- guided therapy has been studied most 
extensively in trauma and critically ill surgical patients. 
Hemodynamic data derived from the pulmonary artery 
catheters appears to be beneficial to ascertain cardiovascu-
lar performance in certain situations (inadequate noninva-
sive monitoring, difficulty in defining endpoints of 
resuscitation). The cardiac output and cardiac index are 
useful in determining cardiac sufficiency. Pulmonary cap-
illary wedge pressure and systemic vascular resistance are 
markers of volume status and shock. Potential complica-
tions of pulmonary artery catheter placement include 
arrhythmias, blood clots, and blood vessel damage. 
However, the general practicability, risk-benefit ratio, and 
lack of mortality reduction when using a pulmonary artery 
catheter have been widely criticized. At the moment, there 

are no studies in burned patients to provide evidence-based 
recommendations. In order to overcome the disadvantages 
of the pulmonary artery catheters, less invasive techniques 
have been developed.

A novel approach for burn patients has been the use of 
thermodilution catheters to determine cardiac function, 
resistance, and lung water [18, 53, 54]. The use of these cath-
eters may enable focused and algorithm-driven therapy that 
may improve the resuscitation phase, but currently, only a 
few small studies have been published, which does not allow 
major conclusions to be drawn; these catheters however do 
show promise for optimizing resuscitation [18].

Transpulmonary thermodilution can provide similar 
information to a pulmonary artery catheter, with the use of a 
central line and an arterial line. With transpulmonary ther-
modilution (TPTD), a cold saline bolus is injected into the 
central venous circulation, and the subsequent change in 
blood temperature is measured by a thermistor-tipped arte-
rial catheter. This is connected to a commercially available 
device (PiCCO) that calculates flows and volumes from the 
dilution curves. In addition to cardiac output and systemic 
vascular resistance measurement, TPTD allows an estima-
tion of global end-diastolic volume and intrathoracic blood 
volume, both of which are indicators of cardiac preload, and 
extravascular lung water, a marker of pulmonary edema. The 
use of TPTD goal-directed therapy based on intrathoracic 
blood volume and extravascular lung water measurements in 
critically ill patients has been studied in various prospective 
trials and shows promising results. The evidence for the use 
of TPTD is contradictory but the obtained data are reproduc-
ible and have a reasonable correlation with data obtained 
from pulmonary artery catheters [54].

The following algorithm (Fig. 20.1) has been used to opti-
mize fluid resuscitation and cardiac performance in the acute 
setting as well as during the ICU stay [18]:

Other methods, such as pulse contour analysis and trans-
esophageal echocardiography (TEE), are alternatives for 
determining hemodynamic parameters [55], while subcuta-
neous gas tension and gastric tonometry have been used as 
markers of resuscitation.

20.2.2.1  Urine Output
Hourly urine output (UOP) continues to be the most com-
monly used endpoint for resuscitation. We have limited evi-
dence that other methods, more invasive or more expensive, 
can result in better outcomes [56].

Urinary output in the acute phase of a burn is indicative of 
adequate organ perfusion and its suggested target is 0.5–
1.0 mL/kg/h. In children, urine output is targeted to 1 mL/
kg/h. Certain situations, including electrical or crush injury 
with associated rhabdomyolysis, merit additional monitoring 
and fluid loading [46]. However, urine output is not always 
an adequate indicator and can be affected by the burn itself, 
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infusion of antioxidants during resuscitation, cardiac or renal 
comorbidities, and central or peripheral renal insufficiency.

20.2.2.2  Central Venous Pressure
CVP is a rough marker for preload and hence filling of the 
patient. CVP should be measured correctly at the level of the 
heart with a subclavian or jugular line in place. The range of 
an adequate CVP in burned adults is 4–8  mmHg, and 
2–6 mmHg in burned children. The use of CVP as an end-
point for resuscitation has been challenged as it can be highly 
influenced by external or abdominal pressures, limiting its 
reliability to monitor intravascular volume [57].

20.2.3  Intra-abdominal Hypertension 
and Abdominal Compartment 
Syndrome

With overenthusiastic fluid delivery, increasing intra- 
abdominal pressures (IAP) and consequently abdominal 
compartment syndrome (ACS) becomes a matter of concern 
in both adult and pediatric burn patients [30, 58]. The Ivy 
index (250  mL/kg fluid resuscitation) is a cut-off value 
beyond which trouble is nearly certain [30].

Large volume resuscitation, restricted wall compliance 
due to burn eschar, and a systemic inflammatory response 
syndrome resulting in intestinal edema can increase IAP. An 
intra-abdominal pressure greater than 12  mmHg is called 
intra-abdominal hypertension, as long as it is not associated 
with organ failure. Abdominal compartment syndrome is 
characterized by new organ failure secondary to intra- 
abdominal pressure with a pressure over 20 mmHg. Intra- 
abdominal pressure monitoring is useful for a TBSA of 
>30%. Burned patients with a TBSA over 40% are at higher 
risk of developing abdominal compartment syndrome, as the 
systemic inflammatory effect is proportional to the burn size, 
as well as to the fluid resuscitation to ensure end-organ per-
fusion. In high-risk patients, the intra-abdominal pressure 
should be measured every 6 h, or hourly in patients with an 

Ivy index over 200 mL/kg [59]. Significant morbidity/mor-
tality is associated with the presence of intra-abdominal 
hypertension and abdominal compartment syndrome; 
reported mortality can be as high as 75%. An increase in 
pressure can have consequences in extra-abdominal organs 
such as decreased cardiac preload resulting in reduced car-
diac output. Further, decreased intrathoracic volume limits 
physiologic lung function (resulting in hypoventilation and 
hypoxia), and a decrease in renal and splanchnic blood flow 
results in further ischemia and edema [60]. Abdominal pres-
sure should be controlled by judicious diuresis, inotropic 
support, positive pressure ventilation, gastric and rectal 
decompression, sedation, analgesia, and neuromuscular 
blockade. Continuous renal replacement therapy (CRRT) is a 
more aggressive option. If the abdomen is burned, checker-
board escharatomies need to be performed (Fig. 20.2). When 
other measures have failed, a decompressive laparotomy is 
indicated.

20.2.4  Respiration

Respiratory rate, respiratory effort, breath sounds, and skin 
color reflect oxygenation and provide objective measure-
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ments of breathing. A respiratory rate of less than 10 or 
greater than 30 is a sign of impending respiratory failure. 
The use of accessory muscles, manifested by supraclavicu-
lar, intercostal, subcostal, or sternal retractions, as well as the 
presence of grunting or nasal flaring, are signs of increased 
work of breathing. Auscultation of breath sounds provides a 
clinical determination of tidal volume. Skin color deterio-
rates from pink, to pale, to mottled, to blue as hypoxemia 
progresses. These signs must be followed from the primary 
survey to avoid respiratory failure. Patients with probable 
respiratory failure should receive rapid, aggressive, and 
definitive airway management. There are a number of 
 indications for intubation (Table 20.2) [3, 5]: Oral intubation 
with the largest appropriate endotracheal tube is the pre-
ferred method for obtaining airway access and should be 
accomplished early if impending respiratory failure or venti-
latory obstruction is anticipated. In children, the signs of 
impending airway obstruction might be obscure. A high level 
of suspicion is indicated to prevent negative outcomes. In 
this population, if cuffed endotracheal tubes are going to be 
used, data have suggested that a small air leak should be 
maintained to prevent the development of tracheo-esopha-
geal fistula [62].

Effective gas exchange should be determined in an arte-
rial blood gas analysis. Oxygen saturation should be over 
85%. The respiratory rate should be 8–20  in adults and 
14–38 in children.

20.2.4.1  Ventilation Settings
Detailed descriptions of the different ventilation modes are 
beyond the scope of this text. In short, positive end- expiratory 
pressure (PEEP) is useful in supporting oxygenation. The 
level of PEEP required should be established by empirical 
trials and reevaluated on a regular basis. PEEP levels should 
start at 5 cm H2O and be increased in 2–3 cm increments. 
PEEP trials should be done to optimize oxygenation and car-
diac output. The effectiveness of continuous positive airway 
pressure or PEEP is related to the surface tension abnormali-
ties and the marked tendency for atelectasis in these patients.

Pressure control ventilation with permissive hypercapnia 
is the current preferred method of treatment for ventilated 
patients. In general, plateau pressures above 35 cm H2O are 

concerning but in conditions where there is a decreased chest 
wall compliance as in patients with extensive burns, greater 
ranges might be acceptable. To accomplish the goal of limit-
ing plateau pressures, pCO2 can be permitted to rise (permis-
sive hypercapnia) unless other contraindications exist that 
demand a more normal pCO2 or pH.

If pulmonary edema continues, the amount of PEEP and 
of oxygen should be elevated to maintain adequate gas 
exchange. Low-tidal volumes (5–8 mL/kg) with PEEP may 
be needed to improve oxygenation. In general, peak flow 
rates should be adjusted as needed to satisfy patient inspira-
tory demands. As for the inspiratory/expiratory (I:E) ratio, 
the inspiratory time should be long enough to deliver the 
tidal volume at flow rates that will not result in airway tur-
bulence and high peak airway pressures. The normal I:E 
ratio is 1:2. This may be adjusted to increase the ratio if 
oxygenation becomes difficult. With inspired oxygen con-
centration as a starting point and until the level of hypox-
emia is determined, a patient placed on a ventilator should 
receive an oxygen concentration of 100%. Decrease the 
FiO2 as ABG improves. Keep in mind that chest and abdom-
inal wall burns can result in poor compliance and high 
inspiratory pressures.

In efforts to choose a ventilation mode that is lung protec-
tive but at the same time appropriately oxygenates and venti-
lates, nonconventional modes are often used. A low-tidal 
volume strategy in burn patients with inhalation injury can 
be challenging as there is a restrictive and obstructive patho-
physiology. Chest wall eschar, edema, and bulky dressings as 
well as bronchospasm and debris-related bronchial obstruc-
tion contribute to this effect.

High-frequency percussive ventilation (HFPV) is a time- 
cycled, pressure-limited mode of ventilation that delivers 
sub-tidal volumes at high rates. Tidal volumes are deter-
mined by peak inspiratory pressure settings and volume pro-
vided by oscillatory function. The use of HFPV is typically 
restricted to a rescue modality for oxygenation failure 
although some have reported that use of this strategy as a 
primary mode for those with inhalation injury results in 
decreased use of rescue modes. It has been used in adult 
ARDS but its application in the burn/inhalation injury popu-
lation is limited. HFPV has demonstrated improved oxygen-
ation at lower peak airway pressures when compared to a 
low-stretch strategy. The percussive effect in HFPV is 
thought to facilitate the evacuation of airway debris and 
mucous plugs. In a randomized controlled trial, Chung et al. 
concluded that no significant difference between HFPV and 
low-tidal volume modes with respect to the lung protection 
provided with a decreased use of rescue modalities [63].

The experience with extracorporeal membrane oxygen-
ation (ECMO) for burn patients is scarce but it can be useful 
in selected cases that have failed other modes with refractory 
hypoxemia [64].

Table 20.2 Indications for intubation

PaO2 < 60 mmHg
PaCO2 > 50 mmHg (acutely)
P/F ratio < 200
Impending respiratory/ventilatory failure
Severe upper airway edema
Severe facial burn
Burns over 40% TBSA
Clinical signs of severe inhalation injury: edema, blisters, or 
ulceration during laryngoscopy
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An increased duration of mechanical ventilation is associ-
ated with worse outcomes, including a higher incidence of 
ventilation-associated pneumonia and mortality. Efforts 
should be made to discontinue mechanical ventilation as 
soon as it is safe (Table 20.3). However, premature extuba-
tion and subsequent reintubation have severe detrimental 
effects. In burns, extubation failure is associated with an 
extended duration of ventilation, ICU stay, and hospital 
length of stay. Mortality as well is affected by the outcomes 
of extubation [65].

20.2.4.2  Tracheostomy
Tracheostomy is safe in burn patients. The decision to per-
form one should be weighed with the timing of the grafting 
of the neck. There is no consensus on timing. Patients with 
major burns and significant inhalation injury will likely ben-
efit the most as they will undergo multiple surgical interven-
tions and lengthy mechanical ventilation. In patients with 
damage to the vocal cords secondary to the inhalation injury, 
tracheostomy should be considered to prevent further dam-
age to the vocal cords and airway.

20.2.5  Inhalation Injury

Inhalation injury is a significant confounder in burn injury, 
increasing morbidity and mortality. Of all major burns, 
approximately 20–30% are associated with a concomitant 
inhalation injury, with a mortality of 25–50% when patients 
undergo ventilatory support for more than 1 week after injury 
[3, 5, 66]. However, the incidence of inhalation injury is typi-
cally co-linear with burn size and severity, decreasing its use 
as a predictor of outcomes.

Inhalation injury can be classified into three types: ther-
mal injury (mostly limited to the upper airway), chemical 
injury of the respiratory tract and systemic toxicity due to 
metabolic asphyxiants, or a combination of these insults 
[67]. The severity of inhalation injury is directly proportional 
to early oxygenation challenges, complex hospitalization, 
increased fluid resuscitation requirements, ventilation 
demands, and mortality [68].

A significant portion of fire-related deaths result not from 
cutaneous burns, but from inhalation of the toxic products of 
combustion [33, 66, 69, 70]. Many of these compounds may 
act together, increasing mortality. This is especially true of 
carbon monoxide (CO) and hydrogen cyanide, where a syn-
ergism has been found that increases tissue hypoxia and aci-
dosis in addition to decreasing cerebral oxygen consumption 
and metabolism. Carbon monoxide levels higher than 
15–20% should be treated with 100% endotracheal oxygen. 
The use of hyperbaric oxygen is controversial and its avail-
ability is restricted [71].

Cyanide can be the result of the burning of many house-
hold products, especially those that contain cotton, wool, and 
nylon. Cyanide toxicity associated with inhalation injury 
remains a diagnostic dilemma, as markers for cyanide toxic-
ity (elevated blood lactate, elevated BD, or metabolic acido-
sis) can also represent under-resuscitation, associated 
trauma, CO poisoning, or hypoxia. Regardless, aggressive 
resuscitation and administration of 100% oxygen remains a 
mainstay of treatment. Controversy remains as to the need 
for specific antidotes in cyanide poisoning [72]. The use of 
hydroxocobalamin (a standard in prehospital care in some 
European centers) has not been as widely accepted in North 
America. A retrospective review conducted in a center in the 
United States determined that its use was associated with a 
lower rate of pneumonia, faster effective extubation, and a 
decrease in intensive care unit stay when compared with con-
trols [73]. There is minimal evidence for the role of cyanide 
antidotes in smoke inhalation injury; therefore, aggressive 
supportive therapy aimed at allowing for the hepatic clear-
ance of cyanide without specific antidotes should be the first 
line of treatment.

Other possible contributing toxic substances are hydrogen 
chloride (produced by polyvinyl chloride degradation), 
nitrogen oxide, and aldehydes, which can result in pulmo-
nary edema, chemical pneumonitis, or respiratory irritability. 
Direct thermal damage to the lung is seldom seen except as a 
result of high-pressure steam, which has 4000 times the heat- 
carrying capacity of dry air. Laryngeal reflexes and the effi-
ciency of heat dissipation in the upper airway prevent heat 
damage to the lung parenchyma.

The clinical course of patients with inhalation injury is 
divided into three stages:

• First stage: Acute pulmonary insufficiency. Patients with 
severe lung injuries show acute pulmonary insufficiency 
from 0 to 36 h after injury with asphyxia, carbon monox-
ide poisoning, bronchospasm, upper airway obstruction, 
and parenchymal damage.

• Second stage: Pulmonary edema. This second stage 
occurs in 5–30% of patients, usually from 6 to 72 h post 
burn and is associated with a high mortality rate.

Table 20.3 Extubation criteria

PaO2/FiO2 ratio > 250
Maximum inspiratory pressure > 60 cm H2O
Spontaneous tidal volume > 5–7 mL/kg
Spontaneous vital capacity > 15–20 mL/kg
Maximum voluntary ventilation > twice the minute volume
Cough peak flow > 60 L/min
None to moderate amount of secretions (suction frequency)
Audible leak around the endotracheal tube with deflated cuff
Adequate secretions management (cough/gag reflexes)
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• Third stage: Bronchopneumonia. This appears in 15–60% 
of these patients and has a reported mortality of 50–86%. 
Bronchopneumonia occurs typically 3–10 days after burn 
injury and is often associated with the expectoration of 
large mucus casts formed in the tracheobronchial tree. 
Early pneumonias are usually due to penicillin-resistant 
Staphylococcus species, whereas after 3–4 days, the 
change of flora on the burn wound is reflected in the 
appearance in the lung of Gram-negative species, espe-
cially Pseudomonas species.

The early detection of bronchopulmonary injury is criti-
cal in improving survival after a suspected inhalation injury. 
Clinical indicators and adjuncts include [33, 66, 74]:

• A history of exposure to smoke in a closed space
• Altered mental status (stuporous or unconscious patients)
• Facial burns, singed nasal vibrissae, bronchorrhea, sooty 

sputum, wheezing or rales on auscultation
• Laboratory findings of hypoxemia, elevated levels of car-

bon monoxide
• Chest X-ray findings. Can be an insensitive method 

because they may remain normal as long as 7 days post 
burn.

• Bronchoscopy. Should be the standard diagnostic method 
on every burn patient.

The most specific method to define parenchymal injury is 
133Xe lung scanning, which involves intravenous injection of 

radioactive xenon gas followed by serial chest scintiphoto-
grams. This technique identifies areas of air trapped due to 
partial or total obstruction of small airways by demonstrating 
areas of decreased alveolar gas washout. Fiberoptic bron-
choscopy remains the gold standard to establish the diagno-
sis of inhalation injury and to determine severity (Fig. 20.3). 
Inhalation injury can be graded using the scale by Endorf 
and Gamelli (Table 20.4) [70].

The treatment of the inhalation injury should be started 
immediately, with the administration of 100% oxygen via a 
face mask or nasal cannula. This serves to reverse the effects 
of carbon monoxide poisoning and aids in its clearance, as 
100% oxygen lowers its half-life time from 250 to less than 
50 min. The role of hyperbaric oxygen remains controversial 
although both physiological data and some randomized trial 
data suggest a potential benefit in terms of a reduction in cog-
nitive sequelae; hence, it has been included in the guidelines 
of the Undersea and Hyperbaric Medical Society [71, 76].

Several clinical studies have shown that pulmonary edema 
was not prevented by fluid restriction, as the interstitial fluid 
after thermal and inhalation injury is caused mainly by the 
inflammatory process [77]. Although overhydration could 
increase pulmonary edema, inadequate hydration increases 
the severity of pulmonary injury by the sequestration of 
polymorphonuclear cells and leads to increased mortality.

Prophylactic antibiotics for inhalation injury are not used, 
but are clearly indicated for documented lung infections. 
Empiric choices for treatment of pneumonias prior to culture 
results should include coverage of methicillin-resistant 

a b

Fig. 20.3 (a) Trachea with severe edema, erythema, and carbon soot deposition. (b) Formation of pseudomembrane [75]
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Staphylococcus aureus in the first few days after burn (these 
infections develop within the first week after burn) and of 
Gram-negative organisms (especially Pseudomonas or 
Klebsiella), which mostly occur after 1 week after burn. 
Systemic antibiotic regimes are based on serially monitored 
sputum cultures, bronchial washings, or transtracheal 
aspirates.

Inhalation injury results in airway obstructive casts, which 
are composed of mucus secretions, denuded airway epithe-
lial cells, inflammatory cells, and fibrin [11]. The presence of 
fibrin solidifies the airway content forming the firm cast that 
is hard to remove by a single cough or even by aggressive 
airway toilet. Therefore, prevention and dissolution of  airway 
fibrin deposition is crucial in effective airway management.

Inhalation injury is one of the most important predictors 
of morbidity and mortality in burn patients. When present, 
inhalation injury increases mortality up to 15 times [33, 66, 
72, 78]. Inhalation injury prompts endotracheal intubation, 
which in turn increases the incidence of pneumonia. 
Pneumonia can increase mortality in up to 60% in these 
patients. Patients usually recover full pulmonary function 
and late complications are not the rule. In patients who have 
been recently extubated, cough after swallowing might rep-
resent an early sign of a tracheo-esophageal fistula. Scarring 
of the airway can cause stenosis, rupture, and dysphonia, 
requiring voice therapy and occasionally surgery.

20.2.5.1  Pharmacological Management
The following are used to manage inhalation injuries:

• Bronchodilators (albuterol/salbutamol) for smooth mus-
cle relaxation and bronchospasm inhibition

• Muscarinic antagonists (tiotropium) to decrease airway 
pressures and mucus secretions

• Nebulized heparin to inhibit cast formation controlling 
fibrin creation
 – A systematic review in 2014 highlighted proof of the 

potential benefits of inhaled heparin and similar alter-
natives. Inhaled anticoagulation regimens in both pre-
clinical and clinical studies improve survival and 
decrease morbidity without altering systemic markers 
of clotting and anticoagulation. In some preclinical 
and clinical studies, inhaled anticoagulants were asso-
ciated with a favorable effect on survival [79]. A mul-
ticenter randomized controlled trial by Glas et al. [80] 
is currently underway to assess nebulized heparin ver-
sus placebo in inhalation injury, and it is expected to be 
completed by the end of 2017.

• Nebulized acetylcysteine, a mucolytic with anti- 
inflammatory properties that attenuates reactive oxygen 
species damage

• Nitric oxide to improve oxygenation
 – Nitric oxide has been used to improve oxygenation in 

treating hypoxic pulmonary vasoconstriction and to 
improve ventilation/perfusion mismatches and there-
fore tissue oxygenation. However, Enkhbaatar and col-
leagues have reported increased levels of nitric oxide 
in lung tissue secondary to inhalation injury and that 
the resultant loss of hypoxic vasoconstriction worsens 
ventilation-perfusion mismatch [81].

• Hypertonic saline to induce effective coughing
• Nebulized racemic epinephrine, which has been shown to 

be safe to use with no significant resultant hemodynamic 
changes. It reduces mucosal edema and produces bron-
chodilation [82].

• Inhaled epoprosprostenol, which is used mainly in ARDS 
and decreases pulmonary artery pressure, produces vaso-
dilation, and inhibits platelet aggregation. It results in 
decreased ventilation-perfusion mismatch [83].

• Corticosteroids are contraindicated. The theoretical ben-
efits of corticosteroid therapy include a reduction in 
mucosal edema, reduced bronchospasm, and the mainte-
nance of surfactant function. However, in several animal 
and clinical studies, mortality increased with the adminis-
tration of corticosteroids, and bronchopneumonia showed 
more extensive abscess formation.

20.2.6  Immune Response and Inflammation

The inflammatory response constitutes an organized defense 
mechanism aimed at protecting the body from further dam-
age, restoring homeostasis, and promoting wound repair. 
This includes a local reaction to injury, a systemic response, 
massive cytokine production, immune and endocrine 
changes, increased protein catabolism, and the rearrange-

Table 20.4 Inhalation injury scale

Grade 0 (no injury)
Absence of carbonaceous deposits, erythema, edema, bronchorrhea, 
and obstruction
Grade I (mild injury)
Minor or patchy areas of erythema, carbonaceous deposits in 
proximal or distal bronchi (any one of these or a combination)
Grade II (moderate injury)
Moderate degree of erythema, carbonaceous deposits, bronchorrhea
with or without compromise of the bronchi (any one of these or a 
combination)
Grade III (severe injury)
Severe inflammation with friability, copious carbonaceous deposits, 
bronchorrhea, bronchial obstruction (any one of these or a 
combination)
Grade IV (massive injury)
Evidence of mucosal sloughing, necrosis, endoluminal obliteration 
(any one of these or a combination)
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ment of hepatic synthesis priorities. Cytokine production is 
strongly enhanced after major burns, and the balance between 
pro-inflammatory and anti-inflammatory mediators in acute 
injury is lost [84]; the phenomenon further increases infec-
tious complications. The intensity of this reaction is corre-
lated with mortality [85, 86]. Although inflammation is 
perceived as beneficial, its persistence for long periods of 
time can cause various derangements in the normal physiol-
ogy. These metabolic and inflammatory changes can persist 
for up to 3 years. The changes can result in insulin resistance, 
increased fracture risk, growth and development retardation, 
increased cardiac work and cardiac dysfunction develop-
ment, impaired strength and muscle function, hormonal 
abnormalities, and an increased risk for infections and  sepsis. 
All the aforementioned can lead to organ dysfunction and 
failure, possibly resulting in mortality for the patient [87].

In healthy subjects, the endogenous antioxidant defense 
mechanisms are sufficient to cope with moderate free radical 
overproduction. In major burns, these defenses are over-
whelmed, leaving space for the deleterious effects of reactive 
oxygen species, with proximity oxidation of nucleotides, 
proteins, and lipids. The endogenous antioxidant defenses 
become acutely depleted by the massive production of reac-
tive oxygen species derived from both oxygen and nitric 
oxide.

The pro-inflammatory cytokines (particularly IL-6) are 
responsible for the redistribution of micronutrients (includ-
ing those with antioxidant properties) from the circulating 
compartment to tissues and organs with high synthetic and 
cell replication activity.

20.2.7  Serum Organ Markers

Baseline measures of organ function from the initial phase 
after injury throughout ICU and hospital stay are highly use-
ful. The most feasible measures are serum markers of organ 
function or dysfunction/damage [5].

• Cardiac markers: troponin, A- and B-natriuretic peptide, 
CK

• Liver: AST, ALT, bili, ALKP
• Pancreas: amylase, lipase
• Kidney: BUN, creatinine
• Hematology: CBC including coagulation, differential 

including bands
• Hormonal: cortisol including ACTH challenge, thyroid 

axis, GnRH

For longitudinal observation, it is recommended to obtain 
admission values and measures values once or twice per 
week.

20.3  Late Hospital Phase

The later phase includes performing critical practices to 
maintain organ function, control infection and sepsis, and 
alleviate hypermetabolism. This section will focus on main-
taining organ function and on the complications of long-term 
ICU sequelae, as infection and sepsis and hypermetabolism 
are discussed in detail in later chapters.

20.3.1  Central Nervous System

Anoxic brain injury was a leading cause of death in burn 
patients, which has been replaced by sepsis and multiple 
organ failure [14]. Adequate resuscitation and early intuba-
tion have improved mortality in burn patients [19, 33]. 
However, neurological disturbances are commonly observed 
in such patients. The possibility of cerebral edema and raised 
intracranial pressure must be considered during the early 
fluid resuscitation phase, especially in the case of associated 
brain injury or high voltage electrical injury. The inhalation 
of neurotoxic chemicals, of carbon monoxide, or hypoxic 
encephalopathy may adversely affect the central nervous 
system [33, 66, 69, 72]. Other factors include hypo-/hyper-
natremia, hypovolemic shock, sepsis, antibiotic overdosage 
(e.g., penicillin), and possible oversedation or withdrawal 
effects from sedative drugs. If increased intracranial pressure 
is suspected, neurosurgery consultation needs to be consid-
ered and intracranial pressure monitoring and therapy 
initiated.

In general, severe burn injury is associated with nonspe-
cific atrophy of the brain that normally resolves over time, 
and no intervention is needed. Hung et  al. suggested that 
burned patients have a higher risk of ischemic stroke that 
persists for more than 1 year after injury [88].

20.3.1.1  Pain, Sedation, and Delirium
Pain and anxiety will generally require rather large doses of 
opioids and sedatives (benzodiazepines mainly). Continuous 
infusion regimens will generally be successful in maintain-
ing pain within acceptable ranges. Sedation and analgesia 
should be assessed frequently. In the case of analgesia, for 
patients with intact communication skills, self-reporting 
scales are preferred. If the patient has a limited ability to use 
a self-reporting numeric rating scale (NRS), scales like the 
Behavioral Pain Scale (BPS) and Critical Care Pain 
Assessment Tool (CPOT) are available. Sedatives can be tar-
geted using appropriate scores on the Richmond Agitation 
Sedation Scale (RASS) or Riker Sedation Agitation Scale 
scores (SAS). Thus, the sequelae associated with overseda-
tion and opioid creep are prevented, namely fluid creep and 
effects on the central and peripheral cardiovascular system 
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[37]. Consideration should be given to the use of NMDA 
receptor antagonists, such as ketamine or gabapentin, which 
have important opioid-sparing effects in order to decrease 
the need for opioids and benzodiazepines [3, 5]. Multimodal 
pain management combining a long-acting opioid for back-
ground pain, a short-acting opioid for procedures, an anxio-
lytic, an NSAID, acetaminophen, and gabapentin for 
neuropathic pain control [3, 5] targeted to the Riker Sedation 
Agitation Scale and SAS scores and Behavioral Pain Scale 
scores should provide adequate analgesia and sedation.

Delirium is commonplace in mechanically ventilated 
patients and patients with prolonged hospital stays. Its pres-
ence results in longer hospitalization and increased mortality 
and costs. Patients can experience long-term cognitive 
impairment. Patients should be monitored for delirium fre-
quently using the Confusion Assessment Method for ICU 
(CAM-ICU) or the Intensive Care Delirium Screening 
Checklist. Methods to prevent and treat delirium include 
early mobility and rehabilitation, sleep hygiene, adequate 
oxygenation, and the limited use of benzodiazepines.

20.3.1.2  Intensive Care Unit-Acquired 
Weakness

Survival and organ function have been the main outcome 
measures for burn patients; however, recently long-term out-
comes have been the focus of burn care providers. Long-term 
outcomes include those of the peripheral nervous system and 
muscular system, derangements of which can manifest as 
neuromyopathy. In the burn population, the incidence of 
neuromyopathy is approximately 2–29%. Frequently, the 
first sign can be difficulty weaning the patient off mechanical 
ventilation [89]. The importance of positioning and the pre-
vention of peripheral nerve compression is well known and 
ingrained in the daily practices of most critical care units. 
The main risk factors for neuropathy include multiple organ 
failure, muscular inactivity, prolonged periods of ventilation, 
hyperglycemia, and the use of corticosteroids and neuromus-
cular blockers. In a recent publication by de Jonghe et  al. 
[90], early identification and treatment of conditions leading 
to multiple organ failure (especially sepsis and septic shock), 
avoiding unnecessary deep sedation and excessive hypergly-
cemia, promoting early mobilization, and weighing the risk 
and benefits of corticosteroids might reduce the incidence 
and severity of ICU-acquired weakness.

20.3.1.3  Thermal Regulation
Temperature regulation is altered with a “resetting” of the 
hypothalamic temperature above normal values [91–93]. The 
teleological advantage of maintaining an elevated core tem-
perature following burn injury is not fully understood, but 
major burns destroy the insulating properties of the skin, 
while the patients strive for a temperature of 38.0–
38.5  °C.  Moreover, grafted skin has an impaired sweat 

response and cutaneous vasodilation, which persists to up to 
8 years [94]. Sometimes, it is difficult to differentiate 
between elevated temperatures due to a central reset or due 
to other causes such as infection or fever. Cultures become 
useful if temperatures are persistently over 39 °C.

Catecholamine production contributes to changes associ-
ated with several cytokines, including interleukin-1 and 
interleukin-6. Any attempt to lower the basal temperature by 
external means will result in augmented heat loss, thus 
increasing the metabolic rate. The ambient temperature 
should be maintained between 28 and 33 °C to limit heat loss 
and the subsequent hypermetabolic response [4]. The meta-
bolic rate is increased as a consequence of several factors 
such as the catecholamine burst, the thermal effects of pro- 
inflammatory cytokines, and evaporative losses from the 
wounds, which consumes energy, causing further heat loss. 
Evaporation causes extensive fluid loss from wounds, 
approximating 3750 mL/m2/%TBSA burns [3, 5]. Every liter 
of evaporated fluid corresponds to a caloric expenditure of 
about 600 kcal.

Besides hyperthermia, another very important contributor 
to poor outcomes is hypothermia. Burn patients frequently 
experience hypothermia (defined as a core temperature 
below 35 °C) on admission, in the ICU, during operations, 
and during sepsis [3, 5]. Time to recover from hypothermia 
has been shown to be predictive of outcomes in adults, with 
time to revert to normothermia being longer in non- survivors. 
Considering that hypothermia favors infections and delays 
wound healing, the maintenance of perioperative normother-
mia is of utmost importance. Tools for doing so include 
warming the ambient room temperature, intravenous fluid 
warming systems, and warming blankets. The temperature of 
the bed should be set at 38 ± 0.5 °C. However, this is contra-
indicated in the febrile patient, as it complicates fluid therapy 
due to largely unpredictable free water losses, and respira-
tory management due to the supine position. The patient may 
benefit from an additional 1–4 L of free water per day (as 
D5W IV or enteral free water) to prevent dehydration. These 
additional requirements are difficult to assess in the absence 
of bed-integrated weight scales.

20.3.2  Heart

Critically ill patients, including burn patients, are at a higher 
risk of developing in-hospital cardiac events, explained by 
the increased cardiac demand due to the injury burden and a 
hypermetabolic state. The adrenergic surge can trigger car-
diac disturbances [95]. The burn population is unique as a 
consequence of the in-volume and electrolyte shifts. 
Arrhythmias are among the most common complications 
[96]. The resultant cardiomyopathy can require the use of 
inotrope therapy for maintaining end-organ perfusion.
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Another complication that can occur is cardiac ischemia. 
Ischemic events can lead to a manifest heart or to temporary 
cardiac ischemia. If a myocardial infarction occurs, 
Cardiology consultation is especially beneficial if procedural 
intervention is required.

20.3.3  Lung

Pulmonary complications in the early phase are pulmonary 
edema and inhalation injury that were discussed previously. 
Pulmonary complications that occur during an ICU or hospi-
tal stay include ventilation-associated pneumonia (VAP)/
pneumonia and acute respiratory distress syndrome (ARDS).

20.3.3.1  Ventilator-Associated Pneumonia 
(VAP)

Mechanically ventilated burn patients have a high incidence 
of VAP, which results in significant morbidity and mortality. 
VAP prevention should be a paramount feature of critical 
care of these patients. Preventative measures are usually 
grouped in bundles that include recumbent position and ele-
vating the head, oral care, ulcer and deep venous thrombosis 
prophylaxis, subglottic suctioning, hand hygiene, daily 
spontaneous breathing trials, and daily sedation interruption 
[97]. The implementation of such bundles has produced a 
decreased risk of developing VAP in burn patients [98]. VAP 
early in admission is mostly caused by S. aureus, whereas 
those that occur late in the hospital course are caused by 
opportunistic bacteria such as methicillin-resistant S. aureus, 
P. aeruginosa, and A. baumannii [99].

The American Burn Association guidelines for the pre-
vention, diagnosis, and treatment of VAP in burn patients 
were published in 2009 [27, 100]. The guidelines are as 
follows:

• Mechanically ventilated burn patients are at a high risk 
for developing VAP, with the presence of inhalation injury 
as a unique risk factor in this patient group.

• VAP prevention strategies should be used in mechanically 
ventilated burn patients.

• A clinical diagnosis of VAP can be challenging in 
mechanically ventilated burn patients where systemic 
inflammation and acute lung injury are prevalent. 
Therefore, a quantitative strategy, when available, is the 
preferable method to confirm the diagnosis of VAP.

• An 8-day course of targeted antibiotic therapy is gener-
ally sufficient to treat VAP; however, resistant S. aureus 
and Gram-negative bacilli may require a longer treatment 
duration.

• An effort should be made to reduce the ventilator days.

A suggested protocol (shown below) considers the length 
of stay for empiric antibiotic selection:

Early phase (less than 5 days)

• Ceftriaxone 1 g IV q24 h ± cloxacillin 1–2 g IV q4–6 h
• Levofloxacin 750 mg IV/po q24 h if penicillin allergy

Late phase (admitted for >5 days)

• Piperacillin/tazobactam 4.5  g IV q6  h (renal dosing 
required)

• ±vancomycin 1  g IV q12  h (with pre- and post-levels 
around the third dose)

• If penicillin allergy
 – Tobramycin 2 mb/kg q8h (in non-obese patients) with 

creatinine clearance > 70 ml/min + vancomycin 1 gram 
IV q 12 h with monitoring by pre- and post- levels with 
the 3rd dose
or

 – Meropenem 500 mg IV q6 h (renal dosing required)

20.3.4  Gastrointestinal System

The effect of thermal injury on the gastrointestinal system was 
identified in 1970 with the description of Curling’s ulcer. 
During the initial hours, splanchnic blood flow is reduced, 
except for flow to the adrenals and to the liver. Poorly perfused 
organs shift towards anaerobic metabolism, leading to acidosis. 
Adequate fluid resuscitation restores perfusion to a great extent.

The gut is extremely vulnerable to changes in perfusion 
and nutrition. Even short ischemia can lead to gut atrophy 
associated with several complications. Early enteral feeding 
should be initiated no later than 12 h after injury. The bene-
fits of this strategy are numerous: increasing blood flow to 
the splanchnic compartment before edema makes it impos-
sible, maintaining pyloric function, maintaining intestinal 
motility, and reducing significantly infectious complications 
[101, 102]. Current recommendations are to place a nasogas-
tric feeding tube as well as post-pyloric feeding tube.

During the initial phase after burn as well as after each 
ischemia reperfusion, gastrointestinal function, including 
pyloric function, is vastly depressed. A true paralytic ileus 
will ensue for many days if the gastrointestinal tract is not 
used. Opiates and sedatives further depress the gastrointesti-
nal function and constipation is frequent and may become 
critical with the development of ileus and fecal impaction. 
Prevention should be initiated from admission using fiber- 
containing enteral diets, lactulose (osmotic cathartic), and 
enemas when the other measures have failed. Regular bowel 
movements need to be diligently monitored.
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Gut complications may be life-threatening; in addition to 
the already mentioned abdominal compartment syndrome 
and opioid-induced bowel dysfunction and constipation, 
patients may develop acute colonic pseudoobstruction 
(Ogilvie syndrome), ischemic and non-ischemic bowel 
necrosis, and intestinal hemorrhage. A careful tight supervi-
sion of bowel function with daily examinations is therefore 
mandatory, particularly in perioperative periods with intra-
operative hemorrhage leading to hypovolemia, which 
exposes the patient to gut hypoperfusion and their threatened 
complications. Wolf et  al. examined over 1800 patients 
admitted to their unit and recorded development of abdomi-
nal complications. Primary abdominal complications 
occurred in approximately 1 in 20 patients. Abdominal com-
partment syndrome and/or ischemic bowel presented in 2.8% 
of their cohort and was associated with a 78% mortality. 
Incidence of these complications were directly proportional 
to burn size. Associated conditions were high acute resusci-
tation volumes, use of vasopressor agents, and enteral tube 
feedings, although causation could not be determined [103]. 
Abdominal complications in severe burns are common, and 
the best treatment is prevention.

Stress ulcer prophylaxis is mandatory, and its common 
use has virtually eliminated diffuse gastric bleeding as a 
common source of morbidity and mortality in the severely 
burned. Early enteral nutrition and H2 blockers (ranitidine) 
or proton pump inhibitors are recommended since the bleed-
ing risk is elevated in burn injuries and may be life- 
threatening. Antacids have been associated with an increased 
risk of hemorrhage and mortality; thus, they are contraindi-
cated for this purpose.

20.3.4.1  Liver
Severe burns cause numerous metabolic alterations, includ-
ing hyperglycemia, lipolysis, and protein catabolism [4, 8, 
104]. These changes can induce multiorgan failure and sep-
sis leading to significant morbidity and mortality [104–106]. 
The liver plays a significant role in mediating survival and 
recovery in burn patients, and preexisting liver disease is 
directly associated with adverse clinical outcomes following 
severe burn [87, 107, 108]. In the study by Price et  al. in 
2007, they demonstrated that preexisting liver disease 
increased mortality risk from 6 to 27%, indicating that liver 
impairment worsens the prognosis in patients with thermal 
injury. Severe burn also directly induces hepatic dysfunction 
and damage, delaying recovery. More recently, work by 
Jeschke et al. (2009) and Song et al. (2009) has shed light on 
the mechanism of the hepatic dysfunction following thermal 
injury, mainly by the upregulation of the ER stress response, 
and increased cell death contributing to compromised hepatic 
function post burn [109–114]. Severe burns alter the liver 
mitochondria, resulting in increased respiratory capacity and 
function, and ultimately increasing ATP production [115].

Thus, one must be cognizant of the significant deleterious 
effects of hepatic dysfunction in the thermally injured patient 
as it has significant consequence in terms of multiorgan fail-
ure, morbidity, and the subsequent mortality of these patients; 
one can focus therapeutic modalities to alter this response 
and possibly improve outcome.

20.3.4.2  Pancreas
Insulin resistance is commonplace in burn patients, with an 
incidence as high as 43%. This resistance decreases with time 
[116]. There is no prospective adult trial addressing glucose 
management in major burns, but retrospective studies suggest 
that toxic levels of hyperglycemia (>10 mmol/L) should be 
avoided and treated to prevent graft failure and infections 
(both increase with hyperglycemia) [117], sarcopenia, and 
mortality. In contrast, data are available on children in whom 
tight glucose control (90–120 mg/dL) was shown to reduce 
infections and mortality [118]. Despite the demonstrated ben-
efit of insulin administration on the maintenance of skeletal 
muscle mass, it is unknown if this effect translates to improved 
clinical outcomes in the thermally injured patient. Optimal 
glycemic level remains uncertain; indeed, feeding interrup-
tions due to the procedures expose the patients to the risk of 
hypoglycemia. A good compromise is probably to opt for a 
glucose target of 130–150 mg/dL [119].

20.3.4.3  Micronutrients and Antioxidants
Critically ill burned patients are characterized as having a 
strong oxidative stress, an intense inflammatory response, 
and a hypermetabolic state that can last for months. Trace 
element (TE) deficiencies have repeatedly been described. 
The complications observed in major burns, such as infec-
tions and delayed wound healing, can be partly attributed to 
TE deficiencies [120, 121]. Plasma TE concentrations are 
low as a result of TE losses in biological fluids, low intakes, 
dilution by fluid resuscitation, and the redistribution from 
plasma to tissues mediated by the inflammatory response. 
The large exudative losses cause negative TE balances. 
Copper, which plays an essential role in collagen synthesis, 
wound repair, and immunity, is strongly depleted in burns 
[122]; this is unique among medical conditions. Intravenous 
supplementation trials show that early substitution improves 
recovery (IV doses: Cu 3.5 mg/day, Se 400–500 μg/day, Zn 
40  mg/day), reduces infectious complications (particularly 
nosocomial pneumonia), normalizes thyroid function, 
improves wound healing, and shortens hospital length of 
stay. The mechanisms underlying these improvements are a 
combination of antioxidant effects (particularly of selenium 
through the restoration of glutathione peroxidase activity), 
but also immune (Cu, Se, Zn) and anabolic effects (Zn 
particularly).

High vitamin C requirements after major burns were 
identified already in the 1940s, and have been confirmed 
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since. Studies by Tanaka et al. in 2000 and Kremer in 2010 
demonstrated that high doses of vitamin C administered dur-
ing the first 24 h after a major injury reduced the capillary 
leak, probably through antioxidant mechanisms, resulting in 
significant reductions in fluid resuscitation requirements 
[123, 124]. The use of high-dose vitamin C has been linked 
to calcium oxalate nephropathy [125]; nonetheless, current 
data still favor its use as an aid during the resuscitation phase.

20.3.5  Renal

Acute kidney injury (AKI) is a major complication of burn 
injury. The incidence of AKI in burned patients ranges from 
1.2 to 20% and the incidence of acute renal failure requiring 
renal replacement therapy (RRT) is from 0.7 to 14.6% [15, 
126–128]. Although AKI is relatively rare, early diagnosis is 
important, as the mortality of burn patients who manifest 
AKI has been reported around 50% [126]. Applying the 
RIFLE (risk, injury, failure, loss, and end-stage kidney dis-
ease) classification to burn patients, Coca et al. found that the 
incidence of AKI was 27%, and it carried with it a mortality 
rate of 73% in patients who received renal replacement ther-
apy (RRT).

Different classifications systems have been developed to 
define the presence of AKI. The RIFLE and AKIN (Acute 
Kidney Injury Network) classifications have been validated 
in multiple studies, inclusive of burn patients. Both show a 
direct correlation between the severity of AKI and adverse 
outcomes [129]. The KDIGO (Kidney Disease: Improving 
Global Outcomes) guidelines incorporate smaller serum cre-
atinine changes and are less restrictive on the time AKI takes 
to develop, both of which are significant differences from 
prior classification systems. Unfortunately, the experience in 
burn patients using this classification has been limited.

The use of biomarkers early after injury has been pro-
posed to predict the development of AKI. The use of plasma 
and urine neutrophil gelatinase-associated lipocalin within 
48 h of admission have been associated with AKI develop-
ment and mortality in burn patients.

Burn-related AKI can be divided into early and late AKI, 
depending on the time of onset, with each having different 
etiologies [128, 130]. Early AKI occurs during the first 5 
days post burn and its main causes are hypovolemia, hypoto-
nia, increased inflammatory mediators, cardiac dysfunction, 
and myoglobinuria. Its prevention focuses on early aggres-
sive fluid resuscitation and escharotomies or fasciotomies. 
Late AKI begins more than 5 days post burn and is usually 
multifactorial (generally caused by sepsis and/or nephro-
toxic antibiotics) [130].

Rhabdomyolysis caused by direct thermal or electrical 
injury results in the dissolution of muscle fibers. Muscle 
edema, the release of inflammatory mediators, and the 

release of myoglobin in the systemic circulation contribute 
to the pathophysiology of burn-related AKI. Intravenous flu-
ids are the main component of management. Supportive 
measures include correcting acidosis and treating any further 
muscle damage, such as compartment syndrome. The use of 
sodium bicarbonate and mannitol remains controversial.

Regardless of the cause of the kidney injury, there is strong 
evidence that RRT should be instituted as early as possible in 
burn patients with renal dysfunction before the traditional criteria 
for RRT have been established. Patients with preexisting chronic 
kidney disease with superimposed AKI might benefit from early 
RRT, minimizing episodes of volume overload [129]. Added to 
the discussion of RRT is the choice in mode of delivery. CRRT 
offers several potential advantages in the management of severe 
acute renal failure in burn patients. It is slow and continuous, 
consequently allowing for very efficient metabolic clearance and 
the ultra- filtration of fluids, while minimizing hemodynamic 
compromise, thus allowing for ongoing optimization of fluid and 
metabolic management. The weakness of CRRT is the need for 
anticoagulation, antibiotic dosing, and close monitoring. The 
RESCUE trial (Randomized Controlled Evaluation of 
Hemofiltration in Adult Burn Patients With Septic Shock and 
Acute Renal Failure trial; ClinicalTrials.gov ID: NCT01213914) 
is expected to be completed in late 2017 and will help assess if 
high-volume hemofiltration in addition to standard of care will 
result in improved outcomes when compared to standard of care 
alone in the treatment of critically ill patients with AKI second-
ary to septic shock. Hemodialysis is surely a viable option if the 
patient tolerates it. In children, an alternative is peritoneal dialy-
sis with placement of a Tenckhoff catheter.

20.3.6  Endocrine (Adrenal, Thyroid, Gonadal)

20.3.6.1  Adrenal
In the post-burn state, pronounced hormonal and metabolic 
changes take place [4, 8], starting immediately after injury. 
There is a tremendous increase in stress hormones after 
major burns, the increase being particularly marked during 
the first 2–3 weeks, but the alterations will persist for months 
and even years [87]. In response to the afferent stimuli from 
the burn wound, an intense sympathico-adrenal response is 
elicited. Catecholamine secretion contributes to arterial pres-
sure maintenance but also to a massive increase in cardiac 
afterload. The concentration of epinephrine and norepineph-
rine remains elevated for several days after injury and con-
tributes to the integrated neuroendocrine stress response. 
Cortisol increases markedly, and the intensity of the response 
is modulated by the optimization of pain control with good 
analgesia [8, 87].

Burn patients are at an increased risk for adrenal insuffi-
ciency and this risk appears to be greatest with older patients, 
large burns, and inhalation injury. Severely burned patients 
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frequently are intubated for airway protection. A rapid- 
sequence intubation protocol includes etomidate, which has 
been associated with a higher risk of developing adrenal 
insufficiency, even as a single dose [131]. The correlation 
between the severity of thermal trauma and probability of 
developing adrenal insufficiency during the course of the 
injury has been documented [132].

As with many hormonal changes, the circadian rhythm 
also changes. Aldosterone levels increase for several days. 
ACTH response frequently parallels the cortisol levels and 
tends to be elevated for a few weeks. The increase is 
 proportional to the burn size. An increase in plasma rennin 
activity and aldosterone persists for several weeks.

A patient suffering from infection/sepsis or persistent 
hypotension should be considered for possible adrenal insuf-
ficiency. The current guidelines call for a baseline cortisol 
level and if that level is low an ACTH challenge test should 
be performed to rule out insufficiency. If an adrenal insuffi-
ciency is present, low-dose cortisol should be given. Despite 
the apparent lack of consensus, the Surviving Sepsis 
Campaign guidelines recommend (grade C) 7 days of treat-
ment with low-dose (200–300 mg/day) intravenous cortico-
steroids for all septic patients requiring vasopressor support 
despite adequate fluid resuscitation.

Glucagon concentration is also increased after burn injury, 
contributing heavily to the hypermetabolic response, while 
insulin tends to remain within normal values, being paradoxi-
cally normal while plasma glucose concentration is elevated.

20.3.6.2  Thyroid
The thyroid axis exhibits major abnormalities in patients with 
major burns, and these changes are thought to be related to 
metabolic adaptation. The use of exogenous dopamine can 
suppress TSH pulse release though this effect is reversible a 
day after discontinuation [133]. The most constant finding is 
a “low T3 syndrome”: TSH is generally normal, with low T3 
levels, and T4 levels in the low-normal values, with elevated 
rT3 levels reflecting an altered de-iodination at the hepatic 
level. Low T3 might be a result of selenium deficiency, which 
should be replete. There are no conclusive data that the bio-
chemical changes in the acute phase correspond with a clini-
cal disorder [116] but low levels of T3 have been independently 
associated with mortality in burn patients [133].

20.3.6.3  Gonadal
The gonadal axis is depressed in any patient with major 
burns. In men, changes following severe burn in testosterone 
and 17β-estradiol are greater than in females, even during the 
first days. Plasma testosterone also decreases steeply in lim-
ited burn injuries. The alterations last at least 4–5 weeks, but 
may persist for months in critically ill burned patients. The 
changes seem proportional to the severity of burns. A 

decreased pituitary stimulation causes lowered hormonal 
secretions from the testes. This change contributes to the low 
anabolic response and opens substitution perspectives. LH is 
generally normal, LH-RH is decreased, FSH is low, and pro-
lactin is low to elevated.

In premenopausal females, amenorrhea is a nearly univer-
sal phenomenon, despite a near-normal 17β-estradiol plasma 
concentration. Progesterone levels remain very low for many 
months after injury. The testosterone response is very differ-
ent from that of males, with nearly normal concentrations in 
young females, and a normal response to ACTH, which elic-
its an increase in testosterone, while it decreases in men. 
Prolactin levels are also higher than seen in men.

In children, despite adequate nutritional support, severe 
thermal injury leads to decreased anabolic hormones over a 
prolonged period (Jeschke et al. 2005). These changes con-
tribute to a stunting of growth observed after major burns. 
Female patients have significantly increased levels of ana-
bolic hormones, which are associated with decreased pro- 
inflammatory mediators and hypermetabolism, leading to a 
significantly shorter ICU length of stay compared with male 
patients.

20.3.7  Metabolic Modulation

In burned patients, a continued catabolic state results in 
weight loss, a decrease in lean body mass, immunologic 
compromise, and poor or delayed wound healing with pro-
longed recovery times. Various efforts have been made to 
promote anabolism in the thermally injured patient.

20.3.7.1  Propranolol
The massive catecholamine production associated with ther-
mal injury heavily contributes to the intense catabolic 
response in major burn patients. The effects are the result of 
intense stimulation of both alpha and beta receptors and sub-
sequent cardiovascular thermogenic and metabolic changes. 
Studies have shown that nonselective beta blockers effi-
ciently reduce the metabolic rate and protein catabolism, 
particularly in children and young adults, and reduce the risk 
of liver steatosis [134, 135]. The metabolic advantages are 
observed with a 15–20% reduction of heart rate. Propranolol 
treatment attenuates muscle wasting in severely burned 
patients mainly by increasing protein synthesis and muscle 
protein synthesis efficiency, while protein breakdown 
remains unchanged [134]. The limitations are the usual con-
traindications to beta blockade. Treatment should be initiated 
as soon as resuscitation is completed (after 3–10 days 
depending on the severity of burns), as it reduces the hyper-
metabolic response [136]. For adults, starting doses are 
10 mg TID until achieving a 20% reduction in heart rate.
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20.3.7.2  Oxandrolone
Oxandrolone is a testosterone analog that can revert sarco-
penia and improve nitrogen homeostasis. It has been suc-
cessfully used in chronic wasting syndromes. The 
pharmacologic modulation of anabolism to counteract loss 
of lean body mass is beneficial in children with major burns 
[137]. A recent systematic review that included children and 
adults showed that the use of oxandrolone results in a reduc-
tion in net weight loss, lean body mass loss, nitrogen loss, 
donor- site healing time, and length of stay in the catabolic 
and  rehabilitative phases, without any increase in mortality, 
infection, metabolic rate, hyperglycemia, or liver dysfunc-
tion rate. Over the long term, the use of oxandrolone can 
lead to an additional gain in lean body mass after 6–12 
months of up to 11%, with additional improvements in 
height and weight, as well as bone mineral content and mus-
cle strength [138]. Usual dosing corresponds to 20 mg/day 
in adults and 0.2 mg/kg/day in pediatric patients. Patients 
often receive the medication for 6–12 months. Its use should 
be adapted in case of renal failure and monitoring of liver 
function. The limited androgenic effects make its use pos-
sible in women.

20.3.7.3  Recombinant Human Growth 
Hormone

Recombinant human growth hormone (rhGH) therapy has 
been extensively investigated in GH-deficient children, where 
rhGH therapy improves nitrogen balance, increases body cell 
mass, and promotes bone formation [139]. These effects make 
rhGH a candidate for anabolism stimulation. Supplementation 
studies in burned pediatric patients have shown a decrease in 
donor-site healing times and length of stay relative to the per-
centage of TBSA burns, and the attenuation of hypermetabo-
lism and inflammation, particularly when used in combination 
with propranolol [140]. While safe in children, the use of 
rhGH in critically ill adult patients is not proven, as it has been 
linked to hyperglycemia and increased metabolism and a dou-
bling of mortality, mainly due to multiple organ dysfunction 
and septic shock [141, 142].

20.3.7.4  Insulin
Insulin is an anabolic hormone, promoting protein synthe-
sis. High-dose intravenous glucose along with insulin has 
been shown to reduce the donor-site healing time of ado-
lescent patients by 2 days [143]. However, recent data 
show that high loads of glucose promote de novo lipogen-
esis in the critically ill patient [144], questioning the ratio-
nale of providing large glucose loads along with insulin. 
This data, in combination with data showing increased 
liver fat deposits on postmortem evaluation in patients 
receiving large glucose loads [145], indicate that using 
high glucose loads along with insulin should be restricted 
until further studies prove its safe use. Total glucose 
administration (nutritional and delivered with drugs) 

should probably not exceed 6 g/kg BW/day, i.e., its maxi-
mal oxidation capacity.

20.3.7.5  Metformin
Severely burned patients exhibit periods of hyperglycemia and 
insulin insensitivity associated with increased muscle break-
down. Metformin lowers blood glucose levels by decreasing 
hepatic glucose production, reducing glucose absorption from 
the intestines, and increasing glucose uptake and utilization to 
peripheral tissues. The anabolic effect of metformin is based on 
decreased insulin resistance in the setting of the stress response 
in burn injury. Gore et al. showed that metformin treatment fol-
lowed by 7-day insulin infusion increased the rate of muscle pro-
tein synthesis [146]. Though metformin has potential benefits, 
more data are needed to determine its safety and efficacy. Lactic 
acidosis is a known complication of the use of metformin, espe-
cially in critically ill patients with impaired renal function.

20.3.8  Electrolyte Disorders

In severely burned patients, nearly any electrolyte abnormal-
ity can be observed. The causes for these disturbances are 
many and include fluid resuscitation with crystalloids, exu-
dative and evaporative losses, impaired renal regulation, and 
responses to counter-regulatory hormones.

20.3.8.1  Sodium
During the first 24 h, patients receive major amounts of sodium 
with their fluid resuscitation. Sodium accumulates in the inter-
stitial space with edema. Despite this, hypernatremia occurring 
during the first 24 h reflects under-resuscitation and should be 
treated with additional fluid. Thereafter, mobilization of this 
fluid during the first weeks frequently results in hypernatremia 
and its resolution requires free water. Hypernatremia may also 
result from persistent evaporative losses from the wounds, par-
ticularly in case of treatment on a fluidized bed (contraindi-
cated with severe hypernatremia) or in case of fever. 
Hypernatremia may also herald a septic episode.

20.3.8.2  Chloride
During the early resuscitation and the surgical debridements 
of the burn wound, patients tend to receive significant 
amounts of NaCl resulting in hyperchloremic acidosis. The 
excess chloride is difficult to handle for the kidney, but the 
condition generally resolves without further intervention.

20.3.8.3  Phosphate and Magnesium
Burns have high requirements for phosphate and magnesium 
in the absence of renal failure. Those requirements start 
early, and are largely explained by two mechanisms: large 
exudative losses and increased urinary excretion associated 
with acute protein catabolism and stress response. Stimulation 
of sodium excretion is usually required and can usually be 
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achieved by the simultaneous administration of free water 
(D5W IV or enteral water) along with furosemide with or 
without thiazide diuretics.

20.3.8.4  Calcium
Cytokines such as IL-1 and TNF-α can cause upregulation of 
the parathyroid calcium-sensing receptor, resulting in cal-
cium metabolism and bone matrix disturbances. These 
changes are thought to be partially responsible for burn- 
related hypocalcemia, hypercalciuria, and hyperparathyroid-
ism [147].

Total plasma calcium concentration consists of three frac-
tions: 15% is bound to multiple anions (sulfate, phosphate, 
lactate, citrate), about 40% is bound to albumin (in a ratio of 
0.2  mmol/L of calcium per 10  g/L of albumin), and the 
remaining 45% circulates as physiologically active ionized 
calcium. Calcium metabolism is tightly regulated. As albu-
min levels vary widely in burns and only ionized calcium is 
biologically active, only ionized calcium is a true indicator 
of status, as total plasma calcium determination is not a reli-
able indicator of calcium status. The calcium correction for 
albumin formula:

 
Corrected Ca Total Ca Measured Normal albumin - Patient s A= + ´0 8. ’ llbuminéë ùû( )

Hypocalcemia may occur during the early resuscitation 
phase, or in the context of massive perioperative blood trans-
fusion and requires intravenous supplementation using any 
form of available intravenous calcium formulation. 
Hypercalcemia remains a poorly recognized cause of acute 
renal failure in patients with major burns that occurs as early 
as 3 weeks after injury. The triad of hypercalcemia, arterial 
hypertension, and acute renal failure is well known in other 
critical illnesses, while the association of hypercalcemia and 
renal failure in patients with major burns is much less 
reported in the literature. In a recent retrospective study, 
hypercalcemia was shown to occur in 19% of burned patients 
with hospital lengths of stay of more than 28 days and was 
associated with an increased mortality [148]. Hypercalcemia 
may also occur in patients with smaller burns requiring a stay 
of more than 20 days in the ICU. Ionized calcium determina-
tion enabled earlier detection, while using total calcium 
determination “with albumin correction” was only slightly 
sensitive, as shown by normal corrected values in 15 cases 
with ionized hypercalcemia.

The treatment of hypercalcemia includes hydration, 
volume expansion, and early mobilization. As most 
causes of severe hypercalcemia depend on increased 
osteoclast activation, drugs that decrease bone turnover 
are effective. The treatment of choice in cases that do not 
resolve with the simple measures relies on the bisphos-
phonates, pamidronate disodium and zoledronic acid, 
which are available in intravenous forms. In burned chil-
dren, acute intravenous pamidronate administration has 
been shown to help to preserve bone mass, achieving a 
sustained therapeutic effect on bone [149]. An alternative 
treatment of the latter in burns includes anabolic agents 
such as oxandrolone [150]. Bisphosphonates, specifically 
etidronate, have been advocated in the management of 
heterotopic ossification, a complication that occurs in 
1.2% of burn patients [151, 152].

20.3.9  Bone Demineralization 
and Osteoporosis

Due to the substantial alterations of calcium and phosphorus 
metabolism, bone formation is reduced both in adults and 
children when burns exceed 40% TBSA. Bone mineral den-
sity is significantly lower in burned children compared with 
the same age normal children [8, 153, 154]. The conse-
quences are increased risk of fractures, decreased growth 
velocity, and stunting.

The bone is affected by various means: alteration of min-
eral metabolism, elevated cytokine and corticosteroid lev-
els, decreased growth hormone, nutritional deficiencies 
(vitamin D), and immobilization. Cytokines contribute to 
the alterations, particularly interleukin-1beta and interleu-
kin-6, both of which are greatly increased in burns and stim-
ulate osteoblast- mediated bone resorption. The increased 
cortisol production in thermal injury leads to decreased 
bone formation, and the low growth hormone levels fail to 
promote bone formation [155], further exacerbating the sit-
uation. Various studies suggest that immobilization plays a 
significant role in the pathogenesis of burn-associated bone 
disease. Alterations of magnesium and calcium homeostasis 
constitute another cause. Hypocalcemia and hypomagnese-
mia are constant findings, and ionized calcium levels remain 
low for weeks. The alterations are partly explained by large 
exudative magnesium and phosphorus losses. Serial mea-
surement of bone markers might not be useful but [156] 
close monitoring of ionized calcium, magnesium, and inor-
ganic phosphate levels is recommended since burn patients 
usually require substantial supplementation by intravenous 
or enteral routes.

Osteoporosis is a complication related to burn injury. 
Burn patients have a lower bone density when matched to 
healthy individuals. This effect seems to be more significant 
in the lumbar vertebrae. The effect is proportional to the 
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TBSA [157]. Biphosphonates, such as pamidronate, have 
been used in severely burned children during the acute 
phase, showing promising results in preserving bone mass 
[158, 159]. Children are particularly susceptible to the long-
term effects of low bone density. Vitamin D has also been 
studied, with patients showing a reduced incidence of bone 
fractures at 22 months after injury [160]. The supplementa-
tion of vitamin D to maintain normal physiological levels 
improves bone health and muscle strength, deterring the 
effects of sarcopenia related to burn injury [161]. Moreover, 
cholecalciferol supplementation to those critically ill 
patients with severe vitamin deficiency decreases hospital 
mortality [162].

20.3.10  Coagulation and Thrombosis 
Prophylaxis

The coagulation and hematologic system is profoundly 
affected by a burn and the associated changes vary from con-
sumption coagulopathy to overproduction. Alterations in 
coagulation pathways have been explained by the release of 
tissue factor and acute phase reactants, consumption coagu-
lopathy, platelet dysfunction, and platelet-specific micropar-
ticles [163]. The degree of these changes correlates with a 
patient’s age and body mass index, TBSA burned, presence 
of inhalation injury, and higher number of invasive 
procedures.

Alterations of the clotting factors associated with dissem-
inated intravascular coagulation have been demonstrated in 
several studies in burn-injured patients [164]. Disseminated 
intravascular coagulation occurs more frequently in patients 
with greater than 40% TBSA burns, and aggressive crystal-
loid resuscitation has been postulated as a significant con-
tributor [163, 165]. Microvascular emboli have been noted in 
the capillaries of major organs after severe burn injury, and 
these could account for the multiple organ dysfunction syn-
drome seen in burn-injured patients [166]. Hematological 
alterations observed after burns are complex and can last for 
several months and can be summarized as follows:

• Fibrin split products increase during the early phase after 
burns.

• Dilution and consumption explain early low prothrombin 
time values.

• The coagulation cascade is activated.
• Fibrin factors V and VIII increase as part of the acute 

phase response.
• Antithrombin deficiency is frequent.
• Alpha angle and mean amplitude are increased on TEG 

and ROTEM
• Early thrombocytopenia and subsequent thrombocytosis 

take place as the process of wound closure occurs.

The risk of deep venous thrombosis and of pulmonary 
embolism is at least as high as in any other surgical condi-
tion. Incidence is highly variable, ranging from 0.3% to as 
high as 23%. Specific risk factors include central venous 
lines, prolonged bed rest, multiple transfusions, repeated sur-
gical interventions, and an intense inflammatory state.

Prophylaxis should be started from admission. The 
American College of Chest Physicians recommend routine 
thromboprophylaxis in all burn patients with advanced age, 
morbid obesity, extensive or lower extremity burns, concom-
itant lower extremity trauma, the use of a femoral venous 
catheter, and/or prolonged immobility (grade 1A). For 
burned patients who have additional risk factors for venous 
thromboembolism, if there are no contraindications, they 
recommend the use of either low molecular weight heparin 
or low-dose unfractionated heparin starting as soon as it is 
considered safe to do so (grade 1C). For burn patients who 
have a high bleeding risk, they recommend mechanical 
thromboprophylaxis with compression stockings and/or 
intermittent pneumatic compression until the bleeding risk 
decreases (grade 1A) [167].

Factors that are known to exacerbate or induce coagulop-
athy should be limited. Prompt and aggressive burn shock 
treatment, aimed at achieving a normal cardiac output and a 
normal blood pressure, is important to avoid tissue hypoper-
fusion and its associated detrimental effects on hemostasis. 
Furthermore, adequate body temperature conservation 
should be applied to avoid hypothermia, especially during 
fluid resuscitation and the perioperative period. On the other 
hand, as hemodilution may also trigger a dilutional coagu-
lopathy, restrictive fluid therapy has also been suggested. 
Early and aggressive use of plasma transfusion has been sug-
gested for coagulopathic patients with severe burn injury 
undergoing burn wound excisions [168, 169]. Interruptions 
in surgery should be reduced to a minimum and discussed 
with the surgical team.

Summary Box
The management of the critically ill thermally injured 
patient can be very complex. The treatment modalities 
remain at times controversial, as there is a lack of high-
level evidence for them. There have been many 
advances in the field of critical care of the thermally 
injured patient, which would benefit from large-scale 
multicenter trials. This chapter highlights a few of the 
important nuances in the care of these patients and 
places emphasis on the need for intricate support for 
all organ systems in order to improve morbidity and 
mortality.
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Nutrition Support for the Burn Patient
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21.1  Background

Nutritional support remains an important aspect in the care of 
critically ill patients, especially those with severe burns. The 
unique hypermetabolic state occurring after a severe burn can 
cause metabolic rates to double and is accompanied by severe 
catabolism. The hypermetabolic state persists for more than a 
year after severe injury, and if nutritional support does not 
meet the increased energy expenditures, patients experience 
significant loss of lean muscle mass, impaired wound healing 
and immune dysfunction [1, 2]. The goal of nutritional sup-
port in the burn patient is to ameliorate and optimize the 
deranged metabolism and avoid nutritional complications.

This chapter reviews the current state of knowledge of 
metabolism and nutrition after burn. At this time, our under-
standing of the complicated physiology of nutrition is incom-
plete, and nutritional treatments differ widely among burn 
centers. Much of our information on nutritional support is 
inferred from studies in other patient populations, especially 
trauma and critical care. Many questions still exist regarding 
the ideal volume, composition, and route of dietary provision 
for burned patients.

21.2  Initial Assessment of Nutritional 
Status

During acute burn treatment, primary concerns are centered on 
fluid resuscitation, hemodynamic monitoring, and respiratory 
care; however, nutritional assessment and support must not be 
overlooked. Completing an initial assessment of the patient’s 
prior nutritional status is challenging but important. A baseline 
nutritional assessment should begin with a focused history 
from the patient or family to determine the presence of preex-
isting conditions or dietary habits such as diabetes mellitus and 
alcoholism. Some may be malnourished prior to the inciting 
event, while others become malnourished during prolonged 
hospitalization. Vitamin and mineral deficiencies and condi-
tions such as obesity should also be elucidated when possible.

In obese patients, the nutritional assessment can be diffi-
cult, and despite an excess of fat, these patients can still be 
malnourished. Using actual body weight to estimate caloric 
needs may then lead to overestimation and overfeeding. 
Contrary to the reduced mortality observed in obese patients 
receiving care in medical and surgical intensive care units, 
obese burn patients have been shown to have higher mortality 
compared to normal weight burn patients [3]. Moreover, in 
the pediatric burn population, those who were obese were 
more likely to require ventilator support and had longer dura-
tion of hospitalization [4, 5]. A few enteral formulas have 
been created specifically for obese patients, but they are not 
well studied. Some clinicians advocate for hypocaloric feed-
ing which involves low-calorie, high-protein diets to maintain 
lead body mass while encouraging weight loss and glycemic 
control [6]. Data for this strategy is limited, and more studies 
will be needed before it can be recommended [7, 8].

21.3  Metabolic Response to Burn Injury

Severe burns cause an intense stress response leading to a 
drastically amplified metabolic rate that can last for years 
after burn. Patients have a similar state of hypermetabolism 
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after traumatic injury and sepsis, but not nearly to the degree 
and duration of burned patients [9]. Hypermetabolism after 
burn is not entirely understood, and the underlying mecha-
nisms of this immense inflammatory, metabolic, and hor-
monal dysregulation are still being studied. The classic “ebb” 
and “flow” physiology was originally described by 
Cuthberson in 1982 and is characterized by decreased 
metabolism and tissue perfusion immediately after severe 
injury (the “ebb” phase) followed by increased metabolism 
and hyperdynamic circulation (the “flow” phase) [10]. This 
prolonged hypermetabolic response is proportional to the 
extent of the burn wound, and in patients with greater than 
40% total body surface area (TBSA) burn can have resting 
energy expenditures from 40% to 100% above normal [11, 
12]. The importance of nutrition to support the increased 
metabolic needs and mitigate the stress response cannot be 
overstated. Unchecked hypermetabolism leads to massive 
loss of lean muscle mass, immune dysfunction, and poor 
wound healing.

21.4  Timing and Route of Nutritional 
Therapy

Despite improvements in burn care, resuscitation of the 
severely burned patient can have profound detrimental 
effects on the gastrointestinal tract. Large volume crystalloid 
resuscitation can cause intestinal edema, potentially leading 
to paralytic ileus [13]. In addition, intestinal permeability 
increases within 24 h after injury in patients with moderate 
to severe burns [14]. The mucosal damage and resultant 
increased intestinal permeability allows for bacterial translo-
cation and decreased nutrient absorption [15].

Based on recent recommendations, enteral nutritional 
support should be initiated within 24 h of injury [13]. Early 
enteral nutrition has a number of advantageous effects 
including increased immune function and immunoglobulin 
production, reduction of hormones such as catecholamines, 
cortisol, and glucagon, improved intestinal mucosal integ-
rity, motility, and blood flow, and a reduction in stress 
(Curling) ulceration [16, 17].

Providing early nutritional support can be challenging as 
burn patients are prone to ileus, and burn shock is associated 
with splanchnic hypoperfusion. Feedings are not always well 
tolerated, leading to repeated interruptions, insufficient 
nutrient delivery, and increased risk of complications such as 
aspiration [18, 19].

In the 1960s and 1970s, parenteral nutrition was regularly 
used for burn patients, but it has been almost entirely sup-
planted by enteral nutrition [20]. The superiority of enteral 
nutrition over parenteral nutrition is unanimously accepted, 
and a parenteral route should only be used in burn patients 
with contraindication to enteral feeding. Parenteral formulas 

are more expensive and carry greater risks including compli-
cations with gaining central venous access, line infections, 
and poorer glycemic control [21]. Studies have also found 
that parenteral nutrition is associated with overfeeding, liver 
and immune dysfunction, and a threefold increase in mortal-
ity [22, 23].

For enteral feedings, either a gastric tube or a post-pyloric 
tube may be used effectively. The advantages of gastric feed-
ing are larger diameter tubes, which have less clogging, and 
the ability to give bolus feeds. Providers can place them eas-
ily at bedside. Smaller post-pyloric tubes are more prone to 
clogging and malposition, but these are often more comfort-
able, and post-pyloric feedings can be safely continued even 
during operative procedures to maintain caloric aims [24]. 
The stomach often develops dysmotility after burn, and some 
argue that patients do not tolerate gastric feedings well and 
are put at a higher risk for aspiration. However, a large meta- 
analysis found no difference in mortality or aspiration rates 
between gastric and small bowel feedings [25]. The small 
bowel feedings, however, did take longer to initiate and 
experienced more frequent interruptions. Either route can be 
successfully utilized in the burn population.

21.5  Estimating Energy Expenditure

Successful nutritional management relies on accurate esti-
mate of energy expenditure which can be particularly chal-
lenging after burn due to the profound hypermetabolic 
response that these patients experience [26]. Underestimation 
can lead to malnutrition which is associated with pneumonia 
development and impaired wound healing [27]. 
Overestimating energy expenditure leads to overfeeding, 
which can cause numerous adverse effects including fatty 
infiltration of the liver and difficulty with glycemic control 
and ventilator weaning [28, 29].

Many formulas to estimate the energy expenditure and 
caloric needs of burn patients have been developed and 
employed [30]. One of the first, the Curreri formula was 
developed in the 1970s by retrospectively calculating the 
calories that would have been needed in nine patients to 
account for weight loss. This and other older formulas often 
overestimate current metabolic needs, and as such more 
sophisticated formulas have been proposed (Table  21.1) 
[28]. Highlighting the difficultly of predicating nutritional 
utilization, a study of 24 burn patients found that out of 46 
different formulas to predict caloric needs, none correlated 
well with the measured energy expenditure [31]. Energy 
expenditure after burn fluctuates and static formulas often 
lead to underfeeding during times of high energy consump-
tion and to overfeeding later in the course.

Indirect calorimetry is currently the gold standard for 
energy expenditure measurement, but it is difficult to perform 
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and as such is not practical on a routine basis. Indirect calo-
rimetry measurement calculates oxygen consumption and 
carbon dioxide production and therefore metabolic rate by 
measuring the volume of expired gas and the oxygen and 

carbon dioxide concentration of the inhaled and exhaled gas 
via a face mask or ventilator. Under or overfeeding can be 
detected by calculating the ratio of carbon dioxide produced 
to oxygen consumed, known as the respiratory quotient (RQ) 
[30]. RQ is dependent on metabolism of specific substrates. 
Fat is the major energy source during unstressed starvation 
which gives an RQ of approximately 0.7. Normal metabo-
lism of mixed substrates gives an RQ between 0.75 and 0.90. 
Overfeeding is characterized by the creation of fat from car-
bohydrate and leads to an RQ greater than 1.0, which explains 
why overfeeding can cause difficultly in weaning a patient 
from the ventilator [32]. It is important to note that despite 
this concern, one study found that in a group of pediatric 
burn patients, a high-carbohydrate diet did not result in an 
RQ over 1.05 or any other respiratory complications but did 
have the positive effect of decreased muscle wasting [33].

21.6  Nutrient Metabolism

Carbohydrates, lipids, and proteins are the three macronutri-
ents that provide energy and biological building blocks to 
fuel complex metabolic processes. They provide energy via 
different pathways, and the ratios of these nutrients must be 
considered for the burn patient after a caloric goal has been 
determined.

Carbohydrates are the preferred source of energy for burn 
patients, and high carbohydrate diets improve wound healing 
and have a protein sparing effect. In a randomized study of 
severely burned children, those who were fed a high carbo-
hydrate diet had significantly less muscle protein degrada-
tion than those on a high-fat diet [34]. These positive effects 
are, however, limited by the ability to oxidize and utilize glu-
cose. Glucose administration more than 9 mg/kg/min cannot 
be oxidized at the upper limit, and therefore, this strategy 
cannot be used above this range. Unfortunately, this maxi-
mum rate can be less than the estimated caloric expenditure, 
inferring some burned patients may have greater glucose 
needs than can be given safely. If glucose is given at a higher 
rate than this, it leads to hyperglycemia, glycosuria, dehydra-
tion, conversion of glucose to fat, and respiratory problems 
[35, 36].

Protein is also an important macronutrient after burn and 
must be carefully considered in the development of a nutri-
tional support plan. Protein needs are greatly increased in 
these patients because of the catabolic response to burn, and 
protein supplementation is vital to meet the ongoing demands 
and supply substrate for wound healing and immune func-
tion and to mitigate the loss of leady body mass [37]. Giving 
supra-normal protein doses does not decrease catabolism of 
endogenous protein stores, but it does promote protein syn-
thesis and improved nitrogen balance [38]. Predicted protein 
requirements are 1.5–2.0  g/kg/day for burned adults and 

Table 21.1 Common formulas used to calculate caloric needs of burn 
patients

kcal/day Comments
Adult formulas
Harris 
Benedict

Men:
66.5 + 13.8 (weight in 
kg) + 5 (height in cm) − 6.76 
(age in years)
Women:
655 + 9.6 (weight in 
kg) + 1.85 (height in 
cm) − 4.68 (age in years)

Estimates basal 
energy expenditure; 
can be adjusted by 
both activity and 
stress factor, multiply 
by 1.5 for common 
burn stress adjustment

Toronto 
Formula

−4343 + 10.5 (TBSA) + 0.23 
(calorie intake in last 
24 h) + 0.84 (Harris Benedict 
estimation without 
adjustment) + 114 
(temperature) − 4.5 (number 
of postburn days)

Useful in acute stage 
of burn care; must be 
adjusted daily

Davies 
and 
Lilijedahl

20 (weight in kg) + 70 
(TBSA)

Often overestimates 
caloric needs for large 
injuries

Ireton- 
Jones

Ventilated patient:
1784 − 11 (age in years) + 5 
(weight in kg) + (244 if 
male) + (239 if 
trauma) + (804 if burn)
Non-ventilated patient:
629 − 11 (age in years) + 25 
(weight in kg) − (609 if 
obese)

Complex formula that 
integrates variables 
for ventilation and 
injury status

Curreri Age 16–59: 25 (weight in 
kg) + 40 (TBSA)
Age >60: 20 (weight in 
kg) + 65 (TBSA)

Commonly 
overestimates caloric 
needs

Pediatric formulas
Galveston 0–1 years:

2100 (body surface 
area) + 1000 (body surface 
area × TBSA)
1–11 years:
1800 (body surface 
area) + 1300 (body surface 
area × TBSA)
12–18 years:
1500 (body surface 
area) + 1500 (body surface 
area × TBSA)

Goal focuses on 
maintaining body 
weight

Curreri 
junior

<1 year: recommended 
dietary allowance + 15 
(TBSA)
1–3 years: recommended 
dietary allowance + 25 
(TBSA)
4–15 years: recommended 
dietary allowance + 40 
(TBSA)

Commonly 
overestimates caloric 
needs
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2.5–4.0 g/kg/day for burned children. Protein should always 
be provided in addition to considerable calories from carbo-
hydrates and fat; otherwise, the protein will be used only as 
an energy source instead of as a specific nutrient to provide 
substrate for wound healing and maintenance of muscle 
mass. Optimal non-protein to nitrogen ratio is a function of 
burn size and should be around 150:1 for smaller burn up to 
100:1 for larger burns [39]. Despite high rates of protein 
supplementation, burn patients will experience some loss of 
muscle protein because of the hormonal and proinflamma-
tory reaction to severe burn.

Two specific amino acids have been studied and found to 
play unique roles after burn. Glutamine provides direct 
energy for lymphocytes and enterocytes and is crucial for 
preserving small bowel integrity and sustaining gut- 
associated immune function [40, 41]. It also portends some 
degree of cellular protection after stress via increased pro-
duction of heat shock proteins, and it is a precursor of an 
important antioxidant, glutathione [42, 43]. Supplementation 
of 25 g/kg/day of glutamine has shown to reduce mortality 
and length of stay in burn patients [44, 45]. Arginine is 
another important amino acid with significant effects on the 
immune system. Arginine supplementation in burn patients 
led to improvement in wound healing and immune respon-
siveness; however, data from critically ill nonburn patients 
suggest that it is potentially harmful [46–49]. For this rea-
son, arginine supplementation is not currently recom-
mended in burn patients, but further investigations are 
underway.

Lipids are necessary to prevent essential fatty acid defi-
ciency, but fat supplementation is only recommended in lim-
ited doses [50]. Lipolysis and lipid mobilization are increased 
after burn, while at the same time, utilization of lipids as an 
energy source is decreased [51, 52]; most free fatty acids are 
not used and lead to lipid accumulation in the liver. Increased 
fat intake has also been shown to worsen immune function, 
and because of these effects, burn patients should have no 
more than 15% of their calories from lipids. Many forego 
lipid emulsions completely for patients receiving parenteral 
nutrition for less than 10 days. The composition of adminis-
tered fat must also be considered. Many of the commonly 
used enteral formulas contain omega-6 fatty acids which cre-
ate proinflammatory cytokines during metabolism. Lipids 
with a high proportion of omega-3 fatty acids do not promote 

proinflammatory mediators and have been associated with 
improved immune response, less hyperglycemia, and 
improved outcomes [53, 54]. Omega-3 fatty acids are a com-
ponent of “immune-enhancing diets” because of these 
effects. Most formulas have an omega 6:3 ratio ranging from 
2.5:1 to 6:1, but the “immune-enhancing diets” have a ratio 
closer to 1:1. The optimal composition and volume of fat in 
the diet of burn patients is still controversial and deserves 
further investigation.

21.7  Micronutrients

Vitamins and trace elements supplementation is also crucial 
after burn, as these are important for immunity and wound 
healing. Reduced levels of vitamins A, C, and D, Fe, Cu, Se, 
and Zn have been found to impair wound healing and skele-
tal and immune functions [55–57]. Vitamin A improves epi-
thelial growth and accelerates wound healing. Vitamin C 
supports in the formation and cross-linking of collagen [58]. 
Vitamin D is important in maintaining bone density, and the 
levels are often deficient after burn, leading to bone deminer-
alization and even spontaneous fractures [59]. Other trace 
elements including Fe, Cu, Se, and Zn are vital for cellular 
and humoral immunity, but they are lost in significant 
amounts with exudative burn wound losses [55]. Zn is needed 
for protein synthesis, wound healing, lymphocyte function, 
and DNA replication [60]. Se promotes cell-mediated immu-
nity, and Fe is a cofactor for oxygen-carrying proteins [61, 
62]. Cu is vital for collagen creation and wound healing, and 
its deficiency has been associated with arrhythmias and 
immune dysfunction in burn patients [63]. These micronutri-
ents are therefore important to supplement [64, 65]. 
Table  21.2 shows the recommended micronutrient supple-
mentation for burned patients.

21.8  Enteral and Parenteral Formulas

A multitude of enteral formulas with varied amounts of sub-
strates and micronutrients are commercially available. 
Table 21.3 includes a few of the commonly used formulas, 
but it is far from exhaustive. A formula with a high carbohy-
drate concentration should be used as glucose in the pre-

Table 21.2 Recommended micronutrient supplementation

Age, years Vit A, IU Vit D, IU Vit E, IU Vit C, IU Vit K, μg Folate, μg Cu, mg Fe, mg Se, μg Zn, mg
0–13
Nonburned 1300–2000 600 6–16 15–50 2–60 65–300 0.2–0.7 0.3–8 15–40 2–8
Burned 2500–5000 250–500 1000 0.8–2.8 60–140 12.5–25
≥13
Nonburned 200–3000 600 23 75–90 75–120 300–400 0.9 8–18 40–60 8–11
Burned 10,000 1000 1000 4 300–500 25–40
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ferred energy source for burn patients [33, 66]. Parenteral 
formulas typically consist of 25% dextrose, 5% crystalline 
amino acids, and maintenance electrolytes. Essential fatty 
acids are supplemented with infusions of 250  mL of 20% 
lipid emulsions three times per week, although some clini-
cians forego this supplementation in courses of parenteral 
nutrition that are less than a week [67, 68].

Recently, much attention has been given to immune- 
enhancing diets or immunonutrition. These are formulas 
that have been fortified with micronutrients in hopes of 
improving immune function and wound healing. A study in 
burned children found that those receiving nutrition con-
taining omega-3-fatty acid, arginine, histidine, and vitamins 
A and C had shorter length of stay, less wound infections, 
and trended toward better survival [69]. A small study of 
burned adults found no difference in major outcomes 
between immune- enhancing diet and a traditional formula 
[70]. Studies in nonburn patients have been contradictory 
with some even suggesting that immune-enhancing diets 
could be harmful [49, 71, 72]. Some suggest that immune-
enhancing diets are not indicated in the burn population 
because they likely receive a satisfactory dose of the 
immune-enhancing nutrients due to the high volume of 
feeds they receive. A variety of formulas and multiple meth-
ods for calculating nutritional needs are successfully used 
for burn patients, suggesting that no formula or calculation 
is perfect, but most are satisfactory to support the patient 
and prevent nutritional complications.

21.9  Monitoring Nutritional Support

Monitoring the adequacy of nutritional support after severe 
burn can be difficult as there is no one variable or endpoint 
that fully communicates nutritional status. Serial weight 
measurement, nitrogen balance, the serum proteins prealbu-
min and albumin, and imaging of lean body mass are com-
monly used, and functional measures such as exercise 
tolerance can also be helpful in assessment.

Nitrogen inputs and losses can be used to study protein 
metabolism as nitrogen is an essential component of amino 
acids. Positive nitrogen balance represents growth and 
increases in the total body protein, while negative nitrogen 
balance occurs with fasting, trauma, and burns. Calculation 

of nitrogen balance requires urine collection for the determi-
nation of urea nitrogen (UUN) as well as a determination of 
dietary nitrogen intake. Nitrogen balance can be approxi-
mated with the following formula:

 

Nitrogen balance Nitrogen intake in h
UUN

=
− × +( ) 

24
1 25 4.  

Nitrogen losses may be underestimated by this formula 
as the constants are simply approximations of the nitrogen 
losses in burn patient’s urine and burn wound exudates 
[73, 74].

The serum proteins albumin and prealbumin are also 
commonly used to assess nutritional status, but these also 
have limitations. After severe burn, metabolic pathways as 
a ratio function are shifted away from creation of these 
proteins. Even with adequate nutrition, serum albumin lev-
els are reduced making it an unreliable marker [75]. 
Prealbumin is often considered to be ore reactive to nutri-
tional changes due to its short half-life of 2 days, but in 
actuality, prealbumin levels fall rapidly after burn injury 
and recover slowly and may not correspond well with cur-
rent nutritional status [76]. Serum protein makers should 
be interpreted in context with the patient’s clinical state 
and with global trend in mind.

Nutritional monitoring can also be aided with a few imag-
ing techniques, but these are typically used only in research 
due to cost and availability. Bioimpedence analysis is a 
method that measures the body’s resistance to electrical cur-
rents to calculate total body water and the body’s fat-free cell 
mass. There is a concern that the significant fluid shifts that 
occur after burn might confound this measurement. Dual 
X-ray absorptiometry (DEXA) scanning is another imaging 
option which measures bone density and lean body mass 
[77], but is only a static measure that is best considered in 
series.

A survey of burn centers in 2007 revealed that the most 
commonly used parameters for nutritional monitoring were 
prealbumin (86% of centers), body weight (75%), calorie 
count (69%), serum albumin (45.8%), nitrogen balance 
(54%), and transferrin (16%) [78]. No single method is com-
pletely reliable or appropriate for the nutritional motoring of 
burn patients, and the overall clinical picture must be incor-
porated into the assessment.

Table 21.3 Selected adult enteral nutrition formulas [79]

Formula kcal/mL Carbohydrate, g/L (% calories) Protein, g/L (% calories) Fat, g/L (% calories) Comments
Impact 1.0 130 (53) 56 (22) 28 (25) IED with arginine, glutamine fiber
Crucial 1.5 89 (36) 63 (25) 45 (39) IED with arginine, hypertonic
Osmolite 1.06 144 (54) 44 (17) 35 (29) Inexpensive, isotonic
Glucerna 1.0 96 (34) 42 (17) 54 (49) Low carbohydrate, for diabetic patients
Nepro 1.8 167 (34) 81 (18) 96 (48) Concentrated, for patients with renal 

failure
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Anabolic and Anticatabolic Agents 
in Burns

Roohi Vinaik, Eduardo I. Gus, and Marc G. Jeschke

22.1  Introduction

Traumatic injuries such as burns result in a substantial release 
of inflammatory mediators, which leads to significant meta-
bolic derangements and the introduction of a post-injury 
stress environment. This hypermetabolic response is charac-
terized by accelerated lipolysis, glycolysis, insulin resistance, 
organ dysfunction, and proteolysis [1, 2]. If untreated in the 
acute phase, the net effect of these post-burn changes is phys-
iological exhaustion and organ failure. Long-term alterations 
and entry into a hypermetabolic state result in immunodefi-
ciency, compromised wound healing, loss of total and lean 
body mass, and growth retardation in pediatric patients [3].

Particularly, an important feature of the post-burn hyper-
metabolic response is generalized catabolism. 
Hypercatabolism can be attributed to a shift in the produc-
tion of anabolic to catabolic factors. Increased levels of pro-
inflammatory cytokines (e.g., tumor necrosis factor (TNF) 
and interleukin-6 (IL-6)) occur immediately after injury and 
are intimately associated with augmented catabolic hor-
mones, principally cortisol and catecholamines [4]. 
Furthermore, hypermetabolism is associated with a suppres-

sion of the endocrine axis, which can result in a substantial 
decrease in serum levels of endogenous anabolic hormones. 
Indeed, burn patients exhibit diminished levels of hormones 
such as human growth hormone (hGH), IGF-I, and testoster-
one post-trauma [5].

Several non-pharmacologic interventions such as exer-
cise, appropriate nutrition, and heating the environment have 
been employed to manage post-trauma hypermetabolism. 
While they improve hypermetabolic catabolism, pharmaco-
logic interventions appear critical for clinical efficacy. 
Various pharmacological strategies have been used to pre-
vent catabolism and promote anabolism in thermally injured 
patients. This chapter analyzes the anticatabolic and anabolic 
pharmacologic interventions currently utilized. It covers pro-
pranolol, growth hormone (GH), insulin growth factor 1 
(IGF-1), insulin growth factor binding protein 3 (IGFBP-3), 
insulin, metformin, testosterone, oxandrolone, and thyroid 
hormones. Furthermore, novel therapeutics utilized in other 
conditions, such as cancer-related cachexia, are discussed. 
These agents may potentially be used to mitigate post-injury 
catabolism and bolster anabolic responses, ultimately 
improving morbidity and mortality in burn and critically ill 
patients.

22.2  Propranolol

Substantial catecholamine production occurs after burns, 
with sustained increases persisting for months after the incit-
ing injury [1, 2]. Prolonged elevation in catecholamine levels 
is a major contributor to the post-burn hypermetabolic 
response. Elevated catecholamine levels result in a hyperdy-
namic circulation, increased resting energy expenditure 
(REE), lipolysis, and muscle catabolism, to list a few down-
stream effects [6]. Additionally, catecholamines contribute to 
the generalized catabolic response seen in burn patients via 
stimulation of both α and β receptors.

Propranolol, which is a non-selective β-blocker, attenu-
ates this hyperactive sympathetic response. Ideally, it should 
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be administered post-resuscitation (3–10 days after burn) to 
mitigate the hypermetabolic response and aid in recovery 
[7]. In adults, starting doses are 10  mg TID until a 20% 
reduction in heart rate is achieved. In pediatric patients, pro-
pranolol is given at 1 mg/kg/day and escalated to ~4 mg/kg/
day to achieve a 20% reduction in heart rate [8]. Recent stud-
ies demonstrated that propranolol use was associated with 
improved wound healing, decreased healing time and blood 
loss during skin grafting, and shorter hospital length of stay 
(LOS) [9]. Manzano-Nunez et  al. conducted a systematic 
review and meta-analysis of propranolol therapy in severely 
burned (TBSA  >  20%) adults and children. The included 
studies demonstrated decreased requirements for blood 
transfusions and decreased heart rate in propranolol-treated 
patients [10]. Administration of propranolol to severely 
burned patients reduces cardiac work by a 15–20% reduction 
in heart rate [11–13]. Similarly, use of other beta blockers 
that are comparable to propranolol, such as esmolol, demon-
strates beneficial sympathetic effects in critically ill patients 
in septic shock with post-resuscitation tachycardia. In these 
patients, propranolol decreases cardiac workload, which 
reduces mortality by 40% [14].

In addition to its direct sympathetic effects, propranolol 
prevents peripheral lipolysis and proteolysis by mitigating 
catecholamine signaling and reducing resting energy expen-
diture [1, 2, 15, 16]. Hart and colleagues further elucidated 
the anticatabolic effect of propranolol during the early post- 
burn hypercatabolic stage. They compared treatment with 
propranolol to a combination of propranolol and recombi-
nant human growth hormone (rhGH) in severely burned 
(TBSA > 40%) children, demonstrating that propranolol is a 
potent anticatabolic agent. Additionally, association with 
rhGH did not produce a synergistic positive effect [15]. 
Furthermore, Jeschke and colleagues compared the out-
comes with rhGH with propranolol versus rhGH alone. They 
demonstrated that combination therapy mitigates hyperme-
tabolism and inflammation and ameliorates the deleterious 
effects found with rhGH monotherapy [16]. In addition to its 
anticatabolic function, propranolol has anabolic effects as 
well. Herndon et al. previously demonstrated that proprano-
lol therapy in severely burned (>40% TBSA) children 
increases net muscle–protein balance by 82% over baseline, 
with a significant upregulation in genes involved in muscle 
metabolism [11]. Also, propranolol does not compromise 
exercise-induced enhancements in muscle mass, strength, 
and peak aerobic capacity in children with >30% TBSA [17].

Moreover, prolonged administration of propranolol has 
multiple beneficial effects. Patients receiving propranolol for 
1 year post-injury demonstrated significant reductions in 
bone loss, decreased predicted heart rate, and REE [18]. 
Prolonged therapy is safe and does not increase incidence of 
infections or sepsis, highlighting the benefit of long-term 
therapy with this anticatabolic agent [18–21].

However, Martinez et  al. recently proposed in a small 
series of cases that use of propranolol with vasopressors in 
septic shock could predispose patients to intestinal ischemia. 
They postulated that endogenous catecholamine release dur-
ing hypotensive and septic periods in concert with β-blockade 
could lead to unopposed α-adrenergic activity. This in turn 
would impair circulation via severe splanchnic vasoconstric-
tion and lead to bowel ischemia [22]. Taken together, these 
results highlight the potential risks of propranolol. Other 
potential side effects include hypotension and bradycardia; 
however, both can easily be diagnosed and managed in a 
burn intensive care unit.

Despite these potential negative effects, there is ample 
evidence for the benefits of propranolol therapy. However, 
this evidence is primarily limited to pediatric patients, and 
there is insufficient published data demonstrating these 
effects in adults and elderly patient [23, 24]. Currently, there 
is no published randomized controlled data in adult burn 
patients indicating metabolic benefits of non-selective 
β-blocker therapy. Further studies are needed to establish 
propranolol therapy as an effective means to improve out-
comes in adult burn patients [25–27]. Ongoing randomized 
control trials sponsored by the American Burn Association 
are currently investigating efficacy of propranolol on burn 
outcomes in these patients.

Summary: While there is limited evidence in adult and 
elderly burn patients, current studies suggest that proprano-
lol could effectively decrease stress responses and be a use-
ful anticatabolic agent in pediatric burn patients, as well as 
adult burn patients. The dose range is in children: 1–4 mg/
kg/day and in adults 10–40 mg QID P.O.

22.3  Recombinant Human Growth 
Hormone

Human growth hormone (hGH)  is an endogenous anabolic 
hormone produced by the pituitary gland in children and 
young adults. The pituitary gland produces approximately 
0.5–0.8 mg of hGH daily, which associates with a variety of 
GH binding proteins and receptors in various tissues [28]. In 
GH-deficient children, recombinant human growth hormone 
(rhGH) therapy has been employed to increase body cell 
mass and stimulate bone formation [29]. Disruption in the 
GH/insulin-like growth factor-1 (IGF-1)/IGF binding pro-
tein- 3 (IGFBP-3) hormone axis are known to occur after 
burn, potentially due to the inhibitory effects of proinflam-
matory cytokines, which are overexpressed post-burn [30]. 
In these cases, daily intramuscular injection of the anabolic 
agent rhGH is an attractive option to counteract the catabolic 
effects of burn injury.

Treatment outcomes with rhGH have been comprehen-
sively studied in children and adult burn patients. As 
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 mentioned earlier, Hart and colleagues investigated the 
effects of up to 1 year post-injury treatment with 0.05 mg/kg/
day rhGH in children with burns >40% TBSA. This study 
showed more pronounced weight and height gain, higher 
lean body weight, and bone mineral density with rhGH treat-
ment compared to placebo [15]. An adult study by Kim et al. 
demonstrated that a 3-month rhGH treatment in patients with 
full thickness burns greater than 20% TBSA had a positive 
effect on fitness, muscle power, and other metabolic pro-
cesses [31]. Similarly, Branski and colleagues demonstrated 
improved growth and lean body mass with rhGH treatment, 
while hypermetabolism was significantly diminished [32]. 
Additional studies by Jeschke et al. also demonstrated atten-
uated post-burn hypermetabolic and hyperinflammatory 
responses, notably when utilized as a combination with pro-
pranolol [16].

Long-term treatment with rhGH has multiple putative 
effects; for example, it can increase thyroid hormone- binding 
sites, which may be involved in the growth arrest seen in 
post-burn children [33]. Other studies have shown that rhGH 
ceases growth arrest in thermally injured children, decreases 
REE, and decreases cortisol levels and the acute phase pro-
teins, TNF-α and IL-1. Also, rhGH is not a risk factor for 
hypertrophic scar formation; Branski and colleagues showed 
that rhGH treatment significantly improved scarring 1 year 
post-burn [32].

A Cochrane systematic review published in 2012 on the 
implementation of rhGH in thermally injured patients 
appraised 13 randomized controlled trials (totally 701 adult 
and pediatric patients). Primary outcomes included healing 
of the burn wound and donor sites and rates of wound infec-
tion, and secondary outcomes were mortality, hospital LOS, 
scar assessment, and adverse events such as hyperglycemia 
or septicemia. The review demonstrated that there is evi-
dence that rhGH use in large burns (>40% TBSA) could 
induce more rapid wound healing in adults and children and 
reduced hospital LOS without an increase in mortality [34].

However, the 2012 Cochrane review showed that rhGH 
treatment is associated with increased hyperglycemia. While 
the conclusions of this review were based on studies with 
smaller sample sizes, which introduces the risk of bias, 
increased hyperglycemia is a potential concern. Additionally, 
the beneficial outcomes seen with rhGH treatment in burn 
patients, such as improvement in muscle protein kinetics, 
donor site healing, and REE, are not translatable in critically 
ill, non-burned patients. A prospective, multicenter, double- 
blind, randomized, placebo-controlled trial of 0.10 ± 0.02 mg/
kg rhGH in 285 critically ill non-burned patients was associ-
ated with a 40% increase in morbidity and mortality, hyper-
glycemia, and insulin resistance [35]. So, while rhGH does 
seem to have a positive anabolic effect, the concern for 
hyperglycemia, decreased effectiveness in non-burned, criti-
cally ill patients, and lack of an oral formulation limit its use.

Summary: While it may have some beneficial effects, 
rhGH should be very carefully considered and is currently 
not a standard of care in burn or critically ill patients. RhGH 
should not be administered in the state of infection or 
sepsis.

22.4  Insulin Growth Factor 1 (IGF-1) 
and Insulin Growth Factor Binding 
Protein 3 (IGFBP-3)

The anabolic effects of hGH are mostly modulated by IGF-1, 
which is produced by the liver in response to GH. IGF-1 is a 
polypeptide with a sequence similarity to proinsulin. More 
than 95% of IGF-1 is bound to an IGFBP 1–6; its principle 
binding protein is IGFB-3 [36].

Critically ill burn patients characteristically have reduced 
circulating IGF-1, which could be attributed to alterations in 
IGF-1 clearance. Indeed, IGF-1 has a shorter half-life when 
administered to patients after a major surgery compared to 
healthy controls [37]. This is potentially due to lower levels 
of IGFBPs, especially reductions in IGFBP-3 levels. During 
traumatic injuries and in hypermetabolic states, IGF-1 
improves the metabolic rate, gut mucosal function, and 
wound healing and attenuates protein loss by mediating GH 
[38].

For up to 3 years post-burn, pediatric patients have persis-
tently lower serum IGF-1 and IGFBP-3 levels, which is asso-
ciated with severe growth arrest [39]. Thus, anabolic agents 
such as IGF-1 are putatively beneficial in these patients. 
Wolf and colleagues investigated the effects of exogenous 
IGF-1 treatment on Th1/Th2 cytokine profiles in mononu-
clear cells. Compared to controls, they found depressed Th1 
and exaggerated Th2 cytokine responses in all burn patients. 
Interestingly, exogenous IGF-1/IGFBP-3 treatment can 
partly reverse this response [40]. Likely, the IGF-1/IGFBP-3 
complex balances pro- and anti-inflammatory cytokines, 
which results in improved organ function. This treatment can 
also attenuate the type I and type II hepatic acute phase 
response, improving serum levels of constitutive proteins 
that modify hypercatabolic responses [30, 41–43].

However, while both rhGH and IGF-1 could mediate 
post-burn hypermetabolism and generalized catabolism in 
burn patients, their use has been limited due to side effects, 
namely hyperglycemia with rhGH and hypoglycemia with 
IGF-I [44]. Additionally, IGF-1 as a monotherapy should be 
avoided as Langouche and Van den Berghe showed that 
IGF-1 alone lacks efficacy in critically ill, non-burned 
patients [45]. However, since the effects of GH are mediated 
by IGF-1 and IGFBP-3, IGF-1 combined with equimolar 
doses of IGFBP-3 is another potential treatment option. 
Combination therapy of IGF-1/IGFBP-3 at doses of 1–4 mg/
kg/day in severely burned children was shown to improve 
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protein fractional synthetic rate and net protein balance. 
Debroy et al. showed a similar effect in severely burned adult 
patients and concluded that dual therapy may be effective in 
reducing catabolism [46]. Importantly, improvement in pro-
tein synthesis with combination therapy occurs with fewer 
hyperglycemic incidences than patients given rhGH and with 
fewer hypoglycemic incidences than IGF-1 treatment alone 
[1, 2, 41, 42, 47]. However, the IGF-1/IGFBP-3 complex 
used in the study by Debroy et  al. was associated with 
adverse events such as neuropathies, currently precluding 
their use in a clinical setting.

Summary: There is limited evidence in favor of IGF-1 
monotherapy or IGF-1/IGFB-3 complex therapy.

22.5  Insulin

Insulin is an effective anabolic and anticatabolic hormone 
that is utilized as an antihyperglycemic in severely burned 
patients. Jeschke et al. conducted a large cohort study dem-
onstrating that insulin should be given at doses that achieve a 
glucose target of 130 mg/ds in pediatric burn patients [48, 
49]. In general, critical care literature recommends doses that 
maintain a blood glucose range of 90–140  mg/dL in burn 
patients [50]. In addition to its glucose regulating effects, 
insulin is an attractive agent due to its added ability to 
increase muscle protein synthesis, accelerate donor site heal-
ing, and mitigate lean body mass loss [12, 13]. While its 
capability of reducing protein degradation is unequivocal, 
there is still debate regarding the underlying mechanism and 
the dose required to produce these anticatabolic effects. 
Insulin likely mitigates protein breakdown at lower doses 
and stimulates protein synthesis at higher doses [51].

Van den Berghe et al. suggest that this suppression of pro-
teolysis and activation of protein synthesis is at least partly 
facilitated by an increase in serum IGF-1 levels [52]. However, 
intensive insulin therapy (IIT) in critically ill non- burned 
patients results in further suppression of serum IGF- 1, IGFBP-
3, and other GH-binding protein levels, with a corresponding 
increase in circulating GH [53]. Presumably, insulin primarily 
exerts its anabolic effects by suppressing IGFBP-1, thereby 
increasing the bioavailability of IGF-1. Thus, the fact that IIT 
did not affect IGFBP-1 levels in critically ill patients could 
explain why the anabolic effects of insulin did not appear to 
have a major positive effect on outcomes [52]. Additionally, 
IIT does not counteract catabolism associated with critical ill-
ness; however, it can improve the overall outcomes in pediat-
ric ICU patients [54, 55]. In a subpopulation of critically ill 
pediatric cardiac surgical patients, insulin administration to 
achieve normoglycemia similarly did not significantly impact 
skeletal muscle degradation [56]. Contrarily, high doses of 
insulin or insulin with amino acid supplementation can restore 
anabolism in cardiac surgical patients [57].

In critically ill burn patients, Jeschke et al. demonstrated 
that insulin increases the anabolic factor IGF-1 and IGFBP-3 
and mitigates hypermetabolism [19–21, 58]. Gore et al. stud-
ied the effects of insulin on skeletal muscle in patients with 
burns greater than 40% TBSA, demonstrating that hyperin-
sulinemia increases leg blood flow and the rate of muscle 
protein synthesis [59, 60]. Additionally, similar work by 
Ferrando et  al. showed that a submaximal insulin dose, 
which would minimize the risk of hypoglycemic episodes, 
could actually elicit muscle anabolic effects [61]. Fram et al. 
aimed to elucidate the mechanism by which IIT is beneficial 
in an acute pediatric burn unit setting. Their results suggested 
that IIT treatment decreases REE and improves mitochon-
drial oxidative capacity and insulin sensitivity in these 
patients [62].

Despite its utility as an anabolic agent, several studies that 
were conducted to establish a clear survival benefit with 
insulin presented conflicting mortality data in both pediatric 
and adult burn patients. However, there is a consensus that 
insulin treatment decreases infection rates, sepsis, and organ 
failure [48, 49, 63–65]. While it lacks a significant survival 
benefit, insulin improves secondary outcomes such as serum 
glucose levels and seems to be beneficial as an anabolic 
agent in burn patients. It is more cost effective than GH or 
IGF-1 and has a well-established side effect profile, which is 
only limited to hypoglycemia. However, the risk of hypogly-
cemia needs to be carefully considered prior to initiating 
insulin therapy in susceptible patients.

Summary: Insulin is a safe and cheap anabolic agent with 
a clear side effect profile. While insulin-induced hypoglyce-
mia is associated with adverse outcomes, insulin currently 
appears to be an effective agent in regulating muscle catabo-
lism. Insulin can be given to target glucose levels or as a 
therapy approach to reduce hypermetabolism but glucose 
levels need to be carefully monitored and/or considered to be 
given simultaneously.

22.6  Metformin

Metformin is a biguanide that has recently emerged as the 
primary alternative to insulin for hyperglycemia manage-
ment in severely injured patients [66]. Metformin is admin-
istered daily per os with a maximum daily dose of 35 mg/kg 
(2.5 g/day) body weight [67]. Standard formulations require 
multiple dosing, while metformin XR (extended release) is 
administered once daily, resulting in better medication regi-
men adherence [68].

Although the underlying mechanisms are complex and 
still debated, the downstream effects of metformin are 
known. It has a dual role in enhancing peripheral insulin 
 sensitivity and regulating gluconeogenesis. Metformin sup-
presses hepatic glucagon production and thus hyperglycemia 
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by mitigating the synthesis of cyclic AMP [69]. Cyclic AMP 
is elevated after thermal injury and is one of the potential 
mechanisms in the development of post-burn hyperglycemia 
and insulin resistance. As a result, metformin counters the 
underlying processes and is an attractive option in managing 
burn-induced hyperglycemia.

Similar to insulin, metformin may be applicable as both 
an antihyperglycemic and a muscle protein anabolic agent in 
critically injured patients. However, the mechanism by which 
metformin mediates muscle protein balance is still unclear. 
According to Gore and colleagues, there is a relationship 
between elevated glucose levels and net muscle protein 
catabolism. Gore et al. conducted a double-blind, random-
ized study focusing on peripheral metabolic effects of insulin 
versus metformin after a severe burn injury. The results 
showed an increased fractional synthetic rate of muscle pro-
tein and improvement in net muscle protein balance in 
metformin- treated patients [70, 71]. Metformin, therefore, 
functions as a muscle protein anabolic agent in critically ill 
patients, likely due to its ability to improve insulin receptor 
sensitivity and attenuate hyperglycemia. Given that metfor-
min augments insulin sensitivity, it is plausible that metfor-
min and insulin may synergistically function in regulating 
glucose levels and ameliorating skeletal muscle catabolism.

However, a possible metformin side effect is lactic acido-
sis or potential worsening of renal failure in susceptible 
patients [72]. As a result, metformin should not be given in 
patients with impaired lactate elimination, including those 
with renal and hepatic failure [73]. In severely burned 
patients a recent safety and efficacy clinical trial demon-
strated no worsening of renal or hepatic function and no inci-
dences of lactic acidosis in burn patients treated with 
metformin. Additionally, a review of clinical trials on type II 
diabetic patients also did not have any cases, highlighting the 
low incidence of lactic acidosis [74]. While no patients had 
lactic acidosis in the previously mentioned studies, this con-
dition can be effectively managed in the burn ICU setting, 
making careful administration of metformin a safe alterna-
tive to insulin.

Compared to insulin, metformin demonstrates non- 
inferiority in terms of glycemic regulation and anabolic 
effects and superiority in terms of its antilipolytic effects 
[75]. Beyond clinical efficacy, there are other benefits such 
as cost-effectiveness and ease of administration. Metformin 
is given per os, and glucose levels need to be checked less 
frequently versus insulin once glucose and medication levels 
are stabilized. Given the clinical benefits and minimal side 
effects, metformin is an attractive treatment option and an 
integral component of post-burn care.

Summary: Metformin effects and its application as an 
anabolic agent are yet to be comprehensively studied. A 
recent safety however indicated the efficacy and safety of 

metformin in burn patients. Dosing should be 500–1000 mg 
BIP or even TID if no hepatic or renal concern.

22.7  Testosterone

Under the conditions of severe stress, the hypothalamic–
pituitary–gonadal axis functions by reducing the signal for 
the production of testosterone. Burn patients have significant 
reductions in total and free testosterone levels such that 
severely burned men have comparable levels of serum testos-
terone to women [5]. This deficit persists after discharge.

Ideally, restoration of testosterone levels by exogenous 
therapy should facilitate skeletal muscle anabolism. Ferrando 
et al. investigated the effects of testosterone treatment at a 
dose of 200  mg/week IM for 2 weeks in severely burned 
(>70% TBSA) male patients. They demonstrated that nor-
malizing testosterone levels results in a twofold reduction in 
muscle protein catabolism with normal feedings [76]. As the 
protein synthetic rate is maintained, the primary mechanism 
of action seems to be due to the reduction in skeletal muscle 
breakdown. Interestingly, while short-term testosterone 
treatment has similar anabolic outcomes in adult and pediat-
ric burn patients, there is a marked difference in the mecha-
nism of action. As mentioned above, testosterone therapy 
regulates catabolism in adult burn patients. Alternatively, 
pediatric patients demonstrate greater muscle protein synthe-
sis rather than decreased catabolism [77, 78].

An important consideration that limits the use of testos-
terone in burn patients is its side effect profile. Side effects of 
testosterone therapy include increased risk of cardiovascular 
events, such as myocardial infarction, coronary artery dis-
ease and deep vein thrombosis, hepatotoxicity, erythrocyto-
sis, and prostatic and dermatologic disorders [79]. 
Additionally, the use of this agent may be limited in women 
due to its androgenic effects. Owing to its broad side effect 
profile and the lack of oral methods of administration, alter-
native agents are preferred to testosterone. This includes its 
synthetic derivative, oxandrolone, which has a more favor-
able pharmacological profile.

Summary: While testosterone may have some beneficial 
anabolic effects in burn patients, its use is limited due to the 
risk of adverse events and limited applicability to male 
patients.

22.8  Oxandrolone

Oxandrolone, which is a synthetic derivative of testosterone, 
has been successfully implemented in pediatric patients with 
constitutional delays in growth, cachexia associated with 
alcoholic hepatitis, and HIV-related catabolic syndrome 
[80]. Studies in non-burn patients demonstrated enhanced 
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weight and muscle mass gain, which is optimally augmented 
with administration of appropriate nutrition.

Previous work in adult burn patients studied the effects of 
20 mg/day oxandrolone per os a minimum of 2 days post- 
burn [81]. As outlined in the previous section on testoster-
one, the mechanism of action differs between pediatric and 
adult patients. Oxandrolone has primarily an anticatabolic 
effect in adults and anabolic effect in children [82]. Barrow 
et al. analyzed the gene expression patterns in skeletal mus-
cle obtained from pediatric burn patients treated with oxan-
drolone. Interestingly, the authors showed altered expression 
of 21 genes and increased muscle protein net balance, which 
was corroborated by muscle biopsies [83]. Similar findings 
have been seen in other studies as well [84].

Tuvdendorj et  al. showed reduced acute phase and 
increased constitutive protein levels during the acute phase 
in pediatric patients with burns greater than 20% TBSA [85]. 
Jeschke et al. conducted a large, prospective, double-blind, 
randomized single-center study on burn patients to assess the 
effects of oxandrolone during the acute phase post-burn. The 
authors demonstrated that oxandrolone shortened hospital 
LOS, maintained lean body mass, and augmented hepatic 
protein synthesis [19–21]. Wolf et al. demonstrated similar 
findings in a multicenter, prospective, randomized, double- 
blind trial enrolling 81 adults with burns 20–60% TBSA. In 
this trial and other similar studies, oxandrolone therapy also 
shortened the hospital LOS [86, 87]. Wolf et al. also showed 
that oxandrolone effectively restored lean body mass in the 
acute and rehabilitation phase post-burn. Importantly, oxan-
drolone therapy may potentially be associated with improved 
survival, theoretically due to its prolonged beneficial effects 
in the acute and rehabilitation phase [88]. In the latter, 1 year 
oxandrolone treatment exhibited long-term improvements in 
lean body mass, bone mineral content, and bone mineral 
density, significant increases in height and weight, and a 
decrease in REE. There is further evidence that oxandrolone 
may also have long-term effects that can persist for up to 5 
years post-burn [89].

To provide a consensus, recent meta-analyses have evalu-
ated the use of oxandrolone in thermally injured patients. 
Real et al. demonstrated decreased lean body mass loss, less 
negative nitrogen balance, and shorter hospital 
LOS.  However, this meta-analysis excluded pediatric 
patients and included few studies. Most recently, Li et  al. 
conducted a meta-analysis that included 15 randomized con-
trolled trials. While the authors showed that oxandrolone 
treatment does not affect mortality or the risk of infection, it 
does shorten hospital LOS, donor-site healing time, and time 
between surgical procedures. Additionally, oxandrolone mit-
igates weight and nitrogen loss, resulting in an accrual of 
lean body mass 6–12 months post-burn [90].

While it is equally as effective in decreasing weight loss 
and has similar benefits to other anticatabolic agents such as 

rhGH, oxandrolone has an improved side effect profile. 
Demling demonstrated this in a randomized, prospective 
study comparing rhGH and oxandrolone after severe thermal 
injury. The authors showed that rhGH results in significant 
hyperglycemia and accentuated hypermetabolism compared 
to oxandrolone. Additionally, oxandrolone, which is avail-
able as an oral formulation, has a similar but more favorable 
pharmacologic profile to testosterone; it has ten times greater 
anabolic effects and only 10% of the androgenic effects [91]. 
However, reversible sexual changes have been noted during 
oxandrolone therapy in pediatric patients. The most common 
side effect reported is hepatotoxicity. Previous studies com-
pared liver dysfunction, assessed by liver transaminase lev-
els, in thermally injured pediatric and adult patients [19–21, 
92]. However, McCullough et  al. demonstrated no signifi-
cant differences in liver dysfunction between treatment and 
control groups in adult burn patients, and Miller and Btaiche 
similarly showed only a mild increase in transaminase levels 
in pediatric patients [91]. While oxandrolone therapy in 
severely burned patients during the acute phase and long- 
term is beneficial, liver function monitoring during treatment 
is recommended.

Summary: Oxandrolone is an effective alternative to tes-
tosterone therapy. The improved side effect profile and avail-
ability of an oral formulation make it an attractive option. 
Currently recommended as an anabolic agent. Dosing 10 mg 
BID in pediatrics or adults and 5 mg BID in elderly.

22.9  Thyroid Hormones

Thyroid hormones have overarching effects on growth and 
energy expenditure. The hypothalamic–pituitary–thyroid 
axis consists of hypothalamic thyrotropin-releasing hormone 
(TRH), thyroid-stimulating hormone (TSH) at the pituitary 
level, and peripheral thyroxine (T4), tri-iodothyronine (T3), 
and reverse T3. Alterations in the hypothalamic–pituitary–
thyroid axis during illness results in a condition known as 
euthyroid sick syndrome whereby serum levels of thyroid 
hormones are low in patients without thyroid disease [93]. 
This is distinct from patients who simply present with 
hypothyroidism.

In critical care settings, thyroid hormone levels are 
inversely correlated with biochemical markers of catabolism 
such as urea production and markers of bone degradation. 
Moreover, administration of thyroid hormones was shown to 
reduce markers of catabolism. This challenges the notion 
that low thyroid hormone levels are an adaptive, protective 
response to hypercatabolism in prolonged critical illness 
[94]. Currently, clinical benefits of the active hormone T3 or 
the prohormone T4 during critical illness remains 
 controversial. In critically ill patients admitted to an ICU for 
at least 14 days, TRH therapy with GH release peptide has 
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been used [95]. This study utilized a 1 μg/kg GHRP-2 plus 
1 μg/kg TRH bolus followed by a continuous infusion of 
1 μg/kg/h GHRP-2 plus 1 μg/kg/h TRH. Potentially, this may 
stimulate and maintain pulsatility, responsiveness, and feed-
back inhibition of GH and TSH secretion, inducing a shift 
toward anabolic metabolism.

However, there is limited data on the utility of thyroid 
hormone replacement in burn patients. In fact, giving T3 has 
little to no effect on recovery rate or rates of deaths from 
pneumonia and sepsis in these patients. Additionally, thyroid 
hormone replacement does not mitigate hypermetabolism or 
the elevated catecholamine levels seen after burn injury. This 
suggests that in burn patients, hypermetabolic responses are 
primarily under sympathetic regulation rather than thyroidal 
adaptive mechanisms. Additionally, there is a concern that 
administering T3 can increase the incidence of arrhythmias 
because of the known association between hyperthyroidism 
and tachyarrhythmias [96].

Summary: At this time, there is insufficient data to demon-
strate efficacy with exogenous thyroid hormone therapy in 
euthyroid critically ill patients. Thyroid hormones can be 
considered when low thyroid levels are present.

22.10  Novel Treatment Strategies

Currently, there are alternative novel anticatabolic agents 
available. However, it is important to note that their indica-
tion as anabolic agents have been tested in very specific 
patient populations; for example, patients with cancer 
cachexia and other muscle wasting disorders. Importantly, 
none of these medications have been tested for thermally 
injured or critically ill patients. Therefore, they require fur-
ther investigation prior to implementation as anticatabolic 
agents in these patients.

Enobosarm is a nonsteroidal selective androgen recep-
tor modulator that was first developed in 1998. It func-
tions directly by activating muscle androgen receptors and 
indirectly through non-muscle androgen receptor path-
ways, which are mediated by muscle fibroblasts [97]. 
Preliminary studies suggest that treatment with enobo-
sarm at a dose of 3 mg/day induces significant improve-
ments in lean body mass [98]. When tested in healthy 
elderly men and menopausal women, enobosarm showed 
a substantial enhancement in physical function [99]. 
Potentially, it can be utilized in muscle wasting and 
cachexia secondary to cancer, COPD, heart failure, AIDS, 
and end-stage liver and renal diseases [100–102]. Clinical 
trials suggest that the drug is well tolerated, with no dif-
ference in the incidence of adverse events between pla-
cebo and treatment groups. Adverse events are mild and 
most commonly include back pain, fatigue, nausea, diar-
rhea, and flu-like illness.

Ghrelin, which is a peptide hormone primarily produced 
by the gastrointestinal mucosa, induces release of GH from 
the pituitary gland. Production of ghrelin stimulates energy 
intake and inhibits expenditure, which creates a positive net 
energy balance and results in weight gain. A potent, selective 
ghrelin receptor agonist, anamorelin, is an alternative option 
to exogenous ghrelin. It has a longer half-life than ghrelin 
and comes in oral formulations as well, with doses typically 
ranging from 50 to 100 mg daily [103]. Anamorelin was pre-
viously tested in cancer-related cachexia, and it showed a 
positive clinical response profile. Specifically, these patients 
had sustained increases in lean body mass and appendicular 
lean body mass (a surrogate of muscle mass), improved mea-
sures of muscle strength, and a better quality of life. However, 
common adverse effects associated with anamorelin include 
hyperglycemia, nausea, and dizziness. While the previously 
mentioned trials are promising, further investigation into 
efficacy and safety are still needed [97, 104–108].

Another important target in the management of skeletal 
muscle cachexia is the β-adrenergic signaling pathway, 
which has a crucial role in regulating protein synthesis and 
degradation. A newer generation β-agonist, formoterol, elic-
its an anabolic response even when given at very low doses 
of 80 μg daily. Additionally, medications such as formoterol 
have reduced collateral effects on the cardiovascular system 
compared with older generation β-agonists (e.g., fenoterol 
and clenbuterol). However, these agents may still possess 
some adverse cardiovascular side effects common to 
β-agonists, highlighting the importance of further research 
and refinement [109, 110].

22.11  Conclusion

Critically ill and thermally injured patients exhibit common 
aspects during the course of their illness, which are primarily 
components of hypermetabolism. These clinical features 
include hyperglycemia and insulin resistance, hyperinflam-
mation, catecholamine surges, and generalized catabolism. 
Importantly, these injury-related consequences can occur 
years after the acute phase, necessitating the implementation 
of pharmacological interventions. Currently, many pharma-
cological agents have been studied to improve morbidity and 
mortality in these patients. This chapter focuses on anticata-
bolic and anabolic medications, which function through a 
variety of mechanisms to shift the balance from muscle 
breakdown to muscle synthesis.

Of the drugs reviewed, insulin is the primary one that is 
widely utilized in burn patients. There is a plethora of studies 
demonstrating its safety and efficacy both as an antihyper-
glycemic and as an anabolic agent. Metformin is an 
 alternative antihyperglycemic to insulin that has the potential 
as an anabolic agent. However, the mechanism by which 
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metformin mediates muscle protein balance is still unclear. 
Additionally, trials investigating adverse outcomes in burn 
patients are limited in size, warranting additional studies 
prior to broad implementation.

Propranolol is another promising anabolic agent with 
additional anticatabolic features. Namely, it prevents periph-
eral lipolysis and proteolysis by mitigating catecholamine 
signaling. Importantly, dual therapy with propranolol and 
rhGH diminishes hypermetabolism and inflammation and 
ameliorates the deleterious effects found with rhGH mono-
therapy. There is currently ample evidence for the benefits of 
propranolol therapy in pediatric patients. However, there is 
insufficient published data demonstrating similar effects in 
adult and elderly burn patients.

Outcomes of rhGH treatment have been comprehensively 
studied in children and adult burn patients, with higher lean 
body weight and bone mineral density compared to placebo. 
Additionally, rhGH treatment attenuates the post-burn hyper-
metabolic and hyperinflammatory responses, particularly 
when combined with propranolol. However, rhGH is associ-
ated with hyperglycemia, and the beneficial outcomes seen 
in burn patients are not translatable in critically ill, non- 
burned patients. Combination therapy of IGF-1/IGFBP-3 in 
severely burned children similarly improves net protein bal-
ance, with an analogous effect in severely burned adult 
patients. However, the IGF-1/IGFBP-3 complex is associ-
ated with adverse events such as neuropathies, currently pre-
cluding their clinical use.

Testosterone also demonstrates some beneficial ana-
bolic effects in burn patients, but its use is limited due to 
the risk of adverse events and limited applicability to male 
patients. Oxandrolone is an attractive alternative to testos-
terone therapy with an improved side effect profile. 
Treatment is beneficial during acute phase and rehabilita-
tive phase, and long-term treatment can increase lean 
body mass 6–12 months post-burn. However, while oxan-
drolone shows great promise, it is currently not a gold 
standard therapy.

While many of the drugs discussed in this chapter are 
encouraging, they require additional investigation. Thyroid 
hormones and the other novel therapeutics have some favor-
able results, but many of the recent studies using these drugs 
are in non-burned patients. As a result, they cannot be imple-
mented in burn and critically ill patients at this time. Future 
studies are necessary to expand the repertoire of anticata-
bolic and anabolic agents in use in burn management.
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23.1  Introduction

Infection is a frequent complication for patients with thermal 
injury and is a leading cause of death in burn patients [1, 2]. 
Wound infection, bacterial pneumonia, and bloodstream 
infections are cited as the leading causes of mortality among 
burn patients [3].

The skin is a barrier against infection; damage to the skin 
leaves patients at high risk for both local and systemic infec-
tions [1]. Topical antimicrobials have led to the decline of 
burn wound infections but have not completely eliminated 
this complication [3].

In addition to physical injury, burn patients experience pro-
found and sustained physiologic and metabolic alterations. 
Additionally, dysregulation of the host immune function and 
inflammatory response put patients at increased risk for both 
local and systemic infections. These changes also alter the 
way infections declare and present, making its prompt recog-
nition challenging. Finally, the distribution, metabolism, and 
elimination of antimicrobial medications can be significantly 
altered, thereby complicating drug dosing [4].

The goal of this chapter is to describe diagnostic criteria 
and treatment of infections in burn patients. Early recogni-
tion of infection and optimal antimicrobial dosing are keys to 
optimal outcomes.

23.2  Sepsis in the Burn Patient

Because of the unique physiologic changes and chronic sys-
temic inflammation that accompany burn injury, the typical 
systemic inflammatory response syndrome (SIRS) criteria 
lack specificity and sensitivity to accurately diagnose burn 
sepsis (Table 23.1). Most burn patients would have at least 
one component of SIRS, and this definition would not carry 
much meaning in the burn population. The American Burn 
Association (ABA) has developed a consensus definition for 
sepsis in the burn patient. This consensus statement defines 
burn sepsis as any change in the burn patient that triggers the 
concern for sepsis plus a documented infection [5]. Changes 
in the burn patient that trigger concern for sepsis include 
hyper- or hypothermia, progressive tachycardia, progressive 
tachypnea, thrombocytopenia, hyperglycemia, and the 
inability to continue enteral feedings for at least 24  h. In 
addition to the presence of any of these triggers, the patient 
must have a documented infection, defined as a culture- 
positive infection, pathologic tissue source, or a clinical 
response to antibiotics [5]. Patients who have shock-like 
hemodynamic parameters and require the initiation of vaso-
pressors in addition to meeting the above criteria for sepsis 
are considered to have septic shock [5].

The Third International Consensus Definitions for Sepsis 
and Septic Shock (SEPSIS-3) has recently refined the defini-
tion for sepsis in the general medical population. According 
to SEPSIS-3, sepsis is life-threatening organ dysfunction 
caused by a dysregulated host response to infection [7]. 
More objectively, an acute change in the Sequential Organ 
Failure Assessment (SOFA) score of 2 or more points would 
indicate the development of sepsis [7]. Patients are consid-
ered to have septic shock when they meet the above criteria 
for sepsis and also have underlying circulatory and meta-
bolic abnormalities that are sufficiently profound to substan-
tially increase mortality [7]. Objectively, these patients have 
persistent hypotension and require vasopressors to maintain 
a mean arterial pressure (MAP) of at least 65 mmHg. These 
patients also have a serum lactate persistently greater than 
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2  mmol/L, despite adequate fluid resuscitation [7]. The 
SEPSIS-3 definitions of sepsis, as well as the SOFA score, 
have not yet been evaluated in burn patients.

The Surviving Sepsis Campaign recommends that combi-
nations of clinical interventions (“bundles”) be performed 
within 3 and 6 h of the development of sepsis or patient pre-
sentation to the healthcare facility. The sepsis bundles have 
been key in promoting timely recognition and treatment of 
sepsis, as well as decreasing mortality due to sepsis and sep-
tic shock [10]. Within the first 3 h of presentation, providers 
should measure the patient’s serum lactate, provide fluid 
resuscitation with at least 30  mL/kg of crystalloid if the 
patient is hypotensive or has a serum lactate of at least 
4 mmol/L, obtain blood cultures prior to antibiotic adminis-
tration, and initiate broad-spectrum antibiotics [9]. The 2016 
Surviving Sepsis Guidelines recommend that appropriate 
microbiologic cultures be drawn and empiric broad- spectrum 
antibiotics be initiated within the first hour following recog-
nition of sepsis or septic shock [10]. These guidelines further 
recommend that antimicrobial therapy be revised to culture- 
directed therapy once organism and antimicrobial suscepti-
bility data are available and recommend against the use of 
sustained systemic antimicrobial therapy in patients with 
severe inflammatory states (which would include burn 
injury) [10].

Within 6  h of the development of sepsis, lactate levels 
should be re-measured and the patient’s fluid status should 
be re-assessed if they remain hypotensive. Fluid status can 
be re-assessed with a focused physical exam, CVP measure-
ment, SCVO2 measurement, cardiovascular ultrasound, or 
dynamic assessment of fluid response [9]. If the patient 
remains hypotensive (MAP less than 65 mmHg) despite ade-

Table 23.1 Diagnostic criteria for the systemic inflammatory response 
syndrome (SIRS) [6]

Temperature >38 °C
<36 °C

Heart rate >90 beats per minute
Respiratory Respiratory rate >20 breaths/min

PaCO2 <32 torr
White blood cell count (WBC) WBC >12,000 cells/mm3

WBC <4000 cells/mm3

>10% immature (band) forms

Table 23.2 Criteria triggering concern for sepsis in the burn patient 
[5]

Criteria Definition
Hyper or hypothermia Temperature >39 or <36.5 °C
Progressive tachycardia Heart rate >110 beats per minute in 

adult burn patients
Progressive tachypnea Respiratory rate >25 breaths per 

minute in non-ventilated adult 
patients
Minute ventilation >12 L per 
minute in ventilated patients

Thrombocytopenia Platelets <100,000 cells/mm3

(Not applicable until 3 days after 
initial resuscitation)

Hyperglycemia Blood glucose >200 mg/dL
Resistance to >7 units/h of regular 
insulin
>25% increase in insulin 
requirement over 24 h

Inability to continue enteral 
feedings for >24 h

Abdominal distension
Residuals at least two times the 
enteral feeding rate
Uncontrollable diarrhea (>2.5 L per 
day)

Table 23.3 Sequential Organ Failure Assessment (SOFA) Scoring System [8]

Points assigned 1 2 3 4
Variable
Respiratory
  PaO2/FiO2 ≤400 ≤300 ≤200 ≤100
Coagulation
  Platelets, 103/μL <150 <100 <50 <20
Hepatic
  Bilirubin, mg/

dL
1.2–1.9 2.0–5.9 6.0–11.9 ≥12.0

Cardiovascular
  Hypotension MAP 

<70 mmHg
Dopamine ≤5 or 
dobutamine (any dose)a

Dopamine >5 or epinephrine ≤0.1 
or norepinephrine ≤0.1

Dopamine >15 or epinephrine >0.1 
or norepinephrine >0.1

Central nervous 
system
  Glasgow Coma 

Score
13–14 10–12 6–9 <6

Renal
   Creatinine, mg/

dL
1.2–1.9 2.0–3.4 3.5–4.9 >5.0

   Urine output <500 mL/day <200 mL/day
aInfusion rates are displayed in μg/kg/min
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quate intravascular volume repletion, vasopressors should be 
initiated [10].

23.3  Sites of infection

23.3.1  Burn Wound Infection

Burn wound infection is one of the most common types of 
infection in burn patients [3]. The burn wound should always 
be considered as a potential source of infection.

Burn wound surfaces are sterile immediately after ther-
mal injury but subsequently become colonized with bacteria. 
Colonization can be loosely defined as positive bacterial 
growth from surface swab cultures in the absence of clinical 
concern for infection. Gram-positive cocci, such as 
Staphylococci, that survive the initial insult are usually the 
first organisms to heavily colonize the burn wound. These 
organisms, including methicillin-resistant Staphylococcus 
aureus (MRSA) and coagulase-negative Staphylococci, are 
usually the most common pathogens in burn wound infec-
tions [1]. Other common causes of burn wound infection 
include Enterococcus, Pseudomonas aeruginosa, 
Escherichia coli, and Klebsiella pneumoniae [1].

Colonization should not be treated with systemic antimi-
crobials. For this reason, surface swab cultures are not rec-
ommended as a routine practice without clinical concern for 
infection. However, colonization can lead to burn wound 
infection, which should be treated [5].

Burn wound infection can be further classified into cellu-
litis, invasive infection, impetigo, and burn-related surgical 
wound infection. Each of these is further described in 
Table 23.4.

23.3.2  Pneumonia

The diagnosis of pneumonia relies upon clinical criteria. In 
order to meet the criteria for pneumonia, a patient must have 
a chest radiograph showing a new or persistent infiltrate, 
consolidation, or cavitation; recent change in sputum or new 
purulence in the sputum; and/or meet the criteria for sepsis, 
as defined earlier [5]. The diagnosis of pneumonia can be 
confirmed with positive microbiologic data [5]. Pneumonia- 
causing pathogens commonly include Staphylococcus 
aureus, Pseudomonas aeruginosa, Escherichia coli, 
Klebsiella pneumonia, and Serratia marcescens [3].

Empiric treatment for ventilator-associated or hospital- 
acquired pneumonia should include agents with activity 
against MRSA and against Pseudomonas aeruginosa. 
Anaerobic coverage is not generally required given the rarity 
of anaerobes as a cause of nosocomial pneumonia. While 
some broad-spectrum empiric therapies used for pneumonia 

include anaerobic activity (piperacillin/tazobactam), others 
do not (cefepime). Antibiotic therapy should be tailored 
based on culture results as they become available, and the 
treatment should generally be continued for a total of 7 days, 
although a longer course can be considered for multidrug- 
resistant organisms [11].

23.3.3  Bloodstream Infection

Bacteremia in the burn patient can be due to usual causes, 
such as intravenous catheters, but can also be secondary to 
burn care-related factors. Burn wound colonization or infec-
tion can lead to transient bacteremia, which is often culture- 
negative. In the early stages after thermal injury, intestinal 
blood flow and perfusion are decreased, which can allow for 
translocation of normal gut flora into the bloodstream. Early 
enteral nutrition can help preserve the gut-barrier function 
and prevent bacterial translocation [1].

Patients are considered to have bloodstream infections if 
they have recognized pathogens cultured from at least two 
blood cultures or at least one positive blood culture in the 
presence of sepsis (as defined earlier in this chapter). Patients 
who have common skin contaminants from at least two blood 
cultures drawn on separate occasions and clinical signs of 
sepsis can also be considered to have a bloodstream infection 
[5]. Staphylococcus aureus (including MRSA), Pseudomonas 
aeruginosa, Escherichia coli, Klebsiella pneumoniae, 
Enterobacter species, Serratia marcescens, Acinetobacter 

Table 23.4 Types and clinical characteristics of burn wound infec-
tions [1, 5]

Invasive 
infection

•  Invasion or destruction of burned and unburned 
skin and tissue

•  Causes separation of eschar or graft loss, 
invasion of adjacent separation of eschar or graft 
loss, invasion of adjacent unburned tissue, or 
cause the systemic response of sepsis syndrome

• Usually life-threatening
Cellulitis •  Advancing erythema, induration, swelling, 

warmth, tenderness in surrounding tissues
•  Extension of infection into the healthy, uninjured 

skin and soft tissues surrounding the burn wound 
or donor site

•  Not associated with other signs of wound 
infection

Impetigo •  The loss of epithelium from previously 
re-epithelialized surface

Burn-related 
surgical 
wound 
infection

•  Includes both excised burn and donor sites that 
have not yet epithelialized

•  Wounds produce purulent exudate that is 
culture-positive

•  May have loss of synthetic or biological 
covering of the wound, changes in wound 
appearance, and erythema in uninjured skin 
surrounding the wound

23 Diagnosis and Treatment of Infections in Burns
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species, and Enterococcus faecalis are some of the most 
common causative pathogens [3].

Management of bloodstream infections should begin with 
removing any indwelling catheters and the initiation of systemic 
antimicrobial therapy. Empiric antibiotic coverage for blood-
stream infections should include an agent with activity against 
MRSA. Patients with femoral catheters should also receive cov-
erage for gram-negative bacilli and Candida [12]. Antimicrobial 
therapy should be continued for 14 days after the first negative 
blood culture (day 1 of antibiotic therapy is the first day where 
negative blood culture results are obtained) [12].

23.3.4  Invasive Fungal Wound Infection

Invasive fungal wound infections are more likely to affect 
patients later in their course of burn wound treatment. The 
repeated and long-term use of antibacterial agents can create an 
environment where fungi and yeast can thrive, thus promoting 
fungal colonization [1]. Additionally, critically ill burn patients 
commonly experience relative immune suppression that allows 
fungal pathogens to result in invasive infections [4].

In a retrospective autopsy series of severely burned 
patients, the most common sites of fungal infections that 
were associated with attributable mortality included the burn 
wound, pulmonary system, abdomen, urinary system, and 
bloodstream [13]. In 13 of 14 cases (93%) included in this 
retrospective review, mortality was attributed to Aspergillus 
[13]. This retrospective review also found that larger burn 
injury and greater length of hospital stay were associated 
with fungal infection and attributable mortality from fungal 
infection [13].

The most common pathogens associated with fungal 
wound infection and invasive fungal infection include 
Candida, Aspergillus, Mucor, and Fusarium [1, 13].

Fungal endophthalmitis is an infection of the internal eye 
structures most often caused by Candida species, and result-
ing from fungemia with this organism. Because the treatment 
of this infection requires prolonged and potentially high-dose 
antifungal therapy, fundus examination with a dilated retinal 
exam is considered compulsory following candidemia in non-
burn patients. Ideally, this examination is performed by an 
ophthalmologist within the first week of therapy [14]. 
Candidemia has been documented in burn populations at 
rates of 2–5% [15, 16]. The prevalence of endophthalmitis 
among burn patients with candidemia is unknown.

23.3.5  Other Infections

In addition to the above disease states, other infections may 
develop in the burn population. Clostridium difficile- 
associated diarrhea (CDAD) may affect up to 8% of burn 

patients and should be suspected in patients with unexplained 
diarrhea or in patients with diarrhea and other signs or symp-
toms of sepsis [17]. Development of CDAD has been associ-
ated with longer hospital length of stay and increased 
mortality, thus early recognition and treatment of this disease 
is imperative to reduce morbidity and mortality [18]. 
Endocarditis, though only seen in 0.4% of burn patients, has 
been associated with a mortality rate of 100%. Even though 
endocarditis is seen in a small percentage of the overall burn 
population, it affects up to 9% of patients with bacteremia 
[19]. Gram-negative organisms, including Pseudomonas 
aeruginosa, Acinetobacter, and Klebsiella, are the most com-
mon pathogens in the burn population [19]. Any patient with 
recurrent or persistent bacteremia should further evaluated 
for endocarditis. Viral infections, including herpes simplex 
(HSV) and cytomegalovirus (CMV), are associated with 
morbidity (including increased risk for bacterial sepsis) and 
mortality in burn patients [20]. In a recent autopsy series, 5% 
of deaths were attributed to viral infections [3]. Diagnosis of 
these infections in burn patients is difficult; the risks and 
benefits of empiric treatment must be weighed before antivi-
rals are initiated.

23.4  Pharmacokinetic 
and Pharmacodynamic Changes 
in Critically Ill Patients

Increasing data from multiple patient populations support 
the growing recognition that manufacturer-recommended 
doses may not be universally applicable across all patient 
populations, particularly the critically ill. In order to under-
stand the pharmacokinetic changes that occur in burn 
patients, it is imperative to know the basic pharmacokinetic 
parameters and definitions. Table 23.5 defines the basic phar-
macokinetic parameters.

23.4.1  Changes in Absorption

Critically ill patients have many physiologic derangements 
that affect absorption of medications. During sepsis and/or 
shock, blood is shunted to the most vital organs, including 
the brain and the heart, and away from the gastrointestinal 
tract, muscle, and skin, thus reducing the absorption and bio-
availability of medications that are given via these routes. 
Medications given intramuscularly or subcutaneously can 
fail to distribute away from the site of administration due to 
lack of regional blood flow, thus resulting in a drug depot. 
When regional blood flow is restored, the medication con-
tained within the depot can be rapidly released, potentially 
leading to adverse drug events. Because of these changes, it 
is ideal to give most medications intravenously [21, 23].
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23.4.2  Changes in Distribution

Once a medication is absorbed into the bloodstream, it must 
travel throughout the body and distribute into the interstitial 
and intracellular fluids in order to reach its site of action. 
Large-volume fluid resuscitation, capillary leakage, and 
extravascular fluid sequestration (“third-spacing”) can dra-
matically increase the volume of distribution, especially for 
hydrophilic drugs. Higher than usual doses and/or the use of 
loading doses of these medications may be needed to achieve 
therapeutic concentrations in critically ill patients.

Proteins which bind and transport drugs in humans (pri-
marily albumin and alpha-1 acid glycoprotein) are consid-
ered to be acute phase reactants; albumin production 
drastically decreases in the setting of systemic inflammation. 
Medications that are highly bound to albumin may have 
increased concentrations of the unbound active drug, poten-
tially leading to associated toxicities [21, 23].

Table 23.5 Pharmacokinetic definitions [21–23]

Pharmacokinetics 
(PK)

Describes the movement of drugs 
throughout the body

Pharmacodynamics 
(PD)

Describes the pharmacologic response that 
results when a drug reaches its receptor or 
site of action

Absorption Rate and extent to which a medication 
leaves its site of administration and moves 
to systemic circulation

Bioavailability Fraction of a medication dose that reaches 
systemic circulation

Distribution Process by which drug molecules move 
through the bloodstream and pass through 
organs and tissues

Volume of distribution Describes the relationship between a dose 
of a medication and the resulting serum 
concentration

Metabolism Chemical conversion of drug molecules to 
active or inactive metabolites

Elimination Removal of drug from the body
Elimination rate 
constant (ke)

Fraction of the total amount of drug in the 
body eliminated per unit time

Clearance Volume of serum or blood completely 
cleared of the drug per unit time

Table 23.6 Dosing recommendations for antimicrobial agents

Drug Usual dose CVVHa IHD
Vancomycin 20–25 mg/kg loading dose, 15 mg/kg 

maintenance, titrate to trough 15–20 μg/mL 
(for S. aureus)

15–20 mg/kg loading dose; 
titrate to trough 15–20 μg/mL 
(for S. aureus)
Clearance increased at CVVH 
dose >40 mL/kg/h (cont. 
infusion may be helpful)

1000–1750 mg loading dose, then 
500–1000 mg after IHD sessions, titrate 
to trough 15–20 μg/mL

Daptomycin 10 mg/kg (or 750 mg) q24h 8 mg/kg q48h 4–6 mg/kg q48h (administer after IHD 
sessions on IHD days)

Imipenem- 
cilastatin

500–1000 mg q6–8h 1000 mg loading dose, then 
500 mg q6–8h

500 mg q12h

Meropenem 1000 mg q8h (3 h infusion recommended 
for organisms MIC ≥2 μg/mL)

1000 mg q8h (or by cont. 
infusion)

500–1000 mg q24h (administer after 
IHD sessions on IHD days)

Piperacillin-
tazobactam

2.25 g q8h–4.5 g q6h (4.5 g q6h with 4 h 
infusion recommended for Pseudomonas 
with MIC = 16 μg/mL, assuming normal 
renal function)

3.375 g q6h (3 h or cont. 
infusion may increase levels)

2.25 g q6–8h

Cefepime 2 g q8h (4 h infusion recommended for 
Pseudomonas with MIC ≥8 μg/mL)

2 g loading dose, then 1–2 g 
q12h

1 g loading dose, then 0.5–1 g q24h or 
2 g after IHD sessions

Levofloxacin 250–750 mg q24h (depending on renal 
function)

500–750 mg loading dose, then 
250 mg q24h (from non-burn 
data)

500–750 mg loading dose, then 
250–500 mg after IHD sessions

Ciprofloxacin 400 mg q8h (for Pseudomonas) 200 mg q12h or 400 mg q24h 
(from non-burn data)

200–400 mg q24h

Amikacin 20 mg/kg q24h; titrate peak:MIC ≥10 and/
or AUC24:MIC >150:1 with low troughs

Usual dose; MICs have greater 
impact than CVVH clearance; 
titrate peak:MIC ≥10 with low 
troughs

5–7.5 mg/kg/dose; redose when 
pre-IHD level <10 μg/mL; titrate to 
peak 15–40 μg/mL (depending on 
severity of infection)

Amphotericin B 
(liposomal)

3–5 mg/kg q24h No change No change

Voriconazole 6 mg/kg q12h for 1 day, then 4 mg/kg q12h No change; cyclodextrin is 
removed

IV formulation is not recommended

Micafungin 150 mg q24h (consider up to 300 mg q24h 
for C. parapsilosis)

No change No change

aAssumes effluent rate (sum of dialysate, replacement fluid and ultrafiltration rates) of 25 mL/kg/h or 2 L/h. Filter clearance of unbound drugs 
generally depends on effluent rate and fluid replacement configuration; PK/PD optimization may require customized dose adjustment for specific 
circumstances
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23.4.3  Changes in Metabolism

Changes in drug metabolism are affected by both changes in 
hepatic blood flow and alterations in hepatic enzymatic 
activity. The hepatic extraction ratio ranges from 0 to 1 and 
indicates the fraction of the drug removed after one pass 
through the liver. For drugs that have high hepatic extraction 
ratios, such as fentanyl and midazolam, circulating levels are 
very sensitive to changes in hepatic blood flow. Hepatic 
blood flow can be reduced in the late stages of sepsis, sec-
ondary to decreased cardiac output and vasopressor use. 
Conversely, hepatically metabolized drugs with low hepatic 
extraction ratios, such as phenytoin, are sensitive to changes 
in hepatic function, rather than hepatic blood flow [23].

Enzymes involved in drug metabolism, particularly the 
cytochrome P 450 (CYP 450) system, can either be induced 
or inhibited (or both) during critical illness. Medications that 
cause drug interactions through competitive inhibition are 
also an important source of variability, to which clinicians 
should remain attentive. Understanding the underlying 
 disease state in the critically ill patient can help to predict 
how these enzymes, and consequently drug metabolism, can 
be affected.

23.4.4  Changes in Elimination

During the hyperdynamic phase of sepsis, patients may have 
increased drug clearance, as renal blood flow is increased 
during this time [23]. Higher doses or more frequent dosing 
of antibiotics may be required to optimize pharmacokinetic 
and pharmacodynamic (PKPD) parameters during this time. 
As sepsis progresses, renal blood flow decreases, and up to 
70% of patients may develop acute kidney injury or acute 
renal failure, which can drastically decrease drug elimination 
[21]. Extending dosing intervals may be required to prevent 
drug accumulation and potential adverse drug events.

23.4.5  PK-PD Changes in Burn Patients

Within the first 48 h after burn injury, patients experience 
burn shock and severe hypovolemia. Local and systemic 
inflammatory processes lead to vasodilation, vascular per-
meability, and negative interstitial pressure, causing a fluid 
and albumin shift from the intravascular space into the inter-
stitial space. During this time, cardiac output and glomeru-
lar filtration are decreased. These physiologic changes lead 
to changes in distribution and elimination; patients tend to 
have a slower rate of drug distribution and lower renal elimi-
nation [24].

The resuscitative phase typically occurs within 12 h after 
burn injury and lasts up to 72 h. During this time, multiple 
physiologic changes occur. Increased capillary permeability 

and decreased interstitial oncotic pressure result in hypovo-
lemia, decrease in effective circulating volume, decreased 
myocardial contractility, and edema formation in burned and 
non-burned tissues. Prolonged drug distribution, increased 
volume of distribution, delay in onset of action, and slower 
elimination are consequences of these physiologic altera-
tions [4].

The hypermetabolic phase follows the resuscitative phase. 
The hypermetabolic phase usually begins by post-injury day 
5 and can last up to 3 years post-injury [4]. Increases in cat-
echolamines, cortisol, glucagon, and prostaglandins lead to 
increased cardiac output and hyperdynamic circulation. This 
also increases blood flow to the liver and kidneys, which can 
increase the rate of metabolism and elimination. As a result 
of burn injury, hepatic enzymes, including enzymes in the 
cytochrome P 450 system, are induced, enhancing drug 
metabolism [24]. Increased blood flow to the kidneys 
increases creatinine clearance/glomerular filtration rate. 
Additionally, non-renal clearance is increased, as exudate 
leaks from partial- and full-thickness burns. During the 
hypermetabolic phase, increased doses or more frequent dos-
ing of medications may be required to optimize the PKPD 
parameters of the agents.

Early in the hypermetabolic phase, synthesis of alpha-1 
acid glycoprotein increases, while albumin production dras-
tically decreases. The former is the predominant carrier of 
antimicrobial agents in humans. The free fraction of drugs 
that are highly albumin-bound, such as phenytoin, is 
increased, which could potentially lead to adverse drug 
effects. It is important to recognize that in contrast to single 
stated values found in the literature, protein binding is a 
dynamic process with substantial within- and between- 
patient variability. As a heteroscedastic process, protein 
binding can vary even within a single dose interval of an 
antimicrobial agent.

Recovery from burn injury is a dynamic process. 
Throughout their hospital course, burn patients tend to move 
between the resuscitative and hypermetabolic phases. 
Clinicians should be attentive to their patients’ overall clini-
cal picture and consider how this will affect PK-PD 
parameters.

23.5  Discussion of Drug Classes

As previously discussed, early recognition and treatment of 
burn sepsis is key to preventing morbidity and mortality in the 
burn patient. Because mortality increases hourly in untreated 
sepsis, early and aggressive antimicrobial therapy is a corner-
stone of sepsis treatment. Antimicrobial agents must be dosed 
in a manner that optimizes their pharmacodynamic effects in 
order to optimally treat underlying infection. Generally 
accepted optimization parameters (T  >  MIC, AUC:MIC, 
Cmax:MIC) derive from studies of experimental infection in 
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immunocompromised animals, thereby removing the influ-
ence of the immune system in order to isolate the effects of 
the antimicrobial agent against a pathogen in vivo. A simple 
linear regression is performed between pathogen burden and 
one of the three parameters above in which the ratio of the 
numerator is varied (exposure time above MIC, AUC or peak 
concentration), with the best curve fit determining which 
parameter is most predictive of antimicrobial activity. Some 
antimicrobials may share two parameters sufficiently compa-
rable that neither is clearly superior. Further studies are then 
required to determine what should be the minimum accept-
able target reached for the relevant parameter in order to opti-
mize treatment of the infection. Limitations to this approach 
include failure to account for the influence of the immune 
system and its basis in an animal-based experimental model 
rather than from human infection. Also, this numerical 
approach to PK-PD optimization can in some cases be discor-
dant from empiric observation, as in the case of colistin, 
where clinical cures are observed despite the impossibility of 
achieving optimal targets from recommended doses. Finally, 
the primary determinant of whether numerical PK-PD param-
eters can be achieved is the pathogen MIC, which can vary 
significantly by region and/or institution.

As continuous renal replacement therapy (CRRT) is 
becoming more widely available in burn centers, an increas-
ing number of patients may be placed on this therapy. Drug 
dosing for patients on CRRT will need to be adjusted based 
on CRRT mode and dose. Replacement fluid configuration 
and efficiency will also need to be considered. To optimize  
drug dosing, it is essential that a clinical pharmacist, who has 
experience in both burn and critical care, be included on 
multidisciplinary burn team.

23.5.1  B-lactams

Beta-lactam antibiotics exhibit bactericidal activity by inhib-
iting bacterial cell wall synthesis. With respect to pharmaco-
dynamics, this class of antibiotics exhibits the most 
bactericidal activity when the time above the minimum 
inhibitory concentration (MIC) is optimized. This can be 
done by increasing the dose or frequency of dosing or by 
administering extended-interval or continuous infusions. In 
general, systemic drug concentrations should be greater than 
the MIC for at least 50% of the dosing interval to deliver 
optimal pharmacodynamic efficacy. However, specific opti-
mization targets vary depending on the specific drug and 
severity of illness.

Of all the penicillin antibiotics, piperacillin/tazobactam 
has the most literature regarding pharmacokinetic changes in 
burn patients. A recent review has shown that piperacillin/
tazobactam dosed at 4.5 g intravenously (IV) infused over 
4 h and administered every 6 h optimized PK-PD parameters 
and eradicated most susceptible organisms [4].

The third-generation cephalosporins, ceftazidime and 
cefepime, are often used to treat infections due to Gram- 
negative organisms, including Pseudomonas aeruginosa. 
Serum concentrations of ceftazidime have been shown to 
be up to 43% lower in patients with burn injury, as com-
pared to healthy patients. As a result, it has been recom-
mended that higher doses (up to 6 g per day) and prolonged 
infusion times (at least 3  h) be used to optimize PKPD 
parameters [4, 25]. Similarly, the infusion time for 
cefepime should be prolonged to at least 4 h to optimize 
its effects [4].

Newer generation cephalosporins, including ceftaroline, 
ceftazidime/avibactam, and ceftolozane/tazobactam, provide 
alternative options for treating multidrug-resistant organ-
isms. However, these agents have not yet been studied in the 
burn population, and dosing recommendations for these 
medications are not available at this time.

Carbapenems exert optimal bactericidal activity when 
serum concentrations are above the MIC for at least 40% of 
the dosing interval. Imipenem and meropenem have pharma-
cokinetic data available specifically in the burn population. 
For these agents, PK-PD parameters are not significantly dif-
ferent in patients with burn injury, as compared with non- 
burn patients [25]. However, in burn patients who are infected 
with organisms that have an MIC greater than 2  μg/mL, 
extending the infusion time to 3 h may be required to achieve 
adequate concentrations for at least 40–50% of the dosing 
interval [4].

23.5.2  Aztreonam

Aztreonam is a monobactam which inhibits bacterial cell 
wall synthesis. There is much debate about whether aztreo-
nam pharmacodynamics are best described by the time above 
the MIC or the area under the curve (AUC)-to-MIC ratio 
(≥184:1). Treatment for most infections with aztreonam will 
not require a dose adjustment. However, for patients with 
Pseudomonas isolates that have an MIC greater than 8 μg/
mL, it is recommended that an extended infusion of aztreo-
nam 2 g IV every 8 h or a standard infusion of aztreonam 2 g 
IV every 6 h be given [4].

23.5.3  Aminoglycosides

Aminoglycosides inhibit bacterial protein synthesis and 
exhibit concentration-dependent killing. The highest bacteri-
cidal potential occurs when the maximum concentration 
(Cmax) is at least ten times the MIC of the infecting organism. 
Because of high-volume resuscitation and resulting edema, 
burn patients have larger volumes of distribution for amino-
glycosides; higher doses may be required to achieve the goal 
peak concentration. Due to augmented renal function, amino-
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glycosides can be eliminated more quickly, so increased dos-
ing frequency may be needed. In this population, once- daily 
dosing of aminoglycosides is unlikely to provide optimal bac-
tericidal activity. It is recommended that drug levels be drawn 
frequently and dose adjustments be made to avoid drug con-
centrations that are undetectable for more than 10 h [4].

23.5.4  Fluoroquinolones

The fluoroquinolones prevent the unwinding of bacterial 
DNA, thus preventing transcription. These agents are opti-
mally bactericidal when the AUC-to-MIC ratio is greater 
than 125 to 1. In order to achieve this, it is recommended to 
administer ciprofloxacin 400 mg IV every 8 h or levofloxacin 
750 mg IV every 24 h, with appropriate adjustments for renal 
insufficiency [4, 25].

23.5.5  Polymyxins

Recently, the polymyxins have re-emerged as treatments of last 
resort for multidrug-resistant organisms. These agents damage 
the bacterial cytoplasmic membranes, resulting in cell death.

Polymyxin E (colistin) is delivered in humans as a meth-
anesulfonated prodrug (colistin methanesulfonate, also 
known as colistimethate). Although the PK-PD properties 
are still being elucidated, optimizing colistin’s AUC-to-MIC 
ratio to be greater than 30 to 1 causes the greatest bacteri-
cidal effect. However, due to physiologic and pharmacologic 
changes of burn injury, usual doses of colistin are unlikely to 
result in such concentrations, and increased doses expose 
patients to an increased risk of nephrotoxicity. Due to con-
cerns regarding dose adequacy from a PK-PD perspective, 
colistimethate should not be administered as monotherapy 
for the treatment of multidrug-resistant Gram-negative 
organisms [4]. Colistin methanesulfonate can also be deliv-
ered by nebulization for the treatment of pneumonia. Because 
nebulized colistin is absorbed at a low level across the alve-
oli, there is a theoretical risk for promotion of resistance if 
used without concurrent systemic colistin.

To date, the PK-PD changes of polymyxin B have not 
been evaluated in patients with burn injury. Thus, no dosing 
changes can be recommended at this time.

23.5.6  Vancomycin

Vancomycin is a glycopeptide that inhibits bacterial wall 
synthesis. This agent has become a mainstay of empiric anti-
biotic therapy, providing coverage against methicillin- 

resistant Staphylococcus aureus (MRSA). Historically, 
vancomycin’s pharmacodynamics have been optimized by 
targeting a goal trough level of 15–20  μg/mL, although 
newer literature shows that targeting an AUC-to-MIC ratio of 
at least 400 to 1 can provide similar effects. In patients with 
burn injury, dosing vancomycin to achieve a goal trough 
between 15 and 20 μg/mL is likely to achieve an AUC-to- 
MIC ratio of at least 360 to 1 [26].

Patients with burn injury tend to have a higher volume of 
distribution of vancomycin, as well as enhanced elimination. 
Because of this, patients will likely need 40–70 mg/kg per 
day to optimize the PKPD properties of vancomycin. In 
some cases, continuous infusions of vancomycin may be 
needed to achieve this. When dosing vancomycin, one must 
carefully weigh the risks of nephrotoxicity with the benefits 
of optimizing this agent [4].

23.5.7  Linezolid

Linezolid is an alternative option for the treatment of pneu-
monia or wound infections caused by MRSA. It is a bacterio-
static oxazolidinone that inhibits bacterial protein synthesis. 
Because of its bacteriostatic activity, this agent is not the 
ideal choice for the treatment of bacteremia. 
Pharmacodynamic effects are optimized when the AUC-to- 
MIC ratio is greater than 80 to 1 [4]. In patients with severe 
burn injury, the AUC may be decreased by as much as 50%, 
as compared to non-burn patients [27]. Due to this decrease, 
higher doses of linezolid may be warranted to achieve opti-
mal pharmacodynamics; however, such doses are yet to be 
evaluated and cannot be recommended at this time.

23.5.8  Daptomycin

Daptomycin exerts its bactericidal effects by inhibiting the 
synthesis of bacterial DNA, RNA, and proteins. Daptomycin 
is active against MRSA. However, this agent is inactivated 
by surfactant produced by type II pneumocytes, rendering it 
ineffective for the treatment of pneumonia. Daptomycin 
exerts its effects in a dose-dependent manner, although opti-
mizing the AUC-to-MIC ratio may lead to better outcomes. 
A pharmacokinetic study of daptomycin showed that AUC 
decreased, while volume of distribution and clearance were 
increased in burn patients, and suggested that doses of 
12 mg/kg may be warranted [28]. A recent review found that 
daptomycin given at a fixed dose of 750  mg daily may 
achieve similar clinical responses as the weight-based dosing 
of 10 mg/kg [4]. More studies are needed to determine the 
optimal dosing strategy for patients with burn injury.
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23.5.9  Antifungals

As previously mentioned, burn patients are at high risk for 
developing fungal infections. Despite this, there is a paucity 
of literature on antifungal pharmacokinetics in patients with 
burn injury.

23.5.10  Azoles

Of the azoles, fluconazole has the most narrow spectrum 
against common burn pathogens, having activity only 
against Candida and Coccidioides species. Posaconazole 
has a broader spectrum of activity, as compared to flucon-
azole and has activity against Candida species, Aspergillus 
species, Cryptococcus neoformans, Fusarium species, 
Coccidioides species, and Mucor species. Voriconazole is 
also a potential option for the treatment of fungal infections 
due to Aspergillus, Candida, Fusarium, Penicillium, and 
Coccidioides but is known to have various problematic tox-
icities and non-linear PK leading to erratic levels; thus, ther-
apeutic drug monitoring is recommended. Isavuconazole is 
the newest azole antifungal to come to market and covers 
infections caused by Aspergillus and Mucor. These agents 
have not been extensively studied in the burn population, 
and empiric dose adjustments cannot be recommended at 
this time [4].

23.5.11  Echinocandins

The echinocandins exhibit concentration-dependent activ-
ity with post-antifungal effects against Candida and 
Aspergillus. Of the echinocandins, micafungin has litera-
ture available specific to the burn population. The standard 
dose of micafungin (100 mg daily) has been shown to have 
lower peak concentrations and higher clearance in criti-
cally ill burn patients; higher doses of micafungin may be 
needed to achieve optimal levels [29, 30]. However, very 
little data has been published on the safety and efficacy of 
high-dose micafungin, and no recommendations can be 
made at this time.

23.5.12  Amphotericin

Amphotericin alters fungal cell membrane permeability and 
is a broad-spectrum antifungal agent that exhibits activity 
against Candida and Aspergillus, among other fungi. Due to 
the lack of available data, no dosing changes can be recom-
mended at this time.

23.6  Conclusion

Infection is a frequent complication of burn injury. Due to 
physiologic changes after burns, infection may present in an 
atypical manner. Early recognition and appropriate treatment 
are likely to reduce morbidity and mortality. Patients with 
burn injury are subject to continuously fluctuating alterations 
in drug absorption, distribution, metabolism, and elimination 
that must be considered when designing an optimal antimi-
crobial dosing regimen.
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24.1  Introduction

Each year, approximately 486,000 people seek treatment for 
burn injury in the United States, including 40,000 patients 
who are hospitalized and 3275 patients who die from burn 
injuries.1 Approximately 60% of these patients are cared for 
in 1 of 128 national burn centers. Anesthesiologists, in both 
burn centers and other hospitals, play a critical role in 
addressing the early challenges of treating acute burn injury, 
including leveraging expertise in airway management, 
 vascular access, and hemodynamic and pulmonary support. 
Additionally, many anesthesiologists will care for burn 
patients in the operating theater during both acute and 
chronic phases of burn injury. Thus, it is critical that anes-
thesiologists understand the pathophysiology of major burn 
injury and resuscitation. A brief overview of these topics is 
presented here, but several specific areas including inhala-
tion injury and fluid resuscitation will be discussed in a 
more detailed fashion elsewhere. Non-anesthesiologists can 
benefit from applying many of these same principles in the 
intensive care unit during acute perioperative care.

1 American Burn Association: Burn incidence and treatment in the US: 
2016 fact sheet. Available at: http://ameriburn.org/who-we-are/media/
burn-incidence-fact-sheet/. Accessed June 14, 2017.

24.2  Anesthetic Considerations by System

24.2.1  Cardiovascular

Immediately following a major burn injury (>20–25% total 
body surface area [TBSA]), cardiac output is significantly 
reduced due to the burn size-dependent decline in effective 
blood volume, a decrease in cardiac contractility, and often 
the compressive effects of circumferential burns of chest and 
abdomen which impair venous return [1, 2]. During this 
period, patients may require inotropic support to improve car-
diac output while avoiding volume overload. Transesophageal 
echocardiography (TEE) may be used to guide supportive 
care during this initial phase [3]. In many cases, cardiac out-
put may remain depressed despite adequate volume resuscita-
tion; this is hypothesized to be due to myocardial depression 
from inflammatory mediators released as a result of the burn 
injury, as well as the increased systemic vascular resistance 
secondary to the release of antidiuretic hormone (vasopres-
sin) and pain- and anxiety-induced catecholamines [4]. The 
hemoconcentration and the associated increase in viscosity 
add to the increased systemic vascular resistance.

Within 3–5 days following an acute burn injury, the hyper-
metabolic/hyperdynamic phase begins, and the cardiac output 
increases greater than two- to threefold; this persists for weeks 
to months, particularly in previously healthy patients with 
burns involving more than 40% of total body surface area 
(TBSA) [2]. If decreased cardiac output is observed, investiga-
tion should be made to rule out sepsis or hypovolemia. A revers-
ible cardiomyopathy may also occur. Hypertension may occur 
during this phase, but pain is a common cause. In the setting of 
adequate pain control, hypertension can be due to increased 
levels of catecholamines, atrial natriuretic factor, endothelin-1, 
and vasopressin and activation of the renin–angiotensin system 
(RAS) [5, 6]. Propranolol may be used to decrease cardiac 
work and mitigate the systemic vascular response during this 
period [7]. Cardiac output usually declines with the decrease in 
 metabolic demand associated with wound closure, but eleva-
tions may persist for up to 2 years [8].
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24.2.2  Pulmonary

Burn injury may affect the entire respiratory tract, from the 
upper airways to the terminal alveoli, with upper airway 
damage generally a result of thermal injury, whereas lower 
airway damage generally because of chemical injury from 
inhalation of toxic gases and smoke. Inhalation injury should 
be suspected in all house (non-open) fires, particularly in the 
presence of singed nasal hairs or nasal passages, and may 
occur even in the absence of any external injury. The pres-
ence of inhalation injury compounds the prognosis from a 
cutaneous burn and markedly increases mortality rate.

Cooling of inspired superheated air may cause thermal 
injury to the larynx and result in massive edema formation, 
which can lead to airway obstruction, sometimes resembling 
epiglottitis. More distally, the thermal insult affects the cili-
ated epithelium and mucosa of the proximal bronchi. The dis-
tal bronchi and alveoli are injured from nitric acid and sulfuric 
acid, which are formed from the reaction of water vapor with 
inhaled nitrogen dioxide and sulfur dioxide, respectively. 
Additionally, hydrochloric acid, sulfuric acid, and phosgene 
travel to the distal tracheobronchial tree as aerosols where 
they cause direct injury to the alveolar membrane and disrupt 
surfactant. Aldehydes formed from the combustion of cotton 
and wool can cause pulmonary edema in concentrations as 
low as 10 ppm [9]. Cyanide formed from the combustion of 
synthetic materials (such as insulation and wall paneling) can 
cause histotoxic hypoxia and death and may be a cause of 
immediate death [10]. Carbon monoxide (CO) poisoning 
must always be suspected in house fires.

The net result of inhalation injury is a bronchopneumo-
nia characterized by necrotizing bronchitis, bronchial swell-
ing, alveolar destruction, loss of surfactant, and 
bronchospasm. Mechanical obstruction can also occur due 
to inhalation of particulate matter or denudation of bron-
chial mucosal epithelium. The loss of integrity of the pul-
monary capillary endothelium can cause non-cardiogenic 
pulmonary edema, and this together with bronchial edema 
reduces pulmonary compliance. Chest wall compliance can 
be also reduced in cases of circumferential chest burns [1]. 
The result is ventilation–perfusion mismatch and increase in 
intrapulmonary shunting, which may be mitigated by the 
optimization of the functional residual capacity (FRC) 
through application of positive end expiratory pressure 
(PEEP) and recruitment maneuvers in ventilated patients. 
Insult to the respiratory system alone may cause hypoxemia, 
but other factors including the aforementioned changes in 
cardiac output together with pericapillary leak may play a 
role in the development of cardiogenic pulmonary edema 
and resultant hypoxemia. The PaO2/FiO2 ratio and baseline 
carboxyhemoglobin levels are predictive of mortality. 
Inhaled heparin and acetylcysteine are controversial thera-
pies, with initial trials demonstrating a reduction in airway 

cast formation and mucus plugging, while subsequent stud-
ies have failed to demonstrate efficacy [11].

At the cellular level, not only does CO inhalation reduce 
the oxygen carrying capacity of hemoglobin, it also impairs 
cellular respiration. CO binds to hemoglobin with 200–250 
times greater affinity, compared with oxygen. The result is a 
leftward-shift of the oxyhemoglobin dissociation curve, and 
reduced oxygen delivery to the tissues. The deleterious 
effects of CO inhalation are further amplified in pregnant 
women; fetal hemoglobin undergoes an exaggerated left 
shift and the minimal competition from oxygen to displace 
CO because of lower placental paO2 and results in less CO 
being driven from hemoglobin and worsened tissue hypoxia 
in the fetus.

24.2.3  Renal

Both myoglobinuria and hemoglobinuria may play a role in 
renal injury following an acute burn. Myoglobinuria is 
more common after electrical burns, while hemoglobinuria 
is more common following cutaneous burns. Acute tubular 
necrosis may occur secondary to the hypovolemia, hypo-
tension, and hypoxemia common in acute injuries, as 
described above. Further, a surge of catecholamines, activa-
tion of the renin–angiotensin system, upregulation of vaso-
pressin receptors, and release of vasoactive peptides such 
as endothelin- 1 and vasopressin together produce systemic 
vasoconstriction and worsening pre-renal injury [12]. As a 
result of this, fluid retention is commonly seen in the first 
2–5 days following an acute burn, which is then followed 
by a diuresis. After this acute stage, glomerular filtration 
rate (GFR) increases in conjunction with increased cardiac 
output and basal metabolic rate. The GFR is high even in 
hypovolemic states, resulting in continued urine output. 
This will be reflected by an elevation in the blood urea 
nitrogen (BUN) to creatinine ratio greater than 20. 
Throughout an acute burn injury, compromised renal func-
tion (due to inadequate fluid resuscitation or sepsis) may 
delay excretion of many drugs and their active metabolites; 
as GFR improves, care must be taken to accurately dose 
medications during rapid changes in renal function. 
Assessment of laboratory values including the BUN, creati-
nine, and urine electrolytes, as well as ratios including the 
BUN/creatinine ratio and fractional excretion of sodium 
and/or urea (FENa and FEUrea, respectively) may help to dis-
tinguish pre-renal versus intrinsic renal dysfunction. 
However, care must be taken in interpreting these values 
during periods of rapid evolution. Renal tubular dysfunc-
tion may persist, resulting in poor renal concentrating abil-
ity; thus, as indicated above, urine output may be a poor 
indicator of volume status. Additionally, hypertension may 
persist following burn injuries, due to prolonged activation 
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of the renin–angiotensin system and increased catechol-
amine release; this should prompt treatment to reduce epi-
sodes of hypertensive encephalopathy and prevent longer 
term stress on the heart due to elevated afterload.

24.2.4  Hepatic

Early liver damage may occur due to “shock liver” as a result 
of hypoperfusion, due to direct toxic injury from inhaled tox-
ins, or as a consequence of reperfusion injury once adequate 
circulation is reestablished. The increased gut permeability 
associated with burn injury allows bacterial translocation 
and inflammatory responses in the liver with aberrant meta-
bolic function. Later liver dysfunction may occur from iatro-
genic drug toxicity, blood transfusions, sepsis, or the 
hypermetabolic response to burns, which entails increased 
protein synthesis and degradation, as well as increased 
hepatic gluconeogenesis [13]. Sepsis can dramatically 
reduce hepatic glucose output and alanine uptake, while 
hepatic blood flow and oxygen consumption remain elevated 
[14]. Fatty liver infiltration can also occur due to the marked 
increase in peripheral lipolysis during the hypermetabolic 
response, even in the absence of total parental nutrition [15].

With transition to the hypermetabolic phase, increased 
hepatic blood flow and enzyme induction together may 
decrease the half-life of perfusion-dependent (e.g., lidocaine, 
fentanyl) and enzyme-dependent (methadone, diazepam) 
drugs, respectively [16]. Clinical studies of the same drugs, 
however, may be conflicting, due to variation in the magni-
tude of burns, timeframe following a burn, co-administration 
of drugs, protein-binding, and volume of distribution.

24.2.5  Central Nervous System

Injury to the central nervous system (CNS) may occur from 
inhalation of neurotoxic chemicals, hypoxic encephalopathy, 
sepsis, hyponatremia, or hypovolemia. Such injury, together 
with side effects from pharmacologic therapy, may manifest 
as coma, delirium, seizures, focal neurologic symptoms, hal-
lucinations, or personality changes. As many burn patients 
are unresponsive at the scene of injury, a neurologic “base-
line” exam is essential prior to administration of sedation or 
anesthesia. Cerebral edema and elevated intracranial pres-
sure may contribute to CNS dysfunction during the initial 
phase; should this be suspected, prompt neurologic and/or 
neurosurgical consultation should be sought and treatment to 
decrease ICP instituted immediately. Severely burned 
patients appear to be especially susceptible to central pontine 
myelinolysis when rapid overcorrection of hyponatremia 
occurs [17]. Extensive burn injury also appears to confer 
patients with significant anorexia, which is thought to be 

related to regional aberration of the central amine neurotrans-
mitters (serotonin, norepinephrine, and dopamine) [18].

24.2.6  Hematologic

Prior to adequate fluid resuscitation, hemoconcentration may 
occur, as well as alteration in plasma protein content, the net 
effect of which is an increase in blood viscosity. About 48 h 
following the injury and subsequent resuscitation, anemia 
may occur secondary to both microangiopathic hemolytic 
anemia and a decline in hematopoiesis [19], as well as iatro-
genically due to multiple blood withdrawals. The role of 
recombinant erythropoietin is controversial, with one study 
suggesting a lower transfusion rate for those who received 
erythropoietin, but no randomized controlled trial to date 
demonstrates any impact on mortality [20].

Initially, thrombocytopenia often occurs due to platelet 
aggregation and trapping of platelets in the lungs. This is 
usually followed by in an increase in platelets 10–14 days 
following the burn, but in some cases the thrombocytopenia 
persists for months. Both a lower nadir of platelet count and 
a longer period of thrombocytopenia are associated with 
increased mortality [21]. Patients are at increased risk for 
disseminated intravascular coagulopathy (DIC) for the first 
3–5 days. In patients with elevated platelet counts, the sud-
den onset of thrombocytopenia has been associated with the 
onset of sepsis [22]; while fibrinogen concentrations can 
likewise fluctuate, they do not appear to herald an increase in 
thrombotic events [23].

24.2.7  Gastrointestinal

Gastric stasis and intestinal ileus begin to occur immediately 
following the initial injury, which should trigger prompt 
decompression of the stomach and appropriate gastric acid 
ulcer prophylaxis. As generalized edema, as well as bowel 
edema, begins to resolve at approximately 2–3 days follow-
ing an injury, gastrointestinal function should improve, and 
enteral feeding should be established. Early enteral feeding 
not only provides caloric intake but also blunts the hyper-
metabolic response, attenuates gluconeogenesis, prevents 
stress ulceration, diminishes muscle catabolism, and reduces 
bacteria translocation into the systemic circulation. The net 
result of early enteral feeding is a reduction in mortality and 
decreased catabolic state [24]. If nasogastric feeding is not 
tolerated, alternatives such as nasojejunal feeds should be 
pursued [25]; if, however, enteral feeding is not possible, 
parental nutrition should be initiated promptly [26]. Although 
Curling’s ulcers, or stress ulcers, are classically associated 
with burn injury, their incidence has declined substantially 
due to improved pharmacologic prophylaxis and better 
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resuscitation methods. In burn patients, larger or more fre-
quent doses of H2-receptor antagonists or proton pump 
inhibitors may be required due to increased clearance of 
these drugs in this population [27]. Some institutions con-
tinue enteral feeding even during anesthesia and surgery, 
provided the enteral tube is post-pyloric.

24.2.8  Endocrine

The stress associated with thermal injury, as well as the sub-
sequent fluid shifts, induces endocrine responses as seen 
with other critical illnesses. Triiodothyronine (T3), dehydro-
epiandrosterone (DHEA), and testosterone levels decline, 
while levels of antidiuretic hormone (ADH), the renin–
angiotensin system (RAS), cortisol, and catecholamines 
increase [28]. Replacement of testosterone with analogs, 
such as oxandrolone, has been shown to reduce hospital 
length of stay, reduce lean body mass loss, improve body 
composition, and increase hepatic protein synthesis [29]. 
Hyperglycemia may result from both the increased cortisol 
levels and associated insulin resistance. Tight glucose con-
trol is shown to decrease the rate of urinary tract infections 
and may improve survival, as well as reduce the muscle cata-
bolic state [30]. Insulin resistance may persist for some time 
following initial injury, as long as 6–9 months.

Many burn patients develop hypocalcemia due to abnor-
malities in both calcium and magnesium metabolism, as well 
as hypoparathyroidism due to a reduced set point for calcium 
suppression of PTH secretion [31]. Pamidronate, a bisphos-
phonate, has been shown to preserve bone mass after burn 
injury, thought to be due to inhibition of glucocorticoid- 
induced apoptosis of osteoblasts and osteocytes [32]. While 
hypophosphatemia and hypermagnesemia tend to resolve in 
the latter phase of recovery, hypocalcemia often persists, and 
the usual reciprocal relationship between calcium and phos-
phate is disrupted. Calcium replacement is vital, particularly 
with rapid colloid infusions intraoperatively (especially fresh 
frozen plasma), which may cause citrate toxicity and resul-
tant hypocalcemia. Ionized hypocalcemia can severely 
impair cardiovascular function and manifest as severe hypo-
tension or even cardiac arrest. Calcium chloride or calcium 
gluconate are shown to produce equivalent increases in cal-
cium concentration; small, frequent boluses are safer than 
intermittent large boluses [33].

24.2.9  Skin

Severe burns can impair the skin’s ability to regulate body 
heat, block bacterial entry, and maintain fluid and electrolyte 
homeostasis. The number of tissue layers injured correlates 
directly with the permeability of burned tissues. Mechanisms 

to preserve body heat include elevating the ambient tempera-
ture, use of radiant warmers, plastic coverings around the 
extremities, reflective insulated blankets, hot-air warming 
blankets, and in-line heat-and-moisture exchangers in breath-
ing circuits. Contractures may result as a late complication, 
which may impair respiratory excursion, limit mouth open-
ing (microstomia), and create difficult vascular access [1]. 
Topical antimicrobial therapies have been shown to play an 
important role in the prevention of sepsis secondary to 
wound infection [34].

24.2.10  Metabolic

Acute burn victims have increased oxygen demand and car-
bon dioxide production secondary to increased metabolism 
of glucose, fat, and protein. These changes are mediated by 
interleukin-1 (IL-1), tumor necrosis factor (TNF), catechol-
amines, prostanoids, and other stress hormones. Hyperthermia 
from sepsis or centrally mediated hyperthermia will further 
increase oxygen consumption and carbon dioxide produc-
tion. This hypermetabolic period can persist even beyond 
complete closure of the wounds. Parenteral nutrition rich in 
carbohydrates may also contribute to increased carbon diox-
ide production, thereby requiring a higher minute ventilation 
to adequately maintain normocapnia [35]. Fever or shivering 
due to cold environment can further increase energy expen-
diture and muscle protein catabolism, suggesting a benefit to 
treatment with antipyretics in such patients. Postoperatively, 
the use of meperidine will help mitigate the shivering.

24.2.11  Psychiatric

Psychological trauma may accompany the physical trauma 
sustained by burn patients. As many as 35% of children sus-
taining a significant burn injury may develop an acute stress 
disorder or posttraumatic stress disorder (PTSD) [36]. 
Increased size of the burn, increased pain, higher pulse rates, 
and the presence of parental stress symptoms directly corre-
late with the rate of development of PTSD [37]. Anesthesia 
providers must be aware of and plan for associated anxiety 
relief in burn patients who present for repeated procedures to 
the operating theater.

24.2.12  Specific Pediatric Considerations

Children represent a large proportion of patients presenting 
with severe burns injuries. The rule of nines applied to adult 
patients cannot be directly applied to pediatric patients as the 
surface area for different parts of the body are different. As 
discussed above, maintenance of body temperature is made 
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difficult by the compromise in the skin’s integrity. Because 
children have a much greater ratio of body surface area to 
mass compared with adults, they are even more likely to 
become hypothermic. Because of the greater baseline oxygen 
consumption in infants and children, as compared to adults, 
the increase in oxygen demand due to hypermetabolism is 
accentuated. As a result, pediatric burn patients may desatu-
rate quickly necessitating the need for swift airway manage-
ment. Fluid requirements are also increased in children, with 
evaporative fluid losses exceeding 4000 mL/m2 of burned sur-
face daily, compared with 2500  mL/m2 in an adult [38]. 
Further, intravenous access in children may be already diffi-
cult, and it is often further complicated by burns affecting a 
large TBSA. Children may require general anesthetics in order 
to tolerate dressing and line changes during the acute period, 
as well as for laser therapy to treat contractures and scarring in 
the long-term. Both children and their caregivers may present 
with heightened anxiety in the perioperative setting. Pediatric 
patients may particularly benefit from oral premedication or 
intravenous premedication if an intravenous line is already 
present. In addition to burn-induced pathophysiological 
changes, the altered physiology and pharmacology of pediat-
ric patients compared to adults must be kept in mind.

Pediatric burn patients may require repeat general anes-
thetics in both the acute and chronic phases of burn injury 
(e.g., for debridement, excision and grafting, and scar revi-
sions). There is concern for negative neurocognitive impact 
from repeated exposure to general anesthetics in early child-
hood development, based upon multiple animal studies dem-
onstrating cumulative dose-dependent neurotoxicity. 
Because of this growing body of evidence, the SmartTots and 
the American Academy of Pediatrics (AAP) released a state-
ment in 2012 recommending deferring elective anesthetics in 
children under 3 years of age [39]. This research has also 
prompted randomized controlled trials in humans to further 
elucidate the safety of general anesthesia in pediatric patients, 
notably the GAS trial (General Anesthesia compared to 
Spinal Anesthesia). To date, the GAS trial has demonstrated 
no increase in the risk of adverse neurodevelopmental out-
comes at 2 years of age for patients exposed to a single gen-
eral anesthetic in infancy [40]. Clinical trials in humans 
examining this impact for repeat exposure, however, have 
not been conducted.

24.2.13  Specific Geriatric Considerations

The elderly are also at increased risk for burn injury due to 
both physical and cognitive limitations. These patients may 
present with a number of significant comorbidities. In the 
geriatric patient, the hypermetabolic phase, which normally 
begins about 72 h after injury, may be delayed or not occur. 
When it does occur, the increase in cardiac output may be 

poorly tolerated by patients with underlying ischemic heart 
disease; further, patients with pre-existing diastolic dysfunc-
tion are at heightened risk for pulmonary edema as a result of 
fluid resuscitation and pericapillary leak in the immediate 
post-burn period. Impaired renal and hepatic functions at 
baseline may limit clearance of anesthetics, analgesics, and 
sedatives administered during the acute injury. The elderly 
are also at increased risk of postoperative delirium that may 
persist even after discharge from hospital [41]. Strategies to 
mitigate the risk of postoperative delirium include non- 
pharmacologic interventions to reorient patients, maximiza-
tion of non-opioid analgesics, avoidance of benzodiazepines, 
and use of processed EEG monitoring to tailor depth of 
anesthesia.

24.3  Pharmacologic Considerations 
in the Burn Patient

Following a major burn injury (>40% TBSA), a number of 
physiological derangements exist affecting both pharmaco-
dynamics (i.e., the effect a drug has on the body) and phar-
macokinetics (i.e., the effect the body has on the drug). 
During the initial phase, clearance may be compromised due 
to impaired organ perfusion as a result of hypovolemia, 
depressed cardiac function, decreased systemic vascular 
resistance secondary to the release of vasoactive substances, 
and increased blood viscosity [16, 42]. The subsequent 
hypermetabolic phase is characterized by enhanced  clearance 
secondary to hepatic enzyme induction and increased hepatic 
and renal blood flow [14, 16, 27].

For drugs which are bound to plasma proteins, their activ-
ity depends on the unbound portion, so small changes in the 
unbound fraction may result in a large clinical effect. Plasma 
protein concentrations are altered during burn injury, with 
the serum albumin concentrations decreased, while the α1- 
acid glycoprotein concentration, an acute phase reactant, 
increased. Thus, the free concentration of albumin-bound 
drugs, including benzodiazepines and antiepileptics, is effec-
tively increased, while α1-acid glycoprotein-bound drugs 
(e.g., neuromuscular relaxants, tricyclic antidepressants) are 
more highly bound with a decreased free fraction [16, 43]. 
The volume of distribution may also be increased due to 
edema, requiring increased bolus doses and higher mainte-
nance infusion rates of many medications.

24.3.1  Tolerance and Contraindications

The effects of receptor-mediated drug effects may be altered 
due to the up- or downregulation of receptors during acute 
burn injury and the subsequent hormonal response. For 
example, there is an increased sensitivity to succinylcholine 
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at the neuromuscular junction due to de novo expression of 
extrajunctional acetylcholine receptors, and it is well studied 
that use of a depolarizing neuromuscular blocker greater 
than 72 h after a burn injury may result in life-threatening 
hyperkalemia [44]. The presence of upregulated extrajunc-
tional receptors, particularly the expression of α-7 acetylcho-
line receptors, plays an important role in the resistance to the 
neuromuscular effects of non-depolarizing blockers [44]. 
Figure  24.1 demonstrates tolerance to the effect of 
rocuronium in patients with a mean 40% TBSA burn. While 
normal patients achieve >95% twitch suppression in ≤90 s at 
a dose of 0.9  mg/kg, the burn patients studied had onset 
>120 s with the same dose. Further, even at a dose of 1.5 mg/
kg, onset is still >90 s [45]. Severe burns are also associated 
with an increased sensitivity to dopamine in the pulmonary 
circulation [46]. Clearance of aminoglycosides, such as gen-
tamicin, is increased resulting in inadequate serum concen-
trations unless larger and more frequent doses are 
administered [47]. Despite a greater free fraction of diaze-
pam in burn patients, the clearance is reduced and repeated 
administrations may result in significant accumulation [48]. 
The clearance of lorazepam is increased in major burns. 
Clearance of H2-receptor antagonists, such as cimetidine and 
ranitidine, which are renally cleared, is increased [27]. Thus, 
patients require increased doses to adequately achieve pro-
phylaxis against stress ulcers. Both the volume of distribu-
tion and the clearance of fentanyl and propofol are increased, 
thus increasing the dosage required to produce adequate 
analgesia. However, high bolus doses may cause hypoten-
sion in the hypovolemic patient. These pharmacologic 
changes are summarized in Table 24.1.

Dexmedetomidine, a selective α2-antagonist, may be used 
for sedation and analgesia in critically ill burn patients, as 
well as an adjunct agent during or premedication prior to a 
general anesthetic, particularly in opioid tolerant patients. A 
recent meta-analysis concludes that dexmedetomidine may 
provide deeper sedation and prevent hypertension in burn 
patients, but due to the known hypotensive potential, it is 
important to ensure euvolemia and limit total dosage admin-
istered to prevent hypotension [49]. Because the alterations 
in pharmacokinetics make the response to any medication 
somewhat unpredictable, clinical effects should be closely 
monitored, and guided by laboratory analysis of plasma con-
centration whenever possible.

24.3.2  Multimodal Sedation and Analgesia 
Guidelines

Critically ill burned patients will often require a multimodal 
approach to address both pain and anxiety, and this approach 
may need modulation over time due to changes in sensitivity 
threshold and development of tolerance. Continuous opioid 
infusions may cause opioid-induced hyperalgesia, tolerance, 
and thus compounding the need for subsequent opioids. 
Treatment of opioid tolerance may include opioid rotation 
and co-administration of non- opioid analgesics including 
acetaminophen, NMDA-antagonists (i.e., ketamine), α2- 
antagonists (i.e., dexmedetomidine or clonidine), gabapen-
tanoids, and/or local anesthetics. Many burn centers utilize a 
standardized, protocol-based approach to provide appropri-
ate care of pain and sedation [50]. It is important that such 
guidelines meet the following criteria: (1) safety and efficacy 
over a broad range of age and injury severity, (2) establish 
explicit recommendations for drug choice, initial dose selec-
tion, and dose titration, (3) a limited formulary to promote 
familiarity, and (4) regular assessment of pain and anxiety. 
An example of such  guidelines is shown in Table 24.2. Daily 
interruption of analgesics/sedatives allows patients to be 
awake, allows better assessment and treatment of pain, and is 
associated with fewer ventilator days.
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Fig. 24.1 Dose–response curves for rocuronium in burned and non- 
burned adults. On the y-axis, the train-of-four (TOF) ratio is represented 
as the percentage of twitch suppression between the fourth and first 
twitch at 2 Hz. Burned adults with mean 40% TBSA burns, at least 1 
week following the burn injury, were studied at 0.9, 1.2, and 1.5 mg/kg 
rocuronium. In controls (non-burned adults), rocuronium administra-
tion is shown at a dose of 0.9 mg/kg, resulting in a 95% twitch suppres-
sion in ≤60 s. In the burned adults, a similar dose required >120 s for 
95% twitch suppression. A dose of 1.5 mg/kg still required >90 s for 
95% twitch suppression

Table 24.1 Pharmacokinetic alterations in burn injury

Medication class Pharmacokinetic alteration in burn injury
Depolarizing 
neuromuscular blockers

Increased sensitivity (contraindicated 
after 72 h)

Non-depolarizing 
neuromuscular blockers

Resistance (seen usually after 72 h)

Aminoglycosides Increased clearance
Benzodiazepines Variable clearance depending on 

metabolic pathway
H2-antagonists Increased clearance
Opioids Increased clearance, increased volume of 

distribution (morphine and fentanyl) and 
unknown for methadone
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24.4  Anesthetic Care of the Burn Patient

24.4.1  Airway Management

Both acute injuries and chronic sequelae following burns 
may make airway management difficult. Factors that con-
tribute to this difficulty include macroglossia or direct 
thermal injury to the glottis and airways during the acute 
phase, as well as limited mouth opening and neck motion 
due to contractures in the subacute to chronic phase [51]. 
Burn victims who sustained injury in a closed space have 
increased likelihood of airway injury. Signs of inhala-
tional injury include vocal changes, stridor, or hoarseness, 
and these may be an important predictor of difficult intu-
bation. Fiberoptic intubation may be used on the “awake” 
but sedated patient. Dexmedetomidine may be used to 
provide sedation without respiratory depression, while 
preventing large sympathetic responses to the procedure. 
For patients with macroglossia secondary to edema, man-
ual distraction of the tongue and jaw lift can be helpful. 
Suction or gauze may be utilized to aid with grasping the 
tongue for such a maneuver [52]. Laryngeal mask airway 
may also be placed once general anesthesia is induced and 
used to ventilate the patient while the bronchoscope is 
guided through the LMA lumen. LMA- aided intubation 
may be especially useful in the case of perioral edema. 
Additional techniques include the use of retrograde wires 
following tracheotomy or tracheostomy, fiber-optic “sty-
lets” that can fit through narrow mouth openings, as well 
as light-wand-guided intubations. In cases with a severe 
neck or oral contractions, the patient may be induced with 
an agent, such as ketamine, that will maintain spontane-
ous ventilation; following induction, the surgeon may 
release the contracture facilitating airway instrumenta-
tion. Since awake or moderate sedation intubation is not 
possible in children, ketamine seems the best choice for 
intubation in pediatric patients, since the pharyngeal tone 
is well maintained while also maintaining spontaneous 
breathing efforts.

24.4.2  Vascular Access

Vascular access in burned patients may be technically difficult 
due to large TBSA affected by the burn itself, peripheral edema 
resulting from massive fluid resuscitation, and multiple graft 
harvest sites occupying much of the unaffected skin. Both 
peripheral and central venous access, as well as arterial cannula-
tion, may be achieved more safely and rapidly under ultrasonic 
guidance [53]. Although internal jugular cannulation is pre-
ferred for central venous access to minimize the risk of pneumo-
thorax, alternate sites could include the subclavian or femoral 
veins. At times, it may be necessary to place catheters through 
burn wounds; in such cases, it is extremely important to meticu-
lously prepare the area with antiseptic solutions just prior to 
placement of the catheter. Additionally, venous cannulation in 
burn patients comes with increased risks of bloodstream infec-
tion, as well as deep venous thrombosis due to prior venous 
cannulations, prolonged immobility, and hypercoagulability. 
Ultrasound guidance may help to diagnose the presence of an in 
situ clot, thereby avoiding futile attempts at cannulation at that 
site. Placement of central venous and arterial catheters under 
controlled conditions in the operating room is associated with a 
low rate of mechanical (0.3%) and thrombotic (0.6%) compli-
cations [53]. If no intravenous access can be obtained, patients 
of any age may receive a temporary intraosseous (IO) line until 
an alternative is available. Additionally, IO is our preferred 
method for emergent access should IV access be needed 
urgently or lost intraoperatively. One such scenario would be 
laryngospasm in a burned patient with no IV access.

24.4.3  Evaluation of Volume Status/Fluid 
Resuscitation

Prompt intravascular volume resuscitation is necessary to 
address acute shock in severe burn injury, in order to prevent 
hypovolemia and subsequent tissue hypoperfusion and 
 multiple organ failure. Additionally, lung microvascular 
 permeability changes seen with smoke inhalation are made 

Table 24.2 Examples of sedation and analgesia guidelines

Stage of injury Baseline anxiolysis Baseline analgesia Procedural anxiolysis Procedural analgesia
Acute burn, 
mechanically 
ventilated

1. Midazolam infusion
2.  Dexmedetomidine 

infusion
3. Antipsychotics
4.  Propofol infusion  

(use for <48 h)

Morphine or fentanyl 
infusion

1. Midazolam boluses
2.  Higher dexmedetomidine 

infusion
3.  Slow haloperidol boluses
4. Propofol boluses

Morphine or fentanyl 
boluses

Acute burn, not 
mechanically 
ventilated

Dexmedetomidine (IV)  
or scheduled lorazepam  
(IV or PO)

Morphine (IV or PO)  
or fentanyl (IV)

Lorazepam (IV or PO) Morphine (IV or PO) 
or fentanyl (IV) or 
ketamine (IV)

Chronic acute burn Scheduled lorazepam (PO) 
or antipsychotics

Scheduled morphine  
or methadone

Lorazepam or 
antipsychotics

Morphine (PO) or 
oxycodone
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worse by inadequate fluid resuscitation. However, overly 
aggressive fluid resuscitation may result in pulmonary, intes-
tinal, and peripheral edema.

In order to guide adequate fluid resuscitation, it is neces-
sary to estimate the percentage total body surface area 

(TBSA) affected by the burn. In adults, the “rules of nines” 
may be used, but because body proportions vary with age, the 
Lund–Browder burn diagram (see Fig. 24.2) may be a useful 
aid in estimating the % TBSA in children [54]. This can then 
be applied using the fluid resuscitation formulae below.

Burn Estimate and Diagram
Age and Area

Initital evaluation*

Signature:

Date of burn:

Date completed:

*To be completed by the admitting
physician or Licensed Independent
Practitioner on admission

This is a working burn estimate
diagram only, and is not as accurate
as photography.

A

B

C

D

E

F

G

H

I

J

1 2 3 4 5 6 7 8

CODE:
Crosshatch = 2°
Solid = 3°

Area Birth-1 yr. 1-4 yrs. 5-9 yrs. 10-14 yrs. 15 yrs. Adult 2° 3° TOTAL

Head
Neck

Anterior trunk
Posterior trunk
Right buttock

Left buttock
Genitalia
Right upper arm
Left upper arm
Right lower arm
Left lower arm
Right hand

Right thigh
Left thigh
Right lower leg
Left lower leg

Right foot
Left foot

Left hand

9
2

13
13

2
17

13

13

13
13

2

13
13

2
11

13
2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

13
13

2
9

2.5

2.5

13
13

2
7

2.5

2.5
1

2.5

2.5

2.5

2.5

2.5

2.5

5.5
5.5

5.5
5.5

3.5
3.5

5

5

6.5
6.5

3.5
3.5

3.5
3.5

3.5
6

6
8.5
8.5
2.5
2.5
3
3
4
4
1

3
3
4
4
1

3
3
4
4
1

3.5
3.5
6.5

6.5
9
9

2.5

2.5

2.5

2.5

3.5
3.5

7
7

9.5
9.5

3.5

5

5

4

4
3
3

4

1

4
3
3

4

1

4
3
3

8
8

TOTAL**Only 2°and 3° burns are included in the total TBSA burn percent

Fig. 24.2 Lund–Browder burn diagram and table. The Lund–Browder 
burn diagram and table indicate the varying proportions in surface area 
across different ages. A diagram such as this one should be completed 

at the initial presentation to document the estimated size, location, and 
depth of a burn
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Several methods are available for guiding initial fluid 
resuscitation; however, these are estimates and require modi-
fication based on clinical and laboratory parameters, the 
most important of which is an adequate urine output (see 
Table 24.3). It is important to note, however, that urine out-
put may be deceivingly low owing to the elevated level of 
antidiuretic hormone seen in acute burn injury [55].

Conversely, high urine output has been seen in spite of 
hypovolemia, because of the osmotic effects of breakdown 
products and the increased GFR with tubular dysfunction. 
Often serum BUN to creatinine ratio of >20 indicates hypo-
volemia. In patients in whom these traditional measures are 
difficult to interpret, novel methods may aid in assessing 
fluid status. In addition to transthoracic echocardiography 
(TTE) or transesophageal echocardiography (TEE) [3], 
technetium- 99m ventriculography has been used in burn 
patients to diagnose and treat low cardiac output states [56]. 
More recently, esophageal Doppler monitoring has been 
applied to burn shock resuscitation [57]. Noninvasive 
ultrasound- based cardiac output monitors (applied via a 
suprasternal or pulmonary window) have been piloted in 
other critically ill patients and may hold promise in burn 
patients, but their applicability will be limited in patients 
with burns affecting the chest and thorax [58].

Burns less than 15% TBSA may be treated with either 
oral or IV fluids administered at a rate 50% greater than the 
maintenance rate. For larger burns, the Parkland (Baxter) and 
Brooke formulae are the most commonly used guides. Both 
formulae may underestimate fluid needs in infants less than 
10 kg. In these children, one may calculate the maintenance 
fluid requirements and add this to the amount suggested by 
either the Parkland or Brooke formulas, or one may modify 
the infusion volumes based on clinical responses.

When using crystalloid, often Lactated Ringer’s is chosen 
over normal saline given the hyperchloremic metabolic aci-
dosis that may occur with massive administration of the lat-
ter solution. Alternatively, use of colloid may reduce the 
degree of peripheral edema that occurs with massive fluid 

resuscitation. Traditionally, the Parkland formula advocated 
a transition to colloid after the initial 24 h, but many burn 
centers have begun colloid administration earlier in burn 
wound resuscitation [59]. These may be particularly advan-
tageous in very young children and in the elderly. While a 
recent Cochrane review found no difference in morbidity or 
mortality with the use of hypertonic saline versus isotonic 
saline, hypertonic saline did reduce overall fluid require-
ments, but with an accompanying transient increase in the 
serum sodium [60]. Currently most burn centers do not use 
hypertonic saline for resuscitation. After approximately 
36–48 h, the permeability of the capillary wall returns to nor-
mal in non-burned areas, and peripheral edema begins to 
resolve over the subsequent 1–2 weeks. During this period, 
fluid requirements decrease and diuretics administered as 
needed to help mobilize the edema.

Severe burn patients are at increased risk for hyperosmo-
lar, hyperglycemic non-ketotic coma, which is characterized 
by severe dehydration, marked hyperglycemia, and coma in 
the absence of ketoacidosis. Because of this, and in light of 
the insulin resistance and resultant hyperglycemia seen in 
acute burns, glucose-containing solutions are typically 
avoided, though they may be used in young infants and other 
patients at risk for hypoglycemia.

No clear, validated transfusion threshold exists across all 
burn patients. In each, it is most important to maintain ade-
quate circulation and metabolic homeostasis. A national sur-
vey of burn centers revealed that the hemoglobin level below 
which clinicians would transfuse increases with increased % 
TBSA, history of cardiac disease, presence of ARDS, and 
age [61]. Blood products may be used in anticipation of con-
tinued blood loss, for example, during excision and grafting 
procedures. In addition to packed red blood cells, it may be 
appropriate to administer fresh frozen plasma in anticipation 
of the development of coagulopathy in patients undergoing 
massive blood loss intraoperatively, particularly when blood 
transfusion approximates one blood volume.

24.4.4  Temperature Regulation

The maintenance of normal body temperature is critical in 
both the operating room and the intensive care unit. 
Particularly susceptible periods include both the initial vol-
ume resuscitation and when dressings are removed for 
assessment and treatment. The initial inflammatory response 
to severe burns causes an increase in the hypothalamic core 
temperature set point, and hypermetabolism occurs (as 
above) to maintain this increased temperature. Hypothermia 
causes an increase in oxygen consumption due to shivering, 
which can exacerbate the catabolism seen with burn injuries. 
The shivering also causes dislodgement of grafted tissues. In 
addition, hypothermia during excisions can increase blood 
loss secondary to coagulopathy and has been shown to 

Table 24.3 Indicators of adequate fluid resuscitation

Parameter Target
Urine output 0.5–1 mL/kg/h
Blood pressure Within normal limits (adjusted for age in 

children)
Heart rate Within normal limits (when pain and anxiety 

are adequately addressed)
Central venous 
pressure

3–8 mmHg

Fractional excretion 
of sodium (FENa)

>1% (lower values suggest pre-renal injury 
and hypovolemia)

BUN/Cr ratio <20 (ratio >20 suggests maximal resorption 
of BUN and hypovolemia)

Base deficit <5 (larger values suggest hypoperfusion in 
the absence of carbon monoxide or cyanide 
poisoning)
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increase the risk of acute lung injury [62]. Maintenance of 
normothermia is made more difficult by the loss of the ther-
mal regulatory function of intact skin. Efforts to maintain 
adequate body temperature are essential and may include 
increasing the ambient temperature (often as high as 
80–100 °F), use of warming blankets and radiant warmers, 
administration of fluids and blood products via fluid warmer, 
minimization of exposed skin, and wrapping exposed skin in 
plastic insulation.

24.4.5  Pain Management and Opioid Sparing 
Techniques

Pain management in burn patients can be especially chal-
lenging, as nearly all aspects of burn treatment are associated 
with pain, including dressing changes, excision and grafting 
procedures, physical and occupational therapy, daily weigh-
ing, and vascular access procedures. In general, the severity 
of pain is proportional to the magnitude of TBSA burned, but 
it is important to recognize that psychosocial factors affect 
the individual’s experience of pain, as well. Poorly treated 
background pain can provoke anxiety which will exacerbate 
pain and lead to anticipatory procedural anxiety in a viscous 
cycle. Additionally, burn patients are shown to suffer from 
both hyperalgesia and allodynia.

Opioid administrations have been the cornerstone of pain 
therapy for many decades. While there has been significant 
fear of promoting long-term opioid addiction, treatment of 
adult burn patients with opioids has revealed a very low rate 
of addiction, and no reports of children developing addiction 
after therapeutic use of opioids for burn pain have been pub-
lished. This research has led to some liberalization in opioid 
dosing to provide adequate analgesia in burn patients, but 
other concerns remain with respect to opioid use including 
opioid-induced hyperalgesia and immunosuppression. 
Patient-controlled analgesia (PCA) is one safe and effective 
mode of delivering opioids in burn injuries [63]. The pres-
ence of bandages on the hand may preclude the use of 
PCA. It is important to recognize that opioid tolerance will 
develop and appropriate dose adjustments made. Opioid 
requirements tend to decrease dramatically following suc-
cessful closure of the thermal wounds. The most effective 
analgesic and anxiolytic strategy is to ensure that definitive 
wound closure happens as expeditiously as possible. Counter 
to the acute effects of sedatives, which potentiate the effects 
of opiates, a rodent study suggests that prolonged adminis-
tration of midazolam with morphine accelerates the develop-
ment of hyperalgesia [64].

Alternative or adjunct analgesics include ketamine, 
 dexmedetomidine, gabapentin, and acetaminophen and 
methadone. Ketamine may have particular utility in coun-
teracting the hyperalgesic effects of upregulated N-methyl-

d-aspartate (NMDA) receptors seen after burn; it may be 
used as an adjunct analgesic intraoperatively, as a continu-
ous infusion in the intensive care unit, or bolused for painful 
bedside procedures, such as dressing changes. Ketamine 
may also possess anti-inflammatory effects in patients with 
burns and/or sepsis [65] and mitigate opioid-induced hyper-
algesia [66]. Dexmedetomidine is a parentally administered 
α2-agonist with sedative, anxiolytic, and analgesic effects. It 
has been demonstrated to reduce opioid requirements post-
operatively in adults [67], but while it appears to provide 
good sedation for pediatric burn patients, it consistently 
decreases mean arterial pressure and may not diminish opi-
oid requirements in children particularly with long-term use 
due to the development of tolerance to dexmedetomidine 
[68]. Gabapentin reduces opioid consumption and lowers 
pain scores, with these effects extending beyond the dura-
tion of pharmacologic action, indicating a likely role in the 
mitigation of opioid- induced hyperalgesia [69]. While acet-
aminophen has a ceiling effect and is generally insufficient 
to adequately control burn-related pain on its own, it has 
proven opioid- sparing effects and should be considered in 
conjunction with the analgesics described above. Because 
of the potential for bleeding, NSAIDs (including ketorolac) 
are generally avoided in the acute phase of burn. Methadone, 
in addition to being an opioid. has multiple other sites of 
action enhancing analgesia. Its main downside is the vari-
able half-life influenced by genetic and co-administered 
drugs [70].

Finally, the potential for a regional anesthetic should be 
considered in all burn cases, especially when adequate anal-
gesia is expected to be a challenge. The benefits of regional 
anesthesia include not only superior intraoperative and post-
operative analgesia but also facilitation of earlier rehabilita-
tion via participation in physical and occupational therapies. 
Pain from a split-thickness donor site often exceeds that 
from the actual grafted burn wound. In cases where the size 
of the donor site is not excessive, the surgeon may inject 
tumescent local anesthesia into the donor site prior to har-
vesting; the size of site that may be covered with such a tech-
nique is limited by the accepted maximal local anesthetic 
dose (e.g., lidocaine 7 mg/kg or bupivacaine 2.5 mg/kg max-
imum) [71]. The placement of subcutaneous catheters to the 
donor sites has also been described and provided postopera-
tive analgesia for a mean of 3.1 days [72]. Traditional periph-
eral nerve blocks, with or without continuous infusions via a 
catheter, improve postoperative pain control versus local 
anesthetic infiltration alone [73]. Neuraxial techniques (i.e., 
spinals and epidurals) may also be used with good effect, as 
well as truncal blocks, such as paravertebral and transversus 
abdominis place (TAP). The lateral femoral cutaneous block 
is particularly useful as the lateral thigh is frequently chosen 
as a donor site for split-thickness skin graft, and the block 
offers the advantage of being purely sensory. In cases where 
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coverage of the anterior and medial thigh is also desired, the 
lateral femoral cutaneous block may be combined with a fas-
cia iliaca block [74].

24.5  Conclusion

The perioperative care of burn patients involves complex 
pathophysiologic changes, which evolve throughout the 
course of injury and recovery. The anesthesiologist must face 
these challenges, anticipate alterations in pharmacodynam-
ics and pharmacokinetics, and address the procedural com-
plexities of airway management and obtaining venous 
access. Pediatric and geriatric patients require special con-
sideration, as well. New advances in regional anesthesia/
analgesia and multimodal therapies are allowing for opioid 
sparing while optimizing pain control. These factors are best 
addressed through a multidisciplinary collaboration, so that 
the patient may be cared for in a streamlined, coordinated 
fashion throughout the perioperative period.
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Treatment and Prevention  
of Pain in Children and Adults  
with Burn Injuries

Stefan J. Friedrichsdorf

25.1  Introduction

Pain is one of the most distressing symptoms children and 
adults are experiencing following a burn injury [1]. The 
severity of burn pain is difficult to predict from the wound 
depth, location, or extend alone. The initial painful stimula-
tion of nerve endings by the burn injury with continued 
painful stimuli results in peripheral and central sensitization 
causing up-regulation of painful stimuli, and the eventual 
development of persistent pain syndromes that can be diffi-
cult to treat [2]. Inadequate pain treatment in the hospital 
immediately after the burn trauma results in a much higher 
risk of post-traumatic stress disorder (PTSD) [3–6]. Also, 
parents watching their children experiencing unrelieved 
pain following burn trauma including procedural pain are 
more likely to develop PTSD themselves [7]. Poor pain and 
anxiety management can contribute to delayed wound heal-
ing [8], and good pain management results in faster healing 
and better patient care [9, 10]. Despite advances in burn 
care, inadequate pain management continues to exist during 
both the acute and rehabilitation phases of care [11], and 
burn patients often suffer needless pain. Especially in hospi-
talized children pain is common, under-recognized, and 
under- treated [12–15].

Clinical Practice Guidelines and protocols for burn care 
commonly recommend the use of scheduled analgesia to 
address background pain and acute treatments in the preven-
tion and relief of pain associated with burn care procedures 
[16, 17]. Several state-of-the-art pain treatment modalities 
are utilized to help prevent and treat the pain of a burn injury, 
and when used concurrently, pain can usually be prevented 
or minimized. This chapter will discuss evidence-based safe 
multi-modal (i.e., opioid-sparing) analgesia [18], which may 

include one, several, or all of the following approaches in the 
effective treatment of pediatric or adult burn patients: phar-
macology (e.g., simple analgesia and/or opioids and/or adju-
vant analgesia), anesthetic interventions (e.g., neuroaxial 
analgesia, nerve blocks), rehabilitation (e.g., physical ther-
apy, occupational therapy, sleep hygiene), psychology (e.g., 
cognitive behavioral therapy), and age-appropriate position-
ing and integrative (“non-pharmacological”) therapies, such 
as breathing techniques, self-hypnosis, and distraction.

Following a description of different pain pathophysiolo-
gies, this chapter will review the use of basic analgesics, 
 opioids, and adjuvant analgesics for all age groups 
from  infants to adults, as well as rehabilitative, integrative 
(“non- pharmacological”) modalities.

25.2  Burn Pain Pathophysiology

The majority of burn patients experience different distinct 
and at times overlapping entities of pain pathophysiology 
concurrently and/or subsequently, explaining the need of 
advanced protocols providing multi-modal analgesia. The 
most common pain entities burn patients are experiencing 
include acute somatic pain, procedural pain, neuropathic 
pain, psycho-spiritual-emotional pain, and/or chronic persis-
tent pain and will be discussed in more detail below.

25.3  Acute Somatic Pain

Acute somatic nociceptive pain is caused by the actual skin 
and tissue injury of the burn trauma as well as by the repeti-
tive trauma (such as debridement, graft, or inflammation) dur-
ing the initial hospitalization. The key to preventing 
long- lasting pain appears to initiate “multi-modal analgesia” 
[18] pain protocols on day one of the burn injury. Studies 
have shown that if pain is not adequately controlled right after 
the burn trauma, there is an increased risk of post-traumatic 
stress disorder (PTSD) in infants, children, and adults [3–6].
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Acute pain management usually requires scheduling pain 
medications around-the-clock with the addition of “as- 
needed” (or “breakthrough,” “rescue,” or pro re nata “PRN”) 
medication. A combination of the following seven strategies 
may be most effective with the least side-effects:

 1. Basic analgesia: acetaminophen (paracetamol) plus a 
non-steroidal-anti-inflammatory drug (NSAIDs), such as 
ibuprofen or ketorolac. If bleeding side-effects or stom-
ach discomfort occurs, another option might be a COX-2 
inhibitor, such as celecoxib.

 2. Opioids: include medications such as tramadol, mor-
phine, fentanyl, hydromorphone, oxycodone, or metha-
done carefully titrated to effect. However, “If Coke 
doesn’t work, switch to Pepsi”—in other words, a signifi-
cant number of children or adults may experience opioid- 
induced side-effect (which might be mitigated by a 
low-dose naloxone infusion) or poor analgesia on one 
opioid and then need to be “rotated” or switched to 
another strong opioid for better control. After discharge to 
home we wean slowly the opioids completely off and in 
the absence of new tissue trauma hardly ever expect 
patient to be on opioids for a long time (e.g., not longer 
than 1–2 months at home).

 3. Adjuvant Analgesia: such as gabapentinoids (e.g., gaba-
pentin, pregabalin), alpha-agonist (e.g., dexmedetomi-
dine, clonidine), NMDA-channel blocker (low-dose 
ketamine, methadone), sodium-channel blocker (e.g., 

lidocaine), tricyclic antidepressants (e.g., low-dose 
amitriptyline).

 4. Interventional modalities or neuroaxial analgesia (e.g., 
nerve blocks, paravertebral blocks, or epidural pain 
pumps).

 5. Rehabilitation: Physical therapy, occupational therapy, 
speech therapy.

 6. Psychology, stress-reduction.
 7. Active integrative (“non-pharmacological”) therapies—

treatments/remedies that do not involve the use of medi-
cations, such as active mind–body techniques (deep 
breathing, biofeedback, self-hypnosis, etc.)

Procedural pain might be caused by dressing changes, 
intravenous (IV) access, blood draws, injections, etc. Patients 
report that in addition to dressing changes especially repeti-
tive needle pokes are among the worst kind of pain they 
experience during their hospitalization [12]. Although this 
kind of pain can be completely prevented or significantly 
reduced by simple strategies, many hospitals may not be 
offering these strategies to all their patients yet.

Successful examples of providing system-wide pain man-
agement include the Children’s Hospitals and Clinics of 
Minnesota “Children’s Comfort Promise: We promise to do 
everything to prevent and treat pain” [19–21] where painful 
procedures are performed under mild, moderate, or deep 
sedation as needed. In addition, for pain caused by elective 
needle procedures, such as blood draws, injections, 

Multimodal Analgesia

Basic Analgesics 
such as
•  Acetaminophen
   (Paracetamol)
•  NSAIDs / COX-2 Inhibitor

Opioids such as

•  Tramadol (“weak”)
•  Morphine (“strong”)
     Alternatives: Fentanyl,
     Hydromorphone, Oxycodone,
     Methadone (UK: Diamorphine)

•  4 WHO Principles incl.
     “By the Clock”

Adjuvants such as

•  Alpha-Agonist Clonidine,
     Dexmedetomidine 

•  Gabapentinoids
•  TCAs Amitriptyline, Nortriptyline

•  NMDA-Antagonists low-dose
     ketamine, Methadone

•  Na-channel blocker
    Lidoacaine

Integrative
Therapies such as

•  Mind-Body Techniques
     Hypnosis, Biofeedback, Abdominal
     Breathing, Progressive Muscle
     Relaxation, Mindfulness, Distraction

•  Acupressure,
   Acupuncture
•  Aromatherapy,
   Massage

Psychology 
such as
•  CBT Cognitive
     Behavioral Therapy,
     Skill-based Training

Rehabilitation 
such as
•  Exercise
•  Physical Therapy
     graded motor imagery, mirror
     therapy

•  OT Occupational Therapy,
     Speech Therapy

Plus
•  Normalizing Life
     •   School/work attendance
     •   Sleep hygiene
     •   Social
     •   Sports / Exercise

•  Spirituality
  •   Pediatrics: 
        Child Life

Regional
Anesthesia 
such as
•  Neuraxial infusion
•  Peripheral / Plexus
   Nerve block
•  Neurolytic block
•  Intrathecal port/pump
•   Intraventricular opioids?
    Percutaneous cervical
    cordotomy?

Fig. 25.1 Multimodal 
analgesia
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 vaccinations, and intravenous cannulation, the hospital 
always offer “Four Non-Negotiables”

• “Numb the skin” (for children 36 weeks corrected gesta-
tional age and older) 4% lidocaine cream [22] or needle- 
less lidocaine application via a J-tip® (sterile, single-use, 
disposable injector that uses pressurized gas to propel 
medication through the skin) [23, 24] as topical 
anesthetics.

• Sucrose [25, 26] or breastfeeding [27] for infants 
0–12 months [28].

• Comfort positioning. Restraining children for procedures 
is never supportive and creates a negative experience. 
Children restrained for painful procedures reported they 
felt ashamed, humiliated, powerless, and described the 
loss of the right to control their own body [29]. For infants 
swaddling, warmth, skin-to-skin contact, or facilitated 
tucking. For children who are 6 months and older offer 
them to sit upright, including on their parent’s lap.

• Age-appropriate distraction [30], such as toys, books, 
blowing bubbles or pinwheels, stress balls, and using 
apps, videos, or games on electronic devices.

Neuropathic pain is defined by the International 
Association for the Study of Pain (IASP) as pain arising as a 
direct consequence of a lesion or disease affecting the 
“somatosensory” (i.e., nervous) system [31]. A significant 
number of burn patients develop neuropathic pain as a result 
of nerve damage caused by the burn trauma and the treat-
ment [32]. In addition to NSAIDs and opioids (for the initial 
post-traumatic hospitalization only), several “adjuvant” pain 
medications, including gabapentinoids, low-dose tricyclic 
antidepressants; alpha-agonists and/or NMDA-channel 
blocker are commonly administered to mitigate pain. 
Although several medications may assist with controlling 
neuropathic pain, physical therapy, and psychology (and for 
some patients: nerve blocks) are usually required compo-
nents of excellent pain control and should not be omitted.

Psycho-spiritual-emotional pain. The psychological 
and emotional impact of a burn injury [33] results in real 
existing measurable pain—however, this pain cannot be 
treated by opioids (or other pain medications), but rather by 
addressing those needs through family and social support as 
well as an interdisciplinary care team which includes team 
members such as a social worker, chaplain, and/or 
psychologist.

Chronic or persistent pain: Pain can persist after heal-
ing, with many patients after severe burns reporting ongoing 
burn-related pain many years later. In one large study [34], 
358 burn survivors with injuries covering an average of 59% 
of their bodies were asked about their pain  experience on 

average 12  years after the trauma: The majority (52%) 
described ongoing burn-related pain, two-thirds (66%) 
reported that pain interfered with their rehabilitation, and 
55% reported that pain interfered with their daily lives.

Common chronic pain locations include the injury site, 
but also primary pain disorders (formerly functional pain 
syndromes) which includes primary headaches (incl. tension 
headaches and migraines), centrally mediated abdominal 
pain syndromes (formerly functional abdominal pain), and/
or wide-spread pain in muscles, joints, and bones [incl. fibro-
myalgia] as well as Complex Regional Pain Syndrome or 
CRPS (formerly Reflex Sympathetic Dystrophy) [35]. 
Effective treatments of these common pain disorders usually 
do not rely on medications, but rather on four rehabilitative 
strategies utilized concurrently. A common misconception is 
to spend a lot of time and energy on just one or two of these 
modalities, and when found to be ineffective, patients may 
become frustrated “I have done it all, and nothing worked” 
when in fact usually they have not been done at the same 
time over a few months. Also patients may need to be 
reminded that sometimes pain even gets worse, before it gets 
better, especially when they are deconditioned. An effective 
rehabilitative pain program should offer concurrently:

• Physical therapy/exercise: Many patients with chronic 
pain are deconditioned and exercise may even cause 
worsening of pain. A thoughtful daily (at home) training 
program then is required to improve movement and nor-
malize function as much as possible.

• Active integrative therapies, such as daily practicing of 
deep breathing, biofeedback (a technique using a video- 
game that trains people to improve their pain by control-
ling relaxing bodily processes that normally happen 
involuntarily, such as heart rate, blood pressure, muscle 
tension, and skin temperature.), self-hypnosis, mindful-
ness, progressive muscle relaxation, and/or yoga can 
reduce pain by stimulating “endorphins” (the body’s own 
pain medication that makes us to feel good) in the pain 
center of the brain.

• Psychology: Pain can cause stress, and stress usually 
worsens pain. Worsened pain then worsens mood, which 
may affect anxiety and depression. Effective strategies 
include cognitive behavioral therapy (CBT), or play ther-
apy for children, and stress-reduction offered by a licensed 
therapist.

• Normalizing Life: Key to effective pain control appears to 
normalize function first, and then the pain gets better 
(unfortunately not the other way around), including 
returning to school or work, normalizing sleep, normal-
izing exercise and social life.
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Medications are usually ineffective for a large number of 
patients with chronic and persistent pain, if not accompanied 
by the above four strategies. Opioids are usually not indi-
cated for chronic persistent pain (unless there is repetitive 
new tissue injury) [36]. Some adjuvant analgesia, especially 
for nerve pain, however appear to be well tolerated and might 
be effective, as described below.

25.4  Regional Anesthesia

The majority of burn pain patients to date unfortunately do 
not receive one of the most effective analgesic modalities, 
which would prevent and treat unrelieved pain with the least 
amount side-effects: Regional or neuroaxial anesthesia 
 [37–42]. Patients often have more intense postoperative pain 
from the split-thickness skin donor site than from the grafted 
burn wound [42, 43]. Especially if a burn injury of an extrem-
ity or the trunk requires hospitalization on a burn unit, it 
must now be expected standard of care to ensure assessment 
the infant, child, adolescent, or adult by an anesthesiologist 
for potential regional anesthesia. Blocking pain nociception 
using a local anesthetic such as bupivacaine, in some cases in 
conjunction with an opioid and/or alpha-agonist can provide 
complete analgesia, without any of the opioid-induced side- 
effects. Pain pathways can be blocked, when anesthesiolo-
gist trained in regional anesthesia utilize central neuraxial 
infusions, peripheral nerve and plexus blocks or infusions, or 
neurolytic blocks [44]. Occasionally, implanted intrathecal 
ports and pumps for baclofen, opioids, local anesthetics, and 
other adjuvants might be considered.

Benefits of regional anesthesia include [45]

• significantly reduce or eliminated need for opioids
• no systemic side-effects
• no sedation
• no nausea
• minimal side-effects with epidural (itching, urinary 

retention)
• improved gastrointestinal motility
• less postoperative cardiac arrhythmias
• significantly reduced pulmonary complications
• significantly reduced delirium
• improved mobility that reduces rates of deep vein throm-

bosis (DVTs)
• extremely high patient satisfaction
• patient is awake and can remember conversations with 

clinicians and family
• evidence for reduction of development of chronic pain 

and phantom pain

Central neuraxial techniques (spinal and epidural cathe-
ters) have been utilized with good effect as both primary 

anesthetics and postoperative adjuncts in burn-injured 
patients [43]. Epidural abscesses are not more common in 
burn patients, but there might be an increased risk that intra-
vascular catheters are more likely to become infected if 
placed in or near burned tissue [42], so similarly caution is 
likely reasonable in selecting appropriate burn patients for 
central neuraxial techniques [43].

Because the nociceptive nerves cannot be numbed inde-
pendent of all the other nerves that receive local anesthesia 
(“what wires together, fires together”), there are side-effects 
such as motor weakness, hypotension, pruritus, or urinary 
retention [45]. If the patient has breakthrough pain that 
breaks through a low continuous infusion of the local anes-
thetic, a patient-controlled analgesia (PCA) bolus allows the 
patient to give him- or herself additional medication as 
needed, called patient-controlled regional analgesia (PCRA). 
Similar to an opioid PCA, the patient can use their PCRA 
button for breakthrough pain, but without the side-effects 
caused by opioids. Patients can be sent home with a nerve 
block catheter, connected to a disposable pump or one that is 
returned to the hospital. There are no opioids in the infusion, 
eliminating misuse potential. That may lead to less adverse 
events, including sedation, delirium, sleep disturbances, and 
opioid-induced hyperalgesia.

25.5  Pharmacological Considerations

Large burns in children and adults result in altered phar-
macokinetic and pharmacodynamic responses to many 
medications. Plasma protein loss through injured skin and 
further dilution of plasma proteins by resuscitation fluids 
decrease the concentration of albumin, an important drug-
binding protein [43]. There is an increase in volume of dis-
tribution in most studied medications, including opioids 
such as fentanyl, the general anesthetic propofol, and mus-
cle relaxants [46]. During the acute injury (resuscitation), 
phase of large burns in the first 48 h cardiac output, and 
subsequently renal and hepatic blood flow is decreased, 
possibly increasing half-life of opioids and other analge-
sics and requiring somewhat lower starting doses or fre-
quency of administration. However, around day three 
during the hyperdynamic phase elevated renal and hepatic 
blood flow results in increased clearance, and doses of 
analgesics (and sedatives) commonly need to be increased 
significantly [43].

Morphine, for instance, is metabolized by the liver 
glucuronyl- transferase into morphine-6 glucuronide (M6G) 
and morphine-3 glucuronide (M3G). M6G is a much stron-
ger analgesic (40–100 times stronger) and displays adverse 
effects including nausea, vomiting, sedation, and respiratory 
depression. M3G is not an analgesic but is a μ-opioid anti-
dote with unique adverse effects, especially  hyperexcitability 
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and neurotoxicity. The ratio of M6G/M3G thereby defines 
the analgesia to adverse effect profile in individual patients. 
Both metabolites need to be excreted by the kidney, and 
patients in renal failure, and/or during low cardiac output of 
the resuscitation phase 0–48 h with subsequently decreased 
renal and hepatic blood, have a higher risk of unwanted 
side- effects. Fentanyl or methadone, neither of which is 
excreted renally, might be a better choice in this scenario.

25.6  Pharmacology Step 1: Basic Analgesia

Acetaminophen (Paracetamol) (10–15  mg/kg p.o./p.r./i.v. 
every 4–6 h; dose limit: <2 years: 40 mg/kg/day, >2 years: 
75 mg/kg/day, max. 650 mg every 6 h) is generally well tol-
erated by children and adults and lacks gastrointestinal and 
hematological side-effects. Significant hepatoxicity [47] is 
rare, but careful attention to dosing is paramount.

Ibuprofen (5–10  mg/kg p.o. every 6  h; dose limit 
2400  mg/day) has the least gastrointestinal side-effects 
among non-steroidal anti-inflammatory drugs (NSAIDs) that 
are nonselective for cyclooxygenase-2 (COX-2). It should be 
used with caution in individuals with hepatic or renal impair-
ment, or a history of gastrointestinal bleeding or ulcers, and 
it inhibits platelet aggregation.

Ibuprofen-sodium Meta-analysis showed that NSAID- 
salts display far more rapid absorption, faster initial pain 
reduction, good overall analgesia in more patients at the 
same dose, and probably evoke longer-lasting analgesia, 
without reports of adverse events [48]. When compared to 
ibuprofen, ibuprofen-sodium (available over the counter in 
the United States and many countries) produces significantly 
greater analgesia over 6 h, and required fewer re-medications 
than standard formulations [49]. In addition, 200  mg fast- 
acting ibuprofen (Numbers-needed-to-treat [NNT] 2.1; 95% 

confidence interval (CI) 1.9–2.4) was as effective as 400 mg 
standard ibuprofen (NNT 2.4; 95% CI 2.2–2.5), and pro-
duced a faster onset of analgesia.

Ketorolac has the advantage of i.v. administration, but it 
should be rotated to oral ibuprofen, as soon as tolerated 
(<2 years: 0.25 mg/kg every 6 h; >2 years: 0.5 mg/kg every 
6 h; max. 30 mg/dose; recommended dosing no longer than 
3–5 days).

Celecoxib (a COX-2 > COX-1 inhibitor) might be consid-
ered if classical NSAIDs are contraindicated (e.g., owing to 
bleeding risks, or gastrointestinal side-effects). It does not 
display less renal toxicity compared to classic NSAIDs. 
Safety and efficacy have been established only in children 
2 years of age or older and for a maximum of 6 months of 
treatment in juvenile rheumatoid arthritis (1–2  mg/dose 
[max. 100 mg] every 12 h).

25.7  Pharmacology Step 2: Opioids

Opioids remain a mainstay in the analgesic treatment of 
acute somatic pain cause by the tissue injury as well as sub-
sequent interventions, including pain at skin donor site and 
the grafted burn wound. Opioid rotation may be necessary, if 
tolerance develops or dose-limiting opioid toxicity occurs. 
A switch from one opioid to another is often accompanied by 
a change in the balance between analgesia and side-effects 
[50]. A favorable change in opioid side-effect profile may be 
experienced if there is less cross-tolerance at the opioid 
receptors mediating analgesia than at those mediating 
adverse effects. If rotating opioids because of decreasing 
effectiveness or limiting side-effects (i.e., because of incom-
plete cross-tolerance), it can be considered to begin at around 
50% of the equianalgesic dose and titrate to effect. However, 
the required decrease for incomplete cross-tolerance may be 

Table 25.1 Basic analgesia for children (>6 months) and adults

Drug Route Pediatric dose Maximal dose Dosing interval
Ibuprofen PO 5–10 mg/kg 400–600 mg 6–8 h
Ibuprofen-sodiuma

(Advil®) 256 mg tablet = 200 mg ibuprofen
PO 5–10 mg/kg 200–400mg 6–8 h

Acetaminophen PO, PR 10–15 mg/kg 60 mg/kg/day <2 years
90 mg/kg/day >2 years

4–6 h

Acetaminophenb IV <10 kg = 7.5 mg/kg; 30 mg/kg/day 6 h
1–2 years = 15 mg/kg; 60 mg/kg/day 6 h
>2 years (<50 kg) = 15 mg/kg; 75 mg/kg/day 6 h
>13 years (>50 kg) = 1000 mg 4000 mg/day 6 h

Ketorolacc (Toradol) IV <2 years = 0.25 mg/kg
>2 years = 0.5 mg/kg

30 mg 6–8 h

Celecoxibd PO 1–2 mg/kg 100 mg 12–24 h
aFast-Acting, compared to regular ibuprofen: onset after 10 min, last longer, and only half the dose required
bONLY if rectal or oral administration contraindicated; re-evaluate daily
cRecommend dosing no longer than 5 days
dIf classical NSAIDs contraindicated; safety and efficacy has been established only in children 2 years of age or older and for a maximum of 6 
months of treatment in JRA
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higher or lower, depending on the clinical context of the indi-
vidual patient [51]. Opioid-associated side-effects (e.g., con-
stipation, pruritus, and nausea) should be anticipated and 
treated accordingly.

Morphine For recommended starting doses, see Tables 
25.2 and 25.3. Morphine undergoes a first-pass metabo-
lism: The currently accepted oral-to-i.v. potency ratio for 
morphine is 1:3 [1 mg i.v. morphine equals 3 mg oral mor-
phine]. Routes of administration include oral, sublingual, 
intravenous, intramuscular, subcutaneous, intrathecal, and 
epidural. Morphine is also effective topically in open 
wounds [52].

Morphine appears safe and efficacious in full-term neo-
nates; however, starting doses are usually lower compared to 
those used in older children (see Table 25.3). Long-term neu-
rodevelopmental outcome years after former preterm or term 
babies are exposed to continuous morphine or fentanyl infu-
sion displayed no adverse effects of the opioids on intelli-
gence, motor function, or behavior [53–56].

Fentanyl is a popular opioid for analgesia prior to painful 
procedures owing to its rapid onset (about 1  min) and its 
brief duration of action (30–45 min). Intranasal fentanyl for 

dressing changes in burn patients [57]. Fentanyl provides a 
good alternative to morphine when tolerance or dose- limiting 
side-effects mandate opioid rotation [58, 59].

Hydromorphone, like morphine and fentanyl, is another 
selective μ-opioid receptor agonist. Unlike morphine metab-
olism, there is no hydromorphone-6-glucuronide (H6G), but 
metabolism of the parent compound does result in hydro-
morphone-3-glucoronide (H3G). Opioid hyperexcitability 
has been reported in patients with renal failure taking hydro-
morphone [60, 61]. The normal H3G to hydromorphone 
plasma ratio is 27:1, but in renal failure it is 100:1 [62].

Oxycodone is a selective μ-opioid receptor agonist 
although some animal studies suggest κ-receptor agonist 
activity as well [63] The oral potency ratio of oral oxyco-
done to morphine is between 1:1 and 2:1 [64]. One advan-
tage of oxycodone over morphine is the slightly longer 
half-life, frequently 6-h dosing (as oppose to 4-h with mor-
phine). Renal and hepatic impairment increase oxycodone 
serum levels [65].

Methadone is an excellent opioid choice in advanced 
pediatric and adult analgesia, but it remains under-utilized 
[66–68]. In the United States, it is available as an intravenous 

Table 25.2 Opioid analgesics: usual starting doses for children (>6 months) and adults

Drug (route of 
administration)

Equianalgesic 
dose (parenteral) Starting dose IV IV:PO ratio Starting dose PO (transdermal)

Morphine
(PO, SL, IV, SC, 
PR)

10 mg Bolus dose: 0.05–0.1 mg/kg (max. 
5 mg) every 2–4 h
Continuous infusion: 0.01–
0.03 mg/kg/h (max. 0.5–1.5 mg/h)

1:3 0.15–0.3 mg/kg (max. 7.5–
15 mg) every 4 h

Fentanyl
(IV, SC, SL, 
transdermal, 
buccal)

100–250 μg Bolus dose: 1–3 μg/kg (max. 
25–75 μg) (slowly over 
3–5 min—fast bolus of higher 
doses may cause thorax rigidity)
Continuous infusion: 1–2 μg/
kg/h (max. 50–100 μg/h)

1:1 (IV to trans dermal) 12 μg/h patch (must be on the 
equivalent of at least 30 mg oral 
morphine/24 h, before switched 
to patch)

Hydromorphone
(PO, SL, IV, SC, 
PR)

1.5–2 mg Bolus dose: 15–20 μg/kg (max. 
1 mg) every 4 h
Continuous infusion: 5 μg/kg/h 
(max. 250 μg/h)

1:5 60 μg/kg (max. 2000–3000 μg 
or 2–3 mg) every 3–4 h

Oxycodone
(PO, SL, PR)

5–10 mg n/a n/a 0.1–0.2 mg/kg (max. 5–10 mg) 
every 4 h or 0.15–0.3 mg/kg 
(max. 7.5–15 mg) every 6 h

Tramadol
(PO, PR)

100 mg IV not available in the United 
States
[Bolus dose: 1 mg/kg every 3–4 h
Continuous infusion: 0.25 mg/
kg/h]

1:1 1–2 mg/kg every 3–4 h, max. 
of 8 mg/kg/day (>50 kg: max. 
of 400 mg/day)

Methadone (PO, 
PR, SL, IV)

Nonlinear 
conversion (see 
Table 25.5)

0.04–0.08 mg/kg (max. 2–4 mg) 
IV Q8h

1:1 to 1:2 (in adults 
usually IV usually 50% of 
PO dose; in pediatrics 
usually IV = 80% of PO 
dose)

0.05–0.1 mg/kg (max. 
2.2–5 mg) PO Q8h

1. Above doses represent starting doses, which then need to be titrated to effect and may be significantly higher
2. Maximum per kg dose capped at 50 kg body weight
3. Calculated rescue (breakthrough) dose: 10–16% of 24-h opioid dose to be given every 1–2 h as needed
IV intravenous, PO by mouth, SL sublingual, SC subcutaneous, PR rectal, n/a not applicable
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formulation also (with commonly used conversion ratios of 
adults: 1  mg PO  =  0.5  mg IV and 1  mg IV  =  1  mg PO; 
 however in Pediatrics: 1  mg PO  =  0.8  mg IV and 1  mg 
IV = 1.2 mg PO). Early methadone initiation may reduce the 
development of opioid tolerance (i.e., reducing the need to 
increase opioids rapidly to achieve analgesia) and thereby 
have a significant effect on ventilator outcomes in critically 
injured patients with burn injury [69].

This multi-mechanistic analgesic is a μ (δ, κ)-opioid recep-
tor agonist, an NMDA-channel blocker, and a presynaptic 
blocker of serotonin and norepinephrine re-uptake. Advantages 
include methadone’s long half-life (allowing every 8–12  h 
dosing), high effectiveness in complex pain conditions, includ-
ing the management of neuropathic pain, decreased incidence 
of constipation, lack of active metabolites, and safe usage in 
renal failure and in stable liver disease.

Table 25.3 Analgesia for neonates and infants 0–6 months of age [1]

Drug Route Pediatric Dose (age) Maximal Dose Dosing Interval
Basic Analgesia
Ibuprofena PO 5–10 mg/kg (infants 3–6 months) 40 mg/kg/day 6–8 h
Acetaminophen PO, PR 5–10 mg/kg (neonates 0–30 days)

10 mg/kg (infants 1–3 months)
10–15 mg/kg (infants 3–6 months)

20–40 mg/kg/day
40 mg/kg/day
40–60 mg/kg/day

4–6 h (maximum 4 doses/
day)

Acetaminophenb IV <10 kg = 7.5 mg/kg 30 mg/kg/day 6 h
Opioids
Morphine PO/PR/

SL
0.075–0.15 mg (neonates 0–30 days) 6 h
0.08–0.2 mg (infants 1–6 months) 4–6 h

Morphinec IV/SCd 0.025–0.05 mg/kg (neonates 0–30 days) 6 h
0.1 mg/kg (infants 1–6 months) 6 h
Infusion (with PCA bolus of same dose):
0.005–0.01 mg/kg/h (neonates 0–30 days)
0.01–0.03 mg/kg/h(infants 1–6 months)

Fentanylc IV/SCd 1–2 μg/kg (neonates and infants 
0–12 months)

2–4 h

Infusion (with PCA bolus of same dose):
0.5–1 μg/kg/h (neonates and infants 
0–6 months)

Oxycodone PO/PR/
SL

0.05–0.125 mg/kg (infants 1–6 months) 4 h

Adjuvant Analgesics
Gabapentin PO 4.5 mg/kg (neonates and infants 0–6 months) 15 mg/kg 6 h
Dexmedetomidine 
(Precedex®)

IV Infusion: Slowly titrate to max. 
of

Cont. infusion

0.2 μg/kg/h (neonates and infants 
0–6 months)

2 μg/kg/h

Clonidine PO 1–3 μg/kg 4–6 h

Amitriptylinee PO 0.1 mg/kg (infants 3–12 months) 0.4 mg/kg QHS (once at night)
aFor infants <3 months consult Pain Service
bONLY if rectal or oral administration contraindicated; re-evaluate daily
cAdminister IV slowly over at least 5 min
dThe intravenous doses for neonates are based on acute pain management and sedation dosing information. Lower doses are required for non- 
ventilated neonates
eEKG to rule out QTc-prolongation/Torsade des Pointes

Table 25.4 Usual starting doses for patient (or nurse)-controlled analgesia (PCA) pumps—dose escalation usually in 50% increments both for 
continuous and PCA bolus dose (Department of Pain Medicine, Palliative Care & Integrative Medicine, Children’s Hospitals and Clinics of 
Minnesota, USA)

Continuous infusion [μg/kg/h] PCA bolus [μg] Lock-out time [min] Maximum number of boluses/hour
Morphine 20 (max. 1000) 20 (max. 1000) 5–10 4–6
Hydromorphone 3–5 (max. 250) 3–5 (max. 250) 5–10 4–6
Fentanyl 1 (max. 50) 1 (max. 50) 5 4–6

Doses for children >6 months of age and are capped at 50 kg body weight
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There are several disadvantages, however, including wide 
dosing variation, a long half-life (which may lead to accumu-
lation, making quick titration difficult), and a more complex 
equianalgesic conversion, which requires longer and closer 
patient observation than with other opioids. Safe use requires 
that the effects of methadone should be closely monitored 
for several days, particularly when it is first started and after 
any dosing change. Methadone has been effectively used in 
burn patients [6, 70].

There are significant problems with applying adult-based 
opioid conversion tables to children [51] and data supporting 
pediatric conversion rates from short-acting opioids to meth-
adone remain unclear [66, 71–73]. This lack of data may put 
children at risk for under-medication (with resulting unre-
lieved pain and/or withdrawal) or over-medication (with 
resulting over-sedation and/or respiratory depression). 
Despite an increase in methadone administration in children, 
the appropriate pediatric methadone equianalgesic dose 
remains unknown [66]. There are multiple adult dosing strat-
egies for methadone conversion [74–86], but their  application 
in the pediatric population has not been evaluated. See 
Table 25.5 for conversion ratios used in pediatrics and adult 
medicine.

25.8  Opioids for Chronic Pain

Opioids should not be administered to pediatric or adult patients 
with primary pain disorders [87], i.e., chronic pain defined that 
extends beyond the expected time of healing which hence lacks 
the acute warning function of physiological nociception. 
Opioids may be more likely to cause more harm than benefit in 
the treatment of “primary pain disorders,”, which include con-
ditions such as tension headaches/migraines, chronic musculo-
skeletal pain/fibromyalgia, “chronic sickle cell pain” (pain that 
extends beyond the expected time of acute vaso-occlusive cri-
sis) and, functional abdominal pain/centrally mediated abdom-
inal pain syndrome. Opioids administered for primary pain 
disorders have low long-term efficacy, a poor safety profile, 
and commonly a worse clinical outcome [88–94].

25.9  Pharmacology: Step 3—Adjuvant 
Analgesics

Adjuvant analgesics (such as low-dose tricyclic antidepres-
sants, gabapentinoids, and α-agonists) commonly serve as 
valuable adjuncts in the treatment of burn pain. Most data for 

Table  25.5 Adjuvant analgesics used in pediatric and adult pain management (Pain Medicine and Palliative Care, Children’s Hospitals and 
Clinics of Minnesota) [2]

Class Medication Dose
Route of 
administration

Comments/side effects (see text for further 
details)

Tricyclic 
antidepressants 
(TCA)

Amitriptyline Starting dose 0.1 mg/kg QHS, 
usually slowly titrated up to 
0.5 mg/kg (max. 20–25 mg)

PO Tertiary amine TCA; stronger 
anticholinergic side effects (including 
sedation) than nortriptyline

Nortriptyline Starting dose 0.1 mg/kg QHS, 
usually titrated up to 0.5 mg/kg 
(max. 20–25 mg)

PO Secondary amine TCA; anticholinergic side 
effects

Gabapentenoids Gabapentin Starting dose 2 mg/kg QHS, 
usually slowly titrated up to initial 
target dose of 6 mg/kg/dose TID 
(max. 300 mg/dose TID). Max. 
dose escalation to 24 mg/kg/dose 
TID (max. 1200 mg/dose TID)

PO Slow dose increase required; side effects: 
ataxia, nystagmus, myalgia, hallucination, 
dizziness, somnolence, aggressive behaviors, 
hyperactivity, thought disorder, peripheral 
edema

Pregabalin Starting dose 0.3 mg/kg QHS, 
usually slowly titrated up to initial 
target dose of 1.5 mg/kg/dose BID 
(max. 75 mg/dose BID). Max. 
dose escalation to 6 mg/kg/dose 
BID (max. 300 mg/dose BID)

PO Switch from gabapentin, if distressing side 
effects or inadequate analgesia. Side effects: 
ataxia, nystagmus, myalgia, hallucination, 
dizziness, somnolence, aggressive behaviors, 
hyperactivity, thought disorder, peripheral 
edema; associated with weight gain

Sodium-channel 
blocker/local 
anesthetic

Lidocaine 5% Max. of 4 patches (in patients 
>50 kg) 12 h on/12 h off

Transdermal 
patch

Not for severe hepatic dysfunction

Alpha-agonist Clonidine 1–3 μg/kg [max 50–150 μg] QHS 
to Q4–6h

PO/
transdermal
IVDexmedetomidine Infusion: 0.2 μg/kg/h (max. 

10 μg/h); titrate to max. 2 μg/kg/h 
(max. 100 μg/h)

Hormone Melatonin 0.06–0.2 mg/kg (max. 3–10 mg) 
QHS

PO Sleep induction, use extended-release, if 
interrupted sleep, possible analgesic effect

QHS every night at bedtime; PO per os, oral administration; IV intravenous administration; BID bis in die, twice a day; TID ter in die, three times 
a day; Q4–6h every 4–6 h

S. J. Friedrichsdorf
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this heterogeneous class of medications is derived from adult 
neuropathic and acute pain conditions [95–101]. For a com-
prehensive systematic review of pharmacotherapy for neuro-
pathic pain, including numbers-needed-to-treat (NNT) and 
numbers needed to harm (NNH), see Finnerup et al. [98] See 
Table 25.5 for recommended starting doses.

Gabapentinoids: A recent meta-analysis showed gaba-
pentinoids to be efficacious in the control of neuropathic 
pain of various etiologies with a NNT of 2.9–3.9 [25]. 
Gabapentinoids are alpha-2-delta ligands, locking on a 
voltage- gated calcium-channel at the presynaptic nerve ter-
minal (first neuron) at the level of the dorsal horn, resulting 
in decreased release of pain transmitters, such as glutamate, 
norepinephrine, and substance P.  Gabapentin (NNT: 6.3; 
NNH: 25.6) appears to be slightly more effective than prega-
balin (NNT: 7.7; NNH: 13.9), which seems more effective 
than extended-release gabapentin (NNT 8.3; NNH 31.9) 
[98]. Adult data and pediatric experience suggest that a sig-
nificant number of patients who experience inadequate anal-
gesia from pregabalin benefit from gabapentin, and vice 
versa. Conversion from gabapentin to pregabalin is around 
6:1, meaning 300 mg gabapentin TID (=900 mg/day) equals 
pregabalin 75 mg BID (=150 mg/day) [19]. To avoid pain or 
precipitating seizures, these anticonvulsants should be 
weaned over a period of 1–2 weeks.

Gabapentin: An initial low starting dose is 2 mg/kg/dose 
(max 100 mg/dose) once at night titrated to 6 mg/kg/dose 
(max. 300  mg/dose) three times/day (TID). For mild to 
medium neuropathic pain, the titration may take up to 2 
weeks to avoid side-effects. For severe pain, the titration may 
be significantly faster (1–3 days). If analgesia is inadequate, 
the dose may be titrated in steps up to 12 mg/kg/dose (max. 
600 mg/dose) TID, then up to 18 mg/kg/dose (max. 900 mg/
dose) TID, and finally up to 24 mg/kg/dose (max. 1200 mg/
dose) TID. Gabapentin (as oppose to pregabalin) has a non-
linear bioavailability, meaning dose increases close to the 
maximum dose may have less of an effect. Side-effects 
include lethargy, ataxia, nystagmus, dizziness, thought disor-
der, hallucinations, headache, peripheral edema, and myal-
gia; these side-effects appear to be mitigated by slow dose 
escalation. Especially gabapentin, and to a lesser degree pre-
gabalin, are commonly used in pediatric chronic pain man-
agement. There have been no pediatric RCTs and only a few 
case reports published [99, 100].

Pregabalin should be considered a second choice, if gab-
apentin is ineffective or displays side-effects. Safety and effi-
cacy are not established in pediatric patients and there is no 
accepted pediatric dosing. Experience and anecdotal evi-
dence suggests the following for older children and teenag-
ers: Initial starting dose 0.5 mg/kg/dose (max 50 mg/dose) q 
HS slowly titrated to 1.5  mg/kg/dose (max. 75  mg/dose) 
BID. For mild to medium neuropathic pain, the titration may 
take up to 2 weeks to avoid side-effects. For severe pain, the 
titration may be significantly faster (2–3 days). If analgesia is 

inadequate, the dose may be titrated in steps up to 3 mg/kg/
dose (max. 150 mg/dose) BID, then up to 4.5 mg/kg/dose 
(max. 225  mg/dose) BID, and finally up to 6  mg/kg/dose 
(max. 300 mg/dose) BID.

Possible side-effects of pregabalin include blurred vision, 
life-threatening angioedema (take precautions if prescribing 
ACE inhibitors concurrently), dizziness, somnolence, and 
weight gain.

Tricyclic antidepressants (TCAs) are among the best- 
studied antidepressant class that show efficacy in treating 
neuropathic pain. Amitriptyline and nortriptyline, which 
have been extensively studied, block re-uptake of serotonin 
and norepinephrine, which possibly stimulates descending 
inhibiting pathways stemming from the periaqueductal grey, 
and they may also block the NMDA-receptor. In addition, 
opioid analgesia might be improved with concurrent TCA 
administration via a serotonergic mechanism at the brain-
stem. Adverse effects of all TCAs include arrhythmia and 
anticholinergic/antihistamine effects, such as dry mouth, 
constipation, urinary retention, blurred vision, and sedation. 
Nortriptyline (a secondary amine) may be better tolerated 
than amitriptyline (a tertiary amine) because it has fewer 
anticholinergic side-effects.

Amitriptyline and nortriptyline show some efficacy in 
treating adult neuropathic pain [98]; however, despite the 
fact that they are commonly used in children, there are no 
pediatric RCTs [102, 103]. Amitriptyline has NNT of 3.6 
and a NNH of 13.4, and has not shown a dose–response 
effect [98].

Dose recommendations are the same for both amitripty-
line and nortriptyline. Both are available in liquid form and 
are usually started at 0.1 mg/kg by mouth at bedtime (adult 
dose 5  mg) and increased to a max of 0.4–0.5  mg (max. 
20–25 mg once at night). Experience has shown that increas-
ing beyond that dose does not appear to result in increased 
analgesic effect. It may take 1–2 weeks to titrate up to an 
effective dose and to determine if the analgesic therapy is 
working; however, the induction of sleep will start much 
sooner. An EKG to rule out QTc-prolongation/WPW- 
Syndrome prior to initiation is recommended.

Overall, the efficacy of TCAs and gabapentinoids appears 
equal [98]. If a single adjuvant appears ineffective and there 
are no contraindications in the individual pediatric or adult 
patient, a combination of a medication from each group is 
recommended since their mechanism of action is 
synergistic.

NMDA-Channel Blocker: N-methyl-d-aspartate 
(NMDA) channels may be involved in the spinal neural cir-
cuitry that leads to a neuropathic pain state of resistance to 
higher dose opioids. At a normal resting level, the NMDA- 
channel is blocked by magnesium. Increased excitation, 
including strong pain stimuli, may open the NMDA-channel, 
producing hyperexcitability of dorsal root neurons, leading 
to central sensitization (i.e., amplification of neural signaling 
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within the CNS that elicits pain hypersensitivity), wind-up 
phenomenon, and memory of pain. NMDA-receptor antago-
nists, such as ketamine, methadone, and levorphanol (possi-
bly dextrometorphane and amantadine)—which block the 
channel—can help prevent this phenomenon, leading to 
decreased opioid resistance, improved hyperalgesia and 
improved allodynia.

Ketamine is an NMDA-receptor antagonist, but it pos-
sesses other actions which may contribute to its analgesic 
effect, including a mu-, delta-, and kappa-opioid like effect, 
interactions with calcium and sodium channels, cholinergic 
transmission, and noradrenergic and serotonergic re-uptake 
inhibition. Ketamine is effective for pediatric neuropathic 
pain in low (i.e., sub-anesthetic) doses, both alone or in 
combination with opioids. Ketamine is unique among anes-
thetic agents in that it does not depress respiratory and car-
diovascular systems. In low analgesic doses, the typical 
anesthetic- dose side-effects of ketamine (nystagmus, lacri-
mation, tachycardia, and altered sensorium) are not usually 
seen though pediatric data is limited. Many centers schedule 
a low-dose benzodiazepine during the ketamine administra-
tion to avoid psychotomimetic side-effects. There is evi-
dence of significant opioid reduction and improved analgesia 
following initiation of low-dose ketamine [104, 105]. Low-
dose ketamine has been described as effective in burn 
patients [106].

Analgesic (sub-anesthetic) ketamine dosing includes the 
following: IV: 1–5  μg/kg/min [=0.06–0.3  mg/kg/h]; with 
maximum of 3–15 mg/h. IV; PO: 0.2–0.5 mg/kg TID-QID 
and PRN.  Ketamine may also be administered by sc, sl, 
intranasal, pr, or spinal route. In the United States, ketamine 
is only available as a racemic mixture [S(+)-enantiomer (pro-
viding analgesia, general anesthesia); R(−)-enantiomer 
(causing bronchodilatation, nightmares)]. In most other 
countries, ketamine-S [S(+)-enantiomer] is also available, 
reducing the required dose by 40–50%.

Sodium-channel blocker: Other adjuvant analgesia that 
appears to be effective for neuropathic pain in selective 
patients includes intravenous lidocaine [107, 108], including 
for the treatment of background or procedural burn pain 
[109]. Side-effects of intravenous lidocaine include allergic 
reaction (serious, but rare), and dose-related numbness 
around the mouth, dizziness, slurring of speech, hallucina-
tions, muscle twitches, and seizures [110].

Alpha-2-adrenergic agonists such as clonidine or dexme-
detomidine can be effective adjuvant analgesics for both noci-
ceptive and neuropathic pain [111–117]. They act at the spinal 
cord in two ways. First, they act on the same neurons in the 
cord and lead to the same intracellular events as opioids, but 
act through a different receptor; 2-adrenergic and- opioid 
receptors activate the same potassium channel via inhibitory 
G proteins. Thus, it is likely that they enhance the anti-noci-
ceptive effects of opioids. Second, alpha-2- adrenergic ago-
nists decrease sympathetic outflow involved with neuropathic 
pain and hyperarousal [118]. Clonidine can be given orally, 
transdermally, or intraspinally. Side-effects include lethargy, 
dry mouth, and hypotension. Dexmedetomidine can also be 
an effective adjuvant, leading to opioid-sparing. It carries the 
advantage of not affecting respiration. However, potential 
side-effects include hypotension and bradycardia, leading 
most institutions to restrict its use to intensive care units. 
Dose recommendations: Dexmedetomidine (0.2–2  μg/kg/h 
IV), max. 100 μg/h; Clonidine (starting dose 1–3 μg/kg [max 
50–150 μg] per dose QHS to q4–6h titrated to effect PO or 
transdermal).

Marijuana: There are no published pediatric studies, and 
adult studies lack evidence to support its use for acute or 
chronic pain [119, 120]. The updated American Academy of 
Pediatrics policy opposes marijuana use [121], citing lack of 
research and potential harms including correlation with men-
tal illness [122], testicular cancer [123–125], decline in IQ 
[126, 127], and increase risk of addiction [128].

Table 25.6 Methadone Conversion Table

Total daily oral 
morphine dose

Estimated daily oral methadone requirement
Gazelle G, Fine PG. Methadone for 
the treatment of pain #75. J Palliat 
Med. 2003;6(4):620–1

ROXANE LABORATORIES, INC.  Columbus, OH 43216 
http://www.accessdata.fda.gov/drugsatfda_docs/
label/2006/006134s028lbl.pdf

Toombs JD (2005) 
American Family 
Physician 71(7):1353–8

<100 mg 3:1 20–30% 33%
101–300 mg 5:1 10–20% 20%
301–600 mg 10:1 8–12% 10%
601–800 mg 12:1 5–10% 8%
801–1000 mg 15:1 5–10% 7%
>1000 mg 20:1 <5% 5%

When rotating from another opioid to methadone, the initial maximum starting dose of methadone, decrease by 50% for incomplete cross-toler-
ance, should not be higher than 30 mg/day PO
1. World_Health_Organization. WHO-Principles of Acute Pain Management for Children http://whqlibdoc.who.int/publications/2012/ 
9789241548120_Guidelines.pdf. 2012; Available from: http://whqlibdoc.who.int/publications/2012/9789241548120_Guidelines.pdf
2. Friedrichsdorf, S.J., Prevention and Treatment of Pain in Hospitalized Infants, Children, and Teenagers: From Myths and Morphine to 
Multimodal Analgesia., in Pain 2016: Refresher Courses. 16th World Congress on Pain. 2016, International Association for the Study of Pain, 
IASP Press: Washington, D.C. p. 309–319

S. J. Friedrichsdorf

http://www.accessdata.fda.gov/drugsatfda_docs/label/2006/006134s028lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2006/006134s028lbl.pdf
http://whqlibdoc.who.int/publications/2012/9789241548120_Guidelines.pdf
http://whqlibdoc.who.int/publications/2012/9789241548120_Guidelines.pdf
http://whqlibdoc.who.int/publications/2012/9789241548120_Guidelines.pdf
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25.9.1  Nitrous Gas Analgesia Sedation

Nitrous gas has been shown to be effective for procedural 
pain such as dressing changes in burn patients [129]. Data 
reveals that children receiving nitrous gas before and during 
painful procedures have lower levels of distress, lower pain 
scores, were more relaxed, and many have no recollection of 
the procedure afterwards [130–133]. It has been well docu-
mented that poorly managed pain has serious short- and 
long-term consequences. Inadequate analgesia and the mem-
ory of previous painful experience for procedures in children 
diminish the effects of adequate analgesia in subsequent pro-
cedures [134] and unrelieved pain increases the risk of post- 
traumatic stress disorder even in very young children [6]. 
Alternatively, many centers are achieving excellent results in 
eliminating procedural pain and decreasing stress and anxi-
ety using moderate to deep sedation, usually with help of the 
general anesthetic propofol, often with the addition of an 
opioid such as fentanyl [135].

25.10  Physical Therapy

Physical therapy and exercise are key modalities in the treat-
ment of patients with chronic pain and primary pain disorder 
[136–143]. Patients with chronic pain usually have a lower 
physical activity level [144] and physical activity has been 
shown to reduce the risk for depression [145]. In patients 
participating in a rehabilitative pain program, the rate of 
improvement in function was significantly more rapid than 
the decrease in pain [140].

25.11  Integrative Medicine: Active Mind–
Body Techniques

Integrative modalities (sometimes referred to as complemen-
tary and alternative medicine) that have been described as 
effective in the management of pediatric pain include hypno-
sis, yoga, acupuncture, and massage [146–154]. Active 
mind–body techniques, such as guided imagery, hypnosis, 
biofeedback, yoga, and distraction each and all evoke pain 
modulation by engaging a number of mechanisms within the 
analgesic neuraxis. Techniques such as distraction and 
guided imagery appear to modulate the release of endoge-
nous opioids from the periaqueductal and periventricular 
gray regions to disinhibit descending inhibitory pathways of 
the brainstem to suppress pain transmission in the dorsal 
horn of the spinal cord [155–159]. As well, distraction has 
been shown to increase activity of the orbitofrontal and peri-
genual anterior cingulate cortex, as well as periaqueductal 
gray and the posterior thalamus to modulate pain at the 
supraspinal level [160, 161].

25.12  Psychological Intervention

Anxiety, depressive, and behavioral disorders are early risk 
factors of chronic pain (rather than vice versa) [162]. At low 
levels of anxiety, higher pain is predictive of greater disabil-
ity; however, highly anxious adolescents tend to function 
poorly regardless of level of pain [163]. Psychological treat-
ments significantly reduce pain intensity that is reported by 
children and adolescents with headache, abdominal pain, 
and musculoskeletal/joint pain [164, 165]. Cognitive behav-
ioral therapy (CBT) led to significant improvements in pain 
coping, catastrophizing, and efficacy that were sustained 
over time in adolescents with chronic pain [166]. CBT has 
been shown to increase gray matter in the prefrontal cortex 
of patients with chronic pain, and this increase in prefrontal 
cortical gray matter has been associated with reduced pain 
catastrophizing [167].

25.13  Conclusion

The effective prevention and treatment of pain in children and 
adults after burn injuries requires intensive “multi- modal” 
pain control starting within the first minutes following the 
admission to the hospital. It is inappropriate to perform elec-
tive painful procedures in children or adults without evidence- 
based treatments to avoid or minimize pain. Equally important 
to medications are physical therapy and regular exercise as 
well as integrative therapies, psychology, and normalizing 
life. Unfortunately in 2019, pain  management is still not 
taught sufficiently in most medical training programs to clini-
cians and a large number of hospital leaderships have grossly 
neglected to invest in state-of-the-art pain programs. Insurance 
companies are often unwilling to pay for evidence-based 
excellent pain control (namely physical therapy and psychol-
ogy). The majority of burn pain patients unfortunately do not 
receive one of the most effective analgesic modalities, which 
would prevent and treat their unrelieved pain with far less 
side-effects: Regional anesthesia.

Several state-of-the-art pain treatment modalities are uti-
lized to help prevent and treat the pain of a burn injury, and 
when used concurrently, pain can usually be prevented or 
significantly minimized. Safe multi-modal, i.e., opioid- 
sparing, analgesia [18], may include one, several, or all of 
the following approaches in the effective treatment of pediat-
ric or adult burn patients: Pharmacology (e.g., simple anal-
gesia and/or opioids and/or adjuvant analgesia), anesthetic 
interventions (e.g., neuroaxial analgesia, nerve blocks), reha-
bilitation (e.g., physical therapy, occupational therapy, sleep 
hygiene), psychology (e.g., cognitive behavioral therapy), 
and age-appropriate positioning and integrative (“non- 
pharmacological”) therapies, such as breathing techniques, 
self-hypnosis, and distraction.

25 Treatment and Prevention of Pain in Children and Adults with Burn Injuries
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Summary Box
The prompt prevention and treatment of pain in chil-
dren and adults after burn injuries is a pillar of 
evidence- based clinical care and must not omitted. 
State-of-the-art analgesia requires intensive “multi- 
modal” pain control commencing within the first 
minutes following the admission to the clinical set-
ting. Multi-modal analgesia are utilized to help pre-
vent and treat the pain of a burn injury, and when 
used concurrently, pain can usually be prevented or 
significantly minimized. Safe multi-modal, i.e., opi-
oid-sparing, analgesia often require several or all of 
the following approaches in the effective treatment of 
pediatric or adult burn patients: Pharmacology (e.g., 
simple analgesia and/or opioids and/or adjuvant anal-
gesia), anesthetic interventions (e.g., neuroaxial anal-
gesia, nerve blocks), rehabilitation (e.g., physical 
therapy, occupational therapy, sleep hygiene), psy-
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Psychological Factors During Acute 
Hospitalization: Delirium, Anxiety, 
and Acute Stress Disorder

Shelley A. Wiechman

26.1  Introduction

The focus of this section is on identifying common issues dur-
ing the ICU and acute phase of recovery that can impact qual-
ity of life long after discharge. The major psychological issues 
characteristic of this phase of recovery are delirium, anxiety, 
acute stress disorder, and depression [1–4]. Pain is also a pri-
mary issue and can interact with and exacerbate all of these 
issues and lead to long-term distress. Specifically, high inpa-
tient pain levels predict higher rates of depression and suicid-
ality up to 2  years following the burn injury [4–6]. High 
inpatient pain levels also predict rates of PTSD following the 
injury and many patients report that the trauma that they are 
re-experiencing is not the initial burn trauma, but the subse-
quent painful wound care [4]. Please see Chap. 27 for a more 
thorough discussion of pain. Ultimately, optimizing long-term 
quality of life following a burn injury starts in the ICU.

Screening for delirium, anxiety, acute stress disorder, and 
depression should be conducted as soon patient is alert 
enough to participate in an assessment. Early identification 
and intervention is key to reducing the likelihood of long- 
term negative effects. Knowing established risk factors for 
these disorders can help to identify those patients who are a 
high priority for screening and intervention. Some studies 
have shown that the strongest predictor of emotional distress 
in the hospital is a premorbid history of mental health issues. 
Further, there are higher rates of premorbid mental health 
issues in the burn population and these issues can signifi-
cantly impact burn recovery [7]. It is important to note that 
delirium, anxiety, acute stress disorder, and depression are 
all DSM-V disorders, but many patients do not meet the full 
criteria for an actual diagnosis. However, the symptoms that 
they do have may be so severe that they are interfering with 
care and quality of life and should be treated.

Nonpharmacological interventions are critical adjuncts to 
medications in treating these symptoms. Hypnosis, medita-
tion, progressive relaxation, imagery, mindfulness, and envi-
ronmental interventions have all been shown to be effective 
in managing these symptoms [8, 9].

26.2  Delirium

The environment of the intensive care unit can be both over- 
stimulating with its bright lights, machines, and multiple 
health care providers, yet also extremely monotonous, as 
patients are forced to lie in a hospital bed, often immobile 
for weeks at a time. These conditions, along with the mul-
tiple medications and the actual trauma itself, can lead to 
delirium. Delirium is defined by the DSM-V as a distur-
bance in attention and awareness and cognitive function that 
develops over a short period of time and is a change from 
baseline attention and awareness [10]. These disturbances 
cannot be better explained by another neurocognitive disor-
der, such as a traumatic brain injury, anoxia, or stroke. A 
hallmark feature of delirium that defines it from other forms 
of brain injury is that it tends to fluctuate in severity over the 
course of the day. Delirium is further defined as being 
hyperactive (mood lability, agitation, hyperactive motor 
activity), hypoactive (sluggishness, lethargy), or a mixed 
level of activity where the person has normal psychomotor 
activity even though attention and awareness are disturbed. 
Hypoactive delirium has been associated with more nega-
tive long-term outcomes than hyperactive delirium [11]. 
The pathophysiology of delirium is still not fully understood 
but some point to a neurotransmitter imbalance and neuro-
inflammation [12, 13]. Although 80% of ICU patients 
develop delirium, it is often thought that it resolves before 
discharge; however, a systematic review on hospital delir-
ium showed that it can persist at hospital discharge in 45% 
of patients and in 33% of patients it was present 1 month 
later. This was particularly true for those with predisposing 
factors, such as older age [14].
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Much of our knowledge of delirium in the ICU is from 
research on non-burn trauma and medical populations, and it 
is unclear how those with burn injuries may differ. One 
recent study by Agarwal and colleagues sought to identify 
the prevalence and risk factors of delirium in patients in the 
burn ICU by using the CAM-ICU [15]. Across two sites, 
they found the prevalence of delirium to be 77% with a 
median duration of 3 days. This is similar to that found in the 
general ICU population. Risk factors identified were expo-
sure to benzodiazepines. Exposure to IV opiates and metha-
done were associated with a lower risk of delirium. In fact, 
higher doses of IV opiates reduced the odds of developing 
delirium by almost half. They hypothesized that this was due 
to better pain reduction as high pain levels are also a cause of 
delirium. Finally, they found that hypoactive delirium was 
much more prevalent than the hyperactive subtype and advo-
cated for routine screening of delirium since the majority of 
those with hypoactive delirium will be missed given the 
absence of the more noticeable positive symptoms (i.e., 
agitation).

In 2012–2013, The American College of Critical Care 
Medicine (ACCM) established a multidisciplinary task force 
to develop evidence-based clinical practice guidelines for the 
management of pain, agitation, and delirium in the intensive 
care unit. Their focus included patients admitted to both 
trauma and medical conditions [16]. After a thorough review 
of the literature and lengthy discussion, they concluded that 
delirium was associated with increased mortality, longer 
lengths of stay, and impairments after discharge. Risk factors 
for the development of delirium in the ICU included, preex-
isting dementia, history of hypertension, alcoholism, and 
increased injury severity on admission. Other studies have 
found that old age, poor vision, and poor hearing to contrib-
ute to delirium [17, 18]. Precipitating factors include medi-
cations (particularly benzodiazepines and anticholinergic 
agents), surgery/anesthesia, anemia, infections, and acute 
illness [17, 18]. The task force found that the strongest evi-
dence for intervening to prevent delirium was early mobili-
zation. They found that atypical antipsychotics may reduce 
the duration of delirium but there was no published evidence 
for the use of Haldol.

Delirium is typically assessed by the bedside nurse. It is 
important to conduct this assessment throughout the day 
(typically once per shift) as the hallmark of delirium is that it 
is transient and the medical team needs a sense of the per-
centage of the day that the patient is delirious to better inform 
treatment. Several measures exist for assessing delirium. The 
ACCM Task force on delirium also recommended routine 
monitoring by using either the Confusion Assessment 
Method for the ICU [19] or the Intensive Care Delirium 
Checklist [20]. Once a person has screened positive for delir-
ium given these measures, a more thorough evaluation 
should be conducted.

Delirium Management. A memorable mnemonic 
(DELIRIUM) has been established for a thorough review of 
all contributing factors to delirium that should be ruled out. 
This table can be found elsewhere [21]. All possible contrib-
uting factors to delirium should be addressed and it is impor-
tant to note that small, multidimensional interventions can 
lead to substantial improvement. A 2015 meta-analysis of 
nonpharmacological interventions for delirium found a sig-
nificant reduction in the incidence of delirium with an odds 
ratio of 0.47, CI, 0.38–0.58 [22]. These interventions are 
listed below.

26.3  Anxiety

The ICU is universally considered a stressful event. The 
injury itself and treatment of the injury, the acute stress reac-
tion, the environment, and the presence of endotracheal tubes 
can all cause discomfort and lead to anxiety. Several studies 
have examined patients’ experience of anxiety in the ICU 
setting. Upwards of 80% of ICU patients report anxiety dur-
ing their ICU stay. The majority of these patients then report 
delusional memories of the ICU and put them at risk for the 
development of PTSD after discharge [23].

Patients report that thirst, fear, sleep disturbances, night-
mares, and hallucinations are anxiety provoking and com-
monly occurred during their ICU stay [23]. Traditionally, 
when a patient has mechanical ventilation, they are sedated. 
However, deep sedation can lengthen an ICU stay and inter-
fere with early mobility and increase delirium. Recently, 
practice has been to reduce or eliminate sedation and to have 

• Minimize medications that can contribute to delir-
ium when possible.

• Assess medical factors that could contribute to 
delirium (e.g., infections).

• Continuously reorient the patient and place reorien-
tation cues in the room (e.g., calendar, pictures of 
family).

• Announce when you walk into the room and tell the 
patient what you will be doing.

• Put the patient on a regularly sleep/wake cycle and 
differentiate days and nights.

• Minimize nighttime interruptions.
• Limit overstimulation (too much light, too many 

people in the room, TV).
• Speak to the patient in a direct, calm manner using 

easy-to-understand language and short sentences.
• Allow the patient extra time to respond to 

questions.
• Consider a medication to reduce delirium.
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periods of no sedation to improve delirium and decrease ICU 
stay. It is unclear what effect this lighter sedation will have 
on a patient’s anxiety or long-term outcomes. One study 
looked at 206 ventilated patients and compared their ICU 
experiences to the depth of sedation [24]. They found that 
82% of patients recalled at least one stressful experience 
while ventilated. These experiences included motion restric-
tion by lines and tubes, being thirsty, inability to speak, and 
being in pain. These reported stressful experiences were sig-
nificantly related to the depth of sedation, whereas those who 
were more awake recalled more stressful experiences. When 
the same investigators looked at the patient at 2 months post 
ICU, those who experienced more agitation and extreme fear 
in the ICU were at greater risk of developing high levels of 
PTSD symptoms [25]. Further, perception of stressful expe-
riences was also related to a longer length of stay in the ICU 
and more nightmares. In this study, those more heavily 
sedated also reported more nightmares and were more com-
monly sedated with midazolam. Nightmares under sedation 
are not necessarily of the traumatic injury. Midazolam is also 
more likely to lead to amnesia for the events and this is asso-
ciated with higher rates of PTSD [26].

Lengthy assessments of anxiety can be avoided. Anxiety 
can be quickly assessed by asking patients to rate their anxi-
ety on a 0–10 scale. For nonverbal patients, a strong indicator 
of anxiety is whether or not they show pain behaviors or agi-
tation prior to any painful procedures.

Anxiety Management. Both procedural and baseline anxi-
ety can increase a patient’s perception of pain and should be 
treated as aggressively as we treat pain. Unfortunately, phar-
macologic treatment of both pain and anxiety with opiates 
and benzodiazepines will also lead to delirium. In addition, 
high pain and anxiety levels can also lead to delirium. The 
complex relationship between mechanical ventilation, seda-
tion, anxiety, and delirium underscores the importance of 
nonpharmacological management and the bedside staff. 
These patients will need constant reorientation, frequent and 
clear communication, sympathetic reassurance, and coordi-
nation of care to minimize disturbance.

Helping the patient to feel more control over their envi-
ronment can also be effective in managing anxiety. The hos-
pital setting strips control from both adults and children. 
Having the patient work with the nurse in devising a plan for 
the day, having a predictable daily routine, constant reorien-
tation to time, date, place, and caregivers, and some choice 
over daily decisions help a patient to feel more in control and 
experience less anxiety.

It is also important to introduce a relaxation technique at 
this phase of recovery. A wide range of techniques have 
been shown to be effective and include deep breathing, mus-
cle relaxation, music, meditation, and hypnosis [27–33]. 
One study even found that the simple technique of jaw 
relaxation that is practiced 20 min prior to dressing changes 

can significantly reduce pain and anxiety during and after 
the procedure [34].

Hypnosis involves a blend of relaxation, imagery, and 
cognitive restructuring. Tightly controlled studies with reli-
able measures of pain and anxiety have supported hypnosis 
as an effective nonpharmacologic approach to burn pain and 
anxiety [34–40]. The hypnosis protocol used by Patterson 
and colleagues [41] is to provide hypnosis prior to wound 
care and have nurses provide standard post-hypnotic sugges-
tions during wound care. This approach is efficient for both 
the therapist and the nurses. It is important to note that hyp-
nosis used in this fashion be an adjunct to, rather than 
replacement for, pain and anxiety medication. Finally, hyp-
nosis should not be used if patients are still in delirium.

26.4  Acute Stress Disorder (ASD)

Acute Stress Disorder (ASD) and Post-Traumatic Stress 
Disorder (PTSD) are terms that are often used casually to 
encompass all emotional symptoms that occur after a trauma. 
But in fact, ASD/PTSD is a constellation of symptoms that 
make up an actual DSM-V diagnosis [10]. ASD occurs 
between 3 days and 1 month following the injury and is then 
diagnosed as Post-Traumatic Stress Disorder (PTSD) 1 month 
or more following injury. The primary diagnostic symptom 
that differentiates it from PTSD is dissociation, or the feeling 
of an altered sense of reality or seeing oneself from another’s 
perspective. Other symptoms applying to both diagnoses 
include exposure to actual or threatened death or serious injury 
by directly experiencing the trauma, witnessing the trauma in 
others, or learning that the event occurred to a close family 
member or friend. There must also be the presence of nine or 
more symptoms in the broad categories of intrusion (night-
mares, flashbacks), negative mood, dissociation avoidance, 
and arousal (sleep disturbance, agitation, hypervigilance) [10]. 
Untreated ASD can increase agitation and pain levels [42, 43]. 
Many studies have now shown that the strongest predictor of 
the onset of PTSD is the presence of ASD early in the hospi-
talization. Other risk factors include female gender and a past 
history of traumatic events. In fact, if a person has experienced 
PTSD in the past, the current trauma may trigger these past 
symptoms and they may begin to have nightmares and flash-
backs of their prior trauma. In non-trauma populations, the use 
of benzodiazepines, such as midazolam and lorazepam, and 
higher doses of opiates, are associated with higher rates of 

• Calming reassurance
• Giving patient more control over their environment
• Introducing a relaxation technique—deep breathing 

imagery, music, hypnosis, meditation
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PTSD following hospitalization. However, high pain and anxi-
ety levels during wound care are also associated with high 
rates of PTSD and depression years later.

It is important to screen, and treat ASD as early in the hos-
pital stay as is feasible. Screening for ASD can be done by 
asking patients if they are having any nightmares or flashbacks 
of the injury, or if they are observed to have disturbed and rest-
less sleep. If so, a consultation from the mental health team is 
warranted for further assessment. No gold standard screening 
tools exist for ASD so behavioral indicators such as night-
mares, flashbacks, and hypervigilance or agitation should be 
used as an indication for further assessment and intervention, 
particularly in those with the aforementioned risk factors. 
There are many screening tools for PTSD but they are quite 
lengthy for bedside nurses or social workers. Similarly to the 
screening of ASD mentioned above, patients can simply be 
asked if they are having nightmares or flashbacks of the injury 
or if their sleep is disturbed and restless. If they indicate they 
are, consult the mental health provider for further assessment.

ASD Management. The treatments that have the most evi-
dence base for PTSD are the exposure-based treatments that 
expose the patient to the trauma, either by talking about it 
repeatedly or writing about it, while simultaneously teaching 
them relaxation techniques to manage dysregulation and 
cognitive restructuring to change the way the patient views 
the trauma. This is a difficult treatment and patients who are 
still in the ICU or acute care phase of recovery are not appro-
priate for this treatment as their cognitive and emotional 
energy is going towards survival and managing the painful 
treatments. Patients can engage in this treatment once they 
are outpatients. While inpatients, ASD is best treated by 
managing each symptom. For hypervigilance, the same tech-
niques can be used to treat anxiety: teaching a patient a relax-
ation technique and providing the patient as much control 
over their environment as possible. It is also important to 
help the patient to stop reinforcing any unwanted memories 
of the trauma by refusing to tell details of the accident repeat-
edly and by stopping flashbacks. Avoiding memories of the 
trauma and avoiding talking about the trauma is appropriate 
at this phase of recovery.

For nightmares, the American Academy of Sleep Medicine 
published Best Practice Guidelines for the treatment of 
nightmares [44]. First-line treatments included the medica-
tion, prazosin, and a type of cognitive behavior therapy 
known as imagery rehearsal therapy. A recent meta-analysis 
of both prazosin and IRT for nightmares, sleep quality, and 
posttraumatic stress symptoms found moderate effect sizes 
for both treatments and no difference between the two treat-
ments. When adding traditional CBT focused on insomnia 
was added to IRT, treatment outcomes were enhanced [45].

26.5  Depression

The term “depression” is often used to describe a variety of 
states, such as low mood sadness, general distress, and a syn-
drome or collection of symptoms that frequently occur together 
and qualify for a diagnosis of Major Depressive Disorder 
(MDD). The Diagnostic and Statistical Manual of Mental 
Disorders V (DSM-V) [10] defines MDD on the basis of the 
presence of a minimum number of symptoms that impact daily 
functioning and quality of life. The diagnosis of MDD requires 
the presence of at least one of the two hallmark features, sad 
mood or loss of interest or pleasure (anhedonia), and five of 
nine cognitive and somatic symptoms (feelings of worthless-
ness or guilt, fatigue, changes in sleep, inability to focus or 
concentrate, appetite changes, and suicidality). The symptoms 
must be consistently present for at least 2 weeks and cause 
clinically significant impairment in daily functioning [10].

One of the primary challenges to diagnosing depression 
in persons who have sustained burn injuries is determining 
whether somatic symptoms are attributable to the effects of 
the injury, secondary medical conditions, environmental fac-
tors, or to depression itself. Obviously, this challenge is not 
restricted to those with burn injuries, but is present among 
medical and other trauma patients, and persons with disabili-
ties [46]. Williams and colleagues [47] propose two primary 
approaches to handling the effect of traumatic injury on the 
diagnosis of depression. The inclusive approach counts 
depressive symptoms towards the diagnosis of depression 
regardless of whether the symptom is thought to be due to 
medical causes. The etiologic approach reflects the DSM’s 
criteria that count symptoms towards a diagnosis unless the 
symptom is clearly accounted for by a medical condition. 
The inclusive approach reflects the belief that there is no evi-
dence to suggest that somatic symptoms of depression are 
not a meaningful dimension of depressive symptoms in the 
burn population. Therefore, clinically, we recommend the 
inclusive approach to understand depression in this popula-
tion. Regardless of whether a diagnosis of major depressive 
disorder can be made, patients should be treated for depres-
sion if symptoms are interfering with their ability to partici-
pate in treatment and affecting quality of life [48].

• Psychoeducation about the fight-or-flight response 
and instinctual nature of ASD.

• Normalize the response and give expectation of 
recovery over time.

• Teach a thought stopping technique to avoid engag-
ing in flashbacks of the trauma.

• Support patient in telling visitors that they do not 
wish to repeat details of the trauma.

• Teach patient a relaxation technique to regulate 
anxiety.
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Screening should be done early in the ICU. If there is a 
positive screen and the patient’s depressive symptoms are 
interfering with care, such as showing decreased motivation 
to participate in care, intervention should be implemented. 
The quality consensus committee convened by the ABA has 
recommended several screening tools for depression [49]. 
The Patient Health Questionnaire, either 9-item or 2-item 
(PHQ-9 or 2) [50] can be easily used by the bedside nurse or 
social worker and is free of charge. Screening for depression 
is only effective once the person’s mental status has cleared. 
The committee recommends screening for depression at 
least once after admission when mental status clears, once 
prior to discharge, and at least once in the outpatient clinic 
visit. A positive screen should lead to consultation with the 
mental health provider for further assessment and treatment.

Depression Management. Behavioral activation such as 
getting the patient up, groomed, dressed, and out of bed and 
having one positive activity or event that they can look for-
ward to everyday is particularly effective in the inpatient set-
ting. As the patients mental status clears, the nature of both 
the emotional impact of the injury and the interventions that 
can be done changes as they become more alert and oriented 
to their situation. Supportive counseling might be effective to 
provide safety and reassurance and to give patients a safe 
place to process the impact of their injury and plan for the 
future. This must be done in a way that is comfortable for the 
patient and fits into their own pre-injury coping style. Some 
patients will want to talk about what has happened to them 
and be more emotional in their processing while others will 
want to focus on concrete problem-solving strategies to get 
on with their future with little expressed emotion or discus-
sion of the nature of their injury. Either style is effective and 
attempting to change a person’s coping style in the midst of a 
crisis such as a critical injury is rarely successful. Successful 
processing of the injury can promote posttraumatic growth 
and resiliency long after discharge. Peer visitors can be espe-
cially effective in providing support, as they are usually that 
one voice who can truly understand what the patient is going 
through. Most burn centers have utilized the Phoenix Society’s 
SOAR program and those peer visits can be useful in provid-
ing support and hope to both the patient and the family and 
establishing this relationship early in the hospitalization.

Family support is also important during this time. The 
patient’s coping ability is often influenced by cues from sig-
nificant others. As family members express high levels of 
anxiety and sadness, the patient may detect these cues and 
behave accordingly. It is important to help family members 
understand this process and encourage them to convey a 
sense of optimism, hope, and calmness that may be transmit-
ted to the patient. Keeping the family informed of the 
patient’s current condition and the long-term plan for recov-
ery is crucial. Going over the plan or goals of the day, inform-
ing them of any changes in condition, and periodically 

holding family meetings can ease the family’s anxiety. 
Family should be encouraged to engage in their own self- 
care (e.g., giving them permission to leave the hospital to 
take care of other matters, sleeping and eating regularly, and 
exercising). The relationship that all members of the burn 
team form with the family at this stage is critical for the long- 
term partnership that is needed to care for the patient for 
years to come.

26.6  Sleep

Sleep disturbance is common in both the ICU and acute floor 
and can exacerbate anxiety, ASD, and delirium [51]. 
Oftentimes, a patient’s days and nights go undifferentiated 
and they may sleep much of the day and then find it difficult 
to sleep at night. Behavioral interventions for sleep are 
highly effective and can include designing a daily schedule 
for the patient so that they know what to expect throughout 
the day and evening. Keeping lights on and shades up with 
activities throughout the day is important, as is turning the 
TV off and pulling the shades at night when it is time to 
sleep. Minimizing nighttime interruptions for nursing care is 
also critical to promoting prolonged sleep. Napping during 
the day should be discouraged if possible. Pharmacological 
sleep aides, such as melatonin, should also be considered if 
behavioral interventions are not adequate. Other medications 
typically used for sleep may put a patient at risk for delirium, 
especially in the elderly.

26.7  Adherence to Treatment

Adherence to painful treatments, such as range of motion 
and wound care can arise as patients move along in their hos-
pitalization. Oftentimes as patients move out of the ICU, 
they are weaned from opiate medication. This makes for 
more painful range of motion and therapy. Patients can sud-
denly “hit a wall” and lose motivation to continue aggressive 
participation in their physical and occupational therapy, par-
ticularly if they have had a long ICU stay. They will be more 
focused on discharge and getting out of the hospital, despite 
not being independent enough in wound care and therapies. 
Strategies to enhance motivation include helping a patient 
feel more in control of their own care and outcome. The team 
should engage the patient in setting their own functional 
goals and having input into their daily routines and discharge 
planning. Setting up a quota system where the focus is on 
increasing their performance goals by 10% every day and 
working towards that goal versus stopping when there is pain 
can also be effective [52]. Again, SOAR visitors can often 
exemplify, “the light at the end of the tunnel” and help the 
patient to overcome these temporary barriers to treatment.

26 Psychological Factors During Acute Hospitalization: Delirium, Anxiety, and Acute Stress Disorder
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26.8  Post-Intensive Care Syndrome

In this chapter, we have talked about delirium, anxiety, ASD/
PTSD, depression, and sleep issues. The term Post-Intensive 
Care Syndrome (PICS) has been coined to explain the impact 
of an ICU stay on long-term outcomes [53]. The syndrome is 
characterized by multiple domains of functioning following 
a critical illness, including physical, cognitive, and psycho-
logical. The psychological domain includes anxiety, PTSD, 
depression, and cognitive deficits. Treating symptoms asso-
ciated with PICS is critical as patients with higher levels of 
depression, PTSD, and anxiety have lower levels of health- 
related quality of life and can impact functional outcomes of 
burn recovery [54–57]. Recent research has shown that these 
issues can continue long after discharge if not managed 
properly in the inpatient hospitalization. For example, 
depression and PTSD at 3 months post-ICU discharge were 
associated with a greater risk of additional hospitalizations 
in the year following discharge [58]. Further, inpatient delir-
ium can lead to decreased cognitive function and increases in 
rates of depression after discharge [54].

Prevalence rates of these disorders are much higher in 
patients following an ICU stay than in the general popula-
tion. For example, prevalence rates of PTSD following an 
ICU stay range from 10 to 44% where the identified trauma 
is the ICU stay itself. This is higher than the 6.8% lifetime 
prevalence rate of PTSD found in the general population. 
There have been over 5 systematic reviews of PTSD associ-
ated with PICS that included 30 studies. Modifiable risk fac-
tors include symptoms of acute stress, depression, and 
anxiety in the ICU.  Sedation, extreme agitation, physical 
restraints, and traumatic or delusional memories of the ICU 
are also risk factors. Factual memories of the ICU stay are 
less likely to cause PTSD post-ICU [58].

A systematic review of depression after an ICU stay 
found 14 studies (one in the trauma population) and reported 
rates were 28–35%, higher than the 7% found in the general 
population [59]. Modifiable risk factors for the onset of 
depression include early depressive symptoms in the ICU, 
traumatic or delusional memories of the ICU, sedation, psy-
chiatric symptoms at discharge, and impairment of physical 
function at discharge. Non-modifiable risk factors include 
female gender and younger age.

26.9  Conclusion

Patients with burn injuries present a unique challenge in that 
the management of some constellation of symptoms has a 
negative impact on other symptoms. For example, the pain-
ful procedures that are required for burn care necessitate the 
need for higher doses of opiates and anxiolytics not needed 
for other conditions in the ICU. However, these medications 

can cause delirium and can exacerbate acute stress symp-
toms. It is a difficult balance to achieve as high pain levels 
can also cause delirium and high anxiety levels exacerbate 
pain. Delirium needs to be distinguished from agitation and 
acute stress disorder and depression so appropriate interven-
tions can be applied, but this can be a challenge when patients 
are not able to accurately report symptoms due to mental 
status or communication challenges. It is safer to rule out 
delirium before attributing a patient’s agitation and confu-
sion to either anxiety, ASD, or depression since overlooking 
delirium and leaving it untreated can cause more severe con-
sequences [60]. All of these challenges point to the impor-
tance of nonpharmacological interventions for these 
conditions. Early screening and nonpharmacological man-
agement can alleviate the severity of these disorders and pos-
sibly prevent long-term consequences while maximizing 
functional and emotional outcomes after the burn injury.

References

 1. Corry NH, Klick B, Fauerbach JA.  Posttraumatic stress disorder 
and pain impact functioning and disability after major burn injury. 
J Burn Care Res. 2010;31(1):13–25. PMID: 20061832.

 2. Thombs BD, Bresnick MG, Magyar-Russel G. Depression in sur-
vivors of burn injury: a systematic review. Gen Hosp Psychiatry. 
2006;28(6):494–502.

 3. Wiechman Askay S, Patterson D. What are the psychiatric sequelae 
of burn pain? Curr Pain Headache Rep. 2008;12(2):94–7.

Summary Box
Delirium, anxiety, and acute stress disorder are the 
major psychological issues characteristic of the critical 
and acute phase of recovery. Pain is also a primary phys-
ical challenge and can interact with and exacerbate all of 
these issues and lead to long-term distress. Patients with 
burn injuries present a unique challenge in that the man-
agement of some constellation of symptoms has a nega-
tive impact on other symptoms. For example, the painful 
procedures that are required for burn care necessitate the 
need for higher doses of opiates and anxiolytics not 
needed for other conditions in the ICU. However, these 
medications can cause delirium and can exacerbate 
acute stress symptoms. It is a difficult balance to achieve 
as high pain levels can also cause delirium and high 
anxiety levels exacerbate pain. All of these challenges 
point to the importance of nonpharmacological inter-
ventions for these conditions. Early screening and non-
pharmacological management can alleviate the severity 
of these disorders and possibly prevent long-term conse-
quences while maximizing functional and emotional 
outcomes after the burn injury.

S. A. Wiechman

https://www.ncbi.nlm.nih.gov/pubmed/20061832


345

 4. Edwards RR, Smith MT, Klick B, et al. Symptoms of depression 
and anxiety as unique predictors of pain-related outcomes follow-
ing burn injury. Ann Behav Med. 2007;34(3):313–22.

 5. Edwards RR, Magyar-Russell G, Thombs B, Smith MT, 
Holavanahalli RK, Patterson DR, Blakeney P, Lezotte DC, 
Haythornthwaite JA, Fauerbach JA. Acute pain at discharge from 
hospitalization is a prospective predictor of long-term suicidal ide-
ation after burn injury. Arch Phys Med Rehabil. 2007;88(12 Suppl 
2):S36–42.

 6. Thombs BD, Bresnick MG, Magyar-Russell G, Lawrence JW, 
McCann UD, Fauerbach JA.  Symptoms of depression predict 
change in physical heath after burn injury. Burns. 2007;33(3):292–8.

 7. Patterson DR, Finch CP, Wiechman SA, Bonsack R, Gibran NS, 
Heimbach DM.  Premorbid mental health status of adult burn 
patients: comparisons with a normative sample. J Burn Care 
Rehabil. 2003;24(5):347–50.

 8. Patterson DR, Hoffman HG, Wiechman SA, Jensen MP, Sharar 
SR.  Optimizing control of pain from severe burns: a literature 
review. Am J Clin Hypn. 2004;47(1):43–54.

 9. Wiechman Askay S, Patterson D. A randomized controlled trial of 
hypnosis for burn wound care. Rehabil Psychol. 2007;52(3):247–53.

 10. American Psychiatric Association. Diagnostic and statistical 
manual of mental disorders. 5th ed. Washington, DC: American 
Psychiatric Association; 2013.

 11. Meagher DJ, Trzepacz PT.  Motoric subtypes of delirium. Semin 
Clin Neuropsychiatry. 2000;5:75–85.

 12. Inouye SK, Westendorp RG, Saczynski JS.  Delirium in elderly 
people. Lancet. 2014;383:911–22.

 13. Marcantonio ER.  Postoperative delirium: a 76-year-old woman 
with delirium following surgery. JAMA. 2012;308:73–81.

 14. Cole MG, Ciampi A, Belzile E, Zhong L.  Persistent delirium in 
older hospital patients: a systematic review of frequency and prog-
nosis. Age Ageing. 2009;38(1):19–26.

 15. Argawal V, O’Neill PJ, Cotton BA, et al. Prevalence and risk factors 
for development of delirium in burn intensive care unit patients. J 
Burn Care Res. 2010;31:70–715.

 16. Barr J, Gilles LF, Puntillo K, et al. Clinical practice guidelines for 
the management of pain, agitation and delirium in adult patients in 
the intensive care unit. Crit Care Med. 2013;41:263–306.

 17. Inouye SK, Charpentier PA.  Precipitation factors for delirium in 
hospitalized elderly persons: predictive model and interrelationship 
with baseline vulnerability. JAMA. 1996;275:852–7.

 18. Marcantonio ER, Juarez G, Goldman L, et  al. The relationship 
of postoperative delirium with psychoactive medications. JAMA. 
1994;272:1518–22.

 19. Ely EW, Margolin R, Francis J, et  al. Evaluation of delirium 
in critically ill patients: validation of the confusion assessment 
method for the intensive care unit (CAM-ICU). Crit Care Med. 
2001;29:1370–9.

 20. Bergeron N, Dubois MJ, Dumont M, Dial S, Skrobik Y. Intensive 
care delirium screening checklist: evaluation of a new screening 
tool. Intensive Care Med. 2001;27:859–64.

 21. Marcantonio ER. Delirium in hospitalized older patients. N Engl J 
Med. 2017;377:1456–66.

 22. Hsieh TT, Yue J, Oh E, et al. Effectiveness of multicomponent non-
pharmacological delirium interventions: a meta-analysis. JAMA 
Intern Med. 2015;175:512–20.

 23. Rotondi AJ, Chelluri L, Sirio C, Mendelsohn A, Schulz R, Belle S, 
Im K, Donahoe M, Pinsky MR. Patients’ recollections of stressful 
experiences while receiving prolonged mechanical ventilation in an 
intensive care unit. Crit Care Med. 2002;30:746–52.

 24. Samuelson KAM, Lundberg D, Fridlund B. Stressful experiences 
in relation to depth of sedation in mechanically ventilated patients. 
Nurs Crit Care. 2007;12(2):93–104.

 25. Samuelson KAM, Lundberg D, Fridlund B.  Stressful memories 
and psychological distress in adult mechanically ventilated inten-

sive care patients—a 2 month follow up study. Acta Anaesthesiol 
Scand. 2007;51:671–8.

 26. Rundshagen I, Schnabel K, Wegner C, Schulte am Esch J. Incidence 
of recall, nightmares, and hallucinations during analgosedation in 
intensive care. Intensive Care Med. 2002;28:38–43.

 27. Park E, Oh H, Kim T. The effects of relaxation breathing on proce-
dural pain and anxiety during burn care. Burns. 2013;39(6):1101–6.

 28. Wernick RL, Jaremko ME, Taylor PW.  Pain management in 
severely burned adults: a test of stress inoculation. J Behav Med. 
1981;4:103–9.

 29. Whitehead-Pleaux AM, Baryza MJ, Sheridan RL.  The effects of 
music therapy on pediatric patients’ pain and anxiety during donor 
site dressing change. J Music Ther. 2006;43:136–53.

 30. Elliott CH, Olson RA. The management of children’s distress in 
response to painful medical treatment for burn injuries. Behav Res 
Ther. 1983;21:675–83.

 31. Foertsch CE, O’Hara MW, Stoddard FJ, Kealey GP.  Treatment 
resistant pain and distress during pediatric burn dressing changes. J 
Burn Care Rehabil. 1998;19:219–24.

 32. Presner JD, Yowler CJ, Smith LF, Steele AL, Fratianne RB. Music 
therapy for assistance with pain and anxiety management in burn 
treatment. J Burn Care Rehabil. 2001;22(1):83–8; discussion 82–3.

 33. Tan X, Yowler CJ, Super DM, Fratianne RB. The efficacy of music 
therapy protocols for decreasing pain, anxiety, and muscle tension 
levels during burn dressing changes: a prospective randomized 
crossover trial. J Burn Care Res. 2010;31(4):590–7.

 34. Mohammadi Fakhar F, Rafii F, Jamshidi Orak R. The effect of jaw 
relaxation on pain anxiety during burn dressings: randomized clini-
cal trial. Burns. 2013;39(1):61–7.

 35. Patterson DR, Questad KA, Boltwood MD.  Hypnotherapy as a 
treatment for pain in patients with burns: research and clinical con-
siderations. J Burn Care Rehabil. 1987;8:263–8.

 36. Patterson DR, Everett JJ, Burns GL, Marvin JA. Hypnosis for the 
treatment of burn pain. J Consult Clin Psychol. 1992;60:713–7.

 37. Patterson DR, Ptacek JT.  Baseline pain as a moderator of hyp-
notic analgesia for burn injury treatment. J Consult Clin Psychol. 
1997;65:60–7.

 38. Patterson DR, Jensen M. Hypnosis and clinical pain. Psychol Bull. 
2003;129:495–521.

 39. Patterson DR, Questad KA, DeLateur BJ.  Hypnotherapy as an 
adjunct to narcotic analgesia for the treatment of pain for burn 
debridement. Am J Clin Hypn. 1989;31:156–63.

 40. Shakibaei F, Harandi AA, Gholamrezaei A, Samoei R, Pejman 
S.  Hypnotherapy in management of pain and reexperiencing of 
trauma in burn patients. Int J Clin Exp Hypn. 2008;56(2):185–97.

 41. Askay SW, Patterson DR, Jensen MP, Sharar SR.  A randomized 
controlled trial of hypnosis for burn wound care. Rehabil Psychol. 
2007;52:247–53.

 42. Ehde DM, Patterson DR, Wiechman SA, Wilson LG. Post-traumatic 
stress symptoms and distress 1 year after burn injury. J Burn Care 
Rehabil. 2000;21:105–11.

 43. McKibben J, Bresnick M, Wiechman Askay S, Fauerbach J. Acute 
stress disorder and posttraumatic stress disorder: a prospective 
study of prevalence, course and predictors in a sample with major 
burn injuries. J Burn Care Res. 2008;29(1):22–35.

 44. Aurora RN, Zak RS, Auerbach SH, et al. Best practice guide for 
the treatment of nightmare disorder in adults. J Clin Sleep Med. 
2010;6:389–401.

 45. Seda GS, Sanchez-Ortuno MM, Welsh CH, Halbower AC, Edinger 
JD. Comparative meta-analysis of prazosin and imagery rehearsal 
therapy for nightmare frequency, sleep quality, and posttrauamtic 
stress. J Clin Sleep Med. 2015;11(1):11–22.

 46. Stewart DE. Physical symptoms of depression: unmet needs in spe-
cial populations. J Clin Psychiatry. 2003;64:12–6.

 47. Williams JW, Noel PH, Cordes JA, Ramirez G, Pignone M. Is this 
patient clinically depressed? JAMA. 2002;287(9):1160–70.

26 Psychological Factors During Acute Hospitalization: Delirium, Anxiety, and Acute Stress Disorder



346

 48. Wiechman SA, Kalpakjian CZ, Johnson KL. Measuring depression 
in adults with burn injuries: a systematic review. J Burn Care Res. 
2016;37(5):e415–26.

 49. Gibran NS, Wiechman SA, Meyer WM, et  al. American 
Burn Association consensus statement. J Burn Care Res. 
2013;34(4):361–85.

 50. Kroenke K, Spitzer RL, Williams JB, Lowe B. The patient health 
questionnaire somatic, anxiety and depressive symptom scales: a 
systematic review. Gen Hosp Psychiatry. 2010;32(4):345–59.

 51. Jaffe SE, Patterson DR. Treating sleep problems in patients with 
burn injuries: practical considerations. J Burn Care Rehabil. 
2004;25(3):294–305.

 52. Ehde DM, Patterson DR, Fordyce WE. The quota system I burn 
rehabilitation. J Burn Care Rehabil. 1998;19(5):436–40.

 53. Svenngsen H, Langhorn L, Agard AS, Dreyer P. Post-ICU symp-
toms, consequences, and follow-up: an integrative review. Nurs Crit 
Care. 2015;22:212–20. https://doi.org/10.1111/nicc.12165.

 54. Davidow DS, Hough CL, Zatzick D, Katon WJ. Psychiatric symp-
toms and acute scare service utilization over the course of the year 

following medical-surgical ICU admission: a longitudinal investi-
gation. Crit Care Med. 2014;42(12):2473–81.

 55. Davidow DS, Hough CL, Levine DA, Langa KM, Iwashyna 
TJ.  Functional disability, cognitive impairment, and depression 
after hospitalization for pneumonia. Am J Med. 2013;126(7): 
615–24.e5.

 56. Davidow D. The burden of adverse mental health outcomes in criti-
cal illness survivors. Crit Care. 2010;14(1):125.

 57. Davidow D.  Posttraumatic stress disorder in critical illness sur-
vivors: too many questions remain. Crit Care Med. 2015;43(5): 
1151–2.

 58. Jones C, Griffiths RD, Humphris G, Skirrow PM. Memory, delusions 
and the development of acute posttraumatic stress disorder-related 
symptoms after intensive care. Crit Care Med. 2001;29(3):573–80.

 59. Hashem MD, Nallaqanqula A, Nalamalapu S, et  al. Patient out-
comes after critical illness: a systematic review of qualitative stud-
ies following hospital discharge. Crit Care. 2016;20(1):345.

 60. Walder B, Tramer MR.  Analgesia and sedation in critically ill 
patients. Swiss Med Wkly. 2004;134:333–46.

S. A. Wiechman

https://doi.org/10.1111/nicc.12165


347© Springer Nature Switzerland AG 2020
M. G. Jeschke et al. (eds.), Handbook of Burns Volume 1, https://doi.org/10.1007/978-3-030-18940-2_27

Nursing Management of the Burn 
Patient

Judy Knighton

27.1  Introduction

Nursing the burn-injured patient is simultaneously challeng-
ing, complex, and professionally rewarding. The repertoire of 
necessary skills is varied and includes comprehensive clinical 
assessment and monitoring, pain management, wound care, 
and psychosocial support. The burn nurse may care for the 
burn survivor throughout all phases of care, from entry into  
the hospital through to discharge home and re- integration into 
the community. Ongoing research into the practice of burn nurs-
ing is encouraged in order to identify new knowledge to guide 
best practices. This chapter is intended to assist the nurse in pro-
viding comprehensive care to the burn patient and his/her family.

27.2  General Definition and Description

27.2.1  Incidence

Each year, an estimated 486,000 people seek care for burns 
in the United States and approximately 40,000 require hos-
pitalization, three-quarters of whom die from their injuries 
[1]. In Canada, about 55,000 people are injured and required 
some medical care [2]. Around the world, nearly 11 million 
people needed medical attention for burn injuries, and about 
180,000 died as a result of burns, the majority from low- and 
middle-income countries [3].

27.2.2  Prevention

Most burn injuries are preventable and nurses have ample 
opportunity to serve as advocates and educators in the area 
of burn and fire prevention. Worldwide, there has been a 

slow, but steady, decrease in the number of burns occurring 
annually. The focus of burn prevention programs has shifted 
from concentrating on individual blame and changing 
individual behaviors to include more legislative changes. 
Attention continues to be focused on “at risk” groups, such 
as infants, toddlers, and the elderly [4–7]. Additional effort 
includes those attempts aimed at having a positive impact 
upon government legislation for items, such as safe temper-
ature levels for hot water heaters, children’s flame-retardant 
sleepwear, self- extinguishing cigarettes, and “child-proof” 
cigarette lighters. There is also increased awareness and use 
of fire sprinklers, along with hard-wired smoke alarms and 
carbon monoxide detectors [8, 9]. Safer new home construc-
tion and stricter workplace safety standards are additional 
factors contributing to the decrease in burn injuries [10].

27.2.3  Classification

Burn complexity can range from a relatively minor, uncom-
plicated injury to a life-threatening, multi-system trauma. 
The American Burn Association (ABA) has a useful classifi-
cation system that rates burn injury magnitude from minor to 
moderate, uncomplicated to major (Table 27.1). This system 
takes into account the depth and extent of the injury, the loca-
tion of burns on the body, and the patient’s overall medi-
cal history. With advances in burn care over the years and 
the establishment of specialized facilities staffed by skilled, 
multidisciplinary burn team members, more patients with 
severe injuries are surviving. However, survival is no longer 
enough. The ultimate challenge for the burn team is to sup-
port and guide the burned person and his/her family towards 
a complete and optimal level of recovery, both physically 
and psychosocially.
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27.2.4  Etiology and Risk Factors

The causes of burn injuries are numerous and found in both 
the home and leisure and workplace settings (Table 27.2). 
People are most frequently burned in their own kitchen 
and bathroom, while involved in activities such as cooking, 
bathing, or smoking. Campfires, trailers, and boats serve as 
recreational sources for burn injuries, while industrial set-
tings are common sites for workplace injuries, involving 
electricity, chemicals, and explosions. Burn injuries occur 
throughout the world, but predominantly to women in the 
developing world, among all cultures and across all age 
ranges. In the developed world, about two-thirds of those 
injured are male and about one-third are less than 16 years 
of age. A number of identifiable factors place someone at 
greater risk for sustaining a burn injury such as involve-
ment in risk-prone activities at home or work, inattention, 
carelessness, lack of knowledge and resources, a sense of 
invincibility, lower socioeconomic status, histories of sub-
stance abuse, and mental health illness. Some incidents, 
however, are the result of unfortunate circumstances or 
medical illness, such as epilepsy or diabetes. Burn preven-
tion programs aim to identify these risk factors, educate and 
heighten awareness of individual risk, and encourage people 
to practice safe strategies in order to decrease their level of 
risk at home, work, or play.

27.3  Pathophysiology

27.3.1  Severity Factors

There are five factors to be considered when determining the 
severity of a burn injury (Box 27.1).

 1. Extent—There are several, paper-based methods avail-
able to accurately calculate the percentage of body sur-
face area involved. The simplest and most easily recalled 
is the Rule of Nines (Fig. 27.1). However, it is only for 

Table 27.1 American Burn Association Adult Burn Classification

Classification Assessment criteria
Minor burn injury <15% TBSA burn in adults <40 years age

<10% TBSA burn in adults >40 years age
<2% TBSA full-thickness burn without risk 
of functional or esthetic impairment or 
disability

Moderate 
uncomplicated burn 
injury

15–25% TBSA burn in adults <40 years age
10–20% TBSA burn in adults >40 years age
<10% TBSA full-thickness burn without 
functional or esthetic risk to burns involving 
the face, eyes, ears, hands, feet, perineum, or 
major joints

Major burn injury >25% TBSA burn in adults <40 years age
>20% TBSA burn in adults >40 years age
OR >10% TBSA full-thickness burn  
(any age)
OR injuries involving the face, eyes, ears, 
hands, feet perineum, or major joints, likely 
to result in functional or esthetic disability
OR high-voltage electrical burn
OR all burns with inhalation injury or major 
trauma

Table 27.2 Causes of burn injuries

Home and leisure Workplace
•  Hot water heaters set too high  

(140 °F or 60 °C)
•  Overloaded electrical outlets
•  Frayed electrical wiring
•   Carelessness with cigarettes, lighters, 

matches, candles
•  Pressure cookers
•  Microwaved foods and liquids
•  Hot grease or cooking liquids
•  Open space heaters
•  Gas fireplace doors
•  Radiators
•  Hot water bottles and heating pads
•  Hot sauna rocks
•  Improper use of flammable liquids:
    –  Starter fluids
    –  Gasoline
     – Kerosene
• Electrical storms
• Overexposure to sun

• Electricity:
    – Power lines
     – Outlet boxes
• Chemicals:
     – Acids
     – Alkalis
• Tar
• Hot steam sources:
     – Boilers
     – Pipes
     – Industrial cookers
•  Hot industrial presses
•  Flammable liquids:
     – Propane
    – Acetylene
     – Natural gas

Rule of Nines 9 % Head

9 % Arm

18 % Back

18 % Leg18 % Leg

18 % Front

9 % Arm

Fig. 27.1 Rule of Nines method for estimating extent of burn

Box 27.1 Burn Severity Factors
 1. Extent of body surface area burned
 2. Depth of tissue damage
 3. Age of person
 4. Part of body burned
 5. Past medical history

J. Knighton



349

use with the adult burn population. The Lund and 
Browder method (Fig. 27.2) is useful for all age groups, 
but is more complicated to use. For the pediatric popula-
tion, there is a modified version of the Lund and Browder 

method (Fig.  27.3). If the burned areas are small and 
irregularly shaped, the Rule of Palm can be used. The 
palmer surface of the burned person’s hand, including 
the extended fingers, represents 1% body surface area. 

LUND AND BROWDER EXTENT OF BURN DIAGRAM

AGE– YEARSAREA

HEAD
NECK
ANT TRUNK
POSTTRUNK
R      BUTTOCK
L      BUTTOCK
GENITALIA
RU   ARM
LU    ARM
RL    ARM
LL    ARM
R     HAND

R      THIGH
L      THIGH
R     LEG
L      LEG
R     FOOT
L     FOOT

L      HAND

0-1 1-4 5-9 10-15 ADULT % 2° % 3° % TOTAL

19 17
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13
13
2.5
2.5
1
4
4
3
3
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13
2.5
2.5
1
4
4
3
3

2.5
2.5

2.5
2.5
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13
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13
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13
2.5
2.5
1
4
4
3
3

13
2.5
2.5

2
7

13
13
2.5
2.5
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4
4
3
3

1
4
4
3
3

2.5
2.5

2.5
2.5

2.5
2.5

5.5
5.5

6.5
6.5
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8.5

8.5
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9.5
9.5
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5
3.5
3.5

5 5.5
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3.5
3.5

3.5
3.5

3.5
6
6

7
7

3.5
3.5
3.5

TOTAL

Fig. 27.2 Lund and Browder 
method for estimating extent 
of burn
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Reliability of the palmar surface area tool for obese 
patients has been questioned and alternative methods 
 suggested [11]. There are also a number of internet-based 
or mobile technologies available to calculate the extent of 
the body burn, which might help to decrease the problems 
with both over- and under-estimation of burn size by pre- 
hospital, hospital, and burn team personnel [12–16].

 2. Depth—Two factors determine the depth of a burn wound—
temperature of the burning agent and duration of exposure 
time. Previously, the terminology used to describe burn 
depth was first, second, and third degree. In recent years, 
these terms have been replaced by those more descriptive in 
nature: superficial partial-thickness, deep partial-thickness, 
and full-thickness (Table 27.3). The skin is divided into three 
layers, which include the epidermis, dermis, and subcutane-
ous tissue (Fig.  27.4). The dermis, which is about 30–45 
times thicker that the epidermis, contains connective tissue, 
blood vessels, hair follicles, nerve endings, sweat glands, 
and sebaceous glands. Skin-reproducing cells are located 
along the shafts of the hair follicles, sweat glands, and seba-
ceous glands. The sufficient presence or absence of these 

re- epithelializing cells determines whether the wound will 
heal on its own or require skin grafting. At the present time, 
visualization with the naked eye, by experienced burn prac-
titioners, is used to determine burn depth. However, there is 
ongoing research exploring the use of newer laser technolo-
gies to determine burn depth [17].

 3. Age—In patients less than 2 years of age and greater than 
50, there is a higher incidence of morbidity and mortality. 
Infants, toddlers, and the elderly have thinner skin, mak-
ing the risk of a deeper burn greater in these age groups. 
Persons of this age also have weaker physical resources to 
mount a resistance against the debilitating effects brought 
on by a burn [18, 19].

 4. Part of the body burned—Patients with burns to the 
face, eyes, neck, hands, feet, joints, or perineum have 
greater functional and esthetic challenges to overcome 
and require the specialized care offered by a burn center.

 5. Past medical history—A burn injury will exacerbate pre-
existing conditions. Persons with diabetes or peripheral 
vascular disease have a more difficult time with wound 
healing, a central factor in burn recovery, particularly if the 

ESTIMATION OF BURN AREA

Name Age Ward

9 1/2 9 1/2

1 1/2

1 1/2

1 1/2 1 1/2 1 1/2

1 1/4

1 1/22 1/2

1 3/4 1 3/4 1 3/4 1 3/4

2 3/4 2 3/4
2 3/4

2 1/2 2 1/2

2 3/4

1 1/2

1 1/4 1 1/4
1 1/4

13
132

2 22

2 2

1st degree erythema
not to be included.

2nd degree

3rd degree

Area Age in years
Adult1510510

Head area
Trunk area
Arm area
Thigh area
Leg area

19
26
7
5 1/2
5

17
26
7
6 1/2
5

13
26
7
8 1/2
5

11
26
7
8 1/2
6

9
26
7
9 1/2
6

7
26
7
9 1/2
7

Total 3rd degree burn Total 2nd degree burn TOTAL BURNS

Fig. 27.3 Pediatric 
estimation of burn area using 
modified Lund and Browder
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burns are on the legs and/or feet [20, 21]. Burn patients 
with poor nutritional status pre-burn or with previous drug 
and/or alcohol abuse patterns have fewer physical reserves 
to draw from and, as such, require more resources for a 
prolonged period of time.

27.3.2  Local Damage

Local, burn wound damage varies, depending upon the tem-
perature of the agent, duration of contact time, and the type 
of tissue involved. The deepest zone of damage, coagulation 

(full-thickness), is the site of irreversible cell death, where 
blood vessels and re-epithelializing cells have been com-
pletely destroyed. These areas require skin grafting for per-
manent coverage. The middle layer, or zone of stasis, is the 
area of deep, partial-thickness injury where there are some 
skin-reproducing cells present in the dermis and circulation to 
the area is partially intact. Healing will occur generally within 
14–21 days, as long as infection or desiccation is prevented. 
The outermost zone of hyperemia is the area of least damage. 
This superficial, partial-thickness wound has minimal cell 
involvement and will generally recover spontaneously within 
7–10 days. Areas of partial-thickness injury, devoid of infec-
tion and desiccation, will heal by primary intention from the 
edges of the wound and from below. Full- thickness wounds 
require early excision and skin grafting. Over time, the colla-
gen fibers and re-epithelializing cells continue to heal and add 
strength to the newly formed tissue. The healed areas initially 
look pale and flat. However, as the blood supply increases 
to those areas over the next month or so, they become red 
and raised. In addition to these scars forming, there is a natu-
ral tendency for burned tissue to shorten and contractures to 
develop. Over the next year to 18 months, the burn scars will 
fully mature and become less red and less raised [22, 23].

27.3.3  Fluid and Electrolyte Shifts

The immediate post-burn period is marked by dramatic cir-
culation changes, producing what is known as “burn shock” 

Table 27.3 Classification of burn injury depth

Degree of burn Cause of injury Depth of injury Appearance Treatment
First degree Superficial sunburn

Brief exposure to hot 
liquids or heat flash

Superficial damage to 
epithelium
Tactile and pain sensations 
intact

Erythematous, blanching on 
pressure, no blisters, sensate

Complete healing within 
3–5 days with no scarring

Superficial 
partial- 
thickness 
(second degree)

Brief exposure to flame, 
flash, or hot liquids

Destruction of epidermis, 
superficial damage to 
papillary layer of dermis, 
epidermal appendages intact

Moist, weepy, blanching on 
pressure, blisters, pink or red 
color, sensate

Complete healing within 
14–21 days with no scarring

Deep partial- 
thickness (deep 
second degree)

Exposure to flame, 
scalding liquids, or hot 
tar

Destruction of epidermis, 
damage to reticular layer of 
dermis, some epidermal 
appendages intact

Pale and less moist; no 
blanching or prolonged, deep 
pressure sensation intact, 
pinprick sensation absent

Prolonged healing time 
usually >21 days with 
scarring. Skin grafting may be 
necessary for improved 
functional and esthetic 
outcome

Full-thickness 
(third degree)

Prolonged contact with 
flame, steam, scalding 
liquids, hot objects, 
chemicals, or electrical 
current

Complete destruction of 
epidermis, dermis and, 
epidermal appendages; injury 
through most of the dermis

Dry, leathery, pale, mottled 
brown or red in color; visible 
thrombosed vessels 
insensitive to pain and 
pressure

Requires skin grafting

Full-thickness 
(fourth degree)

Major electrical current, 
prolonged contact with 
heat source (i.e., 
unconscious patient)

Complete destruction of 
epidermis, dermis, and 
epidermal appendages; injury 
involving connective tissue, 
muscle, and bone

Dry, black, mottled brown, 
white or red; no sensation 
and limited movement of 
burned limbs or digits

Requires skin grafting and 
likely amputation

Epidermis

Dermis

Subcutaneous
tissue

Blood vessels
Nerve Hair follicle

Third-degree burn

Second-degree burn

First-degree burn

Fig. 27.4 Anatomy of burn tissue depth
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(Fig.  27.5). Blood flow increases to the area surrounding 
the wound. The burned tissue then releases vasoactive sub-
stances, which results in increased capillary permeability. 
As early as 15 min post-injury, there is a shift of fluid from 
the intravascular compartment to the interstitial space, pro-
ducing edema, decreased blood volume, and hypovolemia. 
There is also insensible fluid loss through evaporation from 
large, open body surfaces. A non-burned individual loses 
about 30–50  mL/h. A severely burned patient experiences 
intravascular volume depletion, with fluid loss anywhere 
from 200 to 400  mL/h. Following successful completion 
of the fluid resuscitation phase, capillary membrane per-
meability is restored. Fluids gradually shift back from the 
 interstitial space to the intravascular space. The patient is no 
longer grossly edematous and diuresis is ongoing.

27.4  Types of Burn Injuries

Burns can be grouped into numerous categories: thermal, 
chemical, electrical, and smoke/inhalation. The causative 
agent does influence both the management and outcome of 
each injury.

27.4.1  Thermal

Thermal injuries are caused by dry heat, such as flame and 
flash, moist heat, such as steam and hot liquids, and direct 

contact, such as hot surfaces and objects (Table  27.4). 
Thermal burns are a major source of morbidity and mortality 
across all age groups (Figs. 27.6 and 27.7).

27.4.2  Chemical

The types of chemical injuries seen are usually related to 
the geography, industry, and culture of the local population. 
There are more than 25,000 chemicals in the world and most 
can be divided into two major groups: acids and alkalis. 
Necrotizing substances in the chemicals cause tissue injury 
and destruction (Fig. 27.8). Acids, in general, cause coagula-
tion necrosis with protein precipitation. Alkalis produce liq-
uefaction necrosis with loosening of the tissue, which allows 
the alkali to diffuse more deeply into the tissues. Therefore, 
on a volume-to-volume basis, alkaline material can produce 
far more tissue damage than acids. The extent and depth of a 

Table 27.4 Causes of thermal burns

Cause Examples
Dry heat—Flame • Clothing catches on fire

• Skin exposed to direct flame
Dry Heat—Flash •  Flame burn associated with explosion 

(combustible fuels)
Moist Heat—Hot 
liquids (scalds)

• Bath water
• Beverages—coffee, tea, soup
• Cooking liquids or grease

Moist Heat—Steam • Pressure cooker
• Microwaved food
• Overheated car radiator

Contact—Hot surfaces • Oven burner and door
• Barbecue grill

Contact—Hot objects • Tar
• Curling iron
• Cooking pots/pans
• Heating pad
• Hot water bottle

Fig. 27.6 Flame burn

BURN

↑ vascular permeability

↑ hematocrit

↑ viscosity

↑ peripheral resistance

BURN SHOCK

↓ blood volume

↓ intravascular volumeEdema

Fig. 27.5 Burn shock
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Fig. 27.7 Scald burn

Fig. 27.8 Chemical burn

chemical injury is directly proportional to the amount, type 
and strength of the agent, its concentration, extent of pen-
etration, mechanism of action, and length of contact time 
with the skin. Chemicals will continue to destroy tissue until 
they are inactivated by reaction with tissues, are neutralized, 
or are diluted with water. The burning process may continue 
for variable and, often prolonged, periods of time (i.e., up 
to 72 h) after the initial contact with the chemical agent. It 
is important to remove the person from the burning agent 
as soon as possible and to begin copiously flushing the area 
with water—the solution to the pollution is dilution [24]. 
Neutralizing agents should not be used as they may pro-
duce additional tissue damage through heat production. Dry 
chemicals should be gently brushed off the skin before flush-
ing begins. Most industries have detailed information on the 
chemicals their workers are exposed to and are required, by 
Occupational Health and Safety law, to have portable eye-
wash and shower stations for first aid use. Chemical burns 

to the eye require an ophthalmology consult, on admission, 
and late complications, such as corneal ulceration, second-
ary glaucoma, and cataracts, are fairly common and require 
follow- up. Ingestion of caustic materials may cause chemi-
cal burns to the oropharynx, tongue, esophagus, stomach, 
and duodenum. The patient should be given nothing by 
mouth, closely monitored and fluid resuscitated. Laryngeal 
edema may occur, producing upper airway obstruction. 
Endotracheal intubation or tracheostomy may be required to 
maintain airway patency.

27.4.3  Electrical

Electrical injuries comprise a small portion of the burn 
population, but the outcomes can be devastating, including 
deep tissue damage and potential loss of one or more limbs 
(Fig.  27.9). Injuries occur mainly in males and are usually 
occupation related. When electrical current passes through 
the body, intense heat is generated and coagulation necrosis 
results. The severity of the electrical injury is determined by 
the type and voltage of the circuit (whether alternating cur-
rent—AC or direct current—DC), amperage of the current, 
resistance of the body, pathway of the current, and duration 
of contact. Electrical current takes the path of least resistance 
through the body. Least resistance is offered by nerves and 
blood vessels, whereas bone and fat offer the most resistance. 
If major body organs, such as the heart, brain, or kidneys 
are involved, the damage is more profound than if the cur-
rent only passed through tissue. In some situations, electri-
cal sparks may ignite the person’s clothing, causing a flame 
burn, in addition to the electrical injury. If there is an explo-
sion at an electrical panel and the clothing catches fire, but no 
electricity passes through the body, it is termed an electrical 
flash burn, not an electrical burn. It is an important distinc-
tion to make in the early hours post-injury. The severity of an 

Fig. 27.9 Electrical burn
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 electrical injury can be difficult to determine as most of the 
damage may be below the skin at the level of muscle, fat, and 
bone. This phenomenon is referred to as the “iceberg” effect. 
Contact points, produced at the time of the injury, may help 
determine the probable path of the current and potential areas 
of injury. The history of the event can provide valuable clues 
as to what actually transpired at the accident scene. Many 
electrical injuries occur when a worker is suspended from an 
aerial basket or ladder and makes contact with a live wire. 
If the person has fallen post-injury, precautions to protect 
the head and cervical spine must be taken during transport. 
Spinal X-rays and neurological assessment are necessary, fol-
lowing admission to hospital. Contact with electrical current 
can cause tetanic muscle contractions that may produce long 
bone and vertebral fractures.

The person, who has sustained an electrical burn injury, 
may have also experienced cardiac arrhythmias or asys-
tole post-injury. Immediate CPR is essential following 
cardiac arrest. He/she then continues to be at risk for car-
diac arrhythmias for 24 h post-burn and must be monitored 
and have an electrocardiogram performed on admission to 
hospital.

Severe metabolic acidosis develops shortly after the 
injury occurs because of extensive tissue destruction and 
cell rupture. Assessment includes arterial blood gas analysis 
and, if needed to maintain normal serum pH levels, infu-
sions of sodium bicarbonate. The kidneys also need to be 
closely monitored because of potentially high circulating 
levels of hemoglobin from damaged red blood cells and 
myoglobin from damaged muscle. In small amounts, the 
kidney tubules can filter them sufficiently. In larger concen-
trations, however, there is a significant risk of developing 
acute tubular necrosis and possible renal failure. Treatment 
consists of the early initiation of Lactated Ringer’s solution 
at a rate that maintains a good urinary output of between 
75 and 100 mL/h until the color of the urine is sufficient to 
suggest adequate dilution. In addition, an osmotic diuretic 
(e.g., mannitol) is usually given to establish and maintain 
acceptable urinary output.

27.4.4  Smoke and Inhalation Injury

In combination with a major burn, the presence of an inha-
lation injury can seriously increase mortality rates. Signs 
and symptoms of suspected, smoke inhalation include deep 
facial burns, history of being trapped in an enclosed space, 
and a laryngoscopic examination showing vocal cord swell-
ing (Fig. 27.10). The most critical period for patients with 
inhalation injuries is 24–48 h post-burn. The airway becomes 
edematous and there is increased airway resistance. The 
respiratory mucosa sloughs, along with loss of ciliary func-
tion and poor diffusion of gases.

Smoke and inhalation injuries can be divided into three 
types:

 1. Inhalation injury above the glottis. Most smoke/inhala-
tion injury damage (60%) is limited to the upper airway 
(pharynx, larynx, vocal cords) since the vocal cords and 
glottis close quickly as a protective mechanism following 
exposure to smoke or thermal agents, such as hot air or 
steam. There is redness and blistering. Edema and the 
onset of rapid airway obstruction, resulting in a  respiratory 
emergency, are the primary concerns with this type of 
inhalation injury.

 2. Inhalation injury below the glottis. Most injuries below 
the glottis are chemically produced through the inhalation 
of noxious products of combustion, resulting in tracheo-
bronchitis. Major airway involvement (tracheobronchial 
tree) occurs about 30% of the time, with bronchopneumo-
nia being the chief concern. Patients may not show symp-
toms until 12–24  h post-burn. Since gases are usually 
cooled before they reach the lung parenchyma, there is 
only a 10% injury occurrence at the level of the terminal 
bronchioles and alveoli. Primary concerns are pulmonary 
edema and adult respiratory distress syndrome (ARDS).

Fig. 27.10 Inhalation injury
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Table 27.5 Signs and symptoms of carbon monoxide poisoning

Carboxyhemoglobin saturation (%) Signs and symptoms
5–10 Visual acuity impairment
11–20 Flushing, headache
21–30 Nausea, impaired dexterity
31–40 Vomiting, dizziness, syncope
41–50 Tachypnea, tachycardia
>50 Coma, death

 3. Carbon monoxide and hydrogen cyanide poisoning. 
Most fatalities at a fire scene are caused by carbon 
monoxide, hydrogen cyanide poisoning, or asphyxia-
tion. Carbon monoxide is produced by the incomplete 
combustion of burning materials. It then displaces the 
oxygen being  carried by the hemoglobin molecules, 
resulting in less oxygen being delivered throughout the 
body. Carboxyhemoglobin and hydrogen cyanide lev-
els should be measured, following admission of the 
person to an emergency department or burn center 
(Table  27.5). Treatment consists of aggressive fluid 
resuscitation and the administration of 100% humidi-
fied oxygen.

27.5  Clinical Manifestations

Recovery from a burn injury involves successful passage 
through three phases of care: emergent, acute, and reha-
bilitative. Principles of care for the emergent period involve 
resolution of the immediate problems resulting from the 
burn injury. The time required for this to occur is usually 
1–2 days. The emergent phase ends with the onset of spon-
taneous diuresis. Principles of care for the acute period 
include avoidance, detection and treatment of complica-
tions, and wound care. This second phase of care ends 
when the majority of burn wounds have healed. During the 
third, and final, phase of rehabilitative care, the goals are 
for the burn patient to return to an optimal place in society 
and to accomplish any remaining functional and cosmetic 
reconstruction. This phase ends when there is complete res-
olution of any outstanding clinical problems resulting from 
the burn injury.

27.5.1  Subjective Symptoms

It is essential, throughout all phases of a burn patient’s 
recovery, to seek out his/her perspective, when possible, 
and attempt to incorporate individual wishes into the plan 
of care. During the emergent period, patients and their 
families are likely in a state of physical and psychological 
shock. As a result of hypoxia, patients may also be disori-
ented or not able to recall what happened. Others remain 

very lucid throughout the ordeal and recall events with 
remarkable clarity. Some may not realize how serious their 
injuries are and be unrealistic about the care they require. 
Others may be intubated and sedated and not be aware for 
weeks to come. Pain may be a concern, while some may 
experience little discomfort. Thirst may be a symptom, 
depending upon the degree of fluid loss.

Some may complain of feeling cold or shiver as a result 
of heat loss, anxiety, and pain. The combination of hypo-
volemic shock, facial edema, intubation, and analgesics/
sedative agents may alter a patient’s sensory perception 
significantly over the first few days post-injury. If he/
she is able to talk, common themes include “Will I die? 
What happened? Why me? I can’t believe this is happen-
ing.” In the acute phase, patients may experience varying 
levels of pain during dressing changes and physical/occu-
pational therapy and might describe significant muscular 
discomfort, resulting from functional positioning and use 
of splinting materials. Unable to do any number of self-
care activities, patients may become very frustrated about 
how dependent they have become on others. Concerns 
may be expressed regarding finances, family, and work 
obligations. Adaptation to the hospital environment and 
necessary treatments may absorb a considerable amount 
of the patient’s physical and emotional energy. Adjustment 
to a variety of losses (personal and property), feelings of 
grief, guilt and blame, a need for information about what 
to expect over the coming weeks, and a search for mean-
ing behind the event, are also experienced. Patients may 
feel angry or depressed post-injury. Relationships with 
family may become strained as everyone seeks to read-
just and cope with this unexpected and traumatic event. 
During the rehabilitative phase of care, patients come to 
realize that they have completed the most difficult part 
of their recovery. However, many experience impatience 
with the time required for complete healing and physical 
rehabilitation. There is usually a desire to resume as much 
independence as possible, sometimes coupled with slight 
fear and hesitation about leaving the protective environ-
ment of the burn center. Questions, such as “What will it 
be like when I leave the hospital? How will I manage when 
the nurses and therapists are no longer around to help?” 
reflect the primary concerns for patients and family mem-
bers at this time. There may be concerns about resumed 
sexual intimacy with a partner and self-acceptance of an 
altered body image. A request may be made to speak with 
a recovered burn survivor, who can offer words of support 
and advice based on personal experience. Over time, burn 
patients express feelings of pride at having overcome such 
tremendous physical and emotional challenges and begin 
to reflect on the path their lives will take post-burn as they 
move from burn “victim” to “survivor” and, perhaps, burn 
“thriver.”
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27.5.2  Objective Signs

The initial assessment of the burn patient is like that of any 
trauma patient and can best be remembered by the simple 
acronym “ABCDEF” (Box 27.2). Recently, recommenda-
tions for burn care management have been published to 
address the educational needs of both non-burn and burn spe-
cialists around the world [25, 26]. During the emergent 
period, burn patients quickly begin to exhibit signs and 
symptoms of hypovolemic shock (Box 27.3). Lack of circu-
lating fluid volumes will also result in minimal urinary out-
put and absence of bowel sounds. The patient may also be 
shivering due to heat loss, pain, and anxiety. If inhalation 
injury is a factor, the patient may demonstrate a number of 
physical findings upon visual assessment, laryngoscopy, and 
fiberoptic bronchoscopy (Box 27.4). The patient likely expe-
riences pain, as exhibited by facial grimacing, withdrawing, 
and moaning when touched, particularly if the injuries are 
partial-thickness in nature. Some areas of full-thickness burn 
may be anesthetic to pain and touch, if the nerve endings 
have been destroyed. The loss of sensation may be temporary 
if the nerves have been compressed by resulting edema in the 
hypovolemic shock phase. It is important to examine areas of 
circumferential full-thickness burn for signs and symptoms 
of vascular compromise, particularly the extremities (Box 
27.5).

Areas of partial-thickness burn appear reddened, blis-
tered, and edematous. Full-thickness burns may be dark red, 
brown, charred black, or white in color. The texture is tough, 
leathery, and no blisters are present.

If the patient is confused, health care professionals need to 
determine if it is the result of hypovolemic shock, inhalation 
injury, substance abuse, pre-existing history or, more rarely, 
head injury sustained at the time of the trauma. It is essen-
tial to immobilize the c-spines until a full assessment can be 
performed and the c-spines cleared. At this time, a second-
ary survey assessment is performed (Box 27.6). Additional 
objective data can then be collected, analyzed, and a plan of 
care developed, which includes a set of Admission Orders. 
In the acute phase, the focus is on wound care and preven-
tion/management of complications. At this point, the burn 
wounds should have declared themselves as partial-thick-
ness or full-thickness in nature. Eschar on partial- thickness 
wounds is thinner and, with dressing changes, it should be 
possible to see evidence of eschar separating from the viable 
wound bed. Healthy, granulation tissue is apparent on the 
clean wound bed, re-epithelializing cells are seen to migrate 
from the wound edges, and the dermal bed will slowly close 
the wound within 10–14 days. Full-thickness wounds have a 
thicker, leathery eschar, which does not separate easily from 
the viable wound bed. Those wounds require surgical exci-
sion and grafting. Continuous assessment of the patient’s 
systemic response to the burn injury is an essential part of an 
individualized plan of care. Subtle changes, quickly identi-
fied by the burn team, can prevent complications from occur-
ring or worsening over time. Physical examination by burn 
team staff and specialist consultants, laboratory tests, and 
diagnostic procedures will assist in the rapid identification 
and treatment of complications.

Box 27.3 Signs and Symptoms of Hypovolemic Shock
• Restlessness, anxiety
• Skin—pale, cold, clammy
• Temperature below 37 °C
• Pulse is weak, rapid, ↓ systolic BP
• Urinary output <20 mL/h
• Urine specific gravity >1.025
• Thirst
• Hematocrit <35; BUN ↑

Box 27.4 Physical Findings of Suspected Inhalation 
Injury
• Deep facial burns
• History of being trapped in an enclosed space/

exposed to smoke
• Laryngoscopic examination shows vocal cord 

swelling

Box 27.5 Signs and Symptoms of Vascular Compromise
• Pallor
• Deep tissue pain
• Progressive paresthesias
• Diminished or absent pulses
• Sensation of cold extremities

Box 27.2 Primary Survey Assessment
• A—Airway
• B—Breathing
• C—Circulation

 – C-spine immobilization
 – Cardiac status

• D—Disability
 – Neurological Deficit

• E—Expose and evaluate
• F—Fluid resuscitation
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During the final, rehabilitative phase, attention turns to 
scar maturation, contracture development, and functional 
independence issues [27–29]. The areas of burn, which heal 
either by primary intention or skin grafting, initially appear 
red or pink and are flat. Layers of re-epithelializing cells 
continue to form and collagen fibers in the lower scar tis-
sue add strength to a fragile wound. Over the next month, 
the scars may become more red from increased blood sup-
ply and more raised from disorganized whorls of collagen 
and fibroblasts/myofibroblasts. The scars are referred to as 
hypertrophic in nature. If oppositional forces are not applied 
through splinting devices, exercises, or stretching routines, 
this new tissue continues to heal by shortening and forming 
contractures. A certain amount of contracture development is 
unavoidable, but the impact can be lessened through prompt 
and aggressive interventions.

The scar maturation process takes anywhere from 6 to 
18 months. During this time, the scars will progress from a 
dark pink/red to a pale pink/whitened appearance. The final 
color is usually lighter than the surrounding unburned skin. 
For people with darkly pigmented skin, the process of color 
return may be prolonged as the melanocytes work to produce 
pigment in the areas where it has been lost [30]. Increasing 
amounts of pressure may be necessary to gently and con-
tinually flatten the scars which, in turn, push the extra blood 
from the area, making them lighter in color. Custom-fitted 
pressure garments and/or acrylic face masks apply constant 
pressure over a gradual wearing period of up to 23½ h a day 
[31]. Extra pressure over concave and difficult-to-fit areas 
can be provided through elastomer inserts or silicone sheet-
ing under the garments or face mask [32]. The length of time 
a person might have to wear the garments varies, but is in 
the range of 1–1½  years, depending upon the intensity of 
the scarring and the body’s response to pressure therapies. 
Patients will often experience itchiness and dry skin [33]. 
One of the best ways to decrease the itchiness is to get at the 
source of the problem: the dry skin. However, burned skin is 
different from healthy skin. Once the skin has been damaged 
by a burn injury, there are less natural oils available since the 
oil- reproducing glands have been destroyed, in whole or in 
part. In other words, the skin is “internally” dry as opposed 
to “externally” dry, such as when hands get chapped in the 
cold weather. Burned skin benefits from products that will 
be absorbed through the outer layer of the epidermis into 

the dry, dermal tissues. Water-based products do this. The 
more predominant products available are oil-based and con-
tain mineral oil, petrolatum or paraffin. These ingredients 
coat the surface of the skin and, in essence, block the pores. 
This prevents loss of natural oils from the dermis, oils which 
burned skin is lacking. These ingredients are not absorbed 
into the dry dermis and do not bring moisture back into the 
skin. Mineral oil also breaks down elastic fibers in pressure 
garments and should be avoided. Suggested water-based 
products include Vaseline® Intensive Care Advanced Repair 
or Smith and Nephew’s Professional Care®. Medications, 
such as diphenhydramine (<Atarax>, <Benadryl>), gaba-
pentin (<Neurontin>), or pregabalin (<Lyrica>) can also be 
ordered to help with moderate to severe itchiness on a short- 
term basis, as can massage therapy.

27.6  Diagnostic Findings

There are a number of baseline diagnostic studies used 
to monitor a patient’s clinical condition at the time of the 
injury and evaluate responses to care throughout the recov-
ery period. They include laboratory tests, such as complete 
blood cell count (CBC), hemoglobin and hematocrit, group 
and screen, serum electrolyte levels, blood glucose, blood 
urea nitrogen (BUN), serum creatinine, calcium profile, 
serum lactate, liver function tests, and coagulation studies 
(PT, PTT, INR). Drug and alcohol screens may be indicated, 
upon admission, if the circumstances of the accident and/or 
patient’s clinical presentation warrant it. If inhalation injury 
is suspected, a serum carboxyhemoglobin, serum cyanide, 
and arterial blood gas should be obtained, along with a chest 
X-ray. Laryngoscopy and/or fiberoptic bronchoscopy may 
also be indicated for inhalation-injured patients. Routine 
urinalysis, along with urine for hemoglobin and myoglobin 
in cases in electrical injury, also need to be collected. For 
patients with pre-existing cardiac disease or those sustain-
ing electrical injuries, a 12-lead electrocardiogram (ECG) 
should be performed. For patients with suspected, head or 
spinal injury, fractures or internal trauma, X-rays or scans 
are indicated. Antibiotic resistant organism (MRSA and 
VRE) screening and wound swabs for culture and sensitivity 
(C + S) monitor the microbiological organisms present on 
admission. Blood cultures, along with urine and sputum for 
C + S, are helpful when investigating patients who become 
febrile or who may be developing sepsis. As the patient’s 
condition changes, medical specialists from various ser-
vices may be consulted and they may order various diag-
nostic tests, such as ultrasound, magnetic resonance imaging 
(MRI), or computerized axial tomography (CAT) scans to 
rule out or confirm diagnoses. Placement and monitoring 
of transduced, invasive central and arterial lines provide the 
team with information on a patient’s cardiac and pulmonary 

Box 27.6 Secondary Survey Assessment
• Head-to-toe examination
• Rule out associated injuries
• Pertinent history

 – circumstances of injury
 – medical history
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functioning. Access to this wide variety of diagnostic infor-
mation allows for timely clinical interventions by members 
of the burn team.

27.7  Possible Complications

Complications can arise throughout all phases of burn care 
although the potential for development is greater in the acute 
stage of recovery. Prompt identification and management are 
essential in order to reach the best possible patient outcome. 
The systems most commonly affected are cardiovascular, 
respiratory, gastrointestinal, and renal.

Cardiovascular system—Cardiovascular system compli-
cations include hypovolemic shock and arrhythmias. When 
the intravascular volume is reduced immediately post- burn, 
the cardiac output decreases dramatically and blood flow 
through the tissues and coronary artery is reduced. Prompt 
and adequate fluid resuscitation can effectively address the 
decrease in circulating volumes. Circulation to the extremi-
ties can also be impaired by the decreased volumes, the pres-
ence of circumferential burns and the formation of edema. 
Incisions through the leathery, devitalized burned tissue may 
be necessary in order to restore circulation to these limbs. 
That procedure is called an escharotomy (Fig.  27.11). 
Deeper burns (severe electrical or prolonged flame exposure) 
may require a fasciotomy. Patients with pre-existing cardiac 
disease may be more prone to the development of arrhyth-
mias, brought on by the stress of a major burn injury. Direct 
cardiac damage may have also occurred from the passage of 
electrical current through the heart. All moderate to major 
burns should be monitored, using an external cardiac moni-
tor, and invasive lines transduced. Hemodynamic parameters, 
such as heart rate, central venous pressure, and blood pres-
sure/mean arterial pressure, are set within targeted ranges. 
Attention should also be paid to electrolyte levels, especially 
sodium and potassium. Early post- burn, sodium shifts into 

the interstitial spaces, only to return at the end of the hypo-
volemic shock phase. Potassium is initially released into the 
extracellular spaces by hemolyzed red blood cells and those 
cells injured by the burn. As fluids are mobilized, potassium 
levels increase in the vascular spaces. As plasma leaks into 
the interstitial space, there is a temporary increase in blood 
viscosity. Appropriate fluid resuscitation can correct that sit-
uation satisfactorily. Arrhythmia management may require a 
collaborative consultation with cardiology and medication 
on either a short-term or long- term basis. Evidence-based, 
venous thromboembolism prophylaxis should also be insti-
tuted and medications, such as enoxaparin, commenced as 
the incidence of DVTs in burns is estimated to be between 
1 and 23%.

Respiratory system—There are, generally, two ways in 
which the respiratory system can be affected by a burn injury. 
One involves mechanical, upper airway obstruction due to 
heat injury and edema formation and/or constricting circum-
ferential burns to the neck and chest. The other involves inha-
lation of noxious products of combustion, which produces a 
chemical irritation reaction to the middle and lower airways. 
Early in the emergent phase of care, the upper airway can 
close off very quickly because of massive facial and neck 
edema. Upon initial assessment, if there is any indication 
that the patient has a pharyngeal burn, is hoarse or has stri-
dor, the patient should be nasally or, preferably, orally intu-
bated with an uncut endotracheal tube. This action serves to 
splint the airway open and maintain patency. Arterial blood 
gases (ABGs) should then be drawn and oxygen saturation 
levels monitored. If necessary, the patient may need to be 
mechanically ventilated in order to maintain sufficient levels 
of oxygenation. Mechanical ventilation protocols should be 
instituted and ventilator settings titrated to maintain desired 
PaCO2, PaO2, and SaO2 readings.

When the edema subsides and/or ventilation parameters 
improve, the patient can be appropriately assessed and extu-
bated safely. In most clinical settings, tracheostomies are 
performed if the patient is intubated for longer than 3 weeks. 
Patients, who do not have inhalation injury, may benefit 
from a face mask or nasal cannula to maintain oxygen satu-
rations >92%. If there are circumferential flame burns to the 
chest and back, escharotomies of the chest and/or abdomen 
may need to be performed in order to release the constrict-
ing eschar, decrease respiratory distress, and improve chest 
expansion and ventilation. With an inhalation injury, it is 
not as obvious that there is damage to the middle or lower 
airways. At times, patients may present with bronchial and 
bronchiolar injury, such as bronchorrhea and/or expiratory 
wheezing. Examination of the lower respiratory tract, using 
fiberoptic bronchoscopy, should be performed. However, 
some may have an invisible injury at the level of respiratory 
gas exchange. This condition is often delayed and diagnosed 
by arterial blood gas analysis, rather than a chest X-ray. Fig. 27.11 Chest escharotomy
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Impaired gas exchange may be related to carbon monox-
ide poisoning. Carboxyhemoglobin levels should be drawn 
on admission (Table  27.5). Treatment of inhalation injury 
includes aggressive chest physiotherapy, tracheobronchial 
suctioning, administration of nebulized heparin and acetyl-
cysteine, use of bronchodilators (ipratropium) to treat severe 
bronchospasm, and mechanical ventilation with positive end 
expiratory pressure (PEEP). PEEP prevents collapse of the 
alveoli and the development of progressive respiratory fail-
ure. If the patient’s condition deteriorates and conventional 
ventilation strategies prove to be inadequate, newer forms 
of ventilation have been utilized in recent years and include 
strategies such as high frequency oscillation and imple-
mentation of prone positioning techniques. Patients, who 
have pre-existing respiratory problems, such as a history 
of frequent pneumonia or chronic obstructive pulmonary 
disease, are more likely to succumb to respiratory infec-
tion. Pneumonia is commonly seen in these patients since 
they are relatively immobile, may be debilitated, and have 
an abundance of microbial organisms that can settle in the 
lungs and require aggressive therapy to eradicate. Bundled, 
preventative measures may reduce the risk and incidence of 
ventilator- associated pneumonia (VAP) [34]. Older, more 
debilitated patients are also more prone to the development 
of pulmonary edema as a consequence of the fluid resuscita-
tion required by inhalation-injured patients.

Maintaining the airway is crucial in these patients and 
frequent assessments of tube placement and stability are an 
essential part of care. Before patients are extubated, there is 
a weaning process which involves adjusting ventilator set-
tings, so the machine is doing less of the work associated 
with breathing and patients are essentially breathing on their 
own. If they meet certain criteria, patients are extubated, 
placed in high Fowler’s position, and given 100% oxygen. 
In addition, they require chest physiotherapy, suctioning, 
frequent repositioning, and deep breathing and coughing 
exercises. Mobilization at the bedside and in the hallways is 
also helpful in moving secretions from the upper and lower 
airways. Sometimes, patients tire too easily post-extubation 
and need to be reintubated. In situations where a patient can-
not be weaned in the near distant future, a decision is made to 
perform a tracheostomy until such time as he/she can breathe 
unaided.

Gastrointestinal system—The gastrointestinal system is 
initially affected in the emergent phase by a lack of circula-
tion to the splanchnic area. This hypoperfusion, secondary 
to hypovolemic shock, causes paralytic ileus and an absence 
of bowel sounds. The stress response post-burn causes a 
decrease in mucous production and an increase in gastric acid 
secretion, resulting in stress (Curling’s) ulcers. Prompt and 
effective fluid resuscitation and a restoration of circulation to 
the gastrointestinal region result in a return of bowel sounds 
and indicate a functional gut. Bladder pressures should be 

measured q4h for 72 h in body surface area burns >30% and 
pressures >20  mmHg reported. Abdominal compartment 
syndrome is a life-threatening complication of high-volume 
fluid resuscitation. Management includes keeping the patient 
NPO for a few hours post-admission until things stabilize and 
then, beginning early enteral feeds to address the profound 
hypermetabolic effects of a burn injury. Anti-catabolic, ana-
bolic agents, such as oxandralone and propanolol, may also 
prove to valuable adjuncts to therapy. Enteral feeding also 
maintains the integrity of the gut and avoids bacterial trans-
location. The hourly rate of feeds is increased, in a timely 
manner, to the desired goal rate, usually arrived at in con-
sultation with the burn center dietitian. A nasogastric (NG) 
tube, connected to either straight drainage or wall suction, 
can be inserted for the purposes of gastric decompression 
and medication administration. Water flushes pre- and post-
medication help ensure the tubes remain patent. Medications 
include prophylactic use of intravenous H2 antagonists (i.e., 
ranitidine) to decrease hydrochloride secretion. During the 
acute phase of care, patients frequently become constipated 
as a result of codeine- containing pain medication received 
during their hospitalization and immobility. Prompt institu-
tion of a bowel regimen, upon admission, and attention to 
diet and/or choice of tube feedings can prevent or rectify the 
situation before it causes the patient unnecessary discom-
fort. Patients may also develop diarrhea, caused by certain 
tube feedings or antibiotics. Excessive diarrhea may warrant 
Clostridium difficile testing. Recommendations from the 
dietitian or pharmacist should be sought to correct the prob-
lem. A bowel management system may need to be inserted if 
loose stools interfere with optimal wound care. Sepsis is the 
most common cause of gastric ileus occurring in the acute 
phase of care and should be monitored closely [35]. Some 
burn centers are administering an anti-oxidant protocol, 
which includes selenium, acetylcysteine, ascorbic acid, vita-
min E, zinc, and a multivitamin [36]. It is also important to 
monitor and, if necessary, institute potassium, calcium, mag-
nesium, and phosphate replacements, and administer thia-
mine and folic acid, particularly if the patient has a history 
of alcohol abuse. Blood glucose point-of-care testing should 
be performed and an insulin nomogram commenced, as per 
ICU protocol, in order to maintain strict glucose control of 
80–110 mg/dL [37].

Renal System—With the renal system post-burn, an 
early warning sign of complications is an increase in the spe-
cific gravity, which usually occurs before the urinary output 
falls. Acute tubular necrosis is the most frequent emergent 
phase complication and is due to hypovolemic shock. Fluid 
resuscitation is usually sufficient to correct such problems. 
Careful attention to trends in urinary output and specific 
gravity is a more helpful strategy than haphazardly increas-
ing or decreasing the intravenous fluids. Insertion of a uri-
nary catheter should occur, upon admission, to allow for 
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accurate intake/output. If the injury is deep to the tissue and/
or muscle, there is the additional complication of high cir-
culating levels of hemoglobin (red blood cell breakdown) or 
myoglobin (muscle cell breakdown) pigments blocking the 
renal tubules. This situation is so common in electrical burns 
that the fluid resuscitation formula requires very aggres-
sive resuscitation and the infusion of an osmotic diuretic 
(i.e., mannitol). In the acute phase of care, a decrease in uri-
nary output or the development of high output renal failure, 
with rising levels of BUN and creatinine, may be indicative 
of a septic episode. Consultation with the renal service is 
essential if the patient doesn’t respond to fluid challenges or 
diuretics. In the most serious of situations, the patient may 
require dialysis as a life-saving measure. Rising glucose lev-
els indicate stress response, due to catecholamine release, 
and sepsis. High levels lead to compensatory osmotic diure-
sis, which means the burn patient needs more fluid.

Infection—Burn patients are at risk for the develop-
ment of infection due to both the high bacterial loads on 
their devitalized, burn eschar and the loss of their primary 
barrier against infection—the skin. Infection is the lead-
ing cause of morbidity and mortality in burn patients. The 
degree of risk is increased due to the presence of devitalized 
burn eschar, which serves as an excellent breeding ground 
for organisms, invasive catheters and tubes, and a state of 
immunosuppression that continues long after the wounds 
have healed. The larger the burn wound, the greater the risk 
of infection. However, the advent of early burn excision and 
prompt wound closure has decreased the overall incidence 
of burn wound infection and, consequently, the incidence of 
sepsis and death. Evidence-based procedures for the inser-
tion of central lines have resulted in impressive reductions in 
central line bloodstream infection rates. Ventilator-acquired 
pneumonia (VAP) rates have also declined since the advent 
of evidence-based practice bundles, such as chlorhexidine 
mouth rinse, head-of-bed elevation to 30°, gastrointestinal 
prophylaxis and turning patients, from side to side, q2h.

The primary sites for organisms are the burn wound, oral 
and pulmonary secretions, perineal and anal regions. Gram- 
negative organisms, such as E. coli, Klebsiella, Pseudomonas, 
and Serratia, are largely responsible for more than 50% of all 
septic episodes. They release endotoxins, which serve as key 
triggers for the sepsis cascade. All burn wounds are colo-
nized with bacteria, which can be identified through qualita-
tive wound swabs. More specific determinations can be made 
using quantitative, burn wound biopsies. If the bacterial count 
on a wound rises above 1 × 105/g of tissue, the wound is said 
to be infected, with the organisms having invaded into viable 
tissue. Local signs of burn wound infection include a change 
in wound exudate, alteration in wound appearance, increase 
in wound pain, erythema, edema, cellulitis, and induration 
at the wound edges. In the presence of a burn wound infec-
tion, a partial-thickness wound can convert to a full-thick-
ness wound. If the organisms enter the lymphatic system, 

the patient can develop septicemia. Sepsis accounts for about 
70% of deaths post-burn. Multisystem organ failure, often 
secondary to sepsis, is a serious and frequently fatal conse-
quence of septicemia. Signs and symptoms of sepsis include 
an elevated temperature, increased pulse and respiratory 
rate, and decreased blood pressure and urinary output. The 
patient may become confused, feel and look unwell, have 
a diminished appetite and experience chills. It is important 
to identify and treat the source of sepsis as quickly as pos-
sible before multiple organ systems begin to fail. Cultures 
should be obtained from the blood, urine, sputum, invasive 
device sites and wounds. Multi-lumen catheters should be 
inserted in order to provide multiple access ports [38, 39]. 
Intravenous antibiotics may then be ordered by the burn cen-
ter physicians, in consultation with the Infectious Disease 
service in the hospital. Initially, antibiotics can be ordered 
on speculation, pending culture and sensitivity reports from 
the lab. If necessary, the antibiotics may be changed to pro-
vide coverage specific to the organisms cultured. If the burn 
wounds, grafted areas or donor sites appear infected, topical 
antimicrobial coverage on the burn wound may need to be 
changed or instituted in order to provide treatment at a local 
level. In general, a patient’s antibiotics can be discontinued 
when his/her WBC count is normal, when he/she is afebrile 
and when source control is obtained.

27.8  Clinical Management

27.8.1  Non-surgical Care

Therapeutic management of the burned person is conducted 
within these same three phases of burn recovery—emer-
gent, acute, and rehabilitative. The emergent phase priorities 
include airway management, fluid therapy, and initial wound 
care. The goals of care are initial assessment, management, 
and stabilization of the patient during the first 48 h post-burn.

Assessment: During the rapid, primary survey, per-
formed soon after admission, the airway and breathing 
assume top priority. Particularly with a large body surface 
area burn admission, some staff may feel a tendency to be 
overwhelmed by the sight and smell of the burn wound. The 
wounds are, however, a much lower priority than the air-
way. A compromised airway requires prompt attention and 
breath sounds verified in each lung field. If circumferential, 
full- thickness burns are present on the upper trunk and back, 
ventilation must be closely monitored as breathing might be 
impaired and releasing escharotomies necessary. The spine 
must be stabilized until c-spines are cleared. The circulation 
is assessed by examining skin color, sensation, peripheral 
pulses, and capillary filling. Circumferential, full-thick-
ness burns to the arms or legs need to be assessed via pal-
pation or Doppler for evidence of adequate circulation. 
Escharotomies might be required. Typically, burn patients 
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Fig. 27.12 Cart shower for hydrotherapy

are alert and  oriented during the first few hours post-burn. If 
that is not the case, consideration must be given to associ-
ated head injury, (including a complete neurological assess-
ment), substance abuse, hypoxia, or pre-existing medical 
conditions. All clothing and jewelry need to be removed 
in order to visualize the entire body and avoid the “tourni-
quet-like” effect of constricting items left in place as edema 
increases. Adherent clothing needs to be gently soaked off 
with normal saline to avoid further trauma and unnecessary 
pain. Attention then turns to prompt fluid resuscitation to 
combat the hypovolemic shock. The secondary, head-to-toe 
survey then rules out any associated injuries. A thorough 
assessment ensures all medical problems are identified and 
managed in a timely fashion. Circumstances of the injury 
should be explored as care can be influenced by the mecha-
nism, duration, and severity of the injury. The patient’s per-
tinent medical history includes identification of pre-existing 
disease or associated illness (cardiac or renal disease, dia-
betes, hypertension), medication/alcohol/drug history, aller-
gies, and tetanus immunization status. A handy mnemonic 
can be used to remember this information (Box 27.7).

Management: The top priority of care is to stop the burn-
ing process (Box 27.8). During the initial first aid period at 
the scene, the patient must be removed from the heat source, 
chemicals should be brushed off and/or flushed from the 
skin, and the patient wrapped in a clean sheet and blanket 
ready for transport to the nearest hospital. Careful, local 
cooling of the burn wound with saline-moistened gauze can 
continue as long as the patient’s core temperature is main-
tained and he/she does not become hypothermic. Upon 
arrival at the hospital, the burned areas can be cooled further 
with normal saline, followed by a complete assessment of 
the patient and initiation of emergency treatment (Box 27.9). 
In a burn center, the cooling may take place, using a cart 
shower system, in a hydrotherapy room (Fig.  27.12). The 
temperature of the water is adjusted to the patient’s comfort 
level, but tepid is usually best, while the wounds are quickly 
cleaned and dressings applied.

Airway management includes administration of 100% 
oxygen if burns are 20% body surface area or greater. 
Suctioning and ventilatory support may be necessary. If the 
patient is suspected of having or has an inhalation injury, 

Box 27.8 First Aid Management at the Scene

Steps Action

Step 1 Stop the burning process—remove patient from heat 
source

Step 2 Maintain airway—resuscitation measures may be 
necessary

Step 3 Assess for other injuries and check for any bleeding
Step 4 Flush chemical burns copiously with cool water
Step 5 Flush other burns with cool water to comfort
Step 6 Protect wounds from further trauma
Step 7 Provide emotional support and have someone remain 

with patient to explain help is on the way
Step 8 Transport the patient as soon as possible to nearby 

emergency department

Box 27.9 Treatment of the Severely Burned Patient on 
Admission

Steps Action

Step 1 Stop the burning process
Step 2 Establish and maintain an airway; inspect face and 

neck for singed nasal hair, soot in the mouth or nose, 
stridor, or hoarseness

Step 3 Administer 100% high flow humidified oxygen by 
non-rebreather mask. Be prepared to intubate if 
respiratory distress increases

Step 4 Establish intravenous line(s) with large bore cannula(e) and 
initiate fluid replacement using Lactated Ringer’s solution

Step 5 Insert an indwelling urinary catheter
Step 6 Insert a nasogastric tube
Step 7 Monitor vital signs including level of consciousness 

and oxygen saturation
Step 8 Assess and control pain
Step 9 Gently remove clothing and jewelery
Step 10 Examine and treat other associated injuries
Step 11 Assess extremities for pulses, especially with 

circumferential burns
Step 12 Determine depth and extent of the burn
Step 13 Provide initial wound care—cool the burn and cover 

with large, dry gauze dressings
Step 14 Prepare to transport to a burn center as soon as possible

Box 27.7 Secondary Survey Highlights
A—allergies
M—medications
P—previous illness, past medical history
L—last meal or drink
E—events preceding injury
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intubation needs to be performed quickly. Circulatory man-
agement includes intravenous infusion of fluid to counteract 
the effects of hypovolemic shock for adult patients with 
burns >15% body surface area and children with burns >10% 
body surface area. Upon admission, two large bore, intrave-
nous catheters should be inserted, preferably into unburned 
tissue. However, if the only available veins are in a burned 
area, they should be used. Patients who have large burns, 
where intravenous access will be necessary for a number of 
days, benefit from a central venous access device inserted 
into either the subclavian, jugular, or femoral vein. The over-
all goal is to establish an access route that will accommodate 
large volumes of fluid for the first 48 h post-burn. The aim of 
fluid resuscitation is to maintain vital organ function, while 
avoiding the complications of inadequate or excessive ther-
apy. Fluid calculations are based on the extent of the burn, 
the weight and age of the patient, pre-burn conditions (dehy-
dration), or pre-existing chronic illnesses (respiratory, renal). 
The most commonly used fluid resuscitation regimen is the 
Parkland (Baxter) formula (Box 27.10). It involves the use of 
crystalloid (Lactated Ringer’s) solution. Fluids are calcu-
lated for the first 24 h post-burn with “0” hours being the 
time of the burn, not the time of admission to hospital. 
One-half of the 24 h total needs to be administered over the 
first 8 h post-burn as this is the period during which extrava-
sation of fluid into the interstitial space is greatest, along 
with the risk of renal tubule blockage from hemoglobin and 
myoglobin pigments. The remaining half of the estimated 
resuscitation volume should be administered over the subse-
quent 16 h of the first post-burn day. It is important to remem-
ber that the formula is only a guideline. The infusion needs 
to be adjusted based on the patient’s clinical response, which 
includes vital signs, sensorium, and urinary output. For 
adults, 30–50 mL urine per hour is the goal and 1 mL/kg/h in 
children weighing less than 30  kg. An indwelling urinary 
catheter needs to be inserted at the same time as the IVs are 
established in order to reliably measure the adequacy of the 
fluid resuscitation. Vital signs should be trending around a 
systolic BP of ≥90–100 mgHg, a pulse rate of ≤120 for the 
older child/adult, <140  bpm in the child between 2 and 
5 years of age and <160 bpm in the child under 2 years of 
age, with respirations at 16–20  breaths/min. The patient’s 
sensorium should be such that he/she is alert and oriented to 
time, person, and place. An exception is made regarding the 
sensorium assessment for the intubated patient. During the 
second 24 h post-burn, the need for aggressive fluid resusci-
tation is generally less as capillary permeability begins to 
return to normal. Colloids, such as albumin, can be given as 
volume expanders to replace lost protein and minimize ongo-
ing fluid requirements. Earlier administration of colloid 
would result in leakage out of the vascular space because of 
the increased capillary permeability. Some patients require 
extra fluid above and beyond the formula guidelines in order 

to produce satisfactory urinary output, stabile vital signs, and 
an adequate sensorium. They include those with (a) high-
voltage injury, (b) inhalation injury, (c) delayed resuscita-
tion, or (d) prior dehydration. Those patients with a 
high-voltage injury require administration of a diuretic to 
produce a urinary output of 75–100 mL/h in order to clear 
the tubules of hemoglobin and myoglobin pigments. The 
usual choice is Mannitol 12.5 g/L of fluid. Since the heme 
pigments are more soluble in an alkaline medium, sodium 
bicarbonate can be added to the resuscitation fluid as needed 
to maintain a slightly alkaline urine. Patients with severe 
inhalation injury and body surface area burns may require 
40–50% more fluid in order to achieve adequate tissue perfu-
sion. The need for extra fluid must be balanced against the 
risk of pulmonary edema and “fluid creep”/overload. There 
are others who are considered “volume sensitive.” They are 
(a) ≥50 years of age, (b) ≤2 years of age, or (c) have pre-
existing cardiopulmonary or renal disease. Particular caution 
must be exercised with these patients.

Wound care. Once a patent airway, adequate circulation, 
and fluid replacement have been established, attention can 
turn to wound care and the ultimate long-term goal of wound 
closure. Such closure will halt or reverse the various fluid/
electrolyte, metabolic and infectious processes associated 
with an open burn wound. The burns are gently cleansed with 
normal saline, if the care is being provided on a stretcher or 

Box 27.10 Fluid Resuscitation Using the Parkland 
(Baxter) Formula

Formula Administration Example
4 mL Lactated 
Ringer’s solution 
per kg body 
weight per % 
total body surface 
area (TBSA) 
burn = total fluid 
requirements for 
the first 24 h 
post-burn 
(0 h = time of 
injury)

½ total in 
first 8 h
¼ total in 
second 8 h
¼ total in 
third 8 h

For a 65 kg patient with 
a 40% burn injured at 
1000 h:
4 mL × 65 kg × 40% 
burn = 10,400 mL in 
first 24 h
½ total in first 8 h 
(1000–
1800 h) = 5200 mL 
(650 mL/h)
¼ total in second 8 h 
(1800–
0200 h) = 2600 mL 
(325 mL/h)
¼ total in third 8 h 
(0200–
1000 h) = 2600 mL 
(325 mL/h)

N.B. Remember that the formula is only a guideline. Titrate 
to maintain urinary
Output at 30–50  mL/h, stable vital signs, and adequate 
sensorium
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Fig. 27.13 Initial wound care post-admission

Table 27.6 Objectives of burn wound care

Objective Rationale
Prevention of 
conversion

Wounds that dry out or develop an infection 
can become deeper. A partial-thickness wound 
could then convert to full-thickness and require 
skin grafting

Removal of 
devitalized tissue

Debridement, either through dressing changes 
or surgery, is necessary to clean the wounds 
and prepare for spontaneous healing or grafting

Preparation of 
healthy 
granulation tissue

Healthy tissue, free of eschar and nourished by 
a good blood supply, is essential for new skin 
formation

Minimization of 
systemic infection

Eschar contains many organisms. Removal is 
essential in order to decrease the bacterial load 
and reduce the risk of burn wound infection

Completion of the 
autografting 
process

Full-thickness wounds require the application 
of autologous skin grafts from available donor 
sites

Limitation of 
scars and 
contractures

Wounds that heal well the first time tend to 
have fewer scars and contractures. Some 
degree of scar and contracture formation are, 
however, part of the healing process and cannot 
be entirely prevented

bed. If a hydrotherapy cart shower or immersion tank are 
used, tepid water cleans the wounds of soot and loose debris 
(Fig. 27.13).

Sterile water is not necessary. Chemical burns should be 
flushed copiously for at least 20 min, preferably longer. Tar 
cannot be washed off the wound. It requires numerous appli-
cations of an emulsifying agent, such as mineral oil, Tween 
80®, Medisol®, or Polysporin® ointment. After several appli-
cations, the tar will have been removed without unneces-
sary trauma to healthy tissue. During hydrotherapy, loose, 
necrotic tissue (eschar) may be gently removed (debrided) 
using sterile scissors and forceps. Hair-bearing areas that 
are burned should be carefully shaved, with the exception of 
the eyebrows. This serves to minimize the accumulation of 
organisms. Showering or bathing should be limited to 20 min 
in order to minimize patient heat loss and physical/emotional 
exhaustion. More aggressive debridement should be reserved 
for the operating room, unless the patient receives conscious 
or deep sedation. After the initial bath or shower, further 
decisions are made regarding wound care. There are three 
methods of treatment used in caring for burn wounds. The 
goals of any topical agent should include: elimination of pain 
from environmental factors, barrier to environmental flora, 
reduction in evaporative losses, absorption/containment of 
drainage, delay/minimization of wound colonization, ability 
to penetrate eschar, and provision of splinting to maintain a 
position of function. In the open method, the wound remains 
exposed, with only a thin layer (2.0–4.0 mm) of topical anti-
microbial ointment spread on the wound surface using a 
sterile gloved hand or applicator. With the closed method, a 
dressing is left intact for 2–7 days. The frequency of dressing 
changes depending on the condition of the wound and the 
properties of the dressing employed. The choice of treatment 
method varies among institutions and also according to the 

severity of the burn wound. All treatment approaches have 
certain objectives in common (Table 27.6). In the emergent 
phase, wounds may be treated with a thin layer of topical 
antimicrobial cream. Topical coverage is selected according 
to the condition of the wound, desired results, properties of 
the topical agent (Table 27.7), availability and familiarity by 
the burn team.

Assessment criteria have been established for choos-
ing the most appropriate agent (Box 27.11). In the past, the 
most commonly selected topical antimicrobial agent was 
silver sulfadiazine, which can be applied directly to saline- 
moistened gauze, placed on the wound, covered with addi-
tional dry gauze or a burn pad, and secured with gauze wrap 
or flexible netting (Fig. 27.14). These dressings are usually 
changed twice a day. If the hydrotherapy room is used for 
the morning dressing change, the evening dressing is done 
in the patient’s room as it is too physically and emotion-
ally exhausting to shower the burned person twice daily. It 
is preferred that the antimicrobial be applied directly to the 
gauze as opposed to being spread on the wound for two rea-
sons: it is less likely that organisms will be spread from one 
part of a burn wound to another and it is generally less pain-
ful for the patient. After having been regarded for the past 
40  years of use as a “gold standard in burn patient care,” 
silver sulfadiazine cream has been noted to have a number 
of clinical disadvantages. Those disadvantages include the 
formation of a pseudo-eschar layer post-application, which 
interferes with evaluation of burn depth and rate of heal-
ing. Dressing changes need to be performed at least once, 
but generally twice, daily. Cytotoxic effects have also been 
noted, which slow down the healing process. A number of 
newer, burn wound products are becoming increasingly  
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Fig. 27.14 Applying silver sulfadiazine cream to saline-moistened 
gauze

Table 27.7 Topical antimicrobial agents used on burn wounds

Product Preparation Antimicrobial action Applications
Silver sulfadiazine
(SSD®, Silvadene®, 
Flamazine®)

1% water- soluble cream Gram-positive and Gram- negative 
organisms, yeast
Poor solubility with limited 
diffusion into eschar

Applied using the open or closed 
dressing method of wound care

Mafenide acetate
(Sulfamylon®)

8.5% water-soluble cream
5% solution

Gram-positive and Gram- negative 
organisms
Highly soluble and diffuses through 
the eschar
Same as above

Applied using either the open 
(exposure) or closed (occlusive) 
dressing method

Silver nitrate 0.5% solution Gram-positive and Gram- negative 
organisms, yeast, fungi
Hypotonic solution

Saturated dressings are applied to 
the wound or grafted surface

Petroleum and mineral 
oil-based antimicrobial 
ointments (e.g., 
Neosporin®, Bacitracin®, 
Polysporin®)

Neosporin® (neomycin, bacitracin, 
polymyxin B); Bacitracin® 
(bacitracin zinc); Polysporin® 
(bacitracin, polymyxin B sulfate)

Gram-positive and Gram- negative 
organisms
Ointments have limited ability to 
penetrate eschar

Applied to wound in a thin (1 mm) 
layer. Should be reapplied as 
needed to keep ointment in contact 
with wound

Acetic acid 0.5 and 2% solutions Gram-positive and Gram- negative 
organisms, pseudomonas at higher 
concentration

Saturated dressings are applied 
and covered with dry gauze

Mupirocin (Bacitracin®) 2% cream and ointment Gram-positive and Gram- negative 
organisms

Can be applied to an open face 
burn; can be applied to a body 
burn and covered with a dry 
dressing

Prontosan® Gel
Solution

Cleansing, decolonization, 
moisturizing, and prevention of 
biofilm

Can be applied to an open face 
burn; can be applied to body burn 
and covered with a dry dressing

Dakin’s Sodium hypochlorite 0.25–0.5% Gram-positive and Gram- negative 
organisms, yeast, fungi

Can be used as a wound cleansing 
solution or applied as a dressing 
and covered a dry dressing

Dakin’s 1:10 Sodium hypochlorite 0.05% As above As above

utilized, studied, and reported upon in the burn literature, thus 
providing burn care providers with a number of alternative 
options [40]. Patients lose a lot of body heat during dressing 
changes, so it is advised that the temperature of the room 
be elevated slightly and that only small to moderate-sized 

areas of the body be exposed at any one time. Cartilaginous 
areas, such as the nose and ears, are usually covered with 
mafenide acetate (Sulfamylon®), which has greater eschar 
penetration ability. Face care includes the application of 
warmed, saline- moistened gauze to the face for 20  min, 
followed by a gentle cleansing and re-application of a thin 
layer of ointment, such as polymyxin B sulfate (Polysporin®) 
(Fig. 27.15). Other alternatives include Prontosan® gel and 
mupirocin ointment/cream. A number of silver-impregnated 
dressings (Acticoat®/Acticoat® Flex, Aquacel® Ag, Mepilex 
Ag™) have also been commonly used in the emergent and 
acute phases of burn wound care [41]. These dressings are 
moistened with sterile water, placed on a burn wound and 
left intact anywhere from 3 to 4 days to as long as 21 days, 
depending on the patient’s individual clinical status and 
particular product. More recently, negative pressure wound 
therapy (NPWT)  manufacturers have incorporated an auto-
mated topical wound solution instillation and removal tech-
nology (V.A.C Veraflo™, KCI), which is being trialed in a 
number of burn centers, in addition to the traditional foam 
dressings [42–44]. It is generally recommended that silver 
dressings be used to reduce bioburden in acute burns that 
might be infected or are being prevented from healing by 
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Fig. 27.15 Facial burn wound care

microorganisms or to act as an antimicrobial barrier for acute 
burns at high risk of infection or re-infection. When choos-
ing a silver dressing, the needs of the patient and the wound, 
the characteristics of the wound environment, and burn team 
preferences are taken into consideration. Where bioburden 
is not a problem, silver dressings are not necessary. In those 
situations, petrolatum or paraffin-based, greasy gauze dress-
ings are commonly applied to clean, partial-thickness wound 
beds during spontaneous wound healing.

Infection may develop under the eschar as a result of 
organisms that were present deep in ducts or on adjacent 
areas which were not destroyed at the time of the burn. 
Topical antimicrobial coverage is selected according to the 
condition of the wound, desired results, properties of the 
topical agent, availability, and familiarity by the burn team. 
Whatever topical and dressing strategies are chosen, basic 
aseptic wound management techniques should be followed. 
Personnel generally wear isolation gowns over scrub suits, 
masks, head covers and clean, disposable gloves to remove 
soiled dressings or cleanse wounds. Sterile gloves should be 
used when applying inner dressings to the body or ointment 

to the face. The choice of dressings should take into consid-
eration the condition of the wound, desired clinical results, 
properties of the particular dressing, physician preference, 
and availability in each burn center. There are currently a 
number of biologic, biosynthetic, and synthetic wound cov-
erings available. The ideal dressing should possess particu-
lar criteria (Box 27.12). During the first few days post-burn, 
the wounds are examined to determine actual depth. It usu-
ally takes a few days for deep, partial-thickness wounds to 
“declare” themselves. Some wounds are deeper than they 
initially appear on admission. Scald injuries are almost 
always deeper than they appear on admission and need to 
be closely monitored. A treatment plan is then developed to 
ultimately close the burn wound, either through surgical or 
non- surgical means.

The focus of therapy in the acute phase is the management 
of any complications which might arise during the recov-
ery period and closure of the burn wound. This phase can 
have a duration of anywhere from a week to several months. 
Commencement of this phase begins with the onset of spon-
taneous diuresis and return of fluid to the intravascular space.

Assessment: The focus of attention is on the contin-
ued need for fluid therapy, wound care, physiotherapy and 
occupational therapy, pain and anxiety management. Fluid 
therapy is administered in accordance with the patient’s fluid 
losses and medication administration. Wounds are examined 

Box 27.11 Properties of Topical Antimicrobial Agents
• Readily available
• Pharmacologic stability
• Sensitivity to specific organisms
• Non-toxic
• Cost-effective
• Non-painful on application
• Capacity for eschar penetration
• Familiarity of burn team with product

Box 27.12 Criteria for Burn Wound Coverings
• Absence of antigenicity
• Tissue compatibility
• Absence of local and systemic toxicity
• Water vapor transmission similar to normal skin
• Impermeability to exogenous microorganisms
• Rapid and sustained adherence to wound surface
• Inner surface structure that permits ingrowth of 

fibrovascular tissue
• Flexibility and pliability to permit conformation to 

irregular wound surface; elasticity to permit motion 
of underlying body tissue

• Resistance to linear and shear stresses
• Prevention of proliferation of wound surface flora 

and reduction of bacterial density of the wound
• Tensile strength to resist fragmentation and reten-

tion of membrane fragments when removed
• Biodegradability (important for “permanently” 

implanted membranes)
• Low cost
• Indefinite shelf life
• Minimal storage requirements and easy delivery
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on a daily basis and adjustments made to the plan of care. 
The wound type, drainage, odor, appearance, and amount 
of pain are generally recorded on a wound assessment and 
treatment record. If a wound is full-thickness, arrangements 
need to be made to take the patient to the operating room for 
surgical excision and grafting.

The physiotherapist and occupational therapist will see 
patients daily and revise their plan of care on an ongoing 
basis [44]. The plan of care is understandably different if 
the patient is critically ill versus acutely ill but ambulatory. 
Efforts are made to adapt the care around major treatments, 
such as ORs, when the patient will be on bed-rest for a num-
ber of days. The patient’s level of pain and anxiety need to 
be measured and responded to on a regular basis. A variety 
of pharmacologic strategies are available (Table  27.8) and 
require the full commitment of the burn team in order to be 
most effective. It is helpful to have multiple modalities of 
medications to handle both the background discomfort from 
the burn injury itself and pain/anxiety experienced during 
procedural, surgical, and rehabilitative activities [45–47].

Management: Selecting the best method to close the burn 
wound is by far the most important task in the acute period. 
However, the team needs to continually monitor for a change 
in the patient’s status as a consequence of systemic compli-
cations, such as sepsis. Common fluid replacement choices 

include intravenous normal saline, glucose in saline or 
water, or Lactated Ringer’s solution. On occasion, albumin, 
plasma, and packed red blood cells might be given. Central 
lines, with multiple lumens, are essential when administer-
ing fluids and multiple medications simultaneously.

Wound care is performed daily and treatments adjusted 
according to the changing condition of the wounds 
(Table  27.9). During the dressing changes, nurses may 
debride small amounts of loose, necrotic tissue for a short 
period of time, ensuring that the patient is receiving adequate 
analgesia and sedation. Enzymatic debriding agents can also 
be used to facilitate eschar removal [48]. A constant dialogue 
needs to take place between the nursing and medical staff to 
ensure the right medication in the right amount is available 
for each and every patient. As the eschar is removed from the 
areas of partial-thickness burn, the type of dressing selected 
is based on its ability to promote moist wound healing. There 
are biologic, biosynthetic, and synthetic dressings and skin 
substitutes available today (Table 27.10) [49, 50]. Areas of 
full-thickness damage require surgical excision and skin 
grafting. There are specific dressings appropriate for grafted 
areas and donor sites [51–54].

Physiotherapy and occupational therapy are an essential 
component of a patient’s daily plan of care. Depending on 
the patient’s particular needs and stage of recovery, there 

Table 27.8 Sample burn pain management protocol

Recovery phase Treatment Considerations
Critical/acute with mild to 
moderate pain experience

IV morphine/hydromorphone
– Continuous infusion
–  Bolus for breakthrough, i.e., 1/3 continuous 

infusion hourly dose
–  Bolus for acutely painful episodes/mobilization, 

i.e., 3× continuous infusion hourly dose;

–  Assess patient’s level of pain q1h using VAS (0-10)
–  Assess patient’s response to medication and adjust 

as necessary
–  Assess need for anti-anxiety agents, i.e., lorazepam, 

midazolam
– Relaxation exercises
– Music distraction

Critical/acute with severe 
pain experience

1. IV morphine/hydromorphone
   – Continuous infusion for background pain
   – Bolus for breakthrough
   – IV fentanyl
   – Bolus for painful dressing changes/mobilization
2. IV midazolam or ketamine
   –  Bolus for extremely painful dressing change/

mobilization
3. Propofol infusion
   –  Consult with Department of Anesthesia for 

prolonged and extremely painful procedures, 
i.e., major staple/dressing removal

–  Consider fentanyl infusion for short-term 
management of severe pain

– Assess level of pain q1h using VAS
– Assess level of sedation using SASS score
– Relaxation exercises
– Music distraction
–  Assess need for anti-anxiety/sedation agents, i.e., 

lorazepam, midazolam

Later acute/rehab with mild 
to moderate pain experience

–  Oral continuous release morphine or 
hydromorphone—for background pain BID

–  Oral morphine or hydromorphone for breakthrough 
pain and dressing change/mobilization

–  Consider adjuvant analgesics such as gabapentin, 
pregabalin, amitriptyline, ketoprofen, ibuprofen, 
acetaminophen

– Assess level of pain q1h using VAS
–  Consult equianalgesic table for conversion from I.V. 

to P.O.
– Assess for pruritis
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Table 27.9 Sample burn wound management protocol

Wound status Treatment Considerations
Early acute; partial or 
full—thickness; eschar/
blisters present

– Silver sulfadiazine cream
– Mupirocin (Bactroban®) ointment/cream
– Prontosan gel
– Dakin’s 0.05%–0.25–0.5% solution
–  Mafenide acetate (Sulfamylon®) to cartilaginous 

areas of face, i.e., nose, ears
– Polymyxin B® sulfate (Polysporin®) to face

–  Apply thin layer (2–3 mm) of silver sulfadiazine to 
avoid excessive build-up (pseudo-eschar) and 
facilitate removal, cleansing, and re-application

– Prontosan gel prevents biofilm formation
–  Monitor for local signs of infection, i.e., purulent 

drainage, odor, and Notify the responsible 
physician if there is a potential need for alternative 
topical agents, i.e., acetic acid, mafenide acetate

Mid-acute; partial or 
full- thickness; leathery or 
cheesy eschar remaining

– Normal saline gauze
– Mupirocin (Bactroban®) ointment/cream
– Prontosan® gel
– Dakin’s (sodium hypochlorite)

0.05%–0.25–0.5% solution
– Full-thickness wounds to be excised surgically

–  Saline dressings to be applied to a relatively small 
area due to potentially painful nature of treatment

–  Potential use of enzymatic debriding agents 
(Collagenase Santyl®, Elase®, Accuzyme®)

–  Monitor for local signs of infection and notify 
M.D.

Late acute; clean partial- 
thickness wound bed

–  Non-adherent greasy gauze dressing (Jelonet®, 
Adaptic®)

–  Monitor for local signs of infection and notify 
M.D.

Post-op graft site –  Non-adherent greasy gauze dressing (Jelonet®, 
Adaptic®)

  → saline—moistened gauze
  → dry gauze → outer wrap
– Leave intact ×2 days
–  Post-op day 2, gently debulk to non-adherent gauze 

layer
  →redress once daily
– Post-op day 5, gently debulk to grafted area
  → redress once daily

– Select appropriate pressure-relieving sleep surface
–  Monitor for local signs of infection and notify 

M.D.

Early rehab; healed 
partial- thickness or graft site

–  Polymyxin B sulfate (Polysporin®) until wound 
stable BID

–  When stable, moisturizing cream applied BID and 
prn

–  Apply thin layer (2 mm) of polymyxin B sulfate 
(Polysporin®) to avoid excessive build-up

–  Avoid lanolin and mineral oil containing creams 
which clog epidermal pores and don’t reach dry, 
dermal layer

Post-op donor site –  Hydrophilic foam dressing (i.e., Allevyn®, 
Mepilex®) or medicated greasy gauze dressing (i.e., 
Xeroform®)

–  Cover foam with transparent film dressing and 
pressure wrap ×24 h

–  Remove wrap and leave dressing intact until day 4; 
replace on day 4 and leave intact until day 8. 
Remove and inspect

–  If wound unhealed, reapply a second foam dressing
–  If healed, apply polymyxin B sulfate (Polysporin®) 

BID
–  When stable, apply moisturizing cream BID and 

prn
–  Cover Xeroform® with dry gauze and secure. Leave 

intact for 5 days
–  Remove outer gauze on day 5 and leave open to air. 

Apply light layer of polymyxin B sulfate 
(Polysporin®) ointment. If moist, reapply gauze 
dressing for 2–3 more days

–  When Xeroform® dressing lifts up as donor site 
heals, trim excess and apply polymyxin B sulfate 
(Polysporin®) ointment

–  Monitor for local signs of infection and notify 
M.D.

Face –  Normal saline- moistened gauze soaks applied to 
face ×15 min

– Remove debris gently using gauze
–  Apply thin layer of polymyxin B sulfate 

(Polysporin®) or Prontosan® gel
– Repeat soaks q 4–6 h
–  Apply light layer of mafenide acetate (Sulfamylon®) 

cream to burned ears and nose cartilage

–  For male patients, carefully shave beard area on 
admission and as necessary to avoid build-up of 
debris. Scalp hair may also need to be clipped 
carefully on admission to inspect for any burn 
wounds
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are certain range-of-motion exercises, ambulation activi-
ties, chest physiotherapy, stretching, and splinting routines 
to follow. The program adjusts on a daily/weekly basis as the 
patient makes progress towards particular goals and as his/
her clinical condition improves or worsens.

Pain and anxiety management are critical in the acute 
period of care. Many of the activities a patient is required 
to do in order to get well cause him/her a degree of discom-
fort. The ongoing nature of the pain and the unfamiliar world 
of burn care can quickly exhaust a patient’s pre-burn cop-
ing strategies. Establishment of unit-based protocols that can 
be adjusted to meet each patient’s individual needs assists 
greatly in managing the pain and anxiety so often associated 
with burn care.

The focus of therapy during the rehabilitative phase is 
directed towards enabling the patient to return to a state of 
optimal physical and psychosocial functioning.

Assessment: The clinical focus in on ensuring all open 
wounds eventually close, observing and responding to the 
development of scars and contractures, and ensuring that 
there is a plan for future reconstructive surgical care, if the 
need exists. The transition from hospital to home or to a 
rehabilitation facility is a difficult one for most burn survi-
vors and their family members to make. Although they are 
likely given information as to what to expect on a number 
of occasions by various members of the burn team and con-
stantly reassured that support will be ongoing, pre-discharge 
anxiety levels can run high. As the burn patient prepares 

to leave the protective environment of the burn center, 
 numerous feelings may be experienced. Burn team members 
need to be sensitive to and encourage patients to verbalize 
concerns and questions. The burned person may experience 
feelings of uncertainty, fear, and anxiety about what lies 
ahead, decreased confidence following weeks and, perhaps, 
months of dependence on hospital staff, along with concerns 
about coping with treatment protocols and impaired physical 
mobility. Some may have to re-enter society with an altered 
body image and decreased sense of self-esteem.

Management: Wound care is generally fairly simple 
at this time. Dressings should be minimal or non-existent. 
Most of the wounds should have healed or be very small. 
Frustration may result, however, when the patient realizes 
that his healed skin in still quite fragile and can break down 
with very little provocation. The need to moisturize the skin 
with water-based creams is emphasized in order to keep the 
skin supple and to decrease the itchiness that may be pres-
ent. Ongoing counseling to assist with adjusting to an altered 
appearance and a dramatic change in one’s life plan is a very 
necessary part of post-discharge care [55, 56]. Nervousness 
about returning home after a prolonged absence and con-
cerns about resumption of previous roles and responsibili-
ties may also be experienced. If the burn survivor is being 
transferred to a rehabilitation facility, concerns are often 
expressed about adjusting to an unfamiliar environment, 
staff, and routines. Anticipating these concerns and talk-
ing with patients and families before the transition occurs 

Table 27.10 Temporary and permanent skin substitutes

Biological Biosynthetic Synthetic
Temporary Temporary Temporary
>Allograft/Homograft (cadaver skin)
  –  clean, partial, and full-thickness 

burns
>Amniotic membrane
  –  clean, partial-thickness burns
>Xenograft (pigskin)
  –  clean, partial, and full-thickness 

burns

>Nylon polymer bonded to silicone membrane 
with collagenous porcine peptides (Biobrane™)
  –  Clean, partial- thickness burns, donor sites
>Calcium alginate from brown seaweed 
(Curasorb®, Kalginate®)
  –  exudative wounds, donor sites
>Mesh matrix of oat beta-glucan and collagen 
attached to gas-permeable polymer (BGC 
Matrix®)
  – clean, partial- thickness burns, donor sites

>Polyurethane and polyethylene thin film 
(OpSite®, Tegaderm®, Omiderm®, 
Bioclusive®)
>Composite polymeric foam (Allevyn®, 
Mepilex®, Curafoam®, Lyofoam®)
  –  clean, partial- thickness burns, donor 

sites
>Non-adherent gauze (Jelonet®, 
Xeroform®, Adaptic®)
  –  clean, partial- thickness burns, skin 

grafts, donor sitesSemi-permanent Semi-permanent
>Mixed allograft seeded onto widely 
meshed autograft
  – clean, full-thickness burns

>Bilaminar membrane of bovine collagen and 
glycosaminoglycan attached to Silastic layer 
(Integra®)
  – clean, full- thickness burnsPermanent

>Cultured epithelial autografts (CEA) 
grown from patient’s own keratinocytes 
(Epicel®)
  –  clean, full-thickness burns
>Allograft dermis decellularized, 
freeze-dried and covered with thin 
autograft or cultured keratinocytes 
(AlloDerm®)
  – clean, full-thickness burns
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Fig. 27.16 Surgical excision of full-thickness burn wound

is an important part of the plan of care. Support to family 
is also important as they will assume the primary caretaker 
role once held by members of the burn team [57, 58]. Home 
care may need to be arranged and those health team mem-
bers can bear some of the burden of care until the patient is 
more self-sufficient. Community-based caregivers can also 
alleviate some of the anxieties of family members. Visits 
to clinic serve as important connections for staff, patients, 
and family and provide an opportunity to have questions and 
concerns answered, to receive feedback on progress to date, 
and to talk about changes in the treatment plan. The occu-
pational therapist plays an important role in the rehabilita-
tion period for this is the time when scar maturation begins 
and contractures may worsen. Scar management techniques, 
including pressure garments, inserts, massage and stretching 
exercises, need to be taught to patients and their importance 
reinforced with each and every visit. Encouragement is also 
essential in order to keep patients and families motivated, 
particularly during the times when progress is slow and there 
seems to be no end in sight to the months of therapy. The 
burn surgeon can also plan future reconstructive surgeries for 
the patient, taking into consideration what improvements the 
burn patient wishes to achieve first. For many, the wish is for 
functional improvements before esthetic enhancements.

27.9  Surgical Care

Full-thickness burn wounds do not have sufficient numbers 
of skin-reproducing cells in the dermis to satisfactorily heal 
on their own. The area may slowly fill in with granulation 
and fibrous scar tissues, migrating in from the wound mar-
gins and underlying connective tissue. However, the process 
is very slow and the results unacceptable from a functional 
wound closure and esthetic outcome perspective. Common 
practice in surgical burn management is to begin surgically 
removing (excising) full-thickness burn wounds within a 
week of admission. This technique of early excision has had 
a significant positive impact on survival, especially for those 
patients with moderate to large-sized burn wounds. In the 
past, patients with extensive burns frequently died of over-
whelming sepsis and/or malnutrition while awaiting surgery 
to remove the devitalized burn tissue. Most patients undergo 
excision and grafting in the same operative procedure. In 
some instances, if there is concern that the wound bed may 
not be clean enough for a graft to take, the wounds are excised 
and covered with topical antimicrobials, followed by a tem-
porary biologic or synthetic dressing. The donor skin (skin 
graft), which is harvested in this first OR, is then wrapped up 
in sterile fashion and placed in a skin fridge for later appli-
cation. Two days later, the patient returns to the OR to have 
the excised wounds (recipient bed) examined and the donor 
skin laid as a skin graft on the clean recipient bed. With large 

burn areas, it is necessary to serially excise and graft over a 
period of days to several weeks. Concern over blood loss, 
anesthetic and operative time, and lack of sufficient donor 
sites are the two limiting factors when attempting to excise 
and graft patients with extensive wounds.

Burn surgery involves excision of the non-viable eschar 
down to the point of punctate bleeding at the level of subcuta-
neous tissue or fascia (Fig. 27.16). Harvesting of donor sites 
for skin grafts is performed using a dermatome (Fig. 27.17). 
Hemostasis of both surgical sites must then be achieved and 
the donor skin placed onto the freshly excised recipient bed. 
Attempts are made to match skin thickness and color as closely 
as possible between donor sites and recipient sites. Grafts 
can be split-thickness or full-thickness in depth, meshed or 
unmeshed in appearance, temporary or permanent in nature 
(Table 27.11). The skin grafts are very thin (about .017 of an 
inch thick), but may be thicker, depending on the location of 
the recipient bed. For example, skin for an upper eyelid site 
would be much thinner than that intended for the back or a 
leg. Grafts should be left as unmeshed sheets for application 
to highly visible areas, such as the face, neck, or back of the 
hand (Fig. 27.18). Sheet grafts to the face are generally left 
open and frequently observed for evidence of serosanguinous 
exudate under the skin. In order to encourage a good blood 
supply from the recipient site to the donor site, the exudate 
needs to be removed. Two strategies frequently recommended 
include aspirating the exudate using a small gauge needle and 
syringe, or creating a small slit in the blister and gently using 
normal saline-soaked, cotton-tipped applicators to roll the 
fluid from the center of the “bleb” to the opening. On other 
parts of the body, grafts can be meshed using a dermatome 
mesher (Fig. 27.19). The mesher is set to an expansion ratio 
chosen by the surgeon. If there are sufficient donor sites to 
cover the excised areas, a 1½: 1 ratio is chosen. This expan-
sion ratio allows for exudate to come through and be wicked 
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into a protective dressing, while at the same time be cosmeti-
cally acceptable (Fig. 27.20). Wider expansion ratios (3:1, 6:1) 
allow for increased coverage when there are limited donor 
sites. However, the long-term appearance is less acceptable as 
the mesh pattern is more visible after healing and scar matura-
tion are complete. Meshed skin grafts are generally covered 
with one of a number of possible options, including silver-
impregnated, vacuum- assisted closure, greasy gauze, or cot-
ton gauze dressings. Most dressings are left intact for 5 days 

Fig. 27.20 Meshed split-thickness skin graft

Fig. 27.17 Harvesting a split-thickness skin graft

Fig. 27.18 Unmeshed split-thickness sheet graft

Fig. 27.19 Putting a skin graft through a dermatome mesher

Table 27.11 Sources of skin grafts

Type Source Coverage
Autograft Patient’s own skin Permanent
Isograft Identical twin’s skin Permanent
Allograft/homograft Cadaver skin Temporary
Xenograft/heterograft Pigskin, amnion Temporary
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Fig. 27.21 Mature split-thickness skin graft

to allow for good vascularization between the recipient bed 
and the skin graft. Following the initial “take-down” at post-
op day 5, the dressings are changed every day until the graft 
has become adherent and stable, usually around post-op day 8. 
It is possible to gradually determine the percentage of “graft 
take” during these dressing changes. If necessary, “touch-up” 
surgeries can be arranged over the next few weeks. For the 
next year or so post-burn, the skin grafts mature and their 
appearance improves (Fig. 27.21). Once hemostasis has been 
assured through the application of pressure and saline/adren-
alin soaks, the donor site can be dressed with either a trans-
parent occlusive, hydrophilic foam, greasy gauze and, more 
recently, silver dressings (Fig.  27.22). To encourage moist 
wound healing, the dressing should be left intact for several 
days, inspected and reapplied if indicated. Donor sites gener-
ally heal in 12–14 days and can be reharvested, if necessary, Fig. 27.22 Harvested donor site
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at subsequent operative procedures (Fig. 27.23). Surgical exci-
sion, skin grafting, and creation of donor sites can cause the 
patient’s pain level to increase. A careful examination of the 
effectiveness of medications and delivery schedule is a neces-
sary part of post-op patient care.

Blood loss during burn excisions can be a concern. The 
burn surgeon must carefully gauge how much excision and 
grafting can be performed in a single operation and be pre-
pared to conclude earlier if the blood loss is too great. From 
the anesthetist’s perspective, it is a challenge to estimate blood 
loss during a burn excision and then to know what blood 
replacement to give intraoperatively. From the patient’s point 
of view, he/she may not wish to receive donated blood unless 
it is absolutely necessary. Today, with modern operative tech-
niques, blood loss is less of a problem. The application of 
pressure, saline/adrenalin soaks, use of surgical tourniquets, 
and the newer tumescent technique have decreased blood loss 
significantly for burn excision procedures.

Over the past 10 years, there have been major advance-
ments in the development, manufacture and clinical applica-
tion of a number of temporary and permanent, biologic skin 
substitutes. Most of these products were initially developed 
in response to the problems faced when grafting the mas-
sive (i.e., >70%) burn wound where donor sites are limited 
(Table 27.12). As experience increases with these products, 
alternate applications are also being explored in both the 
burn patient and wound care populations. The search for a 
permanent skin substitute continues.

27.10  Coordination of Care: Burn Nursing’s 
Unique Role

Burn nursing offers many challenges and rewards. To be 
burned is to sustain one of the worst injuries possible. The 
complex physical and psychosocial demands challenge 

patients for weeks to months. The one constant health 
care professional through all stages of recovery is the burn 
nurse. While the patient and family are the central focus of 
care around which all activities of the burn team revolve, it 
is the burn nurse who serves as the central coordinator of 
patient care.

27.10.1  Nursing Interventions: Emergent 
Phase

During the emergent phase of care, the nurse is present for 
the admission procedure and is a participant-observer during 
the head-to-toe assessment and stabilization procedures. In 
collaboration with the burn physician, a wound care plan is 
decided upon and implemented by the nurse. The bedside 
nurse closely monitors the patient, which includes maintain-
ing effective airway clearance and gas exchange, assessing 
the adequacy of fluid resuscitation, and monitoring adequate 
perfusion to vital organs and extremities. Supportive care to 
the patient and family are key features of the nursing role at 
this time.

Thorough assessments and prompt interventions are impor-
tant as the patient’s clinical condition can change quite rapidly. 
Documenting and interpreting trends in objective patient data, 
along with keen subjective observations and guided clini-

Fig. 27.23 Healed donor site

Table 27.12 Biologic skin replacements

Source Product Description
Cultured 
epithelial 
autograft 
(CEA)

Epicel® 
(Genzyme 
Corporation, 
Massachusetts)

–  Cultured, autologous 
keratinocytes grown from 
patient’s donated skin cells

–  6–8 cells thick, 2–3 weeks 
culture time

–  Lacks dermal component; 
susceptible to infection

–  Lacks epidermal cell-to-
connective tissue attachment 
and is, therefore, very 
fragile

Dermal 
replacement

Integra® 
(Johnson & 
Johnson, Texas)

–  Synthetic, dermal substitute
–  Neodermis formed by 

fibrovascular ingrowth of 
wound bed into 2 mm thick 
glycosaminoglycan matrix 
dermal analog

–  Epidermal component, 
Silastic, removed in 
2–3 weeks and replaced 
with ultrathin autograft—
functional burn wound cover

–  Requires 2 ORs: 1 for 
dermal placement, 1 for 
epidermal graft

Dermal 
replacement

AlloDerm® 
(LifeCell 
Corporation, 
Texas)

–  Cadaver allograft dermis 
rendered acellular and 
nonimmunogenic

–  Covered with autograft in 
same OR procedure
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cal intuition alert the nurse to subtle changes in the patient’s 
condition that might require intervention. Interpreting the 
complex environment and required treatments to patients 
and families is very important. Preparing the family for their 
first glimpse of the patient since admission requires careful 
thought and sensitivity. If the patient’s face is burned, edema 
from the injury, compounded by the fluid resuscitation, may 
change the appearance dramatically. The eyes may swell shut 
and the head become enormously swollen. Reassuring the 
patient that the edema is only temporary and that his/her eye-
sight will return to normal is very important during the first 
24 h or so post-injury. If there is concern about the eyesight, 
the patient should be reassured that ophthalmology will con-
duct a thorough examination as soon as the swelling subsides. 
Concerns about disfigurement are often high at this time, par-
ticularly with family members who worry about the patient’s 
edematous, burned face. It is so very helpful if the nurse can 
instill in the family the importance of taking 1 day at a time 
and cautioning them that circumstances can change quickly 
and often in the first days post-burn.

Burn wounds are not uniform in depth and may need vari-
ous wound care techniques. During the first few dressing 
changes, the nurse may notice changes in the wound appear-
ance, indicating a deeper or lesser injury than initially diag-
nosed. Wounds should be assessed for their color, size, odor, 
depth, drainage, bleeding, edema, eschar separation, pos-
sible infection, cellulitis, epithelial budding, and altered sen-
sation. Clean technique can be utilized for dressing removal 
and wound cleansing, with sterile technique reserved for the 
inner, sterile cream/ointment/dressing application. Loose, 
necrotic, and broken blister tissue can be removed with scis-
sors and forceps as bacteria proliferate in burned tissue. Burn 
wounds can be cleansed using tap water, such as in a Home 
Care or Burn Clinic setting, or when using a cart shower sys-
tem in a burn center.

Normal saline can be used for wound cleansing at the bed-
side on a nursing unit. Some burn centers utilize a mild soap 
solution to cleanse the wound of debris and reduce the micro-
bial count. Consultation with the burn surgeon may result in 
an alteration in wound care or plan for surgery. Nursing’s role 
would include informing and explaining the change in care to 
the patient and family, and appropriate documentation in the 
nursing plan of care. Face care is conducted about every 6 h 
with special attention paid to cartilaginous areas. Tie tapes 
used to secure endotracheal and/or nasogastric tubes should 
be inspected every hour to ensure they are not pressing into 
the burned skin or nose/ear cartilage, cutting off circulation, 
and deepening the tissue damage. Eye drops or lubricating 
ointments are gently administered to protect the eye from 
further damage. Pulses to circumferentially burned extremi-
ties need to be monitored closely, in the event the patient 
needs a releasing escharotomy or fasciotomy to restore 
circulation. Peripheral pulses should be palpated hourly in 
the emergent phase, when the onset of edema is profound. 

A hand-held audible, Doppler may also be needed, if pal-
pation is ineffective. Signs of impaired circulation include 
progressive decrease or absence of pulses, progressive pares-
thesias, pallor and deep tissue pain. For burn-injured patients 
at risk for thromboembolism (i.e., those with lower extrem-
ity burns, obesity) and if there are no contraindications, low 
molecular weight heparin (enoxaperin <Lovenox>), or low 
dose fractionated heparin might be indicated. Burned arms 
and hands should be elevated, above the heart, on pillows or 
wedges to minimize edema. Patients with neck burns should 
not have pillows in order to prevent contractures. Burned 
ears must also be protected from external pressure as the 
blood supply to the cartilage is poor and infection can occur 
quite quickly. Patients should be positioned appropriately, 
i.e., anticontracture positioning, and assessed regularly for 
comfort and warmth. Moist dressings and prolonged dress-
ing changes can increase the incidence of hypothermia and 
hypermetabolism. Care must be taken to continually monitor 
the patient’s temperature and hypothermia avoided or mini-
mized by increasing the ambient temperature of the room, 
using overbed heat lamps and covering the patient with a 
hypothermia blanket. Intravenous fluids can also be warmed 
using a specially designed infusion device. In concert with 
the rehabilitation staff, the patient’s range of motion should 
be assessed at least twice a day. Rehabilitative or orthope-
dic devices should be inspected for appropriate application 
and specific instructions written in the patient’s plan of care 
or posted in the patient’s room for easy visibility and ref-
erence. The patient should also be turned frequently, i.e., q 
2h, assessed for his/her susceptibility to pressure sores and 
appropriate preventive or therapeutic interventions.

For the critically ill, ventilated patient, the nurse pays close 
attention to the security of the airway—that the endotracheal 
tube is placed correctly, secured adequately to prevent acci-
dental dislodgement during care or transport, and providing 
appropriate ventilation to the patient. The respiratory rhythm 
and character need to be monitored closely, along with signs 
of respiratory distress including nasal flaring, wheezes, stri-
dor, intracostal/sternal retraction, tachypnea, and triggering 
the ventilator. When suctioning the patient, attention should 
be focused on the color (especially if there is soot from an 
inhalation injury), odor, and amount of sputum. For non-
intubated patients, the same assessment takes place when the 
patient coughs up sputum on his/her own. Chest excursion 
needs also to be monitored to ensure good expansion and 
quality of respirations and, whether or not a releasing escha-
rotomy is needed or requires revision. The nurse also ensures 
the patient is receiving adequate amounts of analgesia to 
control pain and anxiolytics/sedating agents to minimize 
anxiety and agitation. Patients may become extremely dis-
oriented, withdrawn, combative, or have hallucinations and 
nightmare-like episodes. Pre-burn dementia and delirium 
are more acute at night and occur most often, but not exclu-
sively, in older adults [59]. Consultation with psychiatry or 
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gerontology services is helpful in quickly diagnosing and 
treatment delirium or similar behaviors. Nursing strategies 
to assist with care include frequent verbal re-orientation and 
reassurance, lights on/window blinds open in the day, sitting 
up in bed/wheelchair, and facing areas of activity to observe 
social interactions. Background pain (pain that is continu-
ously present) and procedural pain (intermittent pain related 
to activity, clinical procedures or surgery) must be continu-
ally assessed, through the use of evidence-based pain scales 
[60]. Unrelieved pain can have long lasting effects, includ-
ing stress-related  immunosuppression, increased poten-
tial for infection, delayed wound healing, and depression. 
The patient’s level of responsiveness to his/her surround-
ings, family members and stimuli in the room should also 
be assessed each hour. The use of neuromuscular/paralytic 
agents and sedatives must be carefully documented, along 
with the use of an evidence-based sedation scale.

Peripheral and central lines must be inspected frequently 
to ensure they are patent and secure as access is usually very 
limited in burn patients and so very necessary during the 
emergent phase. Fluid resuscitation, vasoactive drugs, pain 
and anxiety medications, along with numerous other intrave-
nous drugs, require this method of access. Great care is taken 
not to pull them out during the admission procedure, dress-
ing changes, or transport. The urinary catheter should also 
be examined routinely for patency and the perineal area kept 
clean and dry. The bladder should be palpated for distention. 
Hourly urinary output is a crucial indicator of the success of 
emergent period fluid resuscitation, in addition to its color, 
clarity, odor, and sediment. During daily team rounds, it is 
important to determine when a patient can be extubated, 
have IVs and urinary catheters removed, and paralytic/anal-
gesic/sedative agents weaned.

27.10.2  Nursing Interventions: Acute Phase

As the patient progresses to the acute phase of care, the focus 
of nursing expertise is on wound management, psychosocial 
interventions, pain management, and promotion of physi-
cal/occupational therapy initiatives. Wound care focuses on 
time-limited debridement of loose tissue, evacuation of blis-
ters, and gentle removal of exudate from the wound surface. 
A variety of dressings and/or biological/biosynthetic/syn-
thetic skin substitutes are available and may be incorporated 
into the patient’s plan of care. If the patient requires surgery, 
the nurse can explain the procedures and care required. 
Patients are frequently too overwhelmed to remember the 
burn surgeon’s explanations pre-operatively.

Patient and family education about wound care proce-
dures, rationale for particular dressings, and pre- and post-op 

care can be provided verbally and enhanced through book-
lets, articles, and videos. Incorporating cultural and learning 
styles into the educational process increases the likelihood 
the knowledge will be retained by the patient and family.

A hypermetabolic state, proportional to the size of the 
burn wound, occurs after a major burn injury. Resting meta-
bolic expenditure may be increased by 50–100% above nor-
mal. Core temperature and catecholamine levels become 
elevated. Massive catabolism can occur, leading to protein 
breakdown and increased gluconeogenesis. Burn patients 
continue to be hypermetabolic long after their wounds have 
healed [61]. Proper nutrition plays a key role in their recov-
ery. Increased caloric and protein requirements are usu-
ally met through nasogastric or nasojejunal tube feeding to 
maintain mucosal integrity. Calorie-containing nutritional 
supplements, milkshakes, and protein powder can also be 
administered. Nursing assessment includes frequent inspec-
tion of tube placement and patency. Placement is initially 
confirmed through radiographic confirmation. The involved 
are should be assessed for pressure necrosis and the feed-
ing tube secured to avoid premature removal. The tube may 
also be used for free water flushes, if the patient has high 
sodium levels, and for medication administration. Ensuring 
continued nutrition, once a patient is extubated, his/her 
nurse can contact the burn team speech language patholo-
gist to ensure safety of oral feeding [62]. The patient should 
also be assessed for a daily bowel movement and a bowel 
regimen implemented. Tissue ischemia/wound breakdown 
should be prevented/minimized through frequent reposition-
ing and pressure-redistribution surfaces. Progress during the 
acute phase can be slow. It may be a very frustrating time 
for patients and families when the efforts being put forward 
seem to result in such small, daily gains. The nurse can play 
an important role as trusted coach and cheerleader, bringing 
to the patient’s attention the progress that he/she observes. 
Nursing can also reinforce the rehabilitation therapists’ plans 
of care by ensuring exercises are performed and splints are 
worn according to schedule. Encouraging the patient to sit 
up in a chair for periods at a time and to ambulate to/from 
hydrotherapy and around the nursing unit, not only brings 
physical benefit, but emotional rewards as well. Frequently, 
staff and visitors alike comment on how well a patient is 
doing and how much improvement they see, which boosts 
morale and is very encouraging.

Families may need to be encouraged to take care of them-
selves now that their loved one is out of immediate danger. 
For some, that may mean spending more time taking care 
of things at home and less time at the hospital. Out-of-town 
families may return home for a few days. Upon their return, 
they may also be encouraged to participate in their loved 
one’s care to the extent they feel comfortable. Activities 
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include assisting with hygiene and skin care, helping apply 
splints, and coaching through the exercise routines. As the 
patient is able to demonstrate increasing levels of self-care, 
family may need to be advised when to help and when to 
hold back and offer verbal encouragement. Emotional sup-
port to family members may be appreciated as patients can 
verbally lash out in angry frustration when having difficulty 
doing something and family are advised not to intervene. It 
may also be helpful for family to see the patient’s wounds, 
from time to time, as it helps to put the recovery process 
into perspective. From then on, they have a reference point 
to compare how far the patient has come and what might lie 
ahead in the next phase.

27.10.3  Nursing Interventions: Rehabilitative 
Phase

Patients and families alike eagerly anticipate the final, reha-
bilitative phase of care. The focus for nursing is on psycho-
social interventions and discharge planning. But for some, 
the reality is harder to accept than they had imagined [63]. 
Some patients have magical expectations about how things 
will be once they return home. Others express frustration at 
not being able to go home just yet and of the need to be 
transferred to a rehabilitation facility. Some patients may not 
want to participate in their exercise routines or wear their 
pressure garments and splints as often as is considered opti-
mal. Nursing staff can play an important role of support-
ive listener/coach, acknowledging how hard it must be to 
keep going, day after day, knowing all the patient has been 
through and how long and difficult the recovery period may 
be. Short-term compromises can be negotiated in order to 
get the patient back on track, including a day off to recharge 
one’s energy and renew a personal commitment to the plan 
of care.

Wound care during the rehabilitation period is usually min-
imal. The healed skin, fresh grafts, and donor sites are fragile 
and require a thin layer of polymyxin B sulfate (Polysporin®) 
ointment until they have “toughened” up a bit. At that point, 
water-based moisturizers are applied to reduce the dryness, 
flakiness, and itchiness [64–68]. The gentle act of apply-
ing the cream serves as a form of beneficial massage during 
the scar maturation process. Nursing staff can also point out 
to patients that the act of applying creams is a useful, non-
threatening way to both desensitize the skin and to familiarize 
oneself with the parts of one’s body that are burned. Nurses 
can respond to cues from the patient and uses the opportunity 
to explore how the patient views his/her altered appearance 
[69, 70]. It can be a helpful strategy for family members also. 
For couples, it may be a helpful adjunct to restoring intimacy 

back into their relationship, as the spouse makes the slow 
transition from caregiver to lover [71].

During this final phase of care, patients are encouraged 
by their rehabilitation therapists and nurses to perform as 
many self-care activities as possible. Rehabilitation routines 
are adjusted as the patient’s abilities improve. There may 
be periods, however, when patients are fatigued, depressed, 
frustrated, and angry, and don’t want to participate in care 
[72]. These very normal feelings need to be acknowledged 
and worked through in order to be able to move forward. 
Perhaps for the first time, patients are able to acknowledge 
the losses they have experienced since the burn injury. Now 
that physical survival is ensured, the body seems to shift its 
energies to the psychological impact of the trauma. Some of 
this realization begins in the acute phase, but the majority 
of the work begins now. Nurses can provide patients with 
opportunities to verbalize their feelings in a non-judgmental 
atmosphere. Discussing and acknowledging fears and anxi-
eties is an important first step in overcoming them [73–76]. 
Many therapeutic conversations take place between nurses 
and patients if the nurse is responsive to the sometimes sub-
tle cues the patient gives out indicating a readiness to talk. 
In general, patients benefit from having someone to listen to 
and reflect back what they are feeling, and to validate that 
other burn patients have felt the same things and success-
fully returned to a productive life. Burn nurses can see the 
possibility of a new and rewarding life at a time when the 
burn patient sees nothing but endless adjustments, physi-
cal and emotional. The transition from seeing oneself not 
as a “burn victim” but as a “burn survivor” takes time and 
helpful encouragement from people who know that things 
will get better. In recent years, post-traumatic growth has 
been identified in the burn patient population, whereby 
improvements in particular life domains can exceed pre-
burn levels [77]. Nurses can encourage patients to link up 
with burn survivor support groups and seek support from a 
social worker, clinical nurse specialist, psychologist or psy-
chiatrist. Family therapy may be helpful if there are issues 
between husband and wife, parents, and children. Couples 
therapy may assist in overcoming difficulties with sexuality 
post-burn. In most instances, these problems correct them-
selves, with love and patience, as both partners need time 
to adjust to the burn survivor’s altered body image, fragile 
tissues, and stiff joints.

Adapting to a facial difference can pose a significant 
hurdle to patients and families. The biggest challenge is 
posed by responses from the general public. A patient can 
no longer blend into the crowd anonymously. Preparing the 
burn survivor to see him/herself for the first time requires 
careful thought and preparation. Nurses can assist patients to 
identify their pre-burn coping strategies and help apply them 
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to the present situation. Social re-entry and communication 
skills need to be learned and practiced in order for patients to 
be able to move about in public with as much self-confidence 
as possible. Burn survivor, Barbara Kammerer Quayle has 
developed the BEST program that teaches simple, effec-
tive ways to improve communication and create positive 
relationships, using STEPS to Self-Esteem (Fig.  27.24). 
REACH OUT is based on “Changing Faces” founder, James 
Partridge’s work on how communication skills can be used 
to help people cope with feelings of self-consciousness and 
others’ reactions (Fig.  27.25). More recently, his “3-2-1- 
GO” program has given burn survivors another useful skill 
to develop, while navigating through the challenges of com-
municating and interacting with the public when you have a 
facial difference.

Nurses can begin to explore such opportunities with 
patients before and after discharge. Post-discharge, nursing 
care is provided in a burn clinic setting that may be staffed 
by burn center nurses, a clinic nurse and/or a clinical nurse 
specialist. Follow-up during this time is extremely impor-
tant as the transitions from hospital to home can be diffi-
cult and complex. The need for support and guidance may 
continue for several years post-burn [78–81]. From a profes-
sional nursing perspective, the opportunity to work among 
the burned through months and years of recovery is a chal-

lenge and a privilege [82–84]. The courage and perseverance 
displayed by burned people and their families is truly a testa-
ment to the resilience of the human spirit.

27.11  Ongoing Care

In addition to the care already discussed, there are a number 
of areas that require ongoing attention. They include infec-
tion prevention and control, rehabilitation medicine, nutri-
tion, pharmacology, and psychosocial supports.

27.11.1  Infection Prevention and Control

Infection prevention and control is a major focus in burn care 
and multifactorial in nature. Since 70% of patients who die 
do so from sepsis, the onus lies with all members of the burn 
team to eliminate potential reservoirs and prevent transfer 
wherever possible. Broad strategies include suppression of 
infection transfer, elimination of reservoirs of infection, use 
of antimicrobials, and support of immune mechanisms.

Suppression of infection transfer. In simple terms, all 
burn patients have organisms on their contaminated burn 
wounds. Certain organisms, normally located in the gut, 
can migrate to other areas of the body, such as the lungs. If 
one considers that everything in a patient’s room becomes 
contaminated to him/her, then the focus is on environmen-
tal controls. Activities would include reducing items in that 
environment to strictly those considered essential, scru-
pulously cleaning items that come in and out of the room, 
such as shared equipment, X-ray and ECG machines, wear-
ing isolation gowns and disposable gloves before entering a 
patient’s room and scrupulous hand washing technique by 
all those entering and leaving the room. Appropriate use of 
personal protective equipment and individual patient risk 
assessment can dramatically reduce the potential for spread 
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Fig. 27.24 STEPS to self-esteem

R  Reassurance
E  Energy and effort
A  Assertive
C  Courage
H  Humour

O  Out
U  Understanding
T  Try again
      (James Partridge, 1998)
    
   “3 – 2 – 1 GO” Program

• 3 things to do when someone stares at you
• 2 things to say when someone asks what caused your scars/facial difference
• 1 thing to think if someone turns away from you

      (James Partridge in Blakeney, 2008)

Fig. 27.25 REACH OUT 
communication skills
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of an organism from one patient to another by a variety of 
vectors, the most frequent source being hands of caregivers. 
Common patient-care areas, such as hydrotherapy, dressing 
and operating rooms, need to be scrupulously cleaned after 
each patient use. Those patients, who have been identified as 
carriers of resistant or “difficult-to-treat” organisms, should 
be placed in strict isolation, not taken to the common patient- 
care areas or scheduled last in the OR schedule. Particular 
concern centers around hydrotherapy rooms and the risk that 
water-borne-resistant organisms could reside in the hose sys-
tem or water supply.

Elimination of reservoirs of infection. Such practices 
include frequent dressing changes and surgical excision of 
eschar to reduce the bacterial load at the wound site. This also 
decreases the opportunity for invasive burn wound infections 
and systemic sepsis to develop. Another important practice 
is the physical handling and removal of soiled dressings and 
linen, and rapid, effective cleanup of body substance spills, 
such as urine and blood.

Use of antimicrobials. Most burn wounds are covered 
with a broad-spectrum antimicrobial in either a cream/
gel format (silver sulfadiazene, mafenide acetate, mupiro-
cin, Prontosan®), soaks (sodium hypochlorite—Dakin’s; 
mafenide acetate, acetic acid, Prontosan®), or silver- 
impregnated dressings (Acticoat®, Acticoat® Flex, Aquacel® 
Ag, Mepilex™ Ag). The bacterial load is, therefore, con-
trolled until such time as the eschar is physically debrided 
through dressing changes or surgical excision. As the bacte-
rial load is reduced, the patient’s clinical condition is more 
likely to improve.

Support of immune mechanisms. Burn patients are immu-
nosuppressed until such time as their burn wounds have 
completely healed. The immune system can be enhanced by 
maintaining the integrity of unburned skin, proper nutrition, 
including antioxidants, and administration of fresh frozen 
plasma.

27.11.2  Rehabilitation Medicine

Although the formal rehabilitative phase of burn care begins 
when the wounds have closed, rehabilitation begins shortly 
after the patient is admitted to hospital. The physiotherapist 
and occupational therapist are key members of the burn team 
and work hard to engage the patient’s participation in a long- 
term plan of care. The focus of this plan is aimed at regaining 
and maintaining function and independence. Interventions 
include edema management, positioning, splinting, passive/
active-assisted/active range-of-motion (ROM) exercises, and 
ambulation. Attention is also directed towards functional 
activities, including activities of daily living (ADL), stretch-
ing, strengthening and endurance exercises, work hardening 
and conditioning activities, and burn scar management [85, 

86]. Particular areas of the body pose greater rehabilitation 
challenges and require care in specialized burn treatment 
facilities. They include the face, neck, axillae, feet, hands, 
and burns across joints.

Physical therapy: The main goals are to: (a) regain and 
maintain normal range of motion to all the joints. Range can 
be achieved through passive, active, or active-assisted means; 
(b) prevent/reduce contractures. Wounds heal by the process 
of contraction and vigorous efforts must be made to position 
and/or splint patients into positions of function as opposed to 
comfort (anti-function). Joints and limbs must be moved and 
stretched numerous times a day to overcome the powerful 
forces attempting to reduce full range; (c) increase muscle 
strength. Patients need to continue to use muscles unaffected 
by the burn to avoid muscle wasting. In addition, a program 
to learn to reuse and regain strength and endurance of those 
muscles affected by the burn needs to be set up for each 
patient; and finally, (d) restore/maintain cardiorespiratory 
function. Chest physiotherapy, suctioning, deep breathing 
and coughing, and early ambulation are essential to the plan 
of care. Physiotherapy can take place in the patient’s room, 
during hydrotherapy, in the operating room while the patient 
is under anesthesia, and in a burn center rehabilitation room. 
The patient then receives the benefits of a varied and inten-
sive program. Progress can be evaluated, activities altered to 
meet the patient’s changing needs and future surgical scar/
contracture releases scheduled [87].

Occupational therapy: The primary goals of occupational 
therapy are to assist the patient in returning to as functional 
an ability level as possible, to maximize his/her indepen-
dence, and to assist with burn scar management. In order to 
enhance personal motivation and to encourage active partici-
pation, the occupational therapist helps the patient to record 
and celebrate progress through wall charts and personal dia-
ries. Encouraging participation in activities that are mean-
ingful to the patient and journaling as a means of personal 
reflection are two strategies to engage a patient in long-term 
and often painful therapy. Early active involvement in activi-
ties of daily living is very important both from a physical 
and psychological perspective. Making a conscious effort to 
maximize independence is one of the major keys to success-
ful rehabilitation. Use of adaptive devices, such as padded 
handles for cutlery and button hooks, should be restricted to 
such time as the patient can perform the activities unassisted.

The occupational therapist also fabricates custom-fitted 
splints to maintain appropriate positioning for burned hands, 
feet, neck, and axillae. These splints are essential during the 
early post-burn period (for antideformity/anticontracture 
positioning), immediately post-op (to preserve function), 
and during rehabilitation/post-burn reconstructive surgery 
periods (to maintain or increase elongation of scar tissue). 
Splints need to be reassessed and remolded frequently as the 
patient’s edema increases or decreases, the contours of the 

27 Nursing Management of the Burn Patient



378

wound change or range of motion improves. A very impor-
tant part of the occupational therapist’s role is the application 
of pressure devices to flatten burn scars. Conventional goals 
for the treatment of burn scars include minimizing hypertro-
phy, increasing pliability, preventing or minimizing contrac-
ture, maximizing the formation of scar to normal anatomic 
contours, and optimizing cosmetic outcomes. Application of 
pressure during the early to mid-phases of wound healing is 
useful in treating edema. Products include elastic bandages, 
self-adherent wraps, such as Coban® and tubular, cotton- 
elasticized bandages like Tubigrip®. Later, when the skin is 
less fragile, patients are measured for custom-fitted pressure 
garments to be worn 23½ h a day for anywhere from 1 to 
1½ years. It is essential to provide patients with much sup-
port and encouragement during this difficult period of adapt-
ing to these garments [88]. It is exceptionally difficult for 
patients to adjust to facial masks, whether they be fabric or 
rigid, transparent plastic in nature. In order to provide extra 
support to contoured areas on the central face, in finger/toe 
web spaces, on the palm of the hand or interscapular area, 
inserts made from a variety of foam, rubberized materials, 
or thermoplastic splinting materials can be used. Silicone gel 
sheets have recently been used to treat smaller areas of the 
body where adequate pressure cannot be achieved, such as 
the face, arm, or hand.

Other physical agents commonly used as part of occu-
pational therapy include hydrotherapy, paraffin, ultrasound, 
electrical stimulation, and continuous passive motion 
machines. Laser therapy to treat burn scars is an emerging 
area of clinical practice and research [89–91].

27.11.3  Nutrition

During the early hypovolemic shock phase, there is decreased 
perfusion to the gastrointestinal system, resulting in tempo-
rary paralytic ileus. Patients are generally kept NPO until 
their bowel sounds return. In recent years, there has been 
some movement towards feeding patients enterally soon 
after admission in order to preserve gut function, reduce bac-
terial translocation, and prevent stress ulcers. A nasogastric 
tube is inserted and connected to low intermittent suction to 
decompress the area. Intravenous fluid replacement is begun 
and the patient assessed for nutritional/metabolic needs by 
the burn center dietitian. When bowel sounds return, the 
patient can be fed using the most appropriate route, based 
on stage of recovery and size of burn. Nutrition plays an 
important role in burn recovery [92]. Patients require a diet 
high in calories and protein to counteract the hypermeta-
bolic response noted post-burn and to support the growth of 
healthy tissue. A burn patient’s metabolic rate increases in 
proportion to the size of the injury. Burns are considered the 
most extreme example of hypermetabolic stress. Inadequate 

nutrition can negatively impact upon an individual’s immune 
response, wound healing, metabolic function, and survival. 
Metabolic expenditures can be calculated using a metabolic 
cart. Most caloric requirements now are based on a formula 
of 1.4 × basal energy expenditure (BEE). A volume-based 
feeding approach ensures patients receive their daily caloric 
requirements, despite interruptions in tube feedings through-
out the day [93].

After the burn injury occurs, catecholamines are released 
and there is an increase in the patient’s metabolic rate. In 
fact, there is a direct relationship between the size of the 
burn, the increase in metabolic rate and urinary catechol-
amine excretion. The metabolic rate returns to normal, but it 
may be several years after the burn wounds have completely 
healed. In addition to hypermetabolism, the patient experi-
ences a state of hypercatabolism in which lean body mass 
is broken down to provide amino acids for gluconeogenesis. 
Nitrogen loss through urine and wounds is a concern, as are 
the heightened requirements for protein necessary for anabo-
lism, wound repair, and improved immune response. Burn 
patients require fat in the form of lipids, vitamins, and trace 
minerals.

In order to determine each patient’s caloric needs, the 
dietitian assesses his/her energy requirements using indi-
rect calorimetry. A decision is then made as to what product 
should be given at what rate and by which route of enteral 
access. For burns less than 20%, many patients are well 
enough to consume sufficient calories and protein by mouth 
in the form of diet trays and oral supplements. If the oral 
intake doesn’t meet metabolic demands, supplementation is 
required. The enteral route is preferred in order to maintain 
the functional integrity of the gut. If patients don’t receive 
food early enough in their post-burn recovery period, it can 
result in intolerance to later feeding, diarrhea, greater likeli-
hood bacteria will translocate from the gut to another part 
of the body, and increased risk of infectious complications. 
Challenges in the commencement and ongoing delivery of 
nutrition do occur and vigilant nursing support is required 
[94]. Patients can be fed enterally by both noninvasive and 
invasive procedures. The least complex method is nasogas-
tric feeding, which can be administered continuously or by 
bolus feeds. Critically ill patients may have a gastric ileus 
and can’t be fed by the gastric route. A small-bore, feed-
ing tube, with a weighted end to facilitate passage, can then 
be passed beyond the pylorus into the small intestine. This 
approach is also safer for patients with altered levels of con-
sciousness, artificial airways, ineffective cough reflexes, and 
altered swallowing ability.

Duodenal feeding tubes can be placed, endoscopically 
or via fluoroscopy, if the specialized equipment and staff 
are available. This allows for quicker absorption of nutrients 
and a decrease in the nausea and vomiting that may occur 
with large volume tube feedings into the stomach. If long-
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Table 27.13 Anxiolytics commonly used in burn care

Generalized anxiety

Situational anxiety 
(dressing changes, major 
procedures) Delirium

Lorazepam 
(<Ativan>) I.V

Midazolam (<versed>) 
and ketamine 
(<Ketalar>) I.V.

Quetiapine 
(<Seroquel>) or 
haloperidol 
(<Haldol>) I.V.

–  Works nicely in 
combination 
with analgesics 
for routine 
dressing 
changes and 
care

–  Works nicely in 
combination with 
analgesics when 
very painful and 
prolonged 
procedures are 
performed; 
short- acting 
amnestic effect

–  Works nicely for 
patients who 
appear agitated or 
disoriented; 
anti-psychotic 
and sedative 
effect

term placement is required, percutaneous endoscopic gas-
trostomy (PEG) or percutaneous endoscopic jejunostomy 
(PEJ) tubes are available. The position of any feeding tube 
must be checked at frequent intervals and attempts made to 
secure it safely into position. Some disadvantages associ-
ated with these tubes include displacement and blockage. 
The feeds may also give patients diarrhea although that may 
have more to do with medications, particularly antibiot-
ics. Less common nutrition-related complications include 
abdominal distention and delayed gastric emptying, both 
of which can be assessed by a general surgery or internal 
medicine consultant. Patients also require monitoring for 
hyperglycemia and electrolyte imbalances associated with 
enteral feeding. As the patient’s wounds heal, the metabolic 
demands are decreased and a reassessment is performed at 
least weekly by the dietitian to determine the optimal nutri-
tional plan of care. Tube feedings are generally reduced, 
then tapered, as oral intake increases. Adaptive devices to 
feeding utensils, such as padded handles, can assist patients 
with burned hands to feed themselves. Families are also 
encouraged to bring in favorite foods from home to stimu-
late their loved one’s appetite. Before discharge, the burn 
patient is advised on dietary requirements at home by the 
dietitian to avoid unnecessary weight gain once the burn 
injury has completely healed.

27.11.4  Pharmacology

Throughout burn recovery, patients may require medication. 
Some are admitted with a past medical history that includes 
drugs for pre-existing conditions. A number of patients have 
a drug and/or alcohol abuse history. The role of the burn team 
pharmacist is an important one in order to ensure patients 
receive appropriate medications in the correct amount for the 
most appropriate time period.

When burn patients are first admitted, they are assessed for 
tetanus toxoid, because of the risk of anaerobic burn wound 
contamination. Tetanus immunoglobulin is given to those 
patients who have not been actively immunized within the 
previous 10 years. They are also given pain medication, which 
should be administered intravenously during the hypovole-
mic shock phase as gastrointestinal function is impaired and 
intramuscular (IM) medications would not be absorbed ade-
quately. There is a risk that the IM medications would pool in 
the edematous tissue and the patient would be overdosed when 
fluid mobilization begins. The medication of choice for mod-
erate to severe pain management is an opioid, such as mor-
phine or hydromorphone, as they are generally quite effective 
for most patients, can be given intravenously and orally, and 
are available in fast-acting and slow-release forms. Continuing 
education of health care professionals, regarding the use of 
such medications, remains an ongoing issue [95]. There are a 

number of other analgesics that have been identified as very 
effective with the burn patient population (Table 27.8). It is 
essential that burn patients’ pain be acknowledged and treated 
from the time of admission until that point in their rehabili-
tation when the physical discomforts have lessened to the 
point they don’t require medication [96]. A combination of 
analgesics for background pain (resting) and acute episodes 
(dressing changes, therapy) is most effective and gives team 
members flexibility to use the medication that is best for a 
variety of painful situations. As the burn wounds close and the 
patient’s pain level increases, reductions in analgesic therapy 
should occur by careful taper, rather than abrupt discontinua-
tion, of opioids [97]. If tapering does not occur, acute opioid 
withdrawal syndrome can occur. Burn patients, understand-
ably, may be highly anxious and agitated. Sedative agents, 
along with analgesics, are necessary and can be very effective 
(Table 27.13). Non-pharmacologic approaches to pain man-
agement (hypnosis, relaxation, imagery) can serve as useful 
adjuncts to opioid-based approaches [98].

Topical antimicrobial therapy is an important part of 
burn wound care. Most centers have agents of choice and 
alternate/exchange them if a resistance pattern emerges. 
For many years in burn care, the most widely used, broad- 
spectrum antimicrobial agent, was silver sulfadiazine. Its 
role is to reduce the bacterial load on the burn wound until 
the eschar can be removed. Local application on the burn 
wound is necessary, as systemic antibiotics would not be 
able to reach the avascular burn wound. Mafenide acetate 
is indicated for burned ears and noses as it has a greater 
ability to penetrate through cartilage. It is, however, more 
painful upon application than silver sulfadiazine and its use 
is restricted to small areas of the body. Alternative agents 
include acetic acid, mupirocin (Bactroban®) ointment/cream, 
and Prontosan® gel/solution. Systemic antibiotics are added 
when a burn wound infection, such as MRSA, has been clini-
cally diagnosed or other indicators of sepsis are present, such 
as pneumonia or uncontrolled fever [99, 100].
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Medications may be prescribed to manage gastrointes-
tinal complications, treat antiobiotic-induced superinfec-
tions and boost the patient’s metabolic and nutritional status 
(Table  27.14). Because they receive pain medications that 
are constipating, patients benefit from a bowel routine, com-
mencing upon admission. Attention must also be paid to 
reviewing and possibly ordering medications the patient was 
on before the burn injury, and arranging follow-up with a 
family physician upon discharge.

27.12  Psychosocial Supports

Psychosocial support to burn survivors and their family mem-
bers is essential. Caring attention to family provides them 
with necessary comfort so they, in turn, can be the patient’s 
single most important social support. Family frequently keep 
vigil by their loved one’s bedside throughout a potentially 
lengthy recovery period and become primary caregivers once 
the patient returns home. The burn team social worker pro-
vides ongoing counseling and emotional support to patients 
and family members. Specific examples include assistance 
with financial concerns, finding alternative accommodation 
if elderly patients cannot return home, navigating hospital 
insurance coverage, preparing to return to work or school, 
and strategies to handle ongoing problems at work or home 
[101–104]. Chaplains offer spiritual support during times of 
crisis and at various points along the road to recovery. For 
some, the burn injury is a tremendous test of spiritual faith 
and may raise questions for which there are no easy answers, 
such as “Why did this happen to me? How to I move for-
ward? What can I learn from this crisis?” Coming to terms 

with this traumatic event could move the patient forward in 
a positive way. Some burn patients are troubled psychologi-
cally pre-burn. They may have formal psychiatric diagnoses 
and/or histories of drug and/or alcohol abuse. For others, the 
psychological trauma begins with the burn injury. Referral 
to a burn team psychiatrist or psychologist for supportive 
psychotherapy and/or medication, such as antidepressants 
(i.e., venlafaxine <Effexor>, citalopram <Celexa>) can be 
very helpful. It is important, however, before such referrals 
are made, to discuss the situation with the patient (if he/she 
is considered mentally competent). This disclosure provides 
the team with an opportunity to share their interpretation of 
the patient’s behaviors and to listen to how the patient views 
his/her coping abilities and behaviors. The burn patient and 
his family need to feel supported and not stigmatized by the 
recommendation to seek psychological support.

In recent years, the role of patient and family burn sup-
port groups has been examined and encouraged as the power 
of the lived experience is profound [105, 106]. The advice 
and caring that comes from one who truly knows what it is 
like to survive a burn injury or the family member of one 
who has been burned are valuable beyond measure. Many 
burn centers are fortunate to have a burn survivor’s support 
group affiliated with them. Based in the United States, but 
with members from around the world, the Phoenix Society 
has hundreds of area coordinators and volunteers, through 
the SOAR (Survivors Offering Assistance in Recovery), 
who meet with burn survivors in their communities and help 
however they can http://www.phoenix-society.org or email 
info@phoenix-society.org or call 1-800-888-2876 (BURN). 
School re-entry programs and burn camps are also widely 
available through most pediatric burn centers. There are also 
work re- entry programs available in many rehabilitation cen-
ters and insurance programs. Additional information can be 
obtained from the Phoenix Society. Similar peer support sys-
tems exist globally.

27.13  Conclusion

Few injuries require the full repertoire of skills possessed by 
nurses of today as much as the burn patient. The demands 
are challenging, both intellectually and emotionally, but the 
rewards are immeasurable. Many burn nurses come to real-
ize that they played a key role in helping their patients, not 
only to survive a critical life event, but to triumph over it 
and to thrive in the future. This chapter is intended to pro-
vide those working among the burned with a comprehensive 
review of theoretical and practical knowledge, aimed at pro-
moting the delivery of evidence-based burn nursing practice. 
The author dedicates this chapter to burn nursing colleagues 
around the world.

Table 27.14 Medications commonly used in burn care

Types and names Rationale
Gastrointestinal care
Ranitidine (<Zantac>)
Domperidone (<Pantaloc>)
Esomeprazole (<Nexium>)

Decreases incidence of 
stress (Curling’s) ulcers

Nystatin (<Mycostatin>) Prevents overgrowth of 
Candida albicans in oral 
mucosa

Milk of magnesia, lactulose, 
docusate sodium, sennosides, 
glycerin, or bisacodyl suppository

Prevents/corrects opioid- 
induced constipation

Nutritional care
Vitamins A, C, E, and multivitamins Promotes wound healing, 

immune function
Minerals: selenium, zinc sulfate, iron 
(ferrous gluconate and sulfate), folic 
acid, thiamine

Hemoglobin formation and 
cellular integrity

Anticoagulation therapy
Enoxaperin (<Lovenox>)
Heparin

Prevents venous 
thromboembolism
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Summary Box
Nursing the burn-injured patient and his/her fam-
ily, throughout a potentially lengthy recovery period, 
requires a complex combination of clinical skills and 
nursing theory. It is the intention of this book chapter 
to explore the following areas of content, essential to 
the comprehensive care of the adult burn patient: criti-
cal care, acute care, burn wound care, pain and anxi-
ety management, support throughout rehabilitation, 
and psychosocial community re-integration. Nurses 
employed in community emergency departments, criti-
cal/acute care units in general/trauma hospitals, reha-
bilitation hospitals, outpatient wound care clinics, and 
mental health support services can benefit from the 
knowledge shared in this comprehensive review. Burn 
nursing care continues to be driven by evidence-based 
practices in burn care and improved upon by both 
quantitative and qualitative nursing research. This book 
chapter aims to provide both evidence-based care cur-
rently in clinical practice and suggest areas for future 
nursing research to serve burn patients in the future.
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Rehabilitation Management During 
the Acute Phase

Matthew Godleski and Nisha Chopra Umraw

28.1  Overview

28.1.1  Burn Rehabilitation

The overarching goals of burn rehabilitation are the restora-
tion of function, independence, and quality of life following 
burn injury. Reaching this goal requires a detailed under-
standing of the impact of burn injury and the application of 
early interventions to prevent and treat complications that 
would impact recovery. In addition, burn rehabilitation pro-
viders must also be mindful of longer term complications 
associated with scar maturation as well as psychological and 
social consequences that may arise at later stages of recovery 
as survivors attempt to return to pre-morbid activities. In 
many cases, the impact of these late-stage factors can be 
mitigated by early interventions, planning, and patient edu-
cation on the part of rehabilitation staff.

28.1.2  Defining Burn Therapy

Resources are available to guide rehabilitation providers 
towards the knowledge base, skills, and experience that are 
associated with burn injury recovery. The Burn Rehabilitation 
Therapist Competency Tool (BRTCT) project has worked to 
define the key areas of competence and best practice and 
exists to assist burn centers in developing center-specific 
standards for orientation and professional development of 
burn therapists [1, 2]. In many cases, these skill sets are 
largely outside of the routine training of occupational thera-

pists, physiotherapists, and speech-language pathologists, 
and it can be argued that a burn rehabilitation therapist can 
evolve from a number of backgrounds with sufficient experi-
ence and education.

Burn treatment and rehabilitation require the dedicated 
effort of the entire interdisciplinary team. The core team con-
sists of physicians, nurses, respiratory therapists, occupa-
tional therapists, physiotherapists, social workers, 
pharmacists, dieticians, speech-language pathologists, psy-
chologists, child-life therapists as well as the patient and 
their families. It is important for everyone to work together 
to help the patient maximize their recovery. Many rehabilita-
tion efforts must be coordinated with nursing, such as patient 
positioning, splinting, and encouraging functional use of the 
involved extremities. For example, range of motion (ROM) 
interventions can be done in conjunction with dressing 
changes to maximize windows if increased analgesia and 
sedation.

28.1.3  Patient Assessment and Goals

For any significant burn injury, early assessments should 
incorporate a functional history that includes an understand-
ing of the patient’s baseline activities and any pre-existing 
medical conditions that altered function, their social back-
ground and responsibilities, and patient-specific goals and 
concerns. Ongoing treatment should consider these goals 
and background as the plan of care is determined, and should 
be mindful of the potential psychological impact and quality 
of life. Concomitant injuries may also be present, particu-
larly for instances of trauma.

Specific to the burn injury itself, multiple factors should 
be considered. Characteristics such as burn size (total body 
surface area), depth of injury, inhalational injury, and pre- 
existing medical conditions can predict hospital length of 
stay, surgical needs, and associated general immobility from 
hospitalization [3–5]. Typically, superficial and superficial 
partial burn injuries will heal spontaneously and do not have 
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the same concerns associated with deeper injuries. However, 
pain and edema often still require management to aid in 
short-term functional recovery. Most of the consequences 
detailed within this chapter are specific to deep partial and 
full thickness burn injuries in which the body’s capacity to 
heal spontaneously is compromised, skin grafting is fre-
quently necessary, and more profound scarring and meta-
bolic changes are triggered [6]. The location of burn injury 
must also be considered—particularly for areas of high func-
tion such as the hands and face and skin approximating bony 
joints. Finally, the source of burn injury can play a role in 
anticipated rehabilitation needs, particularly in the case of 
electrical injuries.

28.1.4  The Impact of Burn Rehabilitation

The impairments of burn injury have features that distinguish 
them from many other diagnoses with functional conse-
quences. First, the base impairments such as edema, contrac-
ture, and hypertrophy can frequently be reduced or eliminated 
with consistent treatment. As a result, the goals of care are 
often directed at reducing the impairment (e.g., lack of full 
hand closure) rather than focusing on long-term adaptations 
or modified techniques to reduce disability. Second, burn 
injury impairments are recurrent for a period of months, 
requiring sustained treatment efforts to avoid ongoing devel-
opment of scarring complications [7, 8]. As a result, patient 
and therapy efforts—whether through formal treatment, 
home exercises, or therapeutic activity—must often continue 
for long periods of time to prevent development of disability. 
If successful, many burn survivors have the capacity to return 
to most if not all pre-morbid activities [9, 10].

Therapy should begin at the time of hospital admission 
and typically will be ongoing until discharge unless medi-
cally contraindicated by specific conditions or concerns 
regarding early skin graft fragility. Early mobility training 
including transfer training and progressive ambulation has 
been found to improve functional outcomes such as ROM 
and hospital length of stay over more passive approaches 
focusing on positioning and splinting [11], however, 
approaches need to be customized case-by-case depending 
on the specific patient and burn injury. Many patients can 
discharge from the hospital once wound care can be man-
aged in an outpatient setting if the patient is able to mobilize 
safely, carry out key aspects of self-care, and perform the 
required home therapy exercises independently [12]. 
Consideration should also be made for factors such as the 
size, location, and functional impact of the wounds, psycho-
logical health, social support, transportation to key services, 
and anticipated compliance with home exercise programs.

Patients with more severe injuries and/or those heavily 
impacting function may benefit from admission to a dedi-

cated inpatient rehabilitation unit. Inpatient rehabilitation 
has been found to improve length of stay, ROM, function, 
and balance specific to burn recovery [13–16].

28.1.5  Quality of Life and Long-Term Recovery

A full review of the impact of burn injury long-term on qual-
ity of life, psychological factors, and body image is outside 
the scope of this chapter. However, when treating patients in 
an acute setting it is important to consider longer term out-
comes. While quality of life is impacted by major burn 
injury, most survivors can return to a high level of health 
satisfaction even when injuries are present catastrophic [9, 
10]. Many patients with burn injury will be able to return to 
work [10, 17–19]. A number of factors may influence their 
success such as the size, severity, and locations of injury 
(such as the hands), psychosocial factors, and job-specific 
factors. As a result of these issues, approximately a quarter 
of major burn survivors will not return to employment in 
long-term recovery and many return to alternate employment 
than their original career [20].

In the immediate period following discharge, it is impor-
tant to note that at least one longitudinal study has found an 
association between mental health emergencies and the post- 
burn period, and mental health support should be considered 
in all cases of major burn injury [21]. Adjustment and coping 
with body image changes should also be considered as 
patients’ transition through stages of care.

28.2  Functional Complications of Burn 
Injury

28.2.1  Contracture

Contracture is defined as a loss of ROM or malalignment of 
anatomical structures such as joints due to the development 
of scar tissue and the loss of normal soft tissue length and 
extensibility. By convention, contracture in burn injury is 
referred to by the direction of resistance; for example, an 
elbow flexion contracture impairs elbow extension [22].

Contracture is a common complication of burn injury and 
is associated with normal processes of healing, wound con-
tracture, and scarring leading to a loss of normal skin elastic-
ity [7]. A 38.7% incidence of shoulder, elbow, hip, and knee 
contractures has been reported among survivors of major 
burn injury at the time of acute care discharge [23]. Relative 
incidence was related to factors such as length of stay, skin 
grafting, and the size of burn injury, while the severity of 
contracture was associated with graft size, amputation, and 
the presence of inhalational injury [23]. In burn recovery, 
ROM is measured primarily through goniometry though 
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additional tools have been validated for thumb opposition 
and compound finger flexion that facilitate tracking the 
movement of smaller joints less amenable to goniometry use 
(Fig. 28.1) [24–26].

One highly useful concept in understanding the potential 
impact of scar contracture is that of cutaneous functional 
units (CFUs) [27]. Under normal circumstances, uninjured 
skin allows for joint motion through a process of elongation 
and recoil. Intuitively, skin directly overlying a bony joint 
undergoes this process of stretching during motion; however, 
the research of Richard et  al. has skin is recruited from a 
wide field surrounding the joint. For example, in the majority 
of individuals, full shoulder abduction is associated with 
skin movement and stretching to the level of the umbilicus in 
the majority of individuals (Fig. 28.2). The serial recruitment 
of this available pool of normal soft tissue segments—or 
CFUs—allows for full joint motion without skin trauma and 
is critical to normal function.

Following burn injury, this pliable skin is replaced with 
scar tissue with reduced elasticity. Not surprisingly, the vol-
ume of CFUs affected by burn injury has shown value in 
predicting the development of burn scar contracture in survi-
vors [28]. As a result, burn rehabilitation providers should be 
mindful of not only the impact of local injury to a joint, but 
the compound effect of scarring to the pool of soft tissue sur-
rounding the joint in a wider area involved in full joint 
motion. The risks of developing specific issues must also be 
considered, such as webbing between digits, microstomia 

Fig. 28.1 Compound finger flexion using distance between the finger-
tip and palmar crease as a measurement of finger ROM at the metacar-
pophalangeal and interphalangeal joints. Source: Ellis and Bruton, 
2002 [25]

Fig. 28.2 Cutaneous functional units. Skin markings are spaced at 
2 in. increments on the anterior torso. The image to the left is a double 
exposure photograph demonstrating the movement of markings indicat-
ing skin recruitment during shoulder abduction. The image on the right 

identifies the size of the soft tissue recruitment in normal individuals; 
the majority of the individuals tested (14 of 20) recruited soft tissue to 
at least the umbilicus. Source: Richard et al., 2009 [27]

28 Rehabilitation Management During the Acute Phase
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(loss of opening volume of the mouth), ectropion (inversion 
of the eye lid), and lagophthalmos (incomplete eyelid clo-
sure) [6, 29].

Frequently, the methods employed for patients at varying 
stages of recovery need to evolve over time from the onset of 
injury. In early stages, techniques must accommodate bulky 
dressings, acute pain, ongoing medical interventions such as 
central lines, and patients with impaired level of conscious-
ness and deconditioning. In later stages, these factors lessen, 
however, as patients regain independence contracture pre-
vention methods may become more difficult to tolerate and 
may compete with functional use of limbs, but can be 
replaced with more active and functional techniques of 
restoring and maintaining ROM.

28.2.1.1  Mobilization
Early mobilization is key to limit the impact of bed rest, 
reduce adverse events, and to begin the process of functional 
recovery and contracture prevention. Specific to the post- 
grafting period, mobilization must balance concerns for 
early graft loss with the areas above. In many cases, surgeons 
will require a period of immobilization prior to resuming 
activity. Early post-operative mobilization has been pro-
posed, but medical literature to guide specific decision- 
making are limited [30, 31]. Recent practice guidelines have 
been proposed from the burn rehabilitation community 
regarding early ambulation for patients with smaller grafts 
(less than 300 cm2) which are not overlying joints and that 
can be effectively braced and have pressure dressings applied 
and can serve as a starting point for team decisions regarding 
early post-operative therapy [30].

28.2.1.2  Positioning
Patient positioning can be an important tool in the prevention 
of contracture during the acute phase of care. The body area 
affected by the burn should be positioned opposite the direc-
tion of potential burn scar contracture. Positioning must also 
consider the expected “position of comfort” in a setting of 
trauma and pain—most often the fetal position—as well as 
the impact of immobility and bed rest. Practice guidelines 
exist to serve as an effective starting point for considering 
positioning though individual scenarios and injury patterns 
should be considered in all cases for specific prescriptions of 
care [32] (Fig. 28.3).

28.2.1.3  Splinting
Splinting is frequently used to provide prolonged low-load 
stretching, particularly during periods of early graft fragil-
ity, reduced level of consciousness, but also with focused 
application in later care. A large range of splints have been 
employed in burn recovery to prevent and treat losses in 
ROM through prolonged, passive stretching, though scien-
tific data supporting use of specific splint designs is lim-

ited, as are outcomes studies evaluating specific approaches 
and prescriptions of use [33–36]. While there are theoreti-
cal concerns regarding the influence of prolonged stretch 
on the development of contracture during wound healing, 
recent analyses have found substantially decreased odds 
ratios of developing contracture through splint usage as a 
therapy tool [37, 38].

28.2.1.4  Stretching and Scar Massage
Mechanical stretching and massage of scar tissue to improve 
extensibility are also traditional approaches to burn- 
associated contracture. Like other interventions, specific 
medical literature to guide technique and outcomes are lim-
ited but suggest benefit for burn recovery [39, 40]. Stretching 
has the theoretical advantages of being focused on specific 
areas of ROM losses, progressive throughout a treatment to 
continually advance ROM gains, and can be integrated into 

• Head: the head should be positioned above the level of the

  heart.

• Neck: the neck should be positioned in the midline (no

  rotation or side bend) between neutral (0°) and 15° extension.

• Shoulder: the shoulder should be positioned in about 90°

  abduction and 15–20° horizontal flexion.

• Elbow: the elbow should be positioned in extension. Care

  should be given not to lock the elbow in full extension (about

  5–10° from full extension) in order to prevent further joint

  trauma.

• Forearm: the forearm should be positioned in neutral (zero

  degrees) or in about 10° supination.

• Wrist: the wrist should be positioned in neutral to about 10–

  15° extension.

• Hand: the metacarpophalangeal (MCP) joints of digits 2–5

  should be positioned in about 70–90 flexion, the interpha-

  langeal (IP) joints should be positioned in full extension. The

  thumb should be positioned in a combination of palmar and

  radial abduction at the carpometacarpal (CMC) with the MCP

  and IP joints in full extension.

• Hip: the hip should be positioned in neutral (zero degrees),

  no rotation and approximately 10–15° abduction.

• Knee: the knee should be positioned in extension. Care

  should be given not to lock the knee in full extension (about

  3–5° from full extension) in order to prevent joint capsular

  tightness.

• Foot and Ankle: the foot and ankle should be positioned in

  the neutral position (zero degrees plantarflexion/dorsiflex-

  ion flexion and zero degrees inversion/eversion).

Fig. 28.3 Clinical practice guidelines for joint positioning following 
burn injury. Source: Serghiou et al., 2016 [32]
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functional or recreational activities over time. Scar massage 
is typically deferred for a few weeks following skin grafting 
to prevent early graft shearing or superficial injury, but a 
number of techniques exist as potential tools once skin resil-
ience has improved.

28.2.1.5  Functional Impact of Contracture
The specific functional impairment from contracture remains 
a complex issue. At face value, the basic relationship is sim-
ple—as ROM decreases, impairment is expected to increase. 
However, injuries of some locations on the body (e.g., hands) 
have much larger functional implications than a simple size 
and depth of burn for another location (e.g., torso). Predicting 
the impact of specific contractures is also challenged by the 
potential for multi-joint ROM losses leading to compound 
movement issues [41]. Finally, the functional needs of indi-
vidual patients and baseline ROM may also vary.

28.2.2  Edema

Inflammation and wound healing lead to formation of edema 
particularly in the acute phase of care. Functionally, this can 
hinder mobility and cause pain particularly in dependent 
areas and can factor into contracture [42]. Elevation of 
dependent limbs above the heart can reduce edema and can 
be initiated early post-injury, and edema in the head and face 
can be managed by elevating the head of the bed. Compressive 
dressings and splinting can reduce edema while preventing 
contracture and become increasingly important for the lower 
extremities as patients mobilize [43]. Edema can be particu-
larly limiting in the setting of hand injuries, and early graded 
pressure approaches can improve pain and ROM.  In later 
stages, compression gloves can be employed. Active muscle 
contraction and functional use of the hand should be encour-
aged to promote edema mobilization.

28.2.3  Scar Hypertrophy

Scar formation is common following burn injury and is asso-
ciated with many factors ranging from depth of injury, com-
plications, age, and genetic background [44]. In many cases, 
scarring becomes hypertrophic, with progressive increases in 
scar height and thickness, altered pigmentation, erythema, 
and reduced pliability. During the acute phase of care, hyper-
trophic scarring is typically not present given the timeframe 
of development, however, acute care rehabilitation team 
members should be aware of the fundamentals of burn scar 
hypertrophy and its management.

Multiple measurement tools are available though serial 
measurements may be challenging due to the slow rate of 
change and the need to establish reproducible locations for 

measurement particularly in the setting of larger burn inju-
ries [44, 45]. The Vancouver Scar Scale is one of the most 
studied in the setting of burn (Fig. 28.4) [46, 47].

The two primary means of treatment are custom pressure 
garments and silicone gels and sheets. Pressure garments 
influence the collagen remodeling phase of wound healing. 
While the exact mechanism of action is unknown, it may be 
related to impact on local hydration, circulation, or inflam-
mation [48]. Recent reviews of the available medical litera-
ture have found that pressure therapy is effective for scar 
height and erythema, less clearly associated with improve-
ments in scar pliability and joint range of motion, and less 
likely to impact pigmentation or scar maturation [8]. Pressure 
garments should be custom fitted, employed as soon as 
wound healing allows application without adverse effect on 
dressings or injury from shearing, and worn 23 h per day for 
12 months or until scar is mature [8].

Silicone is hypothesized to mitigate hypertrophy through 
mechanisms such as occlusion and hydration of the skin 
[49]. Recent practice guidelines for the use of silicone gels 
and sheets have noted the following: silicone should be 
applied in cases likely to form hypertrophy scars once the 
wound has re-epithelialized, the benefit is likely only for 
immature scars, and silicone gels may have reduced adverse 
reactions compared to gel sheets [50].

Skin Characteristics Parameters

Pliability

Height

Vascularity

Pigmentation (hyper or hypo) 

0
1
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3

4

0
1
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4
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1

2

3

0
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Normal
Supple

Yielding

Firm

Adherent

Normal
1–2 mm

3–4 mm

5–6 mm

>6 mm

Normal
Pink

Red

Purple

Normal
Slightly ↑/↓
Moderately ↑/↓
Severely ↑/↓

Fig. 28.4 The modified Vancouver scar scale. Source: Nedelec et al., 
2008 [47]
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28.3  Skin Physiology Following Burn 
Injury

The skin is the largest organ in the human body, and it plays 
a range of physiological roles including the sense of touch, 
temperature regulation, and moisturization of the skin. The 
majority of these functions occur through dermis-derived 
structures that are compromised with deep tissue injury and 
which typically remain impaired despite split thickness or 
sheet grafting. Long-term physiological skin changes from 
deep dermal injury should be considered in early recovery 
and patient education.

The loss of distal nerve endings in the dermis leads to an 
increased threshold for detecting light touch, cold, and heat 
and a subsequent loss of perceived skin sensation and these 
changes typically persist long term [51, 52]. Temperature 
regulation occurs through the skin both through vascular 
shunting of blood via vasodilation and constriction as well as 
sweating and piloerection. Following skin grafting, these 
processes remain impaired with consequent decreased heat 
and cold tolerance relative to the size of skin injured [51, 53] 
though heat acclimation exercises may improve heat toler-
ance over time [54]. This is of particular importance given 
the benefits of strength training and aerobic conditioning in 
burn recovery [55].

Superficially, the loss of sebaceous glands and oil produc-
tion may seem trivial, but problems with pruritis, dry skin, 
and need for artificial lubrication through lotion remain some 
of the most common long-term complaints following major 
burn injury [52]. Beyond the need for early education, altera-
tions in skin oil may need to be considered for activities and 
employment that are accompanied by exposure to chemical 
irritants, dry heat, or cleaning materials.

28.4  Burn-Specific Complications

28.4.1  Peripheral Nerve Injury

The incidence of peripheral nerve injury in burn injury 
ranges widely in the medical literature depending on the 
inclusion criteria regarding the severity of burn injury [56, 
57]. In those categorized as major burn injury, research has 
found an incidence of 11% and associations with larger 
burns, more days on mechanical ventilation, increased surgi-
cal requirements, and longer periods of hospitalization [56].

Focal peripheral nerve injury typically occurs in the 
region of the burn injury, but can also arise as a consequence 
of critical illness, pressure from positioning or dressings, 
edema, or compartment syndrome. Focal injury incidence 
typically follows that of entrapment neuropathies, with the 
median, ulnar, and peroneal nerves most often at-risk and the 
upper extremity a more common site than the lower 
[56–58].

28.4.2  Heterotopic Ossification

Heterotopic ossification is the formation of pathological, 
ectopic bone in soft tissue and it is associated with a wide 
range of conditions ranging from spinal cord injury and trau-
matic brain injury to bony fractures and joint replacement 
surgeries. In the setting of burn, it is a rare complication 
associated with larger total body surface area of injury, and 
most often occurring adjacent to the elbow joint [59]. While 
rare, the rehabilitation implications of heterotopic ossifica-
tion can be severe, with patients experiencing increased pain, 
loss of ROM, and nerve entrapment particularly involving 
the ulnar nerve. These changes may often be first noted dur-
ing therapy interventions. Described medical interventions 
for prevention and treatment have included non-steroidal 
anti-inflammatory drugs, bisphosphonates, and radiation, 
and many patients require surgical resection of heterotopic 
ossification once the process has matured and the risk of 
recurrence has diminished months after onset.

Specific to rehabilitation, management of heterotopic 
ossification is ill defined. Early studies and scientific theories 
raised concerns that early, aggressive mobilization may be 
associated with the development and progression of hetero-
topic ossification [60]. However, in many cases the absence 
of early mobilization in the at-risk population would be 
expected to lead to soft tissue contracture and, once present, 
heterotopic ossification can cause severe upper extremity 
disability present for prolonged periods before patients can 
become candidates for surgery. Given these competing 
demands, there may be a role for ongoing mobilization 
despite concerns with heterotopic ossification, but the tim-
ing, intensity, and safety parameters of doing so remain 
unclear [60–62].

28.4.3  Electrical

Electrical injuries can cause all of the complications and 
therapy concerns discussed in this chapter, but due to the 
potential for deep tissue injury from electrical current travel-
ling through the body can cause a wide range of additional 
pathology with functional implications. Electrical injury is 
associated with fourfold increased risk of peripheral nerve 
injury, spinal cord injury and dysfunction, increased rates of 
limb amputation, ophthalmological complications including 
cataract formation, and a wide range of neurological and 
psychological manifestations [56, 63–68].

Complicating these issues is the fact that in many cases 
development of complications can continue to progress for 
weeks or months following injury. This may be due to the 
varied nature of the injury itself, with trauma occurring not 
only from thermal energy, but also due to vascular injury and 
pathological changes at a cellular or subcellular level [69], 
such as lasting cell membrane damage and protein denatur-
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ation. In addition—and likely also due to the unusual nature 
of damage from electrical injury—routine medical testing 
may fail to identify focal pathology [70]. As a result, reha-
bilitation providers should have a low index of suspicion for 
electrical injury-associated complications both at onset and 
over time, and consider the wide range of potential areas of 
tissue injury when reviewing patient complaints.

28.5  Summary

Early rehabilitation efforts are a key component of acute burn 
management. Burn caregivers should be aware of the short- 
and long-term impact of wound maturation and scarring and 
the consequences for functional recovery and quality of life, 
as well as techniques for preventing and treating burn-associ-
ated impairments. Successful programs should consider an 
evolution of recovery from the intensive care unit to the com-
munity and incorporate support and planning for sustained 
prevention of complications and long-term activity goals.
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Pediatric Burns

Robert L. Sheridan

29.1  Introduction

The basic principles of burn care are similar in adults and 
children, but some of the specific physiologic and technical 
details vary substantially [1]. The objective of this chapter is 
not to repeat what is covered by other chapters in this text-
book, but rather to briefly highlight specific practical compo-
nents of burn care in which important differences between 
adults and children exist.

29.2  Physiologic, Anatomic, 
and Psychologic Differences

Driving many of the practical differences in care between 
adults and small children are various physiologic, anatomic, 
and psychologic factors (Table 29.1). Many of these differ-
ences are physiologic and are more pronounced in younger 
children and infants [2]. Bronchospasm seems more prob-
lematic and common in young children who are fluid over-
loaded or who have inhalation injury. Very young infants 
may have a lesser ability to concentrate urine than older chil-
dren, making them more susceptible to dehydration. Young 
children also seem to be more susceptible to fluid overload, 
making accurate fluid administration essential. Young chil-
dren have a higher metabolic rate and therefore energy 
requirements than adults, making accurate nutritional sup-
port an early priority. In some cases, young children may be 
more susceptible to hyponatremia when administered hypo-
tonic fluid, resulting in cerebral edema and seizures. Young 
children have a higher surface area to body weight ratio, 
making them more susceptible to hypothermia (Fig. 29.1).

Important anatomic differences also exist. The child’s 
upper airway is narrow and more prone to occlusion from 
resuscitation-associated edema. The trachea is shorter in 
infants, and more susceptible to mainstem intubation. Young 
children have small caliber blood vessels, making vascular 
access more challenging. Children will often outgrow an ini-
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Table 29.1 Physiologic and anatomic differences of practical 
significance

Physiologic differences
•  Children seem more susceptible to symptomatic bronchospasm 

than adults
•  Young infants may have a less mature renal concentrating ability 

than adults
•  Young children seem to handle fluid overload poorly in 

comparison to adults
•  Children resuscitated with hypotonic fluid may develop cerebral 

edema and seizures
•  Young children have a higher metabolic rate and energy 

requirements per unit body weight and will lose lean body mass 
more rapidly if fasted

•  Young children have a higher surface area to body weight ratio 
which makes hypothermia more likely to occur

•  Young children may form hypertrophic scar more readily than 
older adults

Anatomic differences
•  Child’s upper airway is narrower and therefore more susceptible 

to occlusion by soft-tissue swelling
•  Child’s trachea is shorter and therefore more susceptible to 

mainstem intubation
•  Young children have thinner skin than older children and adults 

which makes burn healing and donor harvesting more problematic
•  Young children have smaller blood vessels than adults which 

makes vascular access more challenging
•  Young children grow, often outgrow, with an initially good 

surgical result and require revision
Psychologic differences
•  Pain and anxiety assessment is more difficult in children than 

adults
•  Family and school issues have a major impact on physical and 

emotional recovery in children
•  Major changes in psychologic needs with developmental stage 

are predictable

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18940-2_29&domain=pdf
mailto:rsheridan@mgh.harvard.edu


396

tial good surgical result, requiring more frequent reconstruc-
tive interventions. Anecdotally, young children more 
vigorously form hypertrophic scar than the elderly. Young 
children, like the elderly, have a much thinner skin, making 
burn healing and donor procurement more challenging.

Important emotional and psychologic differences also 
exist. Pain and anxiety are more difficult to assess in young 
children and adults. Emotional pitfalls and needs vary with 
development, with the middle school years being particu-
larly difficult. Family and school issues have a major impact 
on the well-being of a recovering child.

29.3  Epidemiology and Mechanism 
Differences

The etiology and incidence of burns varies most with socio-
economic status and age [3]. In the developing world, legis-
lative safety mandates are less frequently enforced resulting 
in both a higher incidence of injury and differing mecha-
nisms. Electrical injuries are far more common in developing 
countries as are related cooking injuries. In the developed 
world, scald injuries predominate in infants and toddlers.

Safety and prevention are laudable efforts in this age 
group. Safety mandates are variably enforced and include 
legislation regarding fire retardant sleepwear, fire safe ciga-
rettes, and hot water heater temperature set points. Prevention 
efforts focused on family education have been successful [4]. 
Constant repetition is essential.

Importantly, abuse and neglect as a mechanism of injury 
are more frequent in young children [5]. Burn providers are 
mandated reporters to their state child protective services. 

When caring for such children, non-judgmental 
 documentation, careful wound diagrams, and quality wound 
photography are extremely important (Fig. 29.2).

29.4  Outpatient Care Differences

Most burns in children are small and are quite competently 
managed in the outpatient setting by general pediatric prac-
tices [6]. Having a connection with a regional burn program 
is useful to such practices for the purpose of consultation and 
follow-up. Children selected for outpatient care should not 
need a fluid resuscitation, should have no airway embarrass-
ment, should be taking adequate liquids by mouth, should 
have no circumferential burns, and should not have deep 
burns of critical areas, or deep burns clearly requiring early 
surgery. Very importantly, the child’s family should be capa-
ble of dealing with the child’s acute and ongoing follow-up 
needs [7]. Numerous topical management strategies exist 
that apply equally well to adults and not be repeated here, the 
reader referred to the outpatient burn chapter. As in adult out-

Fig. 29.1 Young children have a high surface area to mass ratio and 
often minimal subcutaneous fat, making them extremely prone to 
hypothermia

Fig. 29.2 When caring for children in whom abuse or neglect is sus-
pected, detailed and non-judgmental documentation, careful wound 
diagrams, and quality wound photography are extremely important
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patient care, membrane dressings of a variety of types have 
proven efficacious in extending the ability to provide com-
fortable outpatient burn care (Fig. 29.3).

29.5  Inpatient Care Differences

The general management strategy for children with large 
burns based on the early excision paradigm is not conceptu-
ally different than that for adult patients [8]. These principles 
are well outlined elsewhere in this book. However, some 
subtle but important differences in execution do exist. 
Engaging the family throughout the care process is impor-
tant. Time should be budgeted in the busy provider’s day to 
review progress and plans with the family frequently. Having 
the family as an ally is extremely helpful both short and long 
term.

Some critical care differences are of practical importance. 
Endotracheal tube security is a particularly important issue 
in mobile young children with facial edema. Reintubating 
children after unplanned extubation can be quite challenging 
and is best avoided through adequate sedation and mechani-
cal tube security, one of which is a tube–tie harness system 
(Fig.  29.4). Uncuffed tubes are ideally avoided in all age 
groups [9]. Tracheostomy is needed in some children with 
injuries requiring long-term mechanical ventilation [10], but 
fairly long-term trans-laryngeal intubation is also associated 
with good outcomes [11]. Assessing and controlling pain and 
anxiety in young children with deep burns is very difficult, 
but should be done on a regular basis [12]. Children will pre-
dictably develop rapid tolerance to standard doses of opiates 

and benzodiazepines, and humane escalation is advised. 
Early use of a “third drug” is useful in blunting dose escala-
tion. Dexmedetomidine is an excellent choice. Procedural 
interventions often generate additional sedation needs, which 
can generally be addressed with additional opiates and ben-
zodiazepines or ketamine [13]. Good control of pain and 
anxiety may require high-dose pharmacotherapy but it has 
enduring positive psychologic benefit [14].

The hypermetabolic catabolic state is poorly tolerated by 
young children. Early tube feedings are advocated, generally 
beginning during resuscitation. Short-term parenteral nutri-
tion is well tolerated and can be useful during periods of sep-
sis or hemodynamic instability [15]. Nutritional targets 
should include 2–2.5 g per kilogram of ideal body weight per 
day of protein and a caloric target of 1.5–1.7 times a basal 
metabolic rate [16]. The use of anabolic agents remains an 
area of some controversy in the field with good outcomes 
documented on both sides [17, 18].

Differentiating benign fever from sepsis in children can 
be challenging. Many young children have a propensity to 
manifest high fever in the absence of infection. In the current 
era of antibiotic stewardship, if a child looks toxic with a 

Fig. 29.3 As in adult outpatient care, membrane dressings of a variety 
of types have proven efficacious in extending the ability to provide 
comfortable outpatient burn care. This membrane dressing absorbs 
moisture while releasing silver ion. Many partial thickness wounds will 
epithelialize under such membranes, but monitoring for submembrane 
infection is important

Fig. 29.4 Reintubating children after unplanned extubation can be 
quite challenging and is best avoided through adequate sedation and 
mechanical tube security, one of which is a tube–tie harness system as 
illustrated here
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fever, drawing blood cultures and starting antibiotics with a 
plan to stop them if the blood cultures are negative at 72 h is 
reasonable [19]. Children with inhalation injury and respira-
tory failure are ideally managed with lung protective strate-
gies of mechanical ventilation, pulmonary toilet, and focused 
treatment for infection [20]. It was not that long ago that 
young age was an independent predictor of mortality in 
burns. However, that is no longer the case largely secondary 
to the evolution of pediatric critical care techniques with 
early wound excision, accurate individualized fluid resusci-
tation, lung protective strategies of ventilation, and focused 
treatment of infection [21].

29.6  Fluid Resuscitation Differences

Basic principles of burn resuscitation are similar in adults 
and children. Here again, this section will only present dif-
ferences that have practical clinical consequences. Children 
with burns less than about 15% of the body surface generally 
need no formal resuscitation. Providing them fluid at about 
150% of a maintenance rate via combined oral and intrave-
nous route is generally sufficient. Adequacy of hydration can 
be monitored by urine output (weighing diapers and physical 
exam looking at mucous membranes and peripheral pulse 
quality).

As burns become larger, a calculated resuscitation is 
advisable. It has been the authors experience that over- 
resuscitation is quite common in young children which exac-
erbates the complications associated with anasarca. 
Resuscitation-associated anasarca can be minimized by 
refining resuscitation endpoints (Table  29.2) and by more 
liberal use of colloid early in resuscitation [22]. Extreme 
anasarca is associated with morbidity related to retrobulbar 
edema, compartment pressure elevations, impaired gas 
exchange, and abdominal visceral edema (Fig. 29.5). While 
acknowledging the success of crystalloid-only resuscitation, 
the author’s personal practice has included early colloid for 
many years, and is detailed in Table 29.3 [23].

As in adults, inhalation injury, very deep burns, and resus-
citation delay increase fluid needs. Enteral burn resuscitation 
can be successful, particularly in children with small and 
medium size burns [24]. In all injuries requiring fluid resus-

citation, frequent monitoring and titration is the only way to 
ensure that resuscitation accurately meets individual patient 
needs.

29.7  Acute Procedural and Operative 
Differences

Techniques of burn procedures and operations are covered 
elsewhere in this textbook. However, there are some impor-
tant points to emphasize when managing young pediatric 
patients. When doing procedures on the burn unit, children 

Table 29.2 Suggested resuscitation endpoints in children

• Comfortable but easily arousable sensorium
• Warm distal extremities with easily palpable pulses
•  Systolic blood pressure of 60 mmHg systolic in infants, 70–90 

plus 2 times age in years in mmHg for older children, and mean 
arterial pressure over 60 mmHg for adolescents

• Pulse between 80 and 180 per minute (age dependent)
• Urine output of 0.5–1 cm3 per kg per hour (glucose negative)
• Base deficit less than −2

Fig. 29.5 Extreme anasarca contributes to retrobulbar edema, requir-
ing decompression as illustrated here, as well as extremity compart-
ment pressure elevations, impaired gas exchange, and abdominal 
visceral edema. It can be minimized with a careful individualized resus-
citation emphasizing refined endpoints and early use of colloid

Table 29.3 Author’s personal fluid resuscitation practice

Initial infusions
Burn size LR 5% albumin
1–20% 1.5M None
20–50% P minus 1M 1M
>50% P minus 2M 2M
M = calculated maintenance rate based on weight
P=Parkland calculation for crystalloid (4 cm3/kg/%burn in first 24 h, 
half in first 8 post-injury hours—typically 0.25 cm3/kg/%burn/h for 
first 8 h)
Other points
1.  During first 24 h, fluid rate titrated hourly to resuscitation 

endpoints. For first 24 h, LR is titrated. At 24 h, LR and albumin 
are titrated in tandem. Typically, patients need about 1.5M at 
24 h

2.  If patient is child less than 20 kg, 1M of initial LR is given as 
D5LR, with the remainder given as LR

3. When needed, boluses are given as 10 cm3/kg of 5% albumin
4. Overall goal is to be “just on the dry side of normovolemia”
5.  Tube feedings can be started at trophic rate during first 24 h in 

stable patients. Tube feeding rate is subtracted from LR rate
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are difficult to calm verbally. Child life interventions can be 
incredibly effective and should be used whenever available. 
If these are not adequate to make a bedside procedure safe 
and humane, ketamine is a safe and effective way to do make 
otherwise frightening and uncomfortable procedures safe 
and tolerable.

Certain intraoperative considerations are useful [25]. 
Preemptive temperature management is important when 
operating on young children who will rapidly become hypo-
thermic unless the operating room temperature is kept high. 
They are generally quite easy to cool when necessary, but to 
perform a large excisional operation in a small child will 
require operating room temperatures approaching 120 °F to 
maintain normothermia and normal coagulation. Temperature 
monitors should be placed on induction. Well-trained pediat-
ric anesthesia teams are essential. They best do their job 
when continuous communication is initiated by the surgical 
team regarding operative blood loss, temperature manage-
ment, vascular access, fluid administration, urine output, and 
gas exchange. Comfortable and respectful collaboration is an 
important element of success.

The use of hemostatic techniques of excision should be 
absolutely routine in all patients. Careful operative planning 
facilitates swift execution of the procedures. Extremity 
exsanguination and proximal tourniquets are useful. Dilute 
epinephrine clysis is incredibly effective at limiting blood 
loss from excised wounds and donor sites [26].

29.8  Reconstruction and Rehabilitation 
Differences

The need to meet developmental milestones puts added pres-
sure on the burn team to deliver a high quality functional 
result. Children will quickly outgrow an initially adequate 
result, mandating frequent follow-up with operative and 
rehabilitation interventions to meet these needs. The quality 
of a child’s family and school environment has an enormous 
impact on both their emotional and physical recovery [27]. 
Burn teams should be prepared to train and guide families 
and help them meet their child’s burn recovery needs. The 
burn team should also be prepared to help the child’s school 
with reintegration. This may take the form of class education 
and input into individualized education plans.

29.9  Conclusion

Burn care for children has improved substantially in recent 
decades [28]. Concentration of care in high-volume pediatric 
centers has been shown to enhance survival outcomes [29]. 
Even children with massive burns can become happy and 
productive citizens when participants in a holistic recovery 

program [30]. The opportunity to follow a child through their 
growing years and help them to realize an optimal physical 
and emotional recovery is a rare and rewarding gift.
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Geriatric Burns

Holly B. Cunningham, Kathleen S. Romanowski, 
and Herb A. Phelan

30.1  Epidemiology and Risk Factors 
for Geriatric Burn Injury

The large majority of burns sustained by elders arise from 
one of three general mechanisms or activities: those sus-
tained due to smoking, those suffered from mishaps while 
cooking, and scald injuries. The fact that elders are uniquely 
vulnerable to burn injury is borne out by the National Center 
for Health Statistics’ 2010 finding that adults 65 years of age 
and older accounted for 35% of all national burn deaths 
while accounting for 13% of the population [1].

Mobility limitation is prevalent in 44% of elders [2] and 
by itself has been shown to lead to a loss of independence 
[3], decreased quality of life [3, 4], institutionalization [5], 
and mortality [6, 7]. While general age-related declines in 
mobility are multifactorial, they tend to funnel down into a 
common pathway for the risk for burn injury. Patients with 
limitations in mobility have difficulty evacuating themselves 
from a burning structure. Confinement to a wheel chair is 
problematic, as the difficulties of navigating a chair during 
an emergency require both upper body strength and a struc-
ture that is chair-compatible. Additionally, limitations in 
mobility make it difficult for elders to quickly remove an 
article of clothing which has ignited. Finally, difficulties with 
mobility and balance put patients at risk for a ground level 
fall during their reaction to the event which can lead to hip 
fractures or head injuries both of which complicate their 
prognosis..

Cognitive impairment with or without dementia is a very 
common comorbidity as it is seen in 3.4 million [8] and 5.4 
million [9] Americans age 71  years or older, respectively. 
Cognitive impairment can also be iatrogenic since aging 
entails developing increasing numbers of chronic illnesses. 
Americans today are living longer with these comorbidities, 
and most of them are treated pharmacologically with regi-
mens that each come with their own risk profile. Elders are 
known to commonly have adverse reactions due to differ-
ences in pharmacokinetics, and are at risk for poorly coordi-
nated or duplicated care due to visiting multiple prescribers 
and pharmacies [10, 11]. These drug regimens can lead to 
episodes of hypotension, drowsiness, and impaired judge-
ment. Alcohol and illicit drug use in the elderly is prevalent, 
and can by itself or in conjunction with prescribed medica-
tions exacerbate cognitive impairment [12]. Regardless of 
the etiology of impaired mental function, these conditions all 
put an elder at risk for burn injury due to their effect on the 
elder’s ability to recognize behavior as dangerous, that haz-
ards are present, or that certain solutions are logical or not. 
Additionally, a confused patient may have difficulty recog-
nizing the severity of a given injury leading to a delay in 
seeking necessary medical attention.

While home oxygen therapy is common among the 
elderly, the proportion of those who continue to actively 
smoke is rarely commented upon in the literature. In the few 
studies that could be located which specifically addressed 
this issue, the proportions seen ranged from 20% [13] to 38% 
in the Nocturnal Oxygen Therapy Trial [14], and 43% in the 
British Medical Council’s trial of home oxygen in COPD 
[15]. The risks entailed with this practice are clear, but the 
strength of addiction makes curtailing this activity difficult.

Age-related diminishing of sensory is a risk factor for 
burn injury. A decrease in auditory acuity results in an inabil-
ity to hear smoke alarms, just as a loss of visual acuity 
increases the likelihood of not being able to see cues to the 
presence of a fire hazard or subtle signs of flames or smoke. 
Olfactory losses can make the detection of smoke or natural 
gas difficult. Finally, diminished sensation is a common 
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 finding in the elderly which can cause them to place their feet 
too close to heat sources or to have difficulty assessing water 
temperature [1].

Fixed incomes have been shown to be a risk factor for 
burn injury. According to the Social Security Administration’s 
2016 data, 21% of married Social Security Recipients and 
43% of single recipients rely on Social Security for 90% of 
their gross monthly income [16]. Nine percent of the elderly 
live below the poverty line, with many more living close to it 
[17]. Living on a fixed income often lends itself to living in 
housing that is substandard with electrical and mechanical 
systems that are outdated or under-maintained. When central 
heating is absent or not dependable, the elderly will often 
turn to such heating sources as space heaters, fireplaces, and 
cooking ovens. Further, these environments may not have 
fire safety as a priority. A 2008 survey of homebound urban 
elders found that 37% had no functional smoke alarms, 82% 
had no access to a fire extinguisher, and 46% had hot tap 
water that exceeded 120 °F [18]. This association with fixed 
incomes is also reflected in racial and gender differences in 
fire-related mortality as African-American females age 
85 years and older have an 11-fold increase in the relative 
risk of dying in a fire than the general population [1], and 
males 19-fold higher [1].

It is human nature to try to retain independence for as 
long as is possible, and for seniors maintaining indepen-
dence is a significant feature of quality of life [19]. With 
functional adaptations, many caregivers are able to assist 
elders in safely staying in their own home. However, for a 
significant proportion despite warning signs such as escalat-
ing medical needs, caregiver strain, or concerns about safety, 
the stigma associated with skilled nursing facilities causes 
them to procrastinate on the decision to move their care to a 
less independent environment. Compounding this risk is the 
fact that as spouses die, many elders are left to live alone. In 
total, 28%, or 12.1 million, of non-institutionalized seniors 
live alone [20].

30.2  Burn Injury Prevention for the Elderly

Fire safety and burn prevention programs have historically 
been geared towards children and the general population 
[21]. This general lack of awareness regarding the impor-
tance of educating seniors is reflected in the fact that adults 
age 60 years and older are the least targeted demographic 
for burn prevention and fire safety [22]. Indeed, a 2008 sur-
vey of New York and New Jersey seniors revealed that less 
than 20% reported receiving fire safety within 5 years [23]. 
Additionally, when asked to rank where fire safety and burn 
prevention ranked in the order of 13 common health topics 
they discussed with their PCP, seniors reported fire safety 
and burn prevention to be last [23]. While there is a small 

body of literature assessing the effect of an educational 
program in the elderly which demonstrate an increase in 
seniors’ burn prevention knowledge [24–28], all have a 
 follow up.

Residential fire deaths due to unextinguished cigarettes 
have been addressed via an engineering solution in which a 
design standard has now been approved which requires that 
cigarettes self-extinguish when not actively being smoked. 
This has been accomplished by the placement of two to three 
thin bands of less-porous paper in the cigarette which causes 
an extinguish rate of 75% over 40 average cigarettes. In 
2010, Wyoming became the 50th state to pass legislation 
requiring the use of the fire-safe cigarette design at the local 
point of sale. A subsequent study found that passage of the 
law was associated with a 19% reduction in overall residen-
tial fire mortality rates with a protective effect seen for every 
age, sex, race, and ethnicity strata that was analyzed [29].

Other burn injury preventions that lack evidence but 
which are safe, inexpensive, and possibly efficacious are to 
be recommended. For seniors with impaired cognition who 
insist on attempting to continue cooking, the use of a timer in 
the kitchen to remind them to turn off the stove or burners is 
an option. For those for whom cooking is no longer deemed 
to be safe by their caregiver, removal of the knobs from the 
stove is a solution. Special smoke alarms have been created 
for the hard of hearing. When activated these devices will 
flash, emit low-frequency audible alarms, and have bed- 
shaker attachments. The use of adaptive safety equipment 
such as bathtub stools and rails can help mitigate scald risk. 
Primary care physicians (PCPs) can potentially play a central 
role in burn prevention as these are the medical professionals 
with whom the elderly have the most frequent contact. 
Routine screening and counselling to assess fire risk and 
mitigation at office visits is to be recommended.

30.3  Resuscitation

Due to a lack of geriatric-specific evidence-based guidelines, 
resuscitation of the geriatric burn patient is treated the same 
as any other adult burn resuscitation. The ABA State of 
Science meeting identified this as an opportunity for 
improvement and tasked the research community with defin-
ing the special needs of the elderly population and determin-
ing the optimal instruments for measuring efficacy of 
resuscitation in this group [30].

The concept that geriatric burn patients may require spe-
cial resuscitation is not novel. A 2009 article by Benicke 
et al. sought to alter the widely used Baxter-Parkland resus-
citation formula in hopes of better suiting individual patient 
requirements. The new formula was created with the addi-
tion of several variables including inhalation injury (IHI) and 
high blood alcohol level (BAL), as well as a compensating 
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factor for advanced age [31]. This formula was found to have 
a superior predictive value for the true volume of resuscita-
tion fluids administered to patients; however, the study did 
not look at clinical outcomes, and the impact of age on actual 
resuscitation requirements remains unknown.

The discussion surrounding optimal monitoring tech-
niques is not unique to geriatric burns. Monitoring circula-
tory shock and hemodynamics has also been a topic of 
interest for the Task Force of the European Society of 
Intensive Care Medicine. The group constructed a list of 
consensus guidelines, which argue against the requirement 
of hypotension for a diagnosis of shock and instead empha-
size the importance of perfusion markers such as lactate, 
mixed venous oxygen saturation, and central venous oxygen 
saturation. The group recommended against the use of a sin-
gle variable for the management of shock as best practice. In 
terms of measuring response to therapy, the best practice rec-
ommendation was to use more than one hemodynamic vari-
able. Routine measurements of cardiac output for patients 
responding to therapy were not recommended [32]. A paper 
published in Burns in 2016 reviewed the literature on critical 
care in burns. With respect to hemodynamic monitoring, the 
concept of permissive hypotension and the importance of 
using multiple dynamic variables were highlighted [33].

30.4  Nutrition

There is a paucity of literature on the topic of nutritional sup-
port in the geriatric burn population. In fact, the lack of prog-
ress in this area was recently highlighted at an American 
Burn Association (ABA) State of Science meeting where 
developing a nutrition protocol for elderly patients was 
addressed [30]. Until more targeted studies are performed on 
this topic, we must apply existing knowledge of burn nutri-
tion to geriatric burn patients, albeit with caution.

The physiological response to burn injury and the natural 
changes in nutritional status among the elderly have been 
extensively studied. Interestingly, some degree of protein- 
energy malnutrition is present in greater than 50% of older 
burn victims at admission, which results in increased mor-
bidity and mortality [34]. Nutritional deficiencies can exac-
erbate the complications of burn injury including muscle 
catabolism, delayed wound healing, and infection.

30.4.1  Glucose Control

Elderly patients often suffer from multiple comorbidities, 
including diabetes. While glycemic control has been greatly 
studied in the critical care population, ideal glucose range 
recommendations for burn patients have yet to be estab-
lished. For now, the European Society for Clinical Nutrition 

and Metabolism has endorsed recommendations for nutrition 
in major burns to support moderate glucose control [35]. 
This is to avoid the complication of hypoglycemia seen with 
intensive glucose control for which geriatric burn patients 
are at increased risk given their elevated nutritional require-
ments and comorbid diseases.

30.4.2  Glutamine

Classified among the immunomodulating agents, glutamine 
has been looked at for potential benefit in the hypermetabolic 
population of burn patients. A 2013 meta-analysis of four 
randomized controlled trials comparing glutamine supple-
mentation and non-supplementation in 155 total adult burn 
patients showed a significant decrease in hospital mortality 
and gram-negative bacteremia [36]. There was no difference 
found with regard to wound infection or length of stay.

30.4.3  Trace Elements

The catabolic response to burn injury known to occur in 
younger cohorts is also seen in the elderly at a comparable 
rate; however, the possibility of preexisting malnutrition or 
lean mass deficits may complicate the picture and require 
more aggressive nutritional support [34]. The administration 
of trace elements (Cu, Se, Zn) is often a consideration. This 
is especially highlighted as these elements have been found 
to be acutely depleted post-severe burn injury. A recent sys-
tematic review and meta-analysis on this topic in burn 
patients revealed that a parenterally administered combina-
tion of trace elements decreased the rate of infectious com-
plications [37].

30.4.4  Oxandrolone

As men and women age, they undergo a decline in skeletal 
muscle mass and strength due to a number of likely contrib-
uting factors, including malnutrition. Muscle catabolism is a 
known physiological response to severe burn injury and can 
be of special concern in the elderly population. Oxandrolone, 
an anabolic steroid, has been shown to induce muscle anabo-
lism in children [38] and older men and women [39] and may 
be used to combat this catabolic response.

30.4.5  Enteral Versus Parenteral Feeding

Enteral feeding is considered the preferred method for all 
patients when available due to the widely accepted advan-
tage of maintaining gut mucosal integrity. The decision for 
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parenteral versus enteral nutritional support should be based 
on an individual patient’s clinical picture. There is discussion 
in the literature of combined enteral and parenteral therapy 
as a means to provide adequate nutrition, considering that 
one of the disadvantages of enteral feeding is the sometimes 
frequent interruption of its administration due to surgical 
intervention or intolerance [40]. Again, this should be placed 
in the context of a patient’s clinical history, course, and goals 
of care. There are no guidelines directed towards the feeding 
technique for nutritional support in the elderly burn 
population.

30.5  Delirium

The most recent edition of the Diagnosis and Statistical 
Manual of Mental Disorders (DSM-5) was published in 2013 
with revisions to the criteria for delirium which is now 
defined as [41] a disturbance in attention and awareness, 
developing over a short period of time, representing a change 
from baseline and tending to fluctuate in severity during the 
course of a day. The condition may include an additional dis-
turbance in cognition, and these changes cannot be explained 
by a preexisting neurocognitive disorder. There must be evi-
dence that the disturbance is a direct physiological conse-
quence of another medical condition, substance intoxication 
or withdrawal, exposure to a toxin, or multiple etiologies.

Delirium is a topic which, in general, has received much 
attention due to its association with poor clinical outcomes in 
diverse settings. The relevance of this diagnosis in elderly 
burn patients seems obvious; however, there has been very 
little work to identify and define the risk factors, optimal 
treatments, and outcomes in this particular population.

A 2017 study published in the Journal of Burn Care and 
Research aimed to address these points in 385 severely 
burned patients ranging in age from 18 to 65  years who 
underwent early escharotomy. The primary outcome was 
postoperative delirium (POD) as measured by the Confusion 
Assessment Method (CAM). The incidence of POD was 
14.6% with 85.7% of those cases occurring within 24 h after 
surgery. Significant risk factors for developing POD included 
age greater than 50 years, history of alcohol consumption, 
preexisting pulmonary and cardiovascular diseases, larger 
total burn surface areas (TBSAs), intraoperative hypoten-
sion, and longer surgeries (>180 min), among others. More 
interesting perhaps were the findings of outcome differences 
between the POD and non-POD groups. The POD group 
exhibited increased rates of complications such as hepatic 
and renal impairment as well as increased lengths of stay and 
higher mortality rates [42].

It is important to note that patients older than 65 and those 
with preoperative diagnoses of cognitive dysfunction were 
excluded from the study described above. The incidence of 

delirium among these excluded patients is likely much higher 
and carries clinical implications. This significance was eluci-
dated in a 2016 study of patients 65  years and older who 
were hospitalized for burn injury. In this population, a preex-
isting diagnosis of dementia was associated with a one in five 
chance of developing delirium or a urinary tract infection 
during a patient’s hospitalization [43].

The development of delirium is likely multifactorial; 
however, medications certainly play a part. Some investiga-
tors have examined the role of postoperative pain treatment 
in the prevention of delirium. Lynch et  al. discovered in a 
prospective, observational study of noncardiac surgical 
patients, ages 50 and up, a significant relationship between 
postoperative pain and the development of delirium such that 
patients with higher pain scores were at greatly increased 
risk of delirium [44]. This association persisted after control-
ling for other preoperative risk factors including baseline 
cognitive status. This study did not find significance when 
looking at method of analgesia, type of opioid, or cumulative 
opioid dose, leaving physicians to individualize pain regi-
mens based on the clinical picture and the risks and benefits 
of therapy options. Adverse outcomes in mechanically venti-
lated patients have also been described [45], and there is lit-
erature which encourages the use of formal evaluation 
methods to identify delirium in these patients, and suggests 
changes in sedation protocols in an effort to promote better 
outcomes in these patients [46].

30.6  Wound Healing in the Elderly

Aging alters skin physiology and biology as well as slows the 
healing process [47, 48]. Due to these changes, burns which 
would be less severe in younger patients can have a devastat-
ing effect on the elderly patient. Aging affects all layers and 
components of the skin [49]. As skin ages, the epithelium in 
general becomes thinner, but there is also thickening of the 
epidermis due to sun exposure [50]. Overall the net effect is a 
thinning of the skin. Thinner skin means that burns which 
would be partial thickness in younger patients have a higher 
likelihood of presenting as or evolving into full thickness 
burns. Additionally, with aging of the skin, the junction 
between the epidermis and dermis flattens, reducing the size 
of the rete pegs. This ultimately leads to an increased risk of 
shearing of the skin, causing blisters of the epidermis to form. 
In the subdermal tissue, aging manifests as a decreased capa-
bility for angiogenesis leading to delayed revascularization 
[51, 52]. When revascularization does occur, the new vessels 
tend to have a greater tendency to leak. Both of these factors 
lead to impaired lymphatic drainage, predisposing the skin to 
increased edema, which further impairs wound healing.

For the burn victim, the most deleterious age-related skin 
change is the reduction in the number of skin adnexa: hair 
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follicles, oil glands, sebaceous glands, and other adnexa 
[53]. It is well established that partial-thickness wounds re- 
epithelize from both the epithelial edge of the wound and the 
skin adnexa [54]. The keratinocytes in the basal layer of the 
epithelium migrate towards the center of the wound, cover-
ing 1–2 cm from the wound edge. Any wound that is larger 
than this, or is full thickness, or lacks skin appendages 
attempts to heal by contraction of the wound and ultimately 
scar formation. In partial-thickness wounds, the hair follicles 
or other skin adnexa are retained so that the keratinocytes 
migrate from the remaining adnexa to resurface the wound. 
The density of the skin adnexa in the wound influences the 
rate of healing such that skin areas with a higher density of 
adnexa heal faster. For example, a wound on the scalp will 
heal within 4–5 days as opposed to a wound on the lower leg 
which can take 2–3  weeks to heal. The decrease in skin 
adnexa related to age therefore increases time to healing and 
increases scar formation. Despite the increased time to heal-
ing and the fact that prolonged healing time promotes hyper-
trophic scarring, it is unclear if the same holds true in the 
elderly [55]. Skin gets looser as it ages, therefore reducing 
the risk of tension on the wound which leads to contracture 
and hypertrophic scar.

The numerous changes that occur to the skin related to 
aging are well documented; however, the exact effects that 
these changes have on burn wounds, and how these changes 
should affect our treatment of these wounds are unclear. 
Additionally, the ultimate outcomes for elderly burn-injured 
patients have not been well studied. More work is needed to 
understand the effects of aging on the production of growth 
factors, stem cell biology, and the specific biological differ-
ences between elderly burn patients and their younger coun-
terparts. It is not clear whether the tenets of early excision 
and grafting are beneficial in the elderly or if they are better 
served by waiting. Additionally, it is unknown whether sur-
gery should be done in one stage or across multiple trips to 
the operating room. We as a burn community need to inves-
tigate the wounds of elderly burn patients and their manage-
ment to determine the best methods of treatment.

30.7  Frailty

Traditionally, the prediction of burn outcomes has been 
based on patient age and %TBSA burned. Updated predic-
tion models include more variables such as the presence/
amount of full-thickness burns, inhalation injury, and gender, 
but still rely heavily on patient age [56]. Unfortunately, indi-
viduals with the same chronologic age vary widely in their 
health and functional status, making age alone a poor predic-
tor of patient outcomes [57]. Frailty is present in 10–20% of 
the population over the age of 65, potentially making it a 
good surrogate outcome measure for elderly patients [58].

30.7.1  Importance of Frailty

Multiple studies have been conducted across a variety of 
clinical services that have examined frailty and its relation-
ship to outcomes [58–60]. Conroy and Dowsing studied 
frailty in patients admitted to a medical unit [59]. They found 
that frailty predicted mortality but did not predict length of 
stay or readmission. In patients undergoing elective surgery, 
increased frailty was independently predictive of postopera-
tive complications, increased length of stay, and discharge to 
a skilled nursing facility [60, 61]. In trauma patients, higher 
preinjury frailty predicted an unfavorable discharge (skilled 
nursing facility or death) [62]. In general, frailty has been 
associated with an increased risk of falls, delirium, cognitive 
decline, iatrogenic complications, and death [57].

30.7.2  Measurements of Frailty

Frailty has been defined as an age-related vulnerability 
related to multiple physiologic systems that can coexist 
with disability and chronic disease or be independent of 
these conditions [57]. This definition of frailty is generally 
well accepted; however, the issue of how to measure frailty 
is still up for debate. There are over 70 tools in existence 
for measuring frailty, and there is no consensus on which 
tool is best, as most have been used only within one area of 
medicine and have not been widely tested across patient 
populations or against each other to determine if there is 
one superior test [63].

Frailty tools can range in length from a single item to 
more than 90 items and can be classified as objective, subjec-
tive, or mixed. The simplest objective measures are single- 
item assessment tools such as gait speed measurements and 
the timed up-and-go test [64, 65]. These single-item tests 
have been found to be independently predictive of morbidity 
and mortality in surgical patients, as well as quick and easy 
to administer; however, they lack the specificity and sensitiv-
ity of full frailty assessments. The most commonly studied 
objective scales are those created by Brown et al. [66] and 
Gill et  al. [67]. The Modified Physical Performance Test 
(MPPT) [66] examined 107 community-dwelling elderly 
adults on nine functional tasks (Table  30.1). Each task is 
scored on a four-point scale with a higher score indicating a 
better functional status. No single task identified frailty as 
well as the MPPT as a whole. Gill et al. [67] tested partici-
pants for physical frailty by conducting a rapid gait test over 
10 ft (covering the distance in greater than 10 s was consid-
ered frail) and a qualitative chair stand test (an inability to 
stand up from a chair with arms folded indicated frailty). 
Subjects who were considered frail on only one test were 
considered moderately frail, while those who failed both 
tests were frail [68].
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Purely subjective frailty assessments are also available, 
the majority of which are products of the Canadian Study on 
Health and Aging (CSHA). The CSHA is a 10-year study of 
the epidemiology of dementia in Canada that followed 
patients from 1991 to 2001. The initial study was a 5-year 
prospective cohort trial that included 9008 people aged 65 
and older [69]. While the study was aimed at studying 
dementia, they also developed a rules-based definition of 
frailty (Table 30.2). The rules-based definition was able to 
demonstrate a dose response relationship between frailty, 
institutionalization, and death. A secondary analysis of 2914 
patients who were part of the initial cohort of CSHA partici-
pants was conducted. The patients were assessed for frailty 
using a 20-item frailty index of observed deficits [70]. The 
CSHA frailty index was found to be a sensitive predictor of 
survival in this population. On average, study authors found 
that the elderly without cognitive impairment accumulated 
functional deficits at a rate of 3% per year. In an effort to 
simplify the measurement of frailty, the CSHA Clinical 
Frailty Scale was developed [71]. It is a seven-point clinical 
opinion scale (Table  30.3) that was validated in the 2305 
patients who participated in the second stage of the 
CSHA. The Clinical Frailty Scale was highly correlated with 
the previously developed frailty index and like its predeces-
sors was predictive of institutionalization and death.

Many of the frailty scores that have been developed com-
bine subjective and objective measures. The phenotype of 
frailty by Fried et al. is the most commonly studied scale that 

uses subjective and objective measures [72]. This scale looks 
at five variables that are scored as either 0 if absent or 1 if 
present (Table 30.4). The frail phenotype was independently 
predictive of falls, worsening mobility, or activities of daily 
living disability, hospitalization, and death. This scale also 
demonstrated that frailty is not synonymous with either 
comorbidity or disability, but comorbidity is a risk factor for, 
and disability is an outcome of, frailty. Another mixed assess-
ment tool is the Edmonton Frail Scale [73]. This scale looks 
at a wide range of domains including cognition, general 
health status, functional independence, social support, medi-
cation use, nutrition, mood, continence, and functional per-
formance. The benefit of this scale is the broad domains that 
it covers, including social support, and its ability to be 
administered by a non-geriatrician.

Researchers have moved beyond generic frailty indices 
to create scales that are designed to be used within a spe-
cific patient population. The Trauma-Specific Frailty Index 
(TSFI) is a 15-variable frailty index that looks at the 
domains of comorbidities, daily activities, health attitudes, 
and nutrition [62]. The TSFI has been validated in a trauma 
population and was found to predict unfavorable discharge 
(death or discharge to a skilled nursing facility). The TSFI 
was the only significant predictor of poor outcome in its 
validation study. A similar instrument has recently been 
created by this same group for emergency general surgery 
patients [74].

Table 30.1 Items in the Modified Physical Performance Test (MPPT) 

Lift a 7-lb book to a shelf from waist height
Put on and remove a jacket
Pick up a penny from the floor
Perform a 360-degree turn
50-ft walk test
Climb a flight of stairs
Climb up and down four flights of stairs
Stand up 5 times from a 16-in. chair
Progressive Romberg Test

Table 30.2 Canadian Study on Health and Aging rules-based defini-
tion of frailty

Score Description
0 Walk without help, perform basic activities of daily living, 

is continent of bowel and bladder, and is not cognitively 
impaired

1 Bladder incontinence only
2 One (or two if incontinent) of the following: needing 

assistance with mobility or activities of daily living, has 
cognitive impairment, or has bowel or bladder incontinence

3 Two (or three if incontinent) of the following: needing 
assistance with mobility or activities of daily living, has 
cognitive impairment, or has bowel or bladder incontinence

Table 30.3 Canadian Study on Health and Aging clinical frailty scale

1—Very fit Robust, active, energetic, well motivated and 
fit

2—Well Without active disease, but less fit than 
people in category 1

3—Well with 
treated comorbid 
disease

Disease symptoms are well controlled 
compared with those in category 4

4—Apparently 
vulnerable

Although not frankly dependent, these 
people commonly complain of being 
“slowed up” or have disease symptoms

5—Mildly frail With limited dependence on others for 
instrumental activities of daily living

6—Moderately frail Help is needed with both instrumental and 
non-instrumental activities of daily living

7—Severely frail Completely dependent on others for the 
activities of daily living, or terminally ill

Table 30.4 Phenotype of frailty scale

Unintentional weight loss
Self-reported exhaustion
Weakness (measured as grip strength)
Slow walking speed
Low physical activity

Each item is scored as 0 or 1. Total score: 0 = not frail; 1–2 = pre-frail; 
≥3 = frail
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30.7.3  Frailty in Burn Patients

Thus far in burns the only scale that has been used in studies 
related to frailty and outcomes is the CSHA Clinical Frailty 
Scale [75–77]. These studies have demonstrated that patients 
who are frailer have higher mortality rates following burn 
injury and are more likely to be discharged to a skilled nurs-
ing facility. More research is warranted to determine the 
optimal scale for use in an elderly burn population to predict 
outcomes and for other decision-making.

30.8  Rehabilitation/Disposition

Long-term outcomes of geriatric burn patients are largely 
unknown as little data are available in this area. This was also 
discussed at the ABA State of Science meeting where the 
tasks of identifying elderly long-term outcomes and creating 
follow-up with multidisciplinary teams were prioritized [30].

30.8.1  Rehabilitation

Rehabilitation is an important part of many burn patient 
recoveries. In a study of patients with hand burns, a compre-
hensive rehabilitation program was superior to routine care 
in terms of physical function; more surprisingly, however, 
the rehabilitation arm also performed better on measures of 
psychological function, social function, and general health 
[78]. Early physical and occupational therapy, even in venti-
lated, critically ill patients, has been shown to improve out-
comes as well [79].

Despite multidisciplinary data reinforcing the importance 
and impact of rehabilitation programs on patient outcomes, 
there is a wide variation in utilization rates of inpatient burn 
rehabilitation centers between states [80]. These differences 
persist when controlling for possible confounding factors 
and should be further investigated with the goal of standard-
izing the criteria for inpatient rehabilitation referrals.

30.8.2  Disposition

Not surprisingly, older patients often warrant higher levels of 
care such as skilled nursing after discharge from the hospital 
even when controlling for inpatient rehabilitation stay [81]. 
Post-hospital care for geriatric burns must be carefully 
planned and executed to achieve optimal outcomes. The pro-
cess can prove to be complex with multiple patient factors, 
medical and social among others, playing a role. Some 
researchers are working to predict which patients would ben-
efit from or even require a transitional facility with the goal 
of decreased hospital length of stay and improved patient 
satisfaction and outcomes.

The Comorbidity-Polypharmacy Score (CPS) has been 
identified as an independent predictor of need for transfer to 
extended care facilities in the older burn population [82]. 
This is useful because this variable can be measured on 
admission, and a treatment team may begin the planning pro-
cess earlier in the patient’s hospital course. The frailty score 
is another topic of interest in predicting outcomes and dispo-
sition in elderly trauma and burn patients. It has been found 
to be increased in those patients discharged to a skilled nurs-
ing facility when compared to those discharged to rehabilita-
tion centers or to home [76, 83].

The Baux score is a tool which has been in use by burn 
physicians since the 1960s to predict prognosis after burn 
injury and has recently been applied by the Prognostic 
Assessment of Life and Limitations After Trauma in the 
Elderly (PALLiATE) Consortium to predict discharge dispo-
sition in geriatric burn patients (www.palliateconsortium.
com). The authors reviewed data from the National Burn 
Repository on patients 65 years of age and older. Three dis-
charge outcomes were studied in 8001 subjects, including 
death, discharge to home, and discharge to a non-home set-
ting. Overall, 42.5% of patients were discharged to home 
with 13% transferred to a skilled nursing facility and 10% 
discharged to a rehabilitation center. There was an 18.9% 
mortality rate, and the remaining patient dispositions (15.6%) 
were mixed between needing home health services, being 
lost to follow-up, having left the hospital against medical 
advice, or having unavailable data. The conclusion after data 
analysis was that for Baux scores greater than 86, the return- 
to- home rate drops drastically. Additionally, mortality 
increases at a score greater than 93, with death almost always 
seen at a score greater than or equal to 130 [84]. This study’s 
findings naturally lead into a discussion about end-of-life 
decisions and goals of care with patients and their families; 
however, this is out of the scope of the current section of text.

Of note, a 2017 study looking at discharge destination in 
older trauma patients found higher rates of readmission 
among those patients discharged to extended care facilities 
or rehabilitation centers, even when controlling for injury 
severity and comorbidities [85]. The reasons for this have not 
yet been elucidated.

30.8.3  Reintegration

The transition to reintegration after burn injury can be isolat-
ing and supporting resources scarce. In light of these find-
ings, the Aftercare Reintegration Committee was formed to 
help burn patients, with emphasis on social skills training, 
peer support, and body image. While this group has ignited 
discussion at meetings on these topics, not much research 
into the interventions and implications for outcomes has 
been generated [86]. Any information from these discussions 
will likely apply, possibly in a more significant manner, to 
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geriatric burn patients, although we will not know for certain 
until data are collected and analyzed.

30.9  Long-Term Outcomes for Elderly Burn 
Patients

There have been many studies that look at the short-term out-
comes for elderly burn patients, but there have been few sig-
nificant studies that look at long-term outcomes in the 
elderly. As we do not have any data on long-term outcomes, 
it is not clear if the elderly survive acute hospitalization only 
to die shortly thereafter. Despite this, there is some evidence 
that when elderly patients are admitted to a long-term facil-
ity, or admitted to a nursing home, they have a very poor 
long-term outcome and usually die within 2 years [87]. For 
elderly burn patients, it is currently not clear what long-term 
outcomes should be expected.

Currently, long-term follow-up for elderly burn patients is 
conducted primarily by burn surgeons and not by multidisci-
plinary teams. In the trauma literature, there has been a 
movement towards creating multidisciplinary teams for the 
care of the elderly trauma patient. The G-60 trauma unit is a 
multidisciplinary trauma unit that was developed at the 
Dallas Medical Center in an effort to improve the care of 
elderly trauma patients [88]. All patients aged 60 years and 
older with a traumatic injury were admitted to the G-60 unit 
under the care of the multidisciplinary G-60 team. The team 
consisted of a trauma surgeon, a medical hospitalist, a physi-
cal medicine and rehabilitation physician, and representa-
tives from PT/OT, respiratory therapy, nursing, social work, 
nutrition, pharmacy, and palliative care. Patients who were 
treated in the G-60 unit by the multidisciplinary team had a 
decreased length of stay from 7 to 4.8 days (p = 0.0002) and 
a decreased ICU length of stay from 5.2 to 3  days. 
Additionally, there was a statistically significant decrease in 
urinary tract infections, respiratory failure, congestive heart 
failure, ventilator-associated pneumonia, and acute renal 
failure. There was no difference seen in mortality or dis-
charge disposition. We have long utilized multidisciplinary 
teams in burn care; however, we need to consider the addi-
tion of team members when caring for elderly burn patients. 
Additionally, it seems imperative that long-term follow-up 
should be conducted by a team that specializes in elderly 
burn care.

30.10  Outcomes Prediction/Goals of Care/
Futility

Outcomes following burn injury have been steadily improv-
ing over the last 70 years, and while outcomes for the elderly 
have also improved, they have not done so to the degree as 

other age groups [89–91]. This makes the use of accurate 
outcome prediction scores especially important in the elderly 
burn patient. Jeschke et al. [92] attempted to find a cutoff age 
that predicted survivability of a burn injury but were unable 
to do so. They did, however, identify that the risk of death is 
linearly related to age and that the LD50 (burn size that is 
lethal to 50% of patients) decreases from 45% TBSA to 25% 
TBSA from the age of 55 to 70 years. This increase in mor-
tality occurs despite the implementation of modern proto-
colized burn care. Since its development in the 1960s, the 
Baux score has been the traditional model for predicting out-
comes among burn-injured patients [93]. This score is made 
up of the patient’s age and their percent TBSA burned, and a 
total score of more than 75 portended a poor prognosis. It 
was developed using data sets that were inclusive of all ages 
and therefore not specific to elderly burn patients. The Baux 
score was modified in 1979 by excluding patients younger 
than 20 years old from the analysis, as it was determined that 
mortality did not increase linearly with age in this group. The 
resulting model demonstrated that a score of greater than 95 
was equivalent to poor prognosis or mortality [94]. Because 
outcomes in the elderly are not the same as their younger 
counterparts, there has been an attempt to improve the pre-
dictive ability of the Baux score in this population. Hodgman 
et al. [84] used the Baux score on geriatric patients within the 
National Burn Repository and found that a score greater than 
86 resulted in significantly fewer patients discharging to 
home. When the score reached 93, there was a significant 
increase in mortality, and death was virtually unavoidable 
above a score of 130. Multiple other outcome prediction 
models have been developed to further refine our ability to 
predict mortality. In addition to the modified Baux score, the 
scores that have been used to evaluate outcomes in the elderly 
are the Abbreviated Burn Severity Index (ABSI) and the 
score developed by Ryan et al. [95, 96]. The ABSI is calcu-
lated as the weighted sum of age, gender, %TBSA, percent-
age of full thickness, and presence of inhalation injury. Ryan 
et al. reviewed the charts of 1665 patients and identified three 
variables available at admission (age, TBSA burn >40%, and 
inhalation injury) as predictors of mortality. These were 
incorporated into a simple logistic regression model to objec-
tively predict mortality. Of the scores used in the elderly, 
the modified Baux score has been shown to be the best 
predictor of survival in this population. There have been 
two studies that demonstrated its prognostic value. 
Wibbenmeyer et  al. evaluated the modified Baux score 
and the ABSI in a cohort of 308 elderly patients and 
showed that the modified Baux score was superior to the 
ABSI (area under curve = 0.932 ± 0.02 vs. 0.815 ± 0.03, 
respectively) [97]. Additionally, the modified Baux score 
was the superior outcome score when compared with the 
ABSI and the Ryan et al. score in a retrospective cohort of 
265 elderly patients [98].
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While care for the burn-injured patient has improved sig-
nificantly, there are still patients who do not respond well to 
treatment or have injuries that are determined to be nonsur-
vivable. In the elderly, it is especially important to consider 
having goals-of-care discussions early. Few studies have 
been done looking at when and how goals-of-care discus-
sions are conducted with elderly burn patients. Madni et al. 
[77] examined factors associated with having goals-of-care 
discussions and found that in only 25% of cases were goals- 
of- care conversations documented. They found that a patient 
appearance of frailty increased the likelihood that a goals-of- 
care discussion occurred. Another group examined the rea-
sons cited by decision makers for withdrawal of life-extending 
therapy. They found that these decisions in elderly patients 
(≥65 years old) were closely tied to underlying comorbidi-
ties, while in younger patients the size of the burn was a 
much more important factor [99]. An international survey of 
burn care providers assessing their feelings on end-of-life 
decision-making identified that these providers were more 
comfortable with withholding care than withdrawing care 
[100]. In burn patients, treatment limitations accounted for a 
minority of deaths. The primary reasons that they gave for 
either withholding or withdrawing care were severity of burn 
(78%), medical condition/high probability of death (68%), 
and unresponsiveness to therapy (68%). End-of-life care 
remains an area in need of both study and education among 
burn practitioners. In situations where survival is unlikely, 
we owe it to our patients and their families to have the best 
information possible to aid them in making care decisions.

30.11  Special Considerations

30.11.1  Specialty Consults

The complex physiologic and sociologic changes associated 
with advancing age have resulted in a specialty dedicated to 
studying and providing care for the elderly community. 
Geriatricians are experts in the management of the special 
health issues that arise in this age group, and the trauma 
community has begun to explore whether routine inclusion 
of these professionals results in better outcomes for their 
older patients. Olujo et al. initiated mandatory geriatric con-
sults for all admitted trauma patients 70 years of age or older 
with the goal of examining do-not-resuscitate orders, rates of 
delirium, referral for cognitive evaluation, and patient out-
comes pre- and postintervention. The rate of preintervention 
geriatric consults was 3.26%. This increased to 100% pos-
tintervention and resulted in improved advanced care plan-
ning and reduced ICU readmission rates from 8.26 to 1.96% 
(p = 0.06). There were no changes in 30-day hospital read-
mission, length of stay, or mortality, although the study was 
underpowered for some of these analyses [101]. Of note, an 

audit of a burn unit in South Australia found that the appoint-
ment of a geriatrician did not significantly reduce length of 
stay in patients 70  years of age and older; however, the 
authors asserted that the geriatrician assisted greatly in the 
placement of their patients, and the authors planned to make 
the addition permanent [102]. Speech pathology consults are 
also employed throughout the world, most often for patients 
who have experienced dysphagia as a sequela of their burn 
injury [103].

30.11.2  Holistic Therapy

Multimodal therapy regimens have been proposed to help 
with some of the challenges experienced by burn patients. 
For example, playing music during dressing changes can be 
a helpful adjunct to pharmacologic interventions [104, 105]. 
Additionally, aromatherapy massage and inhalation aroma-
therapy have been shown to reduce both pain and anxiety in 
burn patients [106]. Given the potential in elderly patients 
for polypharmacy and adverse reactions to medications, 
alternative therapies should be considered as part of a well- 
rounded treatment plan.

30.11.3  Psychologic Effects

There has been an increased interest in the psychosocial 
impairments seen in burn patients in the literature. A large, 
longitudinal, multicenter study using the National Institute 
on Disability, Independent Living, and Rehabilitation 
Research Burn Model System database found that 
Satisfaction With Life Scale scores were significantly lower 
for burn patients compared with nonburn, healthy controls. 
This remained true at time intervals of 6, 12, and 24 months 
after injury and was associated with both medical and psy-
chological variables [107].

Emotional trauma is a recognized phenomenon in the 
burn patient’s experience and recovery, and it is important to 
address as part of a complete treatment plan. Patients can 
suffer from pain, anxiety, mental illnesses such as depression 
and post-traumatic stress disorder (PTSD), and have many 
stressors related to reintegration into the community sur-
rounding their scars and other factors. A qualitative study 
conducted in 2016 explored the concept of a “new normal” 
for burn patients and emphasized the importance of family 
closeness and empowerment through self-care [108].

Along these lines, it is noteworthy that mental disorders, 
particularly depression, are significant predictors of levels of 
functioning after burn injury [109]. This is particularly strik-
ing when one study’s results revealed that 20.5% of burn 
patients experience clinically significant PTSD at 6 months 
post injury. And while the presence of burn injury has not 
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been found to increase the rate of mental health issues, burn 
patients tend to have higher rates of preexisting illness com-
pared to controls [110].

In order to construct meaningful interventions and posi-
tively impact burn patient recovery, health care providers 
must continue to develop knowledge of the patient experi-
ence. A 2017 literature review focused on the postburn 
growth process and concluded that overall function, quality 
of life, social support and optimism, and new opportunities 
each contribute to the growth process after burn injury. The 
authors noted that each of these areas has potential for thera-
peutic intervention [111]. Interestingly, we are finding that 
the interventions with the most impact are not necessarily 
pharmacologic or medical and that teaching patients healthy, 
active coping strategies including positive reframing and 
humor may in fact improve the overall experience for the 
burn patient [112].

30.11.4  End of Life/Goals of Care

End-of-life conversations and goals-of-care discussions 
become of increased importance in elderly populations 
across all specialties. Communication regarding these issues 
between physicians and patients has become a hot topic of 
research in recent years. The Study to Understand Prognoses 
and Preferences for Outcomes and Risks of Treatments 
(SUPPORT) trial published in 1995 highlighted the short-
comings in care for severely ill adults. This trial found that 
only 47% of physicians knew when their patients preferred 
to avoid CPR and that 50% of patients who died while in the 
hospital were felt by family members to have suffered from 
severe pain for a large portion. The study’s intervention pro-
vided physicians with estimates for 6-month survival, out-
comes of CPR, and functional disability at 2  months; 
however, this was found to have no significant impact on 
patient care measures of communication [113].

Historically, surgeons have been thought to be less 
equipped to address these issues despite the potential mor-
bidity and mortality inherent to surgical interventions. For 
this reason, an effort is being made to change the way sur-
geons interact with their patients during these encounters. 
One example is through training surgeons to use a frame-
work which shifts the focus of conversation from isolated 
surgical problems to treatment alternatives and outcomes 
[114]. In the geriatric trauma population, prognostic indica-
tors such as the Geriatric Trauma Outcome Score (GTOS) 
and Trauma and Injury Severity Score (TRISS) accurately 
predict probability of death [115]. Ongoing research projects 
will explore the utility of using newly developed frameworks 
along with validated outcome estimators to improve com-
munication in both trauma and burn settings.

The impact of improved communication regarding these 
difficult issues extends beyond patient satisfaction. There is 
a recognized potential economic advantage associated with 
executing this interaction well. The care of burn patients is 
expensive in general; however, more health care dollars are 
spent on nonsurvivors than on survivors. Laboratory tests, 
imaging, nutritional support, renal support, and blood prod-
ucts make up a majority of these costs [116]. The identifica-
tion of patients who favor comfort care measures over 
aggressive and life-prolonging interventions could lead to a 
drastic decrease in expenditures in this area and allow money 
to be reallocated to those patients with a potential for better 
outcomes.
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Burns in Patients with Special 
Comorbidities

Kevin N. Foster

31.1  Introduction

Traditional determinants of morbidity and mortality in burn 
patients are the extent of burn injury and the age of the 
patient. The presence of smoke inhalation injury is a third 
determinant, although likely of lesser importance than the 
first two [1–3]. Comorbidities, or preexisting medical condi-
tions, can also affect the outcomes in burn patients.

A recent review of over 31,000 adult burn patients in the 
American Burn Association National Burn Repository dem-
onstrated that 26% of these patients had one or more comor-
bidities. The number of comorbidities was positively 
correlated with a greater hospital length of stay and with an 
increased risk of mortality. The most common comorbidities 
identified were hypertension, alcohol and drug abuse, pul-
monary disease, diabetes, and psychiatric diagnoses [4]. 
Other studies have supported the idea that comorbidities can 
adversely affect the outcomes in burn patients [5, 6].

Comorbid pathologic conditions can complicate clinical 
management of the thermally injured patient in a number of 
ways. Initial fluid resuscitation, ongoing cardiopulmonary 
and renal support, operative management of the burn wound, 
wound healing, and rehabilitation are particularly sensitive 
to perturbation by comorbidities. This chapter briefly exam-
ines the effect of common comorbidities on the pathophysi-
ology and clinical management of burn injury.

31.2  Nervous System Disorders

The incidence of the leading adult brain and neurologic dis-
orders leading to loss of cognitive and functional abilities is 
shown below.

The incidence of brain and neurologic disorders in the United 
States [7]

Condition Annual incidence (persons/year)
Stroke 600,000
Alzheimer’s 250,000
Epilepsy 135,000
Parkinson’s 55,000
Multiple sclerosis 10,000

Cerebrovascular injury (CVA), or stroke, is the fifth lead-
ing cause of death and the leading cause of preventable, seri-
ous long-term disability in the United States [8]. Parkinson’s 
disease (PD) and multiple sclerosis (MS), while less com-
mon than stroke, still confer significant morbidity on those 
affected. PD tends to affect older patients, and MS tends to 
affect younger patients. While the pathophysiology of these 
three conditions differs considerably, the effect on burn 
patients is similar [5].

Cerebrovascular injury incidence appears to be greater in 
burn patients than in the general population. The effect seems 
to be greater for ischemic than hemorrhagic CVA. The risk is 
greatest during the inpatient stay but also persists after dis-
charge from acute care. Risk factors include sepsis, 
age > 60 years, and increasing burn size, although the data 
supporting the latter are equivocal [9–13].

Cerebrovascular injury, whether premorbid or simultane-
ous, affects burn patients in several ways. Initial resuscitation 
and operative management are usually not impacted. 
However, pain control, particularly assessment of adequacy 
of analgesia and sedation, can be difficult depending upon the 
specific manifestations of the neurologic injury. Additionally, 
physical and occupational therapy and rehabilitation are com-
plicated by less than full functionality of the patient. Finally, 
CVA and burn injury together may result in greater immune 
dysfunction than either condition alone [14].

Multiple sclerosis is an immune disorder resulting in loss 
of myelin and subsequent nerve dysfunction. The disease has 
a variable course, but is the leading cause of neurologic mor-
bidity and mortality in young adults. Caring for MS patients 
who have suffered burns is challenging. Because of the 
highly variable neurologic involvement, burn care profes-
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sionals should consider autonomic and neurologic 
 dysfunction is all systems. Bowel and bladder autonomic 
dysfunctions are particularly common. MS patients are sus-
ceptible to temperature increase, and the increased metabolic 
response in burn injury can be expected to cause exacerba-
tion or deterioration of symptoms. Thus a balance between 
keeping burn patients warm and yet not overheating MS 
patients must be achieved. Spinal nerve involvement is not 
uncommon, and spinal anesthesia should be approached with 
great care. General anesthesia and surgery do not specifically 
seem to have adverse effects on MS patients. Any change in 
neurologic symptoms should prompt a search for infection in 
MS patients who are burned. Finally, rehabilitation should 
avoid increasing body temperature; hydrotherapy and water 
exercise are particularly helpful for MS patients [15, 16].

Parkinson’s disease is a degenerative disorder of unknown 
etiology caused primarily by decreased dopamine produc-
tion in the substantia nigra in the midbrain. This results in the 
clinical manifestations of PD including hypokinesis, rigidity, 
tremor and shaking, and ambulatory difficulties. As the dis-
ease progresses, patients often develop dementia and other 
cognitive dysfunction as well as psychiatric disorders such 
as depression [17]. PD patients are frequently hospitalized 
and are more susceptible to accidental injury than the general 
population [18]. It is unclear whether PD is associated with 
an increased incidence of burn injury [5, 19]. Once admitted 
to the burn center, PD patients can be expected to deteriorate 
neurologically because of the metabolic impact of the burn 
[18]. Two known risk factors for exacerbation of PD symp-
toms are change in medication regimen and infection [18]. 
Thus, it is important not to disrupt PD patients’ medication 
regimen. Additionally, any acute deterioration of symptoms 
should initiate a search for infection or sepsis. Rehabilitation 
of PD patients with burns is complicated, like that for CVA 
and MS patients.

Epilepsy is a diverse collection of neurologic disorders 
caused by pathologic electrical activity in the brain, typically 
resulting in abnormal movements and/or behavior called sei-
zures. In most cases, the cause of epilepsy is unknown. 
Epilepsy can be caused secondarily by other conditions such 
as traumatic brain injury, stroke, infections, and others. 
Although seizures are a characteristic feature of epilepsy, not 
all seizures are due to epilepsy. Single, isolated seizures (pro-
voked seizures) can be caused by fever, infection, blood 
chemistry abnormalities, etc. Indeed, although close to 10% 
of persons in the United States will experience a seizure at 
least once in their lifetimes, epilepsy will affect less than 1% 
of the population [20]. Epilepsy and seizures are a definitive 
risk factor for burns. Seizures during cooking and bathing/
showering or seizures resulting in a fall onto hot pavement are 
common causes of thermal injury in this population of 
patients [21–25]. Some studies suggest patients who suffer 
burn injury as a result of a seizure do not have increased mor-

tality, and their hospitalization can be expected to be similar 
to that of a burn patient without a seizure disorder [26]. Other 
studies suggest an increased mortality and/or length of stay 
[27]. Regardless, it is common to see neurologic decompen-
sation and exacerbation of symptoms in epileptic patients 
secondary to burn injury. Fever, hypovolemia, pain, perturba-
tion in sleep cycle, hyperventilation, and ambient stimula-
tions (light and sound) can all reduce seizure threshold. 
Additionally, the hypermetabolic state can lead to alterations 
in anticonvulsant metabolism and in serum protein binding of 
anticonvulsants, both of which can predispose to increased 
seizure activity [28]. Therefore, key issues in caring for an 
epileptic patient with burns include vigilant monitoring of 
hemodynamics and metabolism including arterial blood 
gases, electrolytes, acid–base status, calcium magnesium and 
phosphorus levels, and infectious work-up including cultures 
and antibiotic sensitivities. It is important to maintain medi-
cation regimen and to check drug levels [29].

There are two additional aspects of neurologic dysfunc-
tion and burn injury that must be considered. The first is pre-
vention. Almost all thermal injuries happening to patients 
with neurologic dysfunction are preventable. A crucial part 
of care is to work with the patient, family, and other care 
providers to ensure the patient’s environment is safe and haz-
ard free so that the burn injury is not repeated.

The second issue is end of life provisions. The neurologic 
diseases discussed above are chronic and often progressive. 
A significant burn injury in patients with one of these dis-
eases can be fatal or result in long-term morbidity and dimi-
nution of functional status. Frank discussion of the effects of 
the burn injury and likely prognosis and outcome with the 
patient and family are mandatory.

31.3  Cardiovascular Disease

Cardiovascular disease (CVD) is a substantial health chal-
lenge in most parts of the world. CVD is the single largest 
contributor to overall global mortality. Although CVD mor-
tality rates are declining in most high-income, industrialized 
nations, mortality rates are increasing in most middle- and 
low-income countries. Additionally, CVD deaths in develop-
ing countries tend to disproportionately affect younger 
patients compared to industrialized countries [30]. In the 
United States today, CVD is the leading cause of death for 
both men and women. Overall, one in four deaths in the 
United States is due to CVD [31].

Premorbid cardiac disease has been shown to adversely 
affect the outcomes in a variety of surgical patients. CVD is a 
major cause of hospital and perioperative morbidity and mor-
tality [32]. Cardiac disease can manifest in multiple ways 
including atherosclerotic coronary artery disease (ASCAD), 
myocardial ischemia and infarction, congestive heart failure, 
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dysrhythmias, cardiomyopathy, cardiac arrest, and hyperten-
sion. Cardiac disease likewise can be expected to impact 
patients with burn injury. It has been demonstrated that 13% 
of burn-injured patients develop a cardiac event including 
myocardial infarction, dysrhythmia, or cardiac arrest [33]. 
This rate is likely even higher in burn patients suffering an 
electrical injury [34]. The mechanisms by which premorbid 
cardiac disease impact burn patients are multifactorial [35].

Following burn injury, there is an initial depression of car-
diac output and myocardial function that lasts 24–72 h fol-
lowing burn injury (the “ebb” phase of injury). Following 
this, there is an increase in all parameters of cardiac function 
including heart rate, contractility, myocardial consumption, 
and myocardial work (the “flow” phase of injury). These 
parameters are sustained until wound closure is achieved.

Large %TBSA injuries are characterized by the release of 
multiple inflammatory mediators, including those causing 
platelet aggregation and vasoconstriction. This biochemical 
milieu is similar to that seen in patients with myocardial infarc-
tion and/or unstable angina [33]. One might anticipate that 
these inflammatory mediators may contribute to cardiovascular 
dysfunction in the face of preexisting cardiac disease.

Diagnosing and treating myocardial infarction (MI) in a 
burn patient with premorbid CVD can be challenging. 
Although the incidence of premorbid CVD is high, the 
actual incidence of MI in burn patients appears to be low 
(<1%). Traditional methods of diagnosing MI can be con-
fusing and misleading in burn patients. A study of cardiac 
function in electrical injury patients demonstrated that 56% 
of patients had abnormal elevations in CK-MB isoenzyme 
studies and 31% of patients had abnormal EKG findings. 
Subsequent assessment of cardiac function failed to reveal 
evidence of cardiac dysfunction or MI [36]. Two similar 
studies assessed the troponin-I (Tn-I) values in burn patients. 
One study found all patients with >18% TBSA burn had 
abnormally elevated Tn-I levels but only 5% of these 
patients had actual cardiac dysfunction [37]. The second 
study found all patients with burns >30% TBSA had abnor-
mally elevated but none of these patients had EKG changes 
consistent with myocardial ischemia [38]. The authors noted 
a decrease in Tn-I levels with burn excision and hypothe-
sized that the elevated Tn-I levels were associated with the 
generalized inflammatory response that accompanies burn 
injury. Gregg et al., in 2006, described a patient with a 50% 
TBSA flash burn who experienced an acute MI during burn 
resuscitation. The diagnosis was suggested by the patient’s 
clinical picture and acute EKG changes of myocardial isch-
emia. The patient underwent emergency coronary angiogra-
phy with balloon dilation and stenting, which was successful. 
The patient subsequently required anticoagulation and anti-
platelet therapy and was able to undergo burn excision and 
autografting with incident [39]. In conclusion, MI appears 
to be a relatively rare occurrence in burn patients. Its diag-

nosis is difficult because enzyme levels are frequently ele-
vated simply because of the burn. Diagnosis and intervention 
may require angiography with or without stenting and bal-
loon dilation. Finally, patients who require anticoagulation 
and/or antiplatelet therapy can have effective surgical man-
agement of the burn wound.

With regard to dysrhythmias, 34–56% of burn patients 
can be expected to have dysrhythmias during their acute hos-
pitalization. The most common dysrhythmias are sinus 
tachycardia and prolonged QT interval. Other dysrhythmias 
included premature atrial contractions (PACs), premature 
ventricular contractions (PVCs), and non-specific ST and T 
wave abnormalities. The cardiac dysrhythmias experienced 
by burn patients appear to be relatively benign and similar to 
those experienced by other hospitalized patients. The extent 
of the burn injury does not seem to be correlated with the 
incidence or severity of dysrhythmia [40, 41]. Most dys-
rhythmias have little or no hemodynamic consequences. 
Those that do can be treated appropriately with pharmaco-
logic intervention, pacing, and/or cardioversion.

An interesting study by Loguidice et al., in 2016, assessed 
the utility of heart rate variability (HRV) via 24-h Holter 
monitoring to predict mortality in burn patients. Abnormal 
HRV is seen in a variety of pathologic cardiac and noncar-
diac conditions and has been shown to be associated with 
poor cardiac outcomes. Abnormal HRV was indeed predic-
tive of mortality in burn patients. However, the cause of 
death was not specified, and it is thus unclear if these deaths 
were due to cardiac dysfunction [42].

Special consideration must be given to the patient in active 
congestive heart failure (CHF) who suffers a thermal injury 
and must be resuscitated with large volumes of intravenous 
fluid. This particular situation presents a challenge to burn 
care providers because this patient requires fluid to both avoid 
burn shock and maintain organ and tissue function and yet is 
at risk for fluid overload, decreasing cardiac function, pulmo-
nary edema, and poor cardiac outcome [43]. Overall predic-
tors of poor outcome for patients include left ventricular (LV) 
ejection fraction less than 30%, LV end-diastolic diameter 
greater than 7  cm, LV end-diastolic volume greater than 
130 cc, elevated serum norepinephrine levels, narrowed pulse 
pressure, and New York Heart Association class 4 symptoms 
[44]. Early echocardiogram can identify patients at risk and 
the degree of CHF and myocardial function. Additionally, 
brain natriuretic peptide (BNP) can help to diagnose CHF and 
differentiate the pulmonary edema of CHF from acute lung 
injury (ALI) from other causes. Serum BNP levels are a sensi-
tive indicator of LV dysfunction and are elevated in patients 
who are in active CHF. Normal or low levels of BNP essen-
tially rule out CHF [45]. Once diagnosed with CHF, these 
patients require more intensive  monitoring during fluid resus-
citation that just implies following urine output. While nonin-
vasive monitors of cardiac function may assist in guiding fluid 
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administration, often invasive monitoring with pulmonary 
artery catheters, or serial or continuous echocardiogram 
assessment and close assessment of cardiac output/index, cen-
tral venous pressure, mixed oxygen saturation, and oxygen 
delivery/consumption parameters are necessary. Intervention 
includes a delicate balance of judicious fluid administration 
and gentle diuresis, if necessary. Pharmacologic interventions 
include the use of angiotensin- converting enzyme (ACE) 
inhibitors to help off load the heart, and administration of ino-
tropic agents such as dobutamine and/or milrinone. More 
advanced cases may require continuous renal replacement 
therapy (CRRT) and may even necessitate intra-aortic balloon 
pump use [44]. Key strategies in these complicated patients 
include correct diagnosis, prompt intervention, and close 
assessment and monitoring of cardiac function.

31.4  Pulmonary Disorders

Pulmonary disorders do not seem to be an independent risk 
factor for poor patient outcomes. However, burn patients 
with known pulmonary disease tend to do worse than burn 
patients without because pulmonary disorders are usually 
associated with one or more other comorbidities. And these 
additional comorbidities in conjunction with the pulmonary 
disorders can cause worse outcomes [4].

Chronic obstructive pulmonary disease (COPD) will likely 
soon be the third leading cause of death throughout the world 
and is the most significant respiratory condition impacting 
burn patients. COPD imposes a tremendous medical and eco-
nomic burden on patients and society as a whole due to the 
serious and chronic nature of the disease process. Additionally, 
COPD both preferentially affects older patients and has a 
greater impact with increasing age [46]. There are several 
challenges in caring for the burn patient who has COPD.

The first challenge is airway management during resusci-
tation. COPD patients are more likely to require a definitive 
airway, because of increased sensitivity to smoke inhalation, 
lack of pulmonary reserve, and need for ventilator assistance 
due to the metabolic effect of the burn and smoke injury. 
Attaining a definitive airway may be more difficult because 
of lack of reserve. A difficult airway should be anticipated in 
these patients and the most experienced team member(s) 
should participate in this process.

Once intubated, mechanical ventilation of COPD patients 
may require different techniques than that used in patients 
with normal pulmonary function. Specifically, a characteris-
tic of COPD patients is airflow obstruction caused by chronic 
inflammation, secretions, and/or bronchospasm. This 
obstruction impedes both inhalation and exhalation, but typi-
cally results in the need for prolonged exhalation. Failure to 
incorporate this in ventilator management may result in air 
trapping, auto-positive end-expiratory pressure (auto-PEEP), 
increased airway pressures, and resulting hypoxia and/or 

hypercarbia. Techniques to avoid this include support venti-
lation or synchronous intermittent mandatory ventilation 
modes, lower respiratory rates, and high inspiratory flow 
rates to decrease inspiratory:expiratory (I:E) ratio. A com-
mon pitfall in this situation is increasing respiratory rate in 
response to hypercarbia and/or acidosis which subsequently 
increases autoPEEP, exacerbates decreased ventilation, and 
worsens the respiratory failure [47, 48].

Another consideration in both intubated and non- intubated 
COPD patients is chronic, compensatory CO2 retention that 
is seen in COPD patients who have lost their hypercarbic 
drive. Correcting hypoxia in these patients with high inspired 
oxygen therapy can improve hypoxia but simultaneously 
eliminate the hypoxic respiratory drive and inadvertently 
push the patients into respiratory failure.

COPD patients because of airflow obstruction, air trap-
ping, and over-distention of alveoli, have a higher likelihood 
of barotrauma or volutrauma with mechanical ventilation, 
particularly if ventilator settings result in high inspiratory 
volumes or increased peak airway pressures. The risk of this 
can be minimized by utilizing the strategies discussed above 
and using lung-protective strategies. A sudden decompensa-
tion in a ventilated burn patient who also has COPD should 
prompt a search for an iatrogenic pneumothorax.

Intubated COPD patients are at greater risk for ventilator- 
associated pneumonia (VAP) than ventilated patients with-
out COPD [49]. This is almost certainly true in burn patients 
and indeed may be more pronounced in the burn population 
because of the often long duration of ventilation, frequency 
of infectious processes elsewhere, immunosuppressive 
nature of the burn injury, and the presence of bacterial wound 
colonization. Signs and symptoms of infection and/or sepsis 
in a burn patient with COPD should prompt aggressive diag-
nostic and therapeutic maneuvers confirm, characterize, and 
treat a potential VAP. Development of a VAP in a burn patient 
can be expected to increase mortality and increase duration 
of ventilation and ICU stay.

Special consideration must be given to the patient who 
suffers a burn injury due to smoking while on chronic home 
oxygen therapy (HOT). The incidence of this injury has been 
increasing [50]. HOT is most commonly prescribed for 
COPD, but is also used for other pulmonary, cardiac, and 
neuromuscular diseases. HOT is a beneficial treatment, 
improving oxygenation and decreasing mortality [51]. 
However, patients who continue to smoke tobacco while 
using HOT (and often smoking is the reason necessitating 
HOT use in the first place) have a high risk for burn injury 
[52–58]. The mechanism of the injury is that the HOT acts as 
an accelerant for combustion, making hot objects or objects 
on fire, such as cigarettes, burn hotter and faster [51]. Because 
the injury typically occurs when the patient brings the ciga-
rette toward his/her mouth, face and head burns are common. 
Fortunately, these flash burns are usually superficial partial 
thickness and can be managed with outpatient care, or after a 
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brief overnight inpatient stay without intubation and without 
surgical intervention. However, the mortality associated with 
these injuries is not inconsequential and the cost is high.

31.5  Gastrointestinal Disorders

Gastrointestinal (GI) disorders, with one exception, gener-
ally do not play a great role in premorbid pathology associ-
ated with burn injury. Liver failure and cirrhosis can have a 
significant impact on outcome following burn injury; these 
are reviewed below. Other disorders to be considered are 
inflammatory bowel disease, irritable bowel syndrome, and 
pancreatitis.

Inflammatory bowel disease (IBD) is a group of several 
conditions (e.g., Crohn’s disease and ulcerative colitis) that 
affect various areas of the GI tract causing diarrhea, vomiting, 
bleeding, pain, and weight loss. IBD may exhibit manifesta-
tions outside of the GI tract including arthritis, skin lesions, 
cholangitis, deep venous thrombosis, and other symptoms. 
The important considerations for IBD in patients with burn 
injury are diagnosis and management of an acute IBD exacer-
bation and maintaining nutritional status. Diagnosis is usually 
suspected by worsening of symptoms described above and by 
colonoscopy with or without biopsy. Treatment includes 
symptomatic care, and usually anti- inflammatory drugs such 
as mesalazine in combination with immunosuppression drugs 
such as corticosteroids or azathioprine [59].

Irritable bowel syndrome (IBS) is a condition charac-
terized by abdominal pain and change in bowel habits 
without the anatomic changes seen in IBD. Other condi-
tions associated with IBS include anxiety, depression, and 
chronic fatigue syndrome. IBS is more common in women 
and seems to decrease with age. There is no cure for IBS; 
treatment is symptomatic and supportive. Pain control for 
the burn injury may be complicated by the abdominal pain 
seen with IBS [60].

Acute pancreatitis is an inflammatory disorder caused by 
intracellular activation of caustic digestive enzymes leading 
to abdominal pain and nausea and vomiting. Pancreatitis is 
rarely seen as a complication of burn injury. It is associated 
with an increased mortality in burn patients [61]. Preexisting 
pancreatitis typically arising from alcohol abuse, gallstones, 
or medications is occasionally seen in burn patients. The big-
gest issue in these patients is pain control. Nutritional sup-
plementation is a secondary concern if patients cannot 
tolerate enteral feeding.

31.5.1  Liver Failure and Cirrhosis

The liver is a gland essential in metabolism, substrate utiliza-
tion, protein synthesis, and various aspects of immune func-
tion. As such, the liver plays a pivotal role in the inflammatory 

response in burn injury. The most frequent liver disease 
which impacts burn patients is cirrhosis. Cirrhosis is most 
commonly caused by alcohol, viruses (hepatitis C and B), 
autoimmune disease, or inherited defects in metabolism. It is 
characterized by gradual replacement of normal hepatic 
parenchyma with fibrotic scar accompanied by subsequent 
global functional failure of hepatocytes [62]. Two common 
scoring systems have been employed to stratify risk of 
patients with cirrhosis. The Child-Pugh-Turcotte classifies 
cirrhotic patients into three categories (A, B, and C) based on 
the likelihood of mortality for elective, non-hepatic surgery. 
The Model for End-Stage Liver Disease (MELD) score is 
used as a prognostic indicator for cirrhotic patients to priori-
tize graft allocation. It has also been shown to permit risk 
stratification for cirrhotic patients with acute traumatic 
injury. A recent study found that the MELD did not allow 
risk stratification for burn patients. However, the same study 
found that the mortality for cirrhotic patients with burns of 
10–50% TBSA was 83% compared to 12% mortality for 
non-cirrhotic patients with equivalent burn size. The authors 
stated that patients with cirrhosis were rarely able to survive 
burn injury greater than 10% TBSA [63].

There is no specific treatment for cirrhosis short of liver 
transplantation. The clinical goals for the burn care team in 
caring for a cirrhotic patient with a burn are to preserve exist-
ing hepatic function, to avoid/treat the complications of cir-
rhosis such as coagulopathy, encephalopathy, and ascites, 
and to achieve burn wound closure as quickly as possible. It 
is not uncommon to see deterioration of hepatic function as a 
result of burn injury. Two particular problems faced by the 
burn care team are fluid resuscitation and operative 
coagulopathy.

Cirrhotic patients often are hyponatremic, fluid over-
loaded, and have a poor ability to handle a sodium load. This 
makes initial burn resuscitation challenging. Strategies 
include judicious fluid administration with close monitoring, 
the use of colloid, diuresis near the end of resuscitation, uti-
lization of continuous renal replacement or conventional 
hemodialysis, and consideration for plasma exchange.

Cirrhotic patients are also often coagulopathic because of 
the liver’s inability to synthesize coagulation factors and 
because of thrombocytopenia. This can make operative man-
agement of the burn wound challenging. Operative strategies 
include the use of tourniquets, facial rather than tangential 
excision, subeschar clysis, and topical hemostatic agents. 
Biochemical strategies included the administration of vita-
min K, repletion of factors with infusion of fresh frozen 
plasma and platelets, and administration of anti-fibrinolytic 
agents such as aminocaproic acid. The use of prothrombin 
concentration complex and/or activated factor VII are lim-
ited by the current paucity of clinical data in this setting, but 
may be considered as rescue therapies.

Oxandrolone is an anabolic steroid that improves burn 
patient outcomes. It does not predispose to burn patients to 
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hepatic dysfunction. However, it can augment liver impair-
ment and should not be used in the face of any degree of 
hepatic dysfunction [64–67].

31.6  Renal Insufficiency and Failure

Acute renal insufficiency and renal failure are common com-
plications of burn injury and contribute significantly to morbid-
ity and mortality. Here we will briefly discuss the impact of 
preexisting renal failure on the clinical care of burn patients. 
The major concern is maintenance of fluid, electrolyte, and 
acid–base status during acute resuscitation and subsequent hos-
pitalization. One can expect deterioration in renal function as a 
result of the burn injury. For a patient not already on hemodi-
alysis, fluid and biochemical status may be maintained with 
judicious fluid administration with or without the use of diuret-
ics. Often, the burn injury will push renal patients not requiring 
dialysis into oliguric or anuric renal failure. These patients, 
along with patients already requiring hemodialysis, are best 
managed with continuous renal replacement therapy (CRRT). 
This is especially important during acute resuscitation when 
fluid and electrolytes shifts and alterations are greatest. Once 
the patient has stabilized after the first 48–72 h, the patient can 
often be transitioned to conventional hemodialysis.

31.7  Endocrine Disorders: Diabetes

Diabetes is a common clinical disorder in burn patients and 
is a risk factor for increased length of stay and higher rates of 
infection [68, 69]. Additionally, diabetic complications such 
as retinopathy, neuropathy, and gait disturbances predispose 
diabetics to burn injury [70]. Diabetes manifests pathologi-
cally in burn patients in several ways. First and most obvious 
is glucose intolerance and poor blood sugar control. The 
stress and inflammatory response that accompanies thermal 
injury produces hyperglycemia and insulin resistance. This 
exacerbates diabetes and increases difficulty in glucose con-
trol. Studies have shown that an elevated admission glucose 
level ≥ 150 mg/dL correlates with increased infectious com-
plications in burn patients. Many other studies have docu-
mented poorer outcomes in diabetic burn patients [71, 72]. 
Numerous studies have shown that aggressive and appropri-
ate glucose control can reduce infections and improve out-
comes [71, 73, 74]. The precise cutoff level for “tight glucose 
control” in burn patients remains to be elucidated.

Diabetes complications also affect burn patients in other 
ways. The associated neuropathy, foot deformities, and gait 
disturbances can make physical and occupational therapy 
more difficult than in nondiabetic burn patients. Neuropathy 
may also adversely affect healing of burn wounds, skin 
grafts, and donor sites. Additionally, associated vasculopathy 
may produce decreased blood flow and impair healing.

31.8  Psychological and Psychiatric 
Disorders

A well-known complication of burn injury in many patients 
is the development of acute psychological maladies such as 
posttraumatic stress disorder or acute stress disorder [75]. 
Less well-known is the incidence and characterization of 
preexisting and more chronic psychological diagnoses and 
the effect on the care and recovery of burn patients [76].

The incidence of preexisting mental illness in patients with 
burn injury has been reported to be as low as 6% and as high 
as 13% [76, 77]. The most common mental health diagnosis in 
burn patients was depression. Forty percent of patients with a 
psychiatric diagnosis have more than one mental health disor-
der diagnosis. Mental health disorders may contribute to the 
development of burn injury. Premorbid mental health disor-
ders in burn patients are associated with a variety of poorer 
outcomes including pain issues, healing, readmissions, num-
ber of transfusions, and others. These patients tend to experi-
ence longer length of stays in the hospital and to demonstrate 
slower wound healing [78]. Additionally, burn patients with 
psychiatric disorders are more likely to be discharged to a 
facility other than home and are at greater risk for death. All 
burn patients should be screened for preexisting mental health 
disorders. Treatment of these disorders should be aggressive 
and multidisciplinary.

Substance abuse frequently accompanies and often is 
contributory to burn injury. A review of multiple studies 
demonstrated that positive alcohol intake was reported in 
1–50% of burn admissions. Most studies typically show that 
20–33% of patients admitted with burn injury had been 
drinking alcohol around the time of injury [79, 80]. Up to 
20% of burn admissions may have consumed enough alcohol 
to impair cognition. This impairment may have contributed 
to the cause of the injury and/or contributed to the inability 
to avoid or escape the injury [80]. Alcohol-related burn inju-
ries tend to have flame as the etiology more frequently than 
non-alcohol-related burns. And alcohol-related burn injuries 
tend to have worse outcomes. Specifically, intoxicated 
patients tend to have more associated injuries and infections, 
greater ventilator days and total hospital days (length of 
stay), and greater numbers of transfusions and operations 
[81, 82]. Substance abuse does not appear to be an indepen-
dent risk factor for mortality [81, 82] and in several studies 
alcohol use/abuse was NOT an independent risk factor for 
mortality [81, 82].

Similarly, abuse of substances other than alcohol includ-
ing legal and illegal opioids, methamphetamine, cocaine, 
marijuana, and others is often seen in burn patients and often 
contributes to the etiology and severity of the burn injury. 
These patients frequently have complicated hospital courses 
marked by acute withdrawal and detoxification, more diffi-
cult pain control, delayed wound healing, and prolonged 
hospital stays, among other issues. Burn patients should be 
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screened for mental illness and alcohol and substance abuse, 
and treated aggressively positive.

Burn patients who test positive for methamphetamine, 
and/or who are injured by methamphetamine lab explosions 
present unique challenges for the burn care team. These 
patients are often violent because of acute intoxication. And 
they often go through methamphetamine withdrawal [83]. 
They tend to require more aggressive fluid resuscitation. 
They have greater incidence of inhalation injury, longer 
times on the ventilator, and greater tracheostomy rates [84].
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Wound Healing

Eleanor Curtis and Nicole S. Gibran

32.1  History of Wound Care

The study of wound healing occupies a central role in surgical 
history and continues to represent a common challenge for all 
surgical subspecialties. As early as 1550 BC, the Ebers Papyrus 
of ancient Egypt documents the use of many natural remedies 
in wound healing. The Egyptians observed that honey, now 
known to have antibacterial properties, proved an effective 
wound dressing. Mild antiseptics such as frankincense, date-
wine, turpentine, and acacia gum also found a place in the 
Egyptian pharmacopeia. The Egyptians documented the use 
of sutures for primary wound closure, and in a strikingly early 
use of twentieth century medicines, there is documentation of 
the application of sour or moldy bread to wounds, now under-
stood to harbor antibiotic-producing fungus [1].

Galen of Pergamon, the celebrated surgeon and anato-
mist, derived a wealth of wound care experience from serv-
ing as surgeon to the Roman gladiators. He emphasized the 
importance of maintaining a moist environment for wound 
healing, although we have only recently understood that 
wound epithelialization is greatly enhanced in sufficiently 
hydrated wound beds [2]. Further developments in wound 
care took millennia to arrive, often returning to old remedies. 
The sixteenth-century French barber surgeon, Amboise Paré, 
changed the practice of cauterizing gunshot wounds with hot 
oil, instead using a Roman salve of egg-white, rose-oil, and 
turpentine improving infection rates and pain control for 
wounded soldiers [3]. In 1607, Wilhelm Fabry’s De 
Combustionibus first described the three stages of burns [4]. 
The idea of treating burns and other skin wounds surgically 

was not a mainstay of treatment until the late 1800s, after the 
advent of germ theory and anesthesia [5].

Ignaz Philipp Semmelweis, a Hungarian obstetrician, 
noted that the incidence of puerperal infections was signifi-
cantly lower when medical students on the ward washed 
their hands with soap and hypochlorite after attending 
cadaver dissection. Louis Pasteur related natural phenomena 
such as the souring of milk to the fermentation of sugar by 
microorganisms. He developed a heat treatment (pasteuriza-
tion) that prevented the transmission of microbes such as 
tuberculosis and typhoid. Robert Koch formulated a general-
izable set of criteria for microbial infections, now known as 
Koch’s postulates. First, microorganisms should be in abun-
dance in those suffering (but not in healthy persons). Second, 
microorganisms isolated from the diseased should be able to 
be grown in pure culture. Third, cultured microorganisms 
should cause disease when introduced into a healthy organ-
isms, and finally that the organism has not changed when 
re-isolated from the new host [6].

English surgeon, Joseph Lister is widely credited as 
the father of antiseptic surgery. Lister’s use of carbolic 
acid for surgical sterilization is said to derive from his 
observation that sewage treated with the chemical was 
less murky than without. He began treating surgical 
instruments and instituted handwashing protocols with 
carbolic acid, which initially led to his suspension from 
practice, but eventually paved the way for institution of 
sterile technique in surgery [6].

32.2  Types of Wounds

The nature of the wound and the manner in which it may heal 
are fundamentally linked to the mechanism of insult. Injuries 
by physical agents may be broadly classified into groups: 
mechanical trauma, thermal injury, chemical injury, electri-
cal injury, and injury caused by ionizing radiation. These are 
primary wounds; the category and subtypes are listed in 
Table  32.1 with typical characteristics of the wounds. In 
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addition, chronic wounds are caused by any of the above 
insults.

Mechanical injuries take on a variety of forms. Abrasions 
are caused by a friction event such as scraping or rubbing 
and result in the removal of superficial skin layers. More 
severe forms of abrasions include avulsions, which involve 
detachment of skin and possibly underlying tissue. Degloving 
injuries are avulsions with compromised blood supply to the 
detached. Contusions, or bruises, are caused by blunt trauma 
and characteristically rupture blood vessels. Extravasation of 
blood into the affected tissue is evident by skin discoloration, 
which evolves over time as the hemoglobin degrades. 
Lacerations and incisions refer to tissue separation extending 
through the skin, with lacerations caused by accidental 
trauma and incisions caused by purposeful dissection. 
Puncture wounds result from sharp penetration through the 
skin by an instrument or a projectile. They may extend into 
deeper structures and/or produce a second wound at the exit 
site (through-and-through wounds).

In the mid twentieth century, Jackson described thermal 
injuries as demonstrating a characteristic cutaneous injury 
pattern, which is divided into three zones based on blood 
perfusion and tissue viability: zone of coagulation, zone of 

stasis, and zone of hyperemia. The innermost zone of coagu-
lation represents the irreversibly damaged, necrotic tissue 
without perfusion. Surrounding the necrotic tissue is an area 
of moderately burned tissue that may survive or progress to 
coagulative necrosis depending on the wound environment. 
This so-called zone of stasis is characterized by increased 
capillary permeability and vascular damage. The final zone 
of hyperemia is an area of intense vasodilatation and inflam-
mation that contains viable tissue and is not usually at risk of 
progression to necrosis [7, 8].

Electrical injuries produce a variety of cutaneous and 
extracutaneous damage that depend upon the strength 
(amperage), duration of contact, and path of transmission 
through the body. If the contact time is brief, damage is rela-
tively restricted to the cell membrane and electrical mecha-
nisms (e.g., heart arrhythmias), rather thermal mechanisms 
will dominate the injury pattern. With longer contact time, 
thermal injury dominates and the entire cell is affected. 
Higher amperage (charge per unit time) burns are associated 
with a greater degree of systemic complications such as ven-
tricular fibrillation, rhabdomyolysis, compartment syn-
drome, and renal failure [9].

Chemical injuries are subdivided by causative agent into 
alkali and acid, with alkali burns generally considered the 
most severe. Alkali burns induce fat saponification (calcifica-
tion) or liquefaction, profound cellular dehydration, and for-
mation of alkaline proteinates (completely ionized proteins) 
that cause deeper tissue damage. Examples of alkalis include 
lime, cement, potassium hydroxide, and bleach. Acid inju-
ries induce protein hydrolysis (tanning) and do not penetrate 
tissue as readily as alkalis. One notable acid burn results 
from hydrofluoric acid due to its unique mechanism of fluo-
ride chelating calcium in the tissue and the risk of hypocal-
cemia; this is the only acid burn with a specific treatment 
with topical or systemic calcium. Finally, hydrocarbons such 
as organic solvents are capable of dissolving cell membranes 
and producing skin necrosis. Systemic absorption of hydro-
carbons is associated with respiratory depression and hepatic 
toxicity [10].

Radiation with energy high enough to break up molecules 
is called ionizing radiation. Radiation injuries, which can be 
accidental or iatrogenic, are known to cause short- and long- 
term sequelae. Acute radiation syndrome describes the 
adverse effects of large doses of ionizing radiation on the 
skin. Basal skin layer damage results in inflammation, ery-
thema, and desquamation. Blistering and ulceration may fol-
low in days to weeks, and most wounds will heal normally, 
though larger doses may result in destruction of skin append-
ages, fibrosis, abnormal pigmentation, and ulceration or 
necrosis of exposed tissue. Acute ionizing radiation exposure 
is also associated with dysfunction of hematopoietic, gastro-
intestinal, and cerebrovascular, and systems [11].

Table 32.1 Categories of wounds and various subtypes

Category Subtype Wound characteristics
Mechanical Abrasions

Contusions
Lacerations
Incisions
Puncture 
wounds

Removal of superficial skin layer(s)
Disruption of blood vessels and 
extravasation of blood into tissue
Tissue disruption caused by blunt or 
sharp instrument, usually irregular
Tissue disruption caused by sharp 
instrument, usually linear
Penetration of sharp instrument or 
projectile into tissue

Thermal Superficial
Partial 
thickness
Full thickness

Burns confined to epidermis
Burns involving papillary 
(superficial) or reticular (deep) 
dermis
Burns extending through dermis into 
subcutaneous tissue

Chemical Alkali
Acid
Hydrocarbons

Fat saponification, cellular 
dehydration, and deep tissue 
penetration
Hard eschar, thermal injury, and 
electrolyte imbalances
Dissolution of cell membranes, 
typically superficial erythema & 
blistering

Electrical Complex Degrees of cutaneous and deep 
tissue injury associated with 
systemic complications

Radiation Complex Basal skin layer damage with 
short- and long-term sequelae

Chronic Complex Persistent inflammation and matrix 
degradation leading to nonhealing
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32.3  Mechanisms of Wound Healing

Wound healing is classically divided into four phases: hemo-
stasis, inflammation, proliferation, and remodeling. 
Considerable overlap exists between each phase, and a com-
bination of biochemical and cellular events contributes to the 
natural continuum of tissue repair.

32.3.1  Hemostasis

The initial phase of wound healing is characterized by a 
coordinated effort between circulating platelets, soluble clot-
ting factors, and vascular endothelium to stop hemorrhage by 
the formation of a clot. The key sequences of events are 
divided into (1) coagulation cascade and (2) platelet activa-
tion, although it is important to remember the fundamentally 
integrated nature of these processes.

Hemostasis is initiated by a chain reaction of soluble 
serum proteins to form an insoluble fibrin mesh. The coag-
ulation cascade is grouped into the contact activation and 
tissue factor pathways (historically the intrinsic and extrin-
sic pathways, respectively). The initial reactions of the two 
enzyme cascades are unique with a final common pathway 
consisting of factors X, V, and thrombin. The primary path-
way for blood coagulation is the tissue factor pathway, with 
the contact activation pathway playing a secondary role. 
The clotting cascade results in the generation of fibrin, 
which enhances platelet aggregation, and structurally rein-
forces the ensuing platelet plug [12]. Topical fibrin sealants 
promote hemostasis and skin graft adhesion in excised burn 
wounds [13].

Disruption of normal endothelium exposes subendothe-
lial collagen and thrombogenic extracellular matrix mole-
cules, most notably von Willebrand factor (vWF). Platelets 
adhere to vWF via the glycoprotein (GP) Ib receptor, which 
strengthens the interaction between platelets and underlying 
extracellular matrix. Patients with vWF deficiency or with 
mutations in the glycoprotein (GP) Ib receptor are known to 
have von Willebrand disease, which is the most common 
hereditary coagulation deficiency. Likewise, mutations in the 
GPIb receptor result in Bernard–Soulier syndrome. Both of 
these conditions result in bleeding tendencies because of 
altered platelet adhesion to exposed subendothelium [14].

Platelet adhesion leads to platelet activation, invoking the 
release of stored granule contents. Cues from the wound 
environment such as hypoxia and acidosis enhance platelet 
degranulation [15]. Alpha-granules store growth factors such 
as platelet factor-4 (PF4), platelet derived-growth factor, 
fibronectin, vWF, and fibrinogen [16]. Many of these sub-
stances enhance platelet adhesion or activation. PF4 binds 
with high affinity to endothelial-derived heparin, which inac-

tivates the molecule and promotes coagulation. Antibodies 
bind to the PF4-heparin complex on platelet membranes in 
the syndrome of heparin-induced thrombocytopenia (HIT), 
which can lead to dangerously low levels of platelets with a 
paradoxical increase in thrombosis [17].

Dense granules harbor smaller molecules involved in 
platelet activation such as ADP, ATP, calcium, and serotonin. 
Release of these molecules into the platelet cytosol initiates 
a Gq-linked protein receptor cascade, which results in an 
increased cytosolic calcium concentration.

The platelet glycoprotein IIb-IIIa receptor deserves men-
tion because of its relevance to cardiovascular medicine and 
disease. The natural ligand of GPIIb-IIIa is fibrinogen, which 
links the coagulation cascade with platelet activation. Platelet 
activation leads to increasing its affinity to bind fibrinogen, 
which enhances platelet aggregation and clotting factor- 
mediated coagulation. The activated platelets change shape 
from spherical to stellate, and the fibrinogen cross-links with 
glycoprotein IIb-IIIa receptors in neighboring platelets to 
promote aggregation and eventual clot formation [18]. The 
GPIIb-IIIA receptor is the target of several antiplatelet agents 
including abciximab, eptifibatide, and tirofiban. Similarly, 
the drug clopidogrel is known to inhibit ADP binding to the 
GPIIb-IIIA receptor, which results in a reduced ability of 
platelets to aggregate and consequently form clots.

32.3.2  Inflammation

Vasoconstriction occurs at the wound site immediately after 
injury, which is the beginning of the second event in wound 
healing: inflammation. Vasoconstriction is primarily medi-
ated by catecholamines (epinephrine and norepinephrine), 
prostaglandin F2α, and thromboxane A2. The contraction of 
blood vessels aids platelet aggregation and hemostasis. 
Vasoconstriction is followed shortly by vasodilatation and 
increased vascular permeability, which allows access of 
inflammatory cells to the damaged tissue. Vasodilatation is 
mediated by prostaglandin E2, prostacyclin, histamine, sero-
tonin, and kinins [16]. Inflammatory cells undergo a three- 
stage process of rolling along the vascular endothelium, 
integrin-mediated adhesion to endothelial cells, and transmi-
gration into the extracellular space [19].

Neutrophils are the first inflammatory cell to arrive at the 
wound and play a primary role in the phagocytosis of bacte-
ria and tissue debris. A huge array of molecular signals are 
chemoattractant agents for neutrophils, including products 
of platelet degranulation, formyl methionyl peptides cleaved 
from bacterial proteins, and the degradation products of 
matrix proteins. Neutrophils are a major source of early cyto-
kines in the systemic response to injury, including tumor 
necrosis factor (TNF)-α [20].
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Oxygen delivery influences all stages of wound healing. 
In addition to providing a substrate for ATP synthesis in aer-
obic cell metabolism, large quantities of oxygen are used by 
neutrophils for superoxide radical generation in oxidative 
killing. Furthermore, molecular oxygen itself is toxic to 
anaerobic microorganisms, and reactive oxygen species are 
used as chemotactic and extracellular signaling including 
phyagocyte recruitment in the healing wound bed [21]. 
Wound oxygenation is determined by blood perfusion, 
hemoglobin dissociation, local oxygen consumption, frac-
tion of inspired oxygen, hemoglobin content, arterial oxygen 
tension, circulating blood volume, cardiac output, arterial 
inflow, and venous drainage [22].

Another early cell to infiltrate the wound site are mono-
cytes, which undergo phenotypic changes into macrophages. 
Macrophages can be regarded as a “master cell” involved in 
wound healing because of their central role in phagocytosis, 
inflammatory cell recruitment, and systemic inflammation. 
Macrophages release a variety of growth factors such as 
transforming growth factor-β (TGF-β), platelet-derived 
growth factor (PDGF), and fibroblast growth factor (FGF), 
which induce fibroblast proliferation and extracellular matrix 
production [23]. Macrophages express specific receptors for 
IgG (Fc receptor), complement C3b (CR1 and CR3), and 
fibronectin (integrins) that facilitate recognition and phago-
cytosis of opsonized pathogens. Importantly, macrophages 
also secrete cytokines such as IL-1 and TNF-α that modulate 
the systemic response to injury. Excessive production of 
TNF-α has been linked with multisystem organ failure as 
well as chronic non-healing ulcers [24]. As discussed later, 
both IL-1 and TNF-α appear to play crucial roles in early 
wound healing but may have an inhibitory effect on wound 
maturation if persistently elevated.

Emerging data suggest a role for nerve-derived neuropep-
tide in wound repair. Stimulation of efferent nerves is known 
to produce local vasodilation and plasma extravasation in 
skin, which contributes to the local inflammatory response. 
The neuropeptide substance P, released from terminal end-
ings of sensory nerves in response to noxious stimuli, is 
known to influence inflammatory cell chemotaxis [25, 26], 
angiogenesis [27, 28], and keratinocyte proliferation [29]. 
We have previously suggested that the dysregulated neuroin-
flammation plays an important role in hypertrophic scarring, 
evident by increased levels of substance P and decreased lev-
els of the regulating enzyme neutral endopeptidase [30], 
which is responsible for the exuberant matrix production, 
hyperemia, and pruritus seen in this condition [31].

A robust but appropriate inflammatory response is essen-
tial to prepare the wound bed for subsequent migration of 
proliferative cells. However, overzealous inflammation may 
inhibit the formation of granulation tissue and neovascular-
ization. Experiments in mice constitutively expressing the 
chemotactic cytokine interferon-inducible protein 10 dem-

onstrate that an intense inflammatory infiltrate inhibits 
angiogenesis and development of healthy granulation tissue 
[32]. Thus, as in all homeostatic systems, a careful balance 
of functionalized cellular and biochemical processes is 
essential to proper wound healing. Animal trials suggest a 
possible role for statins in wound healing in partial- and full- 
thickness burns. Whereas the combination of statins and 
angiotensin receptor antagonists have been demonstrated to 
reduce fibrosis in several organ systems, results in burn heal-
ing has been mixed. Atorvastatin has been shown to reduce 
inflammation and increase graft take in porcine wounds; 
however, in the same animal model, Losartan treatment 
resulted in decreased graft take, increased wound contraction 
and worse scarring [33, 34].

32.3.3  Proliferation

The proliferative phase is characterized by the formation of 
granulation tissue, which is a pink, soft, highly vascularized 
platform for tissue formation. Fibroblasts are evident at the 
wound site within 2–5 days and become the predominant cell 
type after the first week [35]. Macrophages drive the migration 
of fibroblasts by secreting a number of chemokines including 
TNF-α, PDGF, FGF, and TGF-β. Fibroblasts begin to deposit 
collagen and other extracellular matrix molecules that strengthen 
the wound bed. Macrophages stimulate fibroblasts to produce 
FGF-7 (keratinocyte growth factor) and IL-6, which promote 
keratinocyte migration and proliferation. IL-6 is also a potent 
stimulator of fibroblasts, which explains the decreased level 
found in aging fibroblasts and fetal wounds [36]. Unfortunately, 
granulation tissue also harbors high bacterial counts and proteo-
lytic activity, so it may need to be excised before skin grafting. 
Granulation tissue in a burn wound prevents advancement of the 
epithelial tongue and epithelialization and likely leads to hyper-
trophic scar formation [37].

A number of other inflammatory cytokines may find clini-
cal relevance in wound care. IL-8 secreted by macrophages 
and fibroblasts early in wound healing may have a stimula-
tory effect on keratinocytes and epithelialization. Topical 
application of IL-8 to human skin grafts in a chimeric mouse 
model enhanced keratinocyte proliferation and re- 
epithelialization [38]. Additionally, in both human and ani-
mal studies, topical application of PDGF improved wound 
strength and healing time [39]; unfortunately, clinical trials 
have demonstrated no significant difference in healing in 
chronic wounds [40].

TGF-β is expressed by platelets and fibroblasts in the wound 
bed and plays an important role in collagen deposition and 
turnover. TGF-β is the most potent known stimulator of fibro-
blast proliferation and can accelerate wound healing in steroid-
treated and irradiated animals [41]. Overexpression of TGF-β 
mRNA has been found in keloid and hypertrophic scars, 
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whereas fetal wounds contain relatively little TGF-β [42]. This 
contrast between the heavily fibrotic scars of keloid and the 
scarless repair observed in utero might underscore the impor-
tance of TGF-β in the fibrotic response to tissue injury. Gabriel 
[43] observed a similar phenomenon in burn injuries, where 
higher levels of TGF-β correlate with excessive wound con-
traction. Interestingly, exogenous application of TGF-β3 
reduces monocyte and macrophage recruitment to the wound 
site, resulting in less deposition of collagen and fibronectin in 
the early stages of wound healing [44]. A formulation of TGF-β 
(Juvista) underwent phase III trials but failed to meet primary 
or secondary endpoints and was never widely released [45].

Coincident with fibroblast migration to the wound site is 
angiogenesis. Angiogenesis, or neovascularization, which 
has been thought to be a critical element of early wound 
healing for transport of metabolites to and from the regener-
ating tissue. More recent data suggest that normal healing 
can occur when angiogenesis is inhibited and that angiogen-
esis in the wound bed is not associated with increased blood 
flow to the wound. Vascular endothelial cells arise from both 
preexisting blood vessels and endothelial progenitor cells 
(EPCs) in bone marrow. The most important regulators of 
angiogenesis are vascular endothelial growth factor (VEGF) 
and FGF-2. Nissen et  al. [46] observed a dose-dependent 
effect of both VEGF and FGF-2  in angiogenesis. VEGF is 
secreted as many different isoforms from a variety of stromal 
and mesenchymal cells, with the tyrosine kinase VEGF- 
receptor 2 emerging as the most preeminent in angiogenesis. 
VEGF/VEGFR2 signaling is involved in EPC migration 
from bone marrow, as well as promotion of endothelial cell 
proliferation and differentiation [47].

Hypoxia is a potent inducer of both angiogenesis and 
fibroblast proliferation. The major player in hypoxic gene 
expression is hypoxia-inducible factor 1 (HIF-1), a DNA- 
binding transcription factor that is known to alter gene tran-
scription of a number of proteins involved in metabolism, 
angiogenesis, migration, and proliferation [48]. Cultured 
endothelial cells upregulate the expression of several pro- 
angiogenic molecules when cultured in hypoxia, including 
endothelin-1, VEGF, and PDGF-β chain [49]. Fibroblast rep-
lication and longevity are increased in low oxygen tension 
culture [50], as is TGF-β secretion [49]. These observations 
highlight the contribution of hypoxia in the wound bed in 
proliferative cell signaling.

Mechanotransduction or the translation of mechanical 
force into biochemical signaling represents one novel area of 
research [51]. Using matrix-integrin activation of signaling 
cascades, mechanical force is transmitted to targets includ-
ing calcium-dependent signaling, nitric oxide signaling, 
mitogen-associated kinases, and Rho GTPases. The end 
product of these signals activate transcription factors that 
move to the nucleus and activate mechanoresponsive genes 
[51]. Silicone sheeting, a way of offloading skin tension in 

healing wounds, has shown promise in improving scaring. 
Further avenues to modulate the biochemical signaling and 
mechanotransduction networks have potential to reduce scar 
formation and promote skin regeneration [52, 53].

Recently, the role of immune cells, long ignored in wound 
healing research is under increased investigation. T cells 
migrate into the wound bed during the late proliferative and 
early remodeling phase. Mice deficient in T and B cells have a 
reduced capacity to scar [22], though contradictory reports 
exist concerning the beneficial effects of CD4+ and CD8+ lym-
phocytes on wound healing [54, 55]. Additionally, a unique 
type of T cell exists in the skin, known as dendritic epidermal 
T cells (DETC), which are thought to modulate many aspects 
of wound healing such as inflammation, host defense, and 
maintenance of tissue integrity. Mice lacking or defective in 
DETC show a delay in wound closure and a decrease in kera-
tinocyte proliferation at the wound site [44, 56].

32.3.4  Epithelialization

Epithelialization is the third important response to cutaneous 
injury, critical because once the epithelial layer is regenerated 
the wound is often viewed as being “healed.” Keratinocytes 
migrate from wound edges and dermal appendages such as 
hair follicles, sweat glands, and sebaceous glands. The role of 
the epidermal appendages is especially evident in partial-
thickness burns. Since the advancing epithelial tongue at the 
wound edge can migrate no more than ~1 cm, wounds depend 
on epidermal sources at the center of the wound. Full-
thickness wounds larger than 2 cm rarely heal other than by 
contraction. Subsequent proliferation of these cells at the 
wound site provides a neo-epidermal covering. Keratinocyte 
migration and proliferation follow a discrete sequence of 
events: disassembly of hemidesmosomes and desmosomes, 
retraction of intracellular tonofilaments and keratin filaments, 
and formation of focal contacts and cytoplasmic actin fila-
ments [57]. Martin [58] has extensively studied the interplay 
between laminin, matrix metalloproteinases (MMPs), integ-
rins, and soluble growth factors in this process.

Renewal of keratinocytes during normal homeostasis and 
wound repair is a defining feature of re-epithelialization. The 
upper region of hair follicles below the sebaceous gland 
(known as the bulge) contains multipotent progenitor cells 
that contribute to maintenance and renewal of epithelium 
[59, 60]. Additionally, epidermal cells migrate from neigh-
boring unwounded epidermis or from the infundibulum, the 
portion of the hair follicle between the epidermis and the 
sebaceous gland [61].

The relative contributions of the follicular stem cells and 
epidermal stem cells to re-epithelialization is debated, 
although genetic analyses have confirmed that the epidermis 
has intrinsic capacity for self-renewal and does not depend 
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on follicle-derived multipotent progenitor cells [62, 63]. 
Further evidence for this notion comes from reports of de 
novo hair follicle generation in healing skin of adult mice 
[64]. This phenomenon, which has never been observed in 
humans, is contingent upon WNT-mediated signaling which 
is also involved in pattern formation and the epithelial–mes-
enchymal transformation during embryogenesis [65]. 
Elucidation of the overlapping pathways in wound repair, 
and development is a central principle of efforts toward scar-
less repair and skin regeneration.

32.3.5  Remodeling

Remodeling is the replacement of granulation tissue with 
scar over months after “healing.” A key feature of tissue 
remodeling that emerges during this stage of wound healing 
is the balance between extracellular matrix (ECM) synthesis 
and degradation. While fibrogenic growth factors such as 
PDGF and FGF stimulate fibroblast matrix deposition, resi-
dent cells induce continuous degradation by matrix metallo-
proteinases. MMPs are a family of zinc proteases that are 
capable of degrading a variety of ECM components such as 
collagen, fibronectin, proteoglycans, and laminin [66] which 
can improve wound healing through direct and indirect 
mechanisms [67].

Collagen composition of the wound appears to follow a 
similar pattern as embryogenesis. Granulation tissue is com-
prised of a large amount of collagen III, which is gradually 
replaced by collagen I. Collagen I provides a higher degree 
of tensile strength to the developing scar, although the final 
tensile strength approaches only 70% of uninjured skin [68]. 
A morphological change in fibroblasts ensues during wound 
contraction, in which fibroblasts begin to express alpha- 
smooth muscle actin and adapt functions of smooth muscle 
cells. The resulting cell is termed a myofibroblast and serves 
to enhance wound contraction.

32.3.6  Stem Cells

In addition to resident epidermal stem cells in the skin, bone 
marrow-derived stem cells may contribute substantially to 
cutaneous wound healing. Bone marrow contains both hema-
topoietic (CD34+) and non-hematopoietic (mesenchymal) 
stem cells which aid wound healing by direct contribution of 
cells as well as by paracrine signaling. A notable study, in 
which green fluorescent protein-labeled bone marrow stem 
cells were used to reconstitute the marrow of mice with cuta-
neous wounds, indicated that non-hematopoietic mesenchy-
mal stem cells may contribute up to 15–20% of dermal 
fibroblasts in normal skin and healing cutaneous wounds. 
Fathke et al. [69] and Brittan et al. [70] have traced cells with 

a keratinocyte phenotype to bone marrow origin. Deng et al. 
[71] have shown evidence that bone marrow stem cells are 
involved in hair follicle regeneration. Bone marrow cells 
expand ex vivo to promote neovascularization [72], append-
age regeneration [73], and accelerate wound closure [74].

Endothelial progenitor cells (EPCs) derive from CD34+ 
hematopoietic stem cells in the bone marrow and contribute 
some proportion of the endothelial cells to adult skin. 
Systemic transplantation of EPCs enhances wound healing 
in mice [75], as does topical application of EPCs to ischemic 
ulcers in diabetic mice [76]. The mechanism involves para-
crine signaling from EPCs instead of direct contributions by 
endothelial cells [75].

Fibrocytes, a subpopulation of leukocytes that also arise in 
the bone marrow, were originally identified by their rapid 
recruitment from peripheral blood to wound sites in mice [77]. 
Fibrocytes are significantly increased in the blood of burned 
patients in comparison to normal individuals and appear to 
localize in the deeper papillary dermis [78]. These cells may 
contribute to the myofibroblast population in wounds and may 
be associated with hypertrophic scarring [79, 80].

32.4  Abnormal Wound Healing

32.4.1  Impaired Wound Healing

A variety of local and systemic factors are implicated in 
abnormal wound healing, which impair tissue regeneration 
by interrupting each of the stages of wound healing. Physical 
impediments (Table  32.2) to wound closure may delay or 
prevent healing, such as the presence of foreign bodies or 
neoplasms (for skin grafts, hematomas and seromas most 
commonly cause graft failure). Excessive tension on a wound 
or surrounding edema may compress the vascular supply and 
lead to ischemia; recent data also implicate mechanical 
 tension as a leading cause for hypertrophic scar formation 
[81]. Therapeutic radiation and repetitive trauma are also 
well- known detriments to wound healing.

Table 32.2 Local and systemic factors that impair wound healing

Local factors Systemic factors
Tension
Foreign bodies
Infection
Ischemia
Hematoma and seroma
Trauma
Edema
Irradiation

Connective tissue disorders
Hypothermia
Oxygen
Tobacco smoking
Malnutrition
Jaundice
Age
Diabetes mellitus
Uremia
Steroids
Chemotherapeutic agents

Adapted from [82]
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A variety of insults can disturb wound healing by evoking 
hypoxia in the evolving wound. Disruption of vascular sup-
ply and depletion of oxygen can lead to wound hypoxia, 
which is associated with systemic diseases such as connec-
tive tissue disorders and microvascular disease in diabetes 
mellitus. Tobacco smoking produces similar effects through 
nicotine-induced vasoconstriction and displacement of oxy-
gen on hemoglobin with carbon monoxide [83].

Infection is another classic adversary of proper wound 
healing. Wounds with bacterial counts that exceeding 105 
organisms per gram of tissue will generally not heal by any 
means, including flap closure, skin graft placement, or pri-
mary intention [84]. The introduction of early excision and 
grafting for burn wounds has significantly reduced the preva-
lence of burn wound sepsis—which was historically a leading 
cause of burn mortality. Endotoxin produced by gram-nega-
tive bacteria stimulates phagocytosis and collagenase expres-
sion, which contributes to matrix degradation and destruction 
of normal tissue. Bacteria also accelerate protease production 
in macrophages (such as MMPs) while inhibiting protease 
inhibitor expression. This effect leads to increased matrix 
destruction and degradation of growth factors, which are 
characteristics of chronic nonhealing wounds [85].

Nutritional status has a profound effect on wound healing 
as well. Serum albumin is one of the most accurate predic-
tors of surgical morbidity and mortality, with levels below 
2.1  g/dL associated with poorer outcomes [86]. Protein 
replacement enhances wound healing [87], as does supple-
mentation with the amino acids arginine, taurine, and gluta-
mine [88, 89]. Whereas patients with large burns 
characteristically have albumin levels below 1.0 g/dL, exog-
enous albumen has never been demonstrated to improve out-
comes. Early introduction of nutrition is a critical component 
of acute burn care and wound healing, with micronutrients 
playing an important role [90, 91]. Data suggest that the cat-
abolic state can be modulated by propranolol in children [92] 
and oxandrolone in children and adults [93, 94]. Propranolol, 
a nonselective β-blocker, improved wound healing and peri-
operative hemodynamics in severely burned adults by 
increasing vascular resistance in the burn beds by leaving 
α-adrenergic receptors unopposed and decreasing blood loss 
during operative interventions [95].

Vitamin C (ascorbic acid) is an essential cofactor in pro-
line and lysine hydroxylation during collagen synthesis, and 
supplementation of 100–1000 g per day may improve wound 
healing [89]. Vitamin A (retinoic acid) is required for wound 
re-epithelialization, maintenance of normal epithelium, pro-
teoglycan synthesis, and normal immune function. Oral reti-
noid therapy counteracts the detrimental effects of 
corticosteroids on wound healing, possibly through promo-
tion of TGF-β and IL-1 signaling [96]. Vitamin K deficiency 
impedes clot formation and hemostasis, while vitamin D is 
required for bone healing and calcium metabolism. Finally, 

vitamin E supplementation may serve an important role as an 
antioxidant in trauma patients. Early administration of vita-
min E reduces the incidence of organ failure and the average 
length of ICU stay in critically ill surgical patients and may 
be relevant for burn patients [97].

The dietary minerals associated with wound healing 
include zinc and iron. Zinc is an essential cofactor in RNA 
and DNA polymerases. Deficiency inhibits granulation tis-
sue formation [98] and delays wound healing [99]. Desneves 
et al. [88] report that zinc supplementation improves wound 
healing. Iron, another cofactor in DNA synthesis, is also key 
to proline and lysine hydroxylation. Although the role of iron 
in normal hematopoiesis is well established, chronically ane-
mic patients do not appear to suffer from delayed wound 
healing [100]. Whereas selenium deficiency causes hair and 
skin abnormalities in humans and selenoproteins have been 
implicated in keratinocyte function and cutaneous morpho-
genesis [101], but selenium deficiency is yet to be associated 
with abnormal wound healing.

32.4.2  Hypertrophic Scars and Keloids

Hypertrophic scar and keloids represent fibroproliferative 
scars, which are characterized by excessive collagen deposi-
tion. These two morphological aberrations are difficult to 
differentiate: keloids are defined as scars that grow beyond 
the periphery of the original wounds and hypertrophic scars 
represent raised scars that remain confined to the boundaries 
of the original wound. Keloids rarely regress with time; 
hypertrophic scars frequently regress spontaneously. Both 
scar types appear to have a strong genetic component, with 
more prevalence in dark-skinned patients of African, Asian, 
Native American, or Latin American descent. Hypertrophic 
scars, the result of prolonged inflammation, are influenced 
by wound depth, skin tension, and delayed wound healing 
with increased inflammatory response and enhanced fibro-
blast activity [102]. Though theoretically preventable, hyper-
trophic scars tend to occur in pigmented individuals [103], 
young people, and rarely in the aged. Interestingly, they 
often develop in highly contractible body sites and rarely 
form on the scalp or the lower leg [104]. Proposed therapies 
to control hypertrophic scars act to reduce inflammation 
including steroid injections, radiotherapies, compression, 
and surgical methods to reduce skin tension [105]. The sin-
gle nucleotide polymorphism p27kip1 decreases vascular 
restenosis due to fibrogenesis, but was not associated with 
hypertrophic scar severity [106]. Using a genome-wide asso-
ciation study of over 500 individuals with burn injuries, 
mutations in the CSMD1 gene have been associated with 
reduced hypertrophic scarring [107].

In light of its potent effect on fibroblast proliferation and 
collagen deposition, it is perhaps not surprising that TGF-β 
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plays a central role in proliferative scarring. Colwell et  al. 
[108] found increased levels of the TGF-β1 isoform in both 
keloids and hypertrophic scars. Likewise, antibodies to 
TGF-β isoforms reduce fibrosis in hypertrophic scars [109]. 
Novel therapies for hypertrophic and keloid scars are in 
development that target ECM synthesis and fibroblast prolif-
eration [110].

32.4.3  Chronic Nonhealing Wounds

Dysfunction of normal wound healing processes leads to 
chronic wounds. In particular, chronic wounds appear to 
have sustained inflammation with less matrix production. 
Chronic wounds exhibit higher levels of cytokines such as 
IL-1, IL-6, and TNF-α, with reduced levels of essential 
growth factors such as EGF and PDGF. MMP-1, MMP-2, 
MMP-8, and MMP-9 are present at higher levels, with 
reduced levels of MMP inhibitors [111]. These nonhealing 
wounds are prone to developing squamous cell carcinoma, 
originally reported in burn wounds by Marjolin. Marjolin 
ulcers tend to be very aggressive and should be highly sus-
pected with nonhealing burn wounds [112]. Therapy 
includes complete local extirpation of the cancer with nega-
tive margins and lymphatic mapping [113]. Other condi-
tions such as osteomyelitis, pressure sores, venous stasis 
ulcers, and hidradenitis have also been associated with 
wound malignancies [114]; patients with impaired skin 
integrity due to burn injuries are at increased risk for decu-

bitus ulcers, which constitute a closely monitored hospital 
acquired complication.

32.4.3.1  Wound Dressings
A variety of burn dressings and skin substitutes are employed 
in the treatments of burns and other wounds. One class of 
dressings is topical salves and ointments such as silver sulfa-
diazine, bacitracin, or mupirocin, which require daily dress-
ing changes to minimize infection risks. Multi-day dressings 
such as Acticoat® (Smith & Nephew), or Mepilex® Ag 
(Molnlycke) can be used in wounds and partial-thickness 
burns, minimizing the need for dressing changes while hav-
ing antimicrobial properties. Additionally, bioderived mate-
rials are being explored for wound healing properties as 
natural scaffolds including polysaccharide polymers such as 
cellulose, chitosan (similar to a glycosaminoglycan), and 
hyaluronic acid and natural proteins such as silk fibroin, 
fibrin glue, and collagen [115]. An ideal dressing should be 
antimicrobial, analgesic, long acting, easy to apply (transpar-
ent), and affordable. While no single product is a miracle 
cure, continued advancements and combinations show prom-
ise in complicated wound processes. Lupeol from the Cassia 
fistula fruit has shown some promise with antioxidative, anti-
leukotriene, and antibacterial effects and can be released 
with a chitosan hydrogel mixture that may improve wound 
healing in some patients [116, 117]. Whereas the list of 
dressings and skin produces in Tables 32.3 and 32.4 is robust, 
it is by no means exhaustive, and new products are released 
regularly.

Table 32.3 Examples of burn dressings

Dressing type Examples Clinical use
Low adherence dressing Jelonet® (Smith & Nephew)

Atrauman® (Hartmann)
Mepilex® (Molnlycke)

Superficial and partial- thickness burns with minimal exudate

Semi-permeable dressing Opsite® (Smith & Nephew)
Tegaderm® (3M)

Superficial and partial- thickness burns with minimal exudate

Hydrocolloids Comfeel® (Coloplast)
DuoDERM® (ConvaTec)
Granuflex® (ConvaTec)

Superficial and partial thickness burns in high range of motion areas

Hydrofibers Aquacel® (ConvaTec)
Versiva® (ConvaTec)

Partial thickness burns with moderate exudate

Hydrogels Aquafoam® (ConvaTec) Small deep partial thickness burns with slough
Alginate Kaltostat (ConvaTec) Skin graft donor sites
Foam/hydrocellular Allevyn® (Smith & Nephew)

Biatain adhesive® (Coloplast)
Superficial and partial thickness burns with minimal exudate

Antimicrobials Acticoat® (Smith & Nephew)
Actisorb® (Johnson & Johnson)
Aquacel Ag® (ConvaTec)
Inadine® (Johnson & Johnson)
Mepilex® Ag (Molnlycke)

Superficial and partial thickness burns with moderate exudate and 
or evidence of infection

Products are registered trademarks
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32.5  Conclusions

Wound healing remains an integral element of modern surgi-
cal science, contributing to both the function and form of 
wounds in all surgical patients but especially those with burn 
injuries. The biology of wound healing entails many inte-
grated, parallel processes that lead to decontamination and 
closure of a wound. Restoration of tissue integrity relies on a 
careful balance between inflammation, proliferation, and 
remodeling, which is tipped in pathologic states of insuffi-
cient or excessive wound repair. Efforts underway to unravel 
the pathways that can be modulated to improve wound 
regeneration may lead to novel treatments.
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Summary Box

• Injuries can be caused by physical agents and clas-
sified into groups: mechanical trauma, thermal 
injury, chemical injury, electrical injury, and radia-
tion injury each of which has multiple subtypes.

• Wound healing is divided into four phases: hemo-
stasis, inflammation, proliferation, and remodeling. 
Hemostasis is characterized by the activation of 
platelets and the coagulation cascade. Inflammation 
consists of vasoconstriction and the presence of 
neutrophils and their inflammatory cytokines pre-
paring the wound bed for proliferation. Proliferation 
forms highly vascularized granulation tissue and 
characterized by fibroblasts and the deposition of 
collagen. After the wound bed is created, epitheli-
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mine when the wound is considered healed. 
Remodeling changes the granulation tissue into 
scar by using matrix metalloproteinases.

• Impaired wound healing can result from many local 
or systemic factors including tissue oxygenation, 
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• Hypertrophic scars and keloids form in the areas of 
injury with impaired wound healing.

• While injuries heal, there are a multitude of dress-
ings including creams, ointments, and multi-day 
dressings that can be used to add moisture and anti-
microbial properties to the wound.
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Outpatient Burn Management

Charles J. Yowler and Tammy L. Coffee

33.1  Introduction

The majority of burn injuries are managed in the outpatient 
setting. Of the 450,000 burn injuries reported by the 
American Burn Association for the year 2012, only 40,000 
were hospitalized. The remaining 91% of patients received 
immediate and follow-up care from emergency rooms, pri-
mary care physicians, and outpatient burn or plastic surgery 
clinics [1].

Due to limitations in outpatient epidemiologic studies and 
the National Burn Repository’s focus on inpatient data, there 
is little data on the demographics of outpatient burn patients. 
Available studies suggest that the outpatient burn population 
is younger with burns more often caused by scald and con-
tact injury than flames. The average total body surface area 
of outpatients is approximately 3%.

Historically, up to 33% of all burn center admissions were 
for pain control and wound care. Advances in pain manage-
ment and new wound care products now make it possible to 
treat more victims entirely as outpatients [2]. Second-degree 
burns less than 15% in adults and 10% in children are now 
potential candidates for outpatient care. Advances in wound 
products also make it possible to more quickly transition from 
inpatient to outpatient care in patients with large burns [3].

33.2  Initial Evaluation and Selection 
of Patients

The success of outpatient management is dependent upon 
the selection of appropriate patients (Table 33.1). While the 

American Burn Association has established criteria for refer-
ral to a burn center (Table 33.2), these factors do not preclude 
outpatient management in the appropriate patient. Depending 
on size, burns of the face, hands, genitals, and feet may be 
managed in the ambulatory setting. The criteria for outpa-
tient management vary based on the burn centers experience 
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Table 33.1 Factors to consider for outpatient management

• Size, depth, and location of burn
• Patient’s age, comorbidities, and functional state
• Concern for abuse or neglect
•  Home support including assistance in wound care and 

transportation

Table 33.2 Burn Center referral criteria

Burn injuries that should be referred to a burn center include:
  1.  Partial thickness burns greater than 10% total body surface 

area (TBSA)
  2.  Burns that involve face, hands, feet, genitalia, perineum, or 

major joints
  3. Third-degree burns in any age group
  4. Electrical burns, including lightning injury
  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 which 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 initially stabilized 
in a trauma center before being transferred to a burn unit. 
Physician judgment will be necessary in such situations and 
should be in concert with the regional medical control plan 
and triage protocols

  9.  Burned children in hospitals without qualified personnel or 
equipment for the care of children

  10.  Burn injury in patients who will require special social, 
emotional, or rehabilitative intervention

Excerpted from Guidelines for the Operation of Burn Centers 
(pp. 79–86), Resources for Optimal Care of the Injured Patient 2006, 
Committee on Trauma, American College of Surgeons
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and resources and include burns less than 15% total body 
surface area not requiring full resuscitation or operative 
procedures.

Comorbidities including cardiac disease, COPD, chronic 
kidney disease, dementia or psychological impairment, dia-
betes mellitus, and/or infirmity may complicate initial outpa-
tient care. It may be necessary to admit these patients initially 
until a more in-depth assessment of their overall medical 
condition and home support system can be completed. 
Nevertheless, if the medical conditions are controlled and the 
patients’ home support is acceptable or can be arranged, 
patients with comorbidities are excellent candidates for out-
patient management.

Children are excellent candidates for outpatient care. One 
must ascertain the comfort of the family with outpatient care. 
The majority of parents clearly prefer outpatient care due to 
the decrease in family disruption. The child also often has 
less psychological stress in the home environment. However, 
dressing changes in children may require multiple caregiv-
ers, and the injured child who cannot return for dressing care 
may require admission.

Nonthermal injuries can also be treated on an outpa-
tient basis. Low voltage household current (110–220 V) 
electrical injuries usually result in minor tissue damage. 
However, they may be associated with a syncopal event 
due to a concurrent dysrhythmia. Patients without syn-
cope and with normal screening EKG may be treated as 
an outpatient without concern for subsequent cardiac 
complication. Patients with high voltage injuries 
(<1000 V), syncope, or EKG changes should be admit-
ted for serial exams and telemetry.

Chemical burns involving less than 15% total body sur-
face area may also be treated on an outpatient basis 
depending on the depth and location of the burn. Ocular 
involvement must be ruled out with an appropriate history 
and examination. Following appropriate lavage of the 
wound, an outpatient dressing may be applied. However, 
conversion to a deeper depth is common and patients 
selected for outpatient therapy must be able to return 
within 24–48 h for a repeat examination. Patients exposed 
to toxic chemicals such as hydrofluoric or chromic acid 
require admission.

Review of the patient’s social situation is an essential 
component of the evaluation for outpatient care. Children 
and geriatric patients must have a safe home environment. 
There can be no suspicion of abuse or psychological condi-
tions impairing the patient’s safety. Family or friends must 
be available to support the patient who often has impair-
ments in mobility and use of his limbs following a burn 
injury. Finally, there must be transportation available for 
return clinic visits. It is often necessary to admit a patient for 
a short period of time while the social support system is 
evaluated.

33.2.1  Initial Wound Management

The recommended immediate treatment of minor thermal 
burns is cool running water. Avoid the use of ice or ice water 
[4]. Cleaning the wound with a mild antibacterial soap and 
water is recommended. Careful debridement of ruptured 
blisters and other devitalized tissue should be performed. 
The patient’s tetanus vaccination status must be assessed and 
tetanus toxoid administered if appropriate.

The management of intact blisters is controversial [5]. 
Blisters arise usually in the setting of superficial partial thick-
ness injury by leakage of fluid from heat injured vessels deep in 
the zone of coagulation. Release of plasma protein and skin deg-
radation products into the blister osmotically draws yet more 
fluid causing enlargement of a blister over a period of time.

Acceptable practices for managing blisters include leav-
ing them intact, aspirating blister fluid and leaving the devi-
talized epidermis intact or unroofing the devitalized 
epidermis [6]. Clinicians who believe that the blisters should 
remain intact state that the blister indicates a superficial burn 
that will spontaneously heal in a few weeks. The intact blis-
ter creates its own biologic dressing, thereby keeping the 
wound clean, moist, and protected. The wound is protected 
from air making it less painful. Leaving burned blisters intact 
also reduces bacteria colonization of the wound. Burn blister 
fluid may stimulate the wound healing process since it con-
tains multiple growth factors.

The case for debriding blisters is supported by studies that 
demonstrate that blister fluid depresses immune function by 
impairing neutrophil function. Inflammation is enhanced by 
the presence of metabolites of arachidonic acid in the blister 
fluid. Blister fluid may also provide a culture medium growth 
of any bacteria that enters that space.

The majority of evidence supports leaving blisters intact. 
Large blisters with thin walls should be debrided as they will 
likely rupture on their own, and it is beneficial from an infec-
tion standpoint to apply a dressing directly to the wound bed. 
Thicker blisters that interfere with proper range of motion of 
a joint should be aspirated leaving the blistered skin to pro-
tect to cover the wound. If the blister remains intact and the 
wound is a superficial partial thickness burn, spontaneous re- 
absorption of the fluid will begin within 1 week.

Intermediate and deep second degree burns may convert 
to full-thickness injury over 24–48 h. The outpatient man-
agement of these deeper partial thickness burns require 
repeat evaluation at 48–72 h. Patients unable to return within 
that time period may require admission.

33.2.2  Topical Burn Care and Dressings

The goal of topical burn care and dressings are to minimize 
pain, decrease the risk of infection, promote wound healing, 
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minimize cosmetic deformity, and preserve function. Burn 
wounds heal best in a moist but not wet environment that 
promotes epithelialization and prevents cellular dehydration. 
This can best be accomplished by applying either a topical 
agent or an occlusive dressing to minimize fluid loss. There 

are a large number of excellent agents available, and all of 
them can be effectively employed when properly used by an 
experienced burn care provider (Table 33.3).

In general, one of two methods are used to treat partial 
thickness burns: an open method utilizing topical antimicro-

Table 33.3 Commonly used topical agents for burn wounds

Agent Description Action Advantages Disadvantages
Silver sulfadiazine 
(SSD)

Nontoxic salt of silver 
sulfadiazine in 
water-based cream

Binds to bacterial cell 
membranes and interferes 
with DNA synthesis

Painless
Wide-spectrum 
antimicrobial action 
against gram-positive and 
gram-negative organisms
Long shelf life
Delays eschar separation 
to a lesser degree than do 
many other topical drugs
Used for deep partial and 
full-thickness wounds

Delays healing
Stains tissue
Contraindicated in sulfa 
allergy, pregnant women, 
newborns, and nursing 
mothers

Mafenide acetate 
(Sulfamylon)

Soft white, non- 
staining cream, 
water-based topical 
cream

Bacteriostatic action against 
many gram-negative and 
gram-positive organisms

Effective against 
pseudomonas
Penetrates thick eschar
Used for deep burns and 
exposed cartilage

Can be painful on 
application
May delay healing or cause 
metabolic acidosis

Bacitracin Topical cream Narrow antimicrobial 
coverage

Inexpensive
Painless
Can be used on face or 
near mucous membranes

Requires frequent dressing 
changes
May cause urticaria, 
burning
Does not penetrate eschar

Mupirocin (Bactroban) Topical antibacterial 
cream

Bacteriostatic at low 
concentrations and 
bactericidal at high 
concentrations

Good gram-positive 
antimicrobial coverage
Painless
Can be used on face
Active against most strains 
of methicillin-resistant S. 
aureus

Expensive
Requires frequent dressing 
changes

Hydrocolloid 
(Duoderm)

Hydrophilic 
absorptive
Dressing

Has a triple hydrocolloid 
matrix with a viral and 
bacterial barrier
Forms a hydrophilic gel 
which facilitates autolytic 
debridement

Less pain
Shorter time to wound 
closure than SSD
Decrease dressing change 
and pain
Inexpensive
Keep underlying tissue 
moist

Cannot be used with large 
exuding wounds

Impregnated 
nonadherent gauze 
(Xeroform, Vaseline 
gauze, Adaptic)

Semi-occlusive
Nonabsorptive 
dressing

Provides a nonadherent 
barrier over the burn
Used for partial thickness 
burns
Maintains a moist 
environment deodorizing 
agent
Clings and conforms to all 
body contours

No antimicrobial activity

Silicone (Mepitel) Nonabsorptive 
dressing

Conforms to shape of 
wound and allows for 
drainage of exudate to 
secondary bandage

Expensive
Painless
Decrease dressing changes
Highly transparent
May be left in place for 
14 days
Protect skin from 
additional trauma

No antimicrobial activity
Expensive

(continued)
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bial agents covered by a nonadherent dressing or a closed 
method which uses occlusive dressings [7].

The purpose of the topical antimicrobial agent is to mini-
mize bacterial and fungal colonization that may result in 
infection [8]. Limited randomized studies exist to support 
any particular agent. Topical silver sulfadiazine is a common 
agent used for partial thickness burns. However, it is contra-
indicated in patients with sulfa allergy. It should also be 
avoided in pregnancy, lactating women, or newborns [9]. 
Recent studies have demonstrated that silver sulfadiazine 
inhibits keratinocyte replication [10] and therefore delays 
healing of partial thickness burns and may result in increased 
scarring. A 2008 Cochrane review found that when com-
pared to silver sulfadiazine, newer occlusive dressings 
resulted in faster healing, decreased pain, fewer dressing 
changes, and improved patient satisfaction.

Small studies have compared newer silver-based dress-
ings with silver sulfadiazine. These have concluded that the 
use of these newer dressings should be considered because 
they result in faster healing, decreased pain, fewer dressing 
changes, and improved patient satisfaction. In the majority 
of studies, they were also more cost-effective. However, sil-
ver sulfadiazine may still be preferred in partial thickness 
burns with increased risk of infection such as contaminated 
wounds and burns of the perineum and diabetic foot.

Superficial second-degree wounds of the face are 
commonly treated with a clear antibacterial ointment 
such as bacitracin. Wounds around the eyes and ears can 
be treated with topical ophthalmic antibiotic ointments. 
Mupirocin may be used in patients known to be colo-
nized with MRSA or if crusting of facial burns occur, 
suggesting the development of impetigo. Deeper burns 
to the external ear may require mafenide acetate as it 
penetrates the eschar and prevents purulent infection of 
the cartilage.

The closed method utilizes a biologic of synthetic dress-
ing without topical application of an antimicrobial agent. 
Advocates of this method argue that occlusive dressings 
speed up wound healing. The moist environment enhances 
epithelial proliferation and collagen remodeling under the 
occlusive dressings. The occlusive dressings also provide 
protection and avoids damage to the newly found epithelium 
at the time of dressing changes.

If the occlusive dressing remains dry and intact, it may be 
left until wound healing is complete. It must however be 
used in caution with wounds that are not clearly clean and 
superficial. If an occlusive dressing is placed over devitalized 
tissue, infection can occur. Leakage of fluid from underneath 
the occlusive dressing requires aspiration or removal of the 
dressing.

Table 33.3 (continued)

Agent Description Action Advantages Disadvantages
Silver-impregnated 
dressing
  Aquacel Ag Nylon, silver- 

impregnated, 
antimicrobial, 
absorbent dressing

The silver in the dressing 
kills wound bacteria

Broad-spectrum 
antimicrobial coverage 
decreases dressing 
changes
Reduces pain
Decreases use of pain 
medications
Faster wound closure than 
with standard therapies
Decrease total cost 
compared with SSD

Aquacel Ag is not 
compatible with oil-based 
products, such as 
petrolatum

  Mepilex Ag Absorptive silicone 
dressing

Antimicrobial foam dressing 
that absorbs exudate and 
maintains a moist wound 
environment

Decrease pain
Effects up to 7 days
Nonadhering to the moist 
wound bed
Easy application

Do not use during MRI
Do not use with 
hypochloride solutions or 
hydrogen peroxide
Expensive

  Acticoat Nonabsorptive 
dressing

Delivers low concentrations 
of silver when moisten with 
sterile water

Broad-spectrum 
antimicrobial coverage
Nonadherent
Reduces pain
Decreases dressing 
changes

Expensive
May dry out and adhere to 
wound
Do not use with oil-based 
products

Collagenase (Santyl) Enzymatic debriding 
ointment

Digests collagen in 
necrotic tissue

Removes nonliving tissue 
without harming 
granulation tissue
May be used with 
barrier dressing

Do not use dressings 
containing silver (Ag) or 
iodine (I2)
No antimicrobial activity
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Clinical trials have been unsuccessful in demonstrating a 
consistent advantage of occlusive dressing over standard 
topical open therapy for the management of most partial 
thickness burns. The tendency of fluid to accumulate under 
occlusive dressings necessitating early removal often limits 
their use to small burns with minor blistering. Large moist 
wounds which are more prone to infection are best treated 
with a topical antimicrobial agent and dressing or an absor-
bent dressing impregnated with silver.

33.2.3  Initial Pain Management

Control of pain in the outpatient setting can be difficult, and 
if pain and anxiety cannot be adequately managed at home, 
then hospitalization may be required. Narcotics are typically 
used as first-line treatment. Nonsteroidal anti-inflammatory 
drugs (NSAIDs) can be used alone or in conjunction with 
narcotics to assist in pain control. Studies have revealed 
600 mg of ibuprofen is as efficacious as 15 mg of oxycodone 
hydrochloride [11]. NSAIDS should be avoided if there is a 
possibility of burn excision and grafting. Most patients will 
require additional dosing for pain during dressing changes 
and physical therapy. Pain management may be complicated 
by a history of alcohol or controlled substance abuse.

33.2.4  Instructions for Home Care

Instructions need to include information about pain manage-
ment and the signs and symptoms of infection. The patient 
and/or caregivers must be taught how to perform any needed 
dressings. If necessary, discussions about potential scarring 
may be required.

Scheduling of follow-up visits during the acute care phase 
depend on the severity of the burn injury, the dressing used 
and social factors. If there are no caregivers at home to assist 
the patient with burn care and dressings, the patient may 
need to return to the clinic daily for dressing changes. The 
use of silver products reduces the need for this option. 
Finally, the patient must always be given a contact phone 
number that they may use to obtain further information and 
discuss problems that arise at home.

33.3  Outpatient Clinic Follow-Up

Follow-up clinic visits will vary from days to weeks depend-
ing on physician and institutional preferences. The key to the 
treatment plan, however, lies in the patient’s physical, medi-
cal, and psychological conditions, along with wound care 
and therapy compliance.

In the acute burn setting, a superficial partial-thick-
ness burn is expected to heal within 14 days, with a lon-
ger healing timeframe anticipated for diabetics, 
immunocompromised individuals, and the elderly. Areas 
of concern during this time are infection, edema, wound 
healing, pain control, and need for operative intervention. 
In general, weekly clinic visits suffice to ensure appro-
priate wound healing, pain control, and therapy compli-
ance. This time interval also allows assurance of sufficient 
dressing and medication supplies and evaluation for the 
need of additional support services such as home health 
or outpatient therapy. Monitoring for edema during this 
time is crucial, since it can lead to immobility and joint 
stiffness. Use of compression bandages and elevation of 
affected extremities assist in decreasing edema. Inpatient 
admission may be necessary if issues arise with wound 
care, pain control, or therapy that cannot be appropriately 
managed in the outpatient setting. If the wound has failed 
to heal within 2 weeks, or a protracted time is anticipated, 
then surgical intervention can be discussed. Deep- to 
full-thickness burn injuries may be considered for sur-
gery at any time.

For postoperative patients and those in the nonacute 
setting, outpatient clinic visits may initially be weekly to 
ensure therapy compliance and monitor wound healing. 
Once wound healing is complete, compression garments 
applied, and compliance demonstrated with physical and 
occupational therapy, clinic visits can be lengthened 
everyone to 3  months to evaluate for scar maturation, 
emergence of hypertrophic scar, and scar contractures. 
This time interval also allows for evaluating proper fit and 
utilization of compression garments. A multiteam 
approach addresses issues with scarring from both its 
physical (e.g., scar contractures, pruritus) and psychologi-
cal implications. Work and school reentry programs can 
be initiated and patients introduced to social support 
groups such as SOAR (Survivors Offering Assistance in 
Recovery) and other support groups. Operative interven-
tion during this time frame may be necessary for nonheal-
ing wounds and scar contractures. Once scar maturation is 
completed, and compression garments are discontinued, 
follow-up clinic visits range from as needed to yearly 
visits.

33.4  Outpatient Management 
of Complications

Outpatient care can be complicated by multiple factors such 
as poor pain control, pruritus, wound infections, and scar-
ring. All of these issues can be successfully managed in the 
vast majority of patients as an outpatient.
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33.4.1  Pain

There are several tactics that can be utilized in the outpatient 
with unacceptable pain. Taking analgesics on a scheduled 
rather than as needed basis may improve pain control. If a 
short-acting agent requiring dosing every 4–6 h was initially 
prescribed, a change to a longer acting narcotic may improve 
pain control. Further questioning of the patient concerning 
timing of pain may also reveal that the pain is unacceptable 
during dressing changes and/or therapy sessions. 
Supplemental narcotic preparations given prior to these 
activities may improve pain control.

Questions concerning the nature of the pain may reveal 
that the perceived pain is due to inflammatory changes of the 
wound. This pain is often described as “throbbing pain” or 
“heat” and may respond to additional scheduled NSAIDs. 
Anxiety and/or acute stress disorders may also exaggerate 
the perception of pain. Low doses of scheduled anxiolytics 
may decrease the total dosage of narcotics required for com-
fort in patients with these symptoms. Sleep deprivation may 
also contribute to pain intolerance and may require treatment 
with appropriate bedtime dosing of narcotics and/or sleep 
medications. Diphenhydramine is useful if pruritus is inter-
fering with sleep.

Finally, it must be appreciated that there is a subset of 
patients who will not tolerate any discomfort. Frank discus-
sions about the ability of any drug regiment to completely 
eliminate pain and discomfort may result in improved patient 
satisfaction.

33.4.2  Pruritus

Pruritus, or itch, is a common occurrence following burn 
injury [12]. Pruritus occurs in over 90% of patients in the 
first month following a burn and may progress to a chronic 
condition. It is clear that multiple factors may contribute to 
its intensity.

Early pruritus is primarily due to histamine release from 
mast cells present in the wound during the phases of connec-
tive tissue proliferation and remodeling. Medications that 
block the histamine H-1 receptor such as cetirizine have been 
demonstrated to be superior to nonspecific antihistamines 
such a diphenhydramine. These should be dosed on a sched-
ule basis and not on an as needed schedule.

The contribution of dry skin must also be appreciated. 
Initial treatment of pruritus must include frequent applica-
tion and massage of moisturizers into the skin. The frequency 
of application is more important than the specific ingredient 
present in the lotion. However, it must also be appreciated 
that sensitivity to dermatological agents may occur over 

time. An increase in pruritus with inflammation of the wound 
may be secondary to the topical agent itself [13]. A combina-
tion of moisturizers and scheduled antihistamines will man-
age pruritus in the majority of patients with early symptoms. 
More severe pruritus may require application of topical dox-
epin, a tricyclic antidepressant with potent antihistamine 
properties. Multiple studies have demonstrated that topical 
corticosteroids do not reduce burn-related pruritus.

Long-term studies have noted the persistence of pruritus 
in 87% of patient at 3 months, 70% of patients at 12 months, 
and 60% of patients at 24  months. Another longitudinal 
study noted persistence in 40% at 7  years following the 
injury [14]. In this latter study, the pruritus interfered with 
sleep in 59% of symptomatic patients. Clinical factors that 
were associated with the persistence of pruritus included 
female sex, size of the burn, graft of burn, and size of grafted 
burn. Wound factors included dry skin and hypertrophic scar.

The contribution of neuropathic pathways in the persis-
tence of pruritus has recently been delineated [15]. Itch- 
specific neurons in the burn wound are stimulated by 
neuroinflammatory transmitters present in the burn. This 
pathway responds to treatment with drugs commonly used in 
neuropathic pain such as gabapentin and pregabalin.

In summary, the treatment of pruritus requires the combi-
nation of adequate lubrication of the skin, anti-histamines, 
and occasionally agents specific for the neuropathic path-
way. Once again improved results are seen when drugs are 
given on a scheduled basis rather than an as needed basis.

33.4.3  Infection

Infection is the most feared complication in a burn patient. 
Unfortunately, this results in the common prescription of 
prophylactic antibiotics and referral for inpatient care. 
Multiple studies demonstrate no reduction in burn wound 
infection with the use of prophylactic antibiotics, and this 
practice should be condemned [16].

A retrospective study of over 2200 outpatient burn 
patients treated without antibiotics reported an infection rate 
of 5% [17]. Age, etiology of burn, burn size, peripheral vas-
cular disease, and even homelessness did not increase the 
risk of infection. Diabetics were found to have an increased 
infection rate of 15%. A subsequent prospective study of 72 
diabetic patients treated initially as outpatients without 
 antibiotics reported an infection rate of 11% [18]. The risk of 
infection in burns below the knee increased to 62%. However, 
71/72 diabetic patients were successfully managed as outpa-
tients including outpatient treatment of these infections.

Cellulitis that occurs during the initial 7–10 days follow-
ing burn injury is effectively managed as an outpatient. The 
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patient’s own microbial flora is usually the bacterial source, 
and the infection responds to first-generation cephalospo-
rins. Wound cultures have not been shown to be useful. 
Antibiotics may be altered for patients with known MRSA 
colonization or for patients with increased risk of gram- 
negative infections such as diabetics or patients with poor 
personal hygiene.

Infections occurring after 7–10  days are more likely to 
represent gram-negative infections. Ciprofloxacin may be 
added to the antibiotics listed above, and the results of the 
wound culture may provide useful information.

Outpatient treatment of burn infection is inappropriate if 
the patient demonstrates systemic toxicity such as weakness, 
chills, fevers, nausea, or vomiting. Successful outpatient 
management of wound infection requires frequent clinic vis-
its to evaluate the response to treatment. Thus, outpatient 
management may not be appropriate if the burn center has 
limited outpatient availability or if the patient is unable to 
return for frequent visits.

33.4.4  Outpatient Therapy

A successful outpatient burn program must also provide 
access to physical and occupational therapy, nutritional sup-
port, and psychological services. These services must have 
clinic hours that parallel those of the outpatient burn clinic, 
thus reducing the number of trips to the center for the patient 
and his caretaker. While it may be necessary to arrange for 
the provision of these services at a medical facility closer to 
their homes, patients who must return on a frequent sched-
uled basis to the burn clinic will benefit from specialists 
familiar with burn patients.

33.4.5  Telemedicine

Finally, the use of telemedicine can serve as adjunct to out-
patient burn care for those patients living outside of the spe-
cialty burn care region [19]. Acute and nonacute wound care, 
postoperative dressing changes, scar evaluation, and therapy 
compliance can be addressed either by interactive synchro-
nous videoconference or by digital imagery. Medical pre-
scriptions can be phoned or faxed to the pharmacy, supplies 
mailed, and compression garments evaluated for proper fit. 
In patient satisfaction surveys performed following telemed-
icine burn care, the satisfaction ratings have been similar to 
hospital burn clinic visits, with the added benefit of time and 
economic savings for the patient at the remote location.
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Surgical Management of Burn Patients

Jorge Leon-Villapalos

34.1  Introduction

Major burns greater than 20% Total Body Surface Area 
(TBSA)  characteristically elicit not only a local response in 
the tissues but also a widespread inflammatory response 
affecting multiple body systems. Thermally damaged tissue 
perpetuates, through cytokine cascade, stimulation of this 
severe, sustained hypermetabolic response that appears to be 
much more intense than in any other forms of trauma.

It is then easy to understand that successful outcomes in 
burns surgery are linked to the understanding of several strat-
egies performed in the acute period. These strategies high-
light the importance of managing these patients according to 
recognized protocols of trauma resuscitation with emphasis 
in the accurate assessment of the burn wound in extent and 
depth. This assessment cannot be underestimated, as the 
TBSA determines the need for fluid resuscitation and the 
depth of the burn characteristically dictates the need for burn 
excision. Appropriate tissue perfusion, through judicious 
resuscitation, will ensure the viability of any potentially sal-
vageable areas and avoid conversion to deeper patterns of 
injury.

Other determinants that impact on outcomes of surgery 
are an appropriate respiratory support, microbiological sur-
veillance, control of infection, early enteral nutrition, and 
hypothermia control. Ultimately, the aim of surgery is safely 
performing early debridement of all devitalized tissue and 
complete wound closure. Burn debridement and wound 
cover remain as the pillars of the surgical management of 
burn patients as they ensure healing and functional and cos-
metic recovery [1].

Recently published guidelines by the International 
Society for Burn injuries [2] provide structured recommen-
dations for the management of the surgical wound with the 
contribution of an appropriately trained multidisciplinary 
team.

This international body addresses, in this landmark docu-
ment, the standards for burns specialists over the world and 
recommends best practice in multiple aspects of the burns 
patient treatment. These include organization and delivery of 
burn care, initial assessment and stabilization, diagnosis and 
treatment of smoke inhalation injury, burn shock resuscita-
tion, escharotomy and fasciotomy, infection control, nutri-
tion, wound care, and the surgical management of the burn 
wound.

Specific recommendations for burn surgery include per-
forming early debridement with a preferred technique of 
excision whenever a deep pattern of injury is present. The 
need for urgent excision is much more obvious and needs to 
be highlighted when the injuries are due to an electrical aeti-
ology. Traditional sharp debridement techniques include tan-
gential or fascial excision. New approaches supplementing 
the armamentarium of the burn surgeon include the use of 
hydro surgical devices [3] and very recently the choice of 
non-surgical options such as enzymatic debridement [4]. 
These techniques need to be performed with thorough pre- 
operative preparation and a blood loss control approach to 
ensure successful full take skin cover. Ultimately, the aim is 
to restore the functional integrity of the patient and provide 
best cosmetic results with a prompt return to work and life; 
but this journey may involve a long and tortuous pathway. 
Initial stabilization is nearly always followed by a myriad of 
surgical procedures intercalated with a potentially long stay 
in the intensive care unit. Optimization strategies then follow 
in order to soften the effect of the hypermetabolic response 
to the burn injury. As in any form of trauma, catabolism is a 
constant companion in the recovery of the patient. Burns 
hypermetabolism may lead to organ dysfunction, impaired 
wound healing, increased infection rate, and even death. One 
of the life-saving strategies that will overturn this situation is 
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burns surgery with prompt, judicious removal of the devital-
ized tissues and cover of the defect with uninjured soft tissue 
over a fresh vascularized tissue layer.

The options for autologous skin grafting may be limited 
by the extent of the burn injury, as paucity of donor sites may 
not be sufficient to provide full cover and warrant healing. 
The decision-making process for the burn surgeon may 
require the involvement of temporizing options for the burn 
wounds such as deceased donor skin (allograft), skin substi-
tutes, dermal templates, dressing techniques, or applying 
skin meshing expansion techniques to facilitate healing. 
These operations cannot be performed without preparation, 
multidisciplinary approach, technical skill, persistence, resil-
ience, pastoral support, rehabilitation, and a positive mental-
ity of the burns professional to overcome pessimism against 
slow recovery, graft failure and potential physiology 
setbacks.

It is necessary, then, to approach all the features of burns 
surgery that contribute to the successful and positive out-
come of recovery of the severely burned patient.

34.2  Multidisciplinary Team Approach 
and Preparation for Surgery

34.2.1  Rationale for Multidisciplinary Team 
in Burn Surgical Management

There is no doubt that burn patients obtain better outcomes 
for their injuries if they are looked after in specialized burn 
centres. These institutions warrant focused, expert, round the 
clock patient treatment delivered by experienced burn 
professionals.

There are, characteristically, medical, surgical rehabilita-
tive and psychosocial needs in the management of the burn 
patients. They need to be met from the initial admission to 
assure not only physiological stability and survival, but also 
to prepare the patient for the multiple surgical procedures 
required to restore functionality and aesthetic individuality.

The care of these extensively burned patients may be 
complex and require not only initial and ongoing fluid man-
agement, respiratory support, sedation and pain manage-
ment, but also, —and in order to warrant recovery—, 
nutritional and microbiological surveillance, nursing and 
therapy input and surgical wound anatomical restoration.

The composition of the multidisciplinary burns team pro-
viding and supporting tissue healing includes characteristi-
cally a team leader, a core team and an allied team [5].

The burn team leader is often a clinician, characteristi-
cally an experienced burns surgeon with support of a senior 
nurse.

The core team includes medical, nursing and rehabilita-
tion colleagues.

Plastic surgeons, intensive specialists, anaesthetists, pae-
diatricians, microbiologists and pain team specialists are 
characteristically key components of the medical and surgi-
cal team.

The nursing team is characteristically skilled both in the 
surveillance of altered physiology and in the specialized care 
not only of acutely burned skin but also in that resurfaced 
post-surgery and requiring expert complex dressings.

Nutritionists, play specialists and burns psychologists are 
part of the allied time of burns professionals.

The rationale for the existence of the multidisciplinary 
team is mutual collaboration and support for the benefit of 
the burn victim, but specifically regarding surgical manage-
ment, its importance is centred in the need for communica-
tion and interaction between the two teams mainly involved 
in surgery: the surgical and the anaesthesia and intensive 
care teams. This close interaction warrants survival by nor-
malizing abnormal physiology prior to any surgical inter-
vention. There are obvious advantages to this approach; the 
main one is to jointly decide optimum preparation and best 
timing for surgery in a patient with multiple rapidly chang-
ing physiological parameters. Distinctively, all the poten-
tial markers of tissue hypoperfusion in every single body 
system need to be corrected prior to the surgery. These 
involve adjustments to the airway and the mechanics of 
ventilation, best cardiovascular support to overcome hypo-
volemia caused by fluid loss and third-spacing, appropriate 
sedation and pain control, accurate assessment of the burn 
in depth and extent and appropriate environmental and 
patient temperature control. This decision-making guaran-
tees that burn surgery remains multimodal in its techniques 
and multidisciplinary in its performance, with a clear der-
mal preservation approach.

This method of treatment requires early support of the 
nutrition team, part of the allied multidisciplinary team. 
Their early involvement softens the impact of catabolism in 
the loss of lean body mass. If this increased energy utiliza-
tion as part of the body response to burn trauma is not ame-
liorated by appropriate enteral nourishment, the tissue loss 
will lead to loss of lean body mass, negative nitrogen bal-
ance, impaired immune function, impaired healing and 
potentially, death.

The psychology team, as part of the allied team, shares 
responsibility towards recovery by providing support towards 
the uncertainty in the outcome of the surgery, the potential 
alterations in body image, early appearance of scarring and 
disfigurement and ultimately, decreased capacity to work 
and social performance.

In summary, the multidisciplinary team admitting the 
burns victim to a specialized burn critical care service 
jointly provides a methodology of treatment that appears to 
significantly provide best outcomes and an obvious sur-
vival benefit [6].
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34.2.2  Preparation for Surgery

There is agreement that early surgery and cover of the burn 
wound is the golden standard to aspire for the prompt recov-
ery and rehabilitation of the burn patient [7, 8]. Reported 
positive outcomes include reduced healing time, length of 
stay, septic episodes and mortality [9].

These outcome measures are influenced by several factors 
that modulate the ultimate result of the surgery.

34.2.3  Temperature Control

Core temperature normothermia is recognized as one of the 
strategies that aim to modulate the metabolic response to 
burn injury [10]. Temperature homeostasis may be deranged 
from the very initial moment of the burn injury due to the 
loss of the thermoregulatory barrier that the intact skin pro-
vides. From here onwards, the journey of the burn patient 
from the scene of the injury to the burns unit or definitive 
care facility is burdened with adversities that affect smooth 
temperature control. The initial approaches that dictate the 
delivery of first aid, stopping the burning process and cool-
ing the burn wound, may provoke hypothermia if they are 
delivered with excessively cold fluid or over an injudiciously 
long period of time. A recent study analysing factors at the 
scene and in transfer related to the development of hypother-
mia in major burns reported a 42% incidence of hypothermia 
in patients arriving at a major regional burns unit [11]. Other 
factors contributing to early hypothermia include the lack of 
wound cover in the early stages due to repeated wound 
inspection, soaked cold dressings with wet wound exudate 
and delayed transfer to the definite facility.

To ensure that the risk of hypothermia during transfer is 
minimized, accurately documented description of the 
wound and cover with a bio compatible dressing that facili-
tates wound assessment is recommended. On arrival to the 
burn unit, approaching the burn patient with reduction in 
wound exposure and an increase in room temperature will 
decrease heat loss, resting energy expenditure and hyper-
metabolism [12].

Hypothermia has a critical role in the safe performance of 
burns surgery. Surgical debridement of a large burn involves 
excision of the wound down to a vascularized layer of tissue. 
Blood losses can therefore be extensive. This blood loss will 
be accentuated if the coagulation cascade enzymes and plate-
let adhesion are affected by hypothermia. If clotting is unfa-
vourably affected by continuous low core temperature, 
uncontrolled bleeding will follow, entering a potential lethal 
triad of hypothermia, coagulopathy and acidosis [13]. A 
recent study found a strong relationship between operative 
time longer than 4 h and the development of hypothermia. 
The onset of hypothermia itself led to higher rates of compli-

cations both infectious such as sepsis, pneumonia, UTI and 
wound infection; and non-infectious such as death, ARDS, 
DVT, arrhythmias, immunological and neurological dys-
function and pulmonary embolism [14].

In practical terms, burns patients undergoing surgery can 
be optimized for prevention of hypothermia using active 
external rewarming techniques or active core rewarming 
technique.

External rewarming techniques include the use of radiant 
heaters, space blankets and convective air re-warmers. Core 
rewarming techniques are more efficacious in raising body 
temperature and include the use of body cavity lavage tech-
niques and continuous arteriovenous rewarming [15]. These 
approaches are undertaken in ascending order of complexity 
during the preparation for surgery, the intraoperative period 
and the postoperative recovery and transfer to the intensive 
care unit or burns unit ward.

Therefore, it is recommended that in order to avoid 
hypothermia- related coagulopathy, sustained acidosis 
and tissue hypoperfusion the following strategies are fol-
lowed [16, 17]

• Avoidance of unnecessary or lengthy exposure of the burn 
wound if surgery is not directly or immediately performed 
on it.

• Hourly temperature checks during surgery.
• Consider limiting surgery to no more than 4 h.
• Resuscitation of the patient with warm intravenous 

fluids.
• Increase the temperature in the operating theatre or 

assessment room before and during the length of the 
surgery.

• Forced air technologies.
• Continuous radiant heating in the operating theatre.
• Use of intravascular temperature control devices to 

achieve normothermia.

34.2.4  Control of Blood Loss

Burns surgery aims to selectively debride devitalized tissue 
down to a vascularized dermal or fascial layer in which blood 
plexuses are intact and can act as a recipient site for a skin 
graft or other option of tissue cover. This surgery is radical in 
its approach, and despite its dermal preservation focus, may 
involve a large volume of blood loss. Control measures to 
prevent hypovolemia start preoperatively. In order to avoid 
lethal triad—hypovolemia, acidosis and hypothermia—and 
irreversible physiology derangement, accurate assessment 
and aggressive but judicious fluid resuscitation is mandatory 
[18]. This approach limits tissue hypoperfusion and acidosis 
and, together with the strategies for heat conservation 
described earlier, improves the chances of tissue salvage, 

34 Surgical Management of Burn Patients



446

avoiding the potential conversion of injured skin in the zone 
of stasis to a deeper, irreversible necrotic pattern of injury 
requiring debridement [19]. The implications for the burn 
patient are obvious; a lack of awareness towards avoidance 
of acidosis and burn shock will translate, at the time of oper-
ative management, into a more complex surgery incurring in 
blood loss, requiring potential transfusion, causing fluid 
shifts and closing dangerously on the risk of coagulopathy. 
Timing of burns surgery also influences the potential for 
blood loss. Early excision is defined as the debridement of 
the non-salvageable burn eschar within the first few days 
after injury, and certainly within the first week to 10 days. 
There is evidence that factors such as older age, male sex, 
larger body size, and a deep (full-thickness) pattern of burn 
injury correlate with blood loss, that increases with a delay in 
performing burn excision [20, 21]. These findings are echoed 
in more recent studies analysing the epidemiology and pre-
dictive factors of blood transfusions in severe burn patients 
[21]. It is stated that age, full-thickness TBSA and number of 
operations were independently associated with the number 
of red blood cells transfusion [22]. Once it has been ascer-
tained that blood loss increases with delay in the primary 
burn excision and that haemostasis should be taken into con-
sideration from the very beginning of the management of the 
burn wound, it is necessary to describe specific techniques 
that control blood loss during the process of burn debride-
ment. In the operating theatre, best practice dictates that the 
multidisciplinary team needs to brief before surgery going 
through the surgical checklist. World Health Organization 
(WHO) checklists have been adopted in burns surgery to 
warrant patient safety, detect safety hazards, decrease com-
plications and improve communication among the burns 
team [23] (Fig. 34.1).

With the patient surgically cleaned and draped, many 
techniques can be sequentially or concomitantly used to 
reduce blood loss [24]. The intraoperative measures avail-
able for the burns surgeons are multiple. The use of tourni-
quets in previously exsanguinated limbs has proved to be 
extremely useful in the control of blood loss whenever there 
is a need to use either tangential or fascial technique to 
achieve burn excision in the limbs [25]. To address control of 
dermal bleeding, the use of adrenaline infiltration and adren-
aline soaks is one of the most widespread strategies. 
Characteristically, one ampoule of 1 cc of 1:1000 adrenaline 
is mixed with a litre of normal saline. The solution can be 
used topically soaking gauze material in order to control 
small bleeding points (Fig. 34.2). Tumescent adrenaline and 
saline infiltration can be used to pre-empty blood loss prior 
to excision by injecting in the dermal or subdermal planes 
appropriate volumes of a solution of 1:1000000 adrenaline 
[26]. The amount of fluid to be injected will depend on the 
size and depth of the area to treat. Infiltration characteristi-
cally produces local firmness, decrease in the capillary refill 

and swelling of the tissues (Fig. 34.3) and therefore contrib-
utes to control unnecessary bleeding from uninjured vascular 
plexuses. The infiltrated fluid also helps to create a firm con-
vex skin grafting surface on top of which the harvesting of 
skin is facilitated. The benefits of fluid injection in the tissues 
can also be seen in the ease of dissection found whilst per-
forming fascial excision, where the tissue planes become 
much more defined, facilitating surgery (Fig. 34.4). The use 
of monopolar and bipolar electrocautery with an attachment 
for smoke extraction is another recognized tool to limit 
bleeding whilst performing debridement [27]. Careful cau-
tery control needs to be exercised whilst performing haemo-
stasis with the diathermy. If a thorough and directed 
coagulation of the bleeding vessels is not performed, an 
extensive area of charring will be created which may leave 
areas of devitalization compromising the debridement and 
the success of any subsequent grafting.

An alternative approach to blood loss control during acute 
burns surgery is the use of topically applied or device deliv-
ered haemostatic agents that accelerate coagulation in tissue 
surfaces [28]. Fibrin sealants such as Artiss® and Tisseel® 
(Westlake Village, CA: Baxter Healthcare Corporation) are 
frequently used in acute burns surgery. These are slow- 
clotting mixtures of fibrin and prothrombin that act as alter-
natives to standard methods of graft fixation and donor and 
recipient site haemostasis. A recent admission to the arma-
mentarium of fibrin sealants is Vivostat® System (Vivolution 
A/S, Allerod, Denmark). This is an autologous fibrin sealant 
and platelet rich fibrin (PRF) obtained through mechanical 
processing of a small sample of blood of the patient. This 
technique has so far shown promising results in promoting 
the healing of burn wounds, acting as a support for suspen-
sion of keratinocytes and as an enhancer in the successful 
take of micrografting techniques [29–31].

Sealant techniques can be complemented with systemic 
therapies such as the use of tranexamic acid. This is an anti- 
fibrinolytic agent that binds to plasminogen inhibiting break-
down of the fibrin clot. Even though there is limited evidence 
of its usefulness in acute burns surgery, the experience of its 
use in trauma suggests a reduction in the requirement for 
blood transfusion and a positive effect on graft take [32, 33].

34.2.5  Burns Surgery

Once stabilization of the burns patient is complete through 
prompt first aid, appropriate trauma management with accu-
rate assessment of the burn wound in depth and extent, judi-
cious resuscitation and physiology-protection measures to 
counterbalance the noxious multisystem effects of the hyper-
metabolic system, the need to restore anatomy and function 
becomes a priority. We have pointed out repeatedly how 
interlinked all these measures are and how their appropriate 
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implementation decreases tissue damage and facilitates the 
debridement and soft tissue cover by instituting a dermal 
preservation approach. The practical translation of this 
approach is straightforward to understand.

The more judicious and contained the excision is, the less 
scarring and contracture will be an issue and the quicker the 
rehabilitation and social reintegration will become. Even 
though the restoration of body integrity through surgery ulti-
mately reflects the role of the surgical team supported by 
other multidisciplinary members, burns surgeons intervene 
in the support of the burns victim in multiple other steps:

• Airway management and tracheostomy
• Escharotomy
• Early burn eschar excision
• Wound cover
• Urgent, essential and desirable burns reconstruction

34.2.6  Burns Surgery: Airway Management 
and Tracheostomy

The benefits of performing tracheostomy in burn patients 
include the ability to perform improved airway toilet and 
suctioning through a better tolerated and more secure airway, 
with improvement in the mechanics of ventilation [34]. 
Following tracheostomy, parameters of the work of breath-
ing such as the airway resistance, peak inspiratory pressures 
and intrinsic positive end-expiratory pressure decrease facili-
tating comfort and weaning from mechanical ventilation 
[35]. Tracheostomy is, nevertheless, an invasive procedure 
that needs to be performed by experienced individuals either 
via a percutaneous or through a surgical approach. Clinically, 
whenever there are neck burns associated with the need for a 
lengthy period of mechanical ventilation, tracheostomy 
needs to be considered. To that effect, the burn surgeons per-
form a preferential debridement of the neck burned skin and 
resurface it with a sheet of skin graft as soon as possible with 
the aim of obtaining a healed surface for the tracheostomy 
site. Even though many studies have failed to show a defini-
tive advantage of early tracheostomy on infection rates, ICU 
length of stay and hospital length of stay in the intensive care 
patient cohort [36, 37], burn patients tend to be considered 
for tracheostomy if there is no possibility of extubating or 
weaning the patient off the ventilator after 7–10 days of intu-
bation. The options of surgical tracheostomy are reserved for 
patients with neck burns in which the percutaneous option is 
not feasible by the bedside, but in this case, the surgical 
approach is performed after 10 days of autografting of the 
neck. There does not appear to exist a clear difference in the 

Fig. 34.2 Adrenaline soaks controlling the bleeding of a scalp donor 
site

Fig. 34.3 Adrenaline tumescent infiltration of a scalp donor site

Fig. 34.4 Fascial excision facilitated by hydro dissection with tumes-
cent infiltration

J. Leon-Villapalos



449

complication rates for percutaneous vs. surgical tracheos-
tomy [38]

In the paediatric burn population, tracheostomy is a safe 
method of airway management which appears to be related 
to the extent of burn injury, not to the age of the patient [39].

The surgical technique follows the steps of standard soft 
tissue dissection. Nevertheless, the tissue planes may be dis-
torted due to swelling, tissue damage or the body habitus of 
the patient, which may be subjected to swelling and oedema. 
A thorough preparation and equipment check warrants lack 
of complications and a trouble-free insertion of the tracheos-
tomy cannula.

34.2.7  Burns Surgery: Escharotomy

Prior to managing the burn wound with debridement and soft 
tissue cover, life and limb saving priorities need to be 
addressed. Unjustified assessment delay may result in cata-
strophic functional consequences and even death. On per-
forming a structured protocol of assessment of the burn 
patient, inadequacy of the ventilation and compromise of 
circulation in the limbs may be ascertained. If circumferen-
tial deep burns of full-thickness pattern compromise the 
compliance of the chest and abdomen or the perfusion and 
viability of the distal perfusion of the limbs, the need for 
escharotomy needs to be considered. The consequences of 
not addressing these surgical alarms promptly, appropriately 
and by the most senior and experienced clinician, affect 
directly the viability of the soft tissues injured by the thermal 
injury and may have far-reaching fatal consequences.

When tissues are burned, the depth to which they do so 
depends on the intensity of the thermal injury. Deep injuries 
will not only damage the anatomical integrity of the skin, 
reducing its pliability and elasticity, but will also reduce the 
blood supply to its dermal component, making healing and 
self-regeneration unlikely. The clinical consequences of this 
scenario are a shift towards a deep pattern of injury and a 
migration towards tissue necrosis from the potentially sal-
vageable zone of stasis. The resulting damage leaves the skin 
as a leathery, non-pliable structure that behaves as a tight 
restrain for deeper fascial layers, neurovascular bundles and 
muscular compartments. This alarming scenario will worsen 
when fluid shifts favoured by increased capillary permeabil-
ity migrate towards the extracellular space. The tissue already 
damaged and hypoperfused will sustain further insult, poten-
tially leading to interstitial oedema pain, hypoperfusion, vas-
cular ischemia and hemodynamic and vascular compromise. 
Facing these concerns, not only escharotomies but also a full 
array of decompression strategies needs to be considered for 
chest, abdomen and limbs [40, 41]

There are recognized surgical approaches to performing 
escharotomies [42]:

• Perform under general anaesthesia, in a warm theatre, 
with full resources including back up of blood products.

• Use monopolar diathermy in cutting mode to perform ini-
tial incision from unburned skin to unburned skin. Do not 
advance in your incision unless you have full control of 
any bleeding points.

• Check with fingertip full release of the eschar down to 
subcutaneous tissue.

• Make a second pass along any tight unreleased areas by 
changing the mode of the diathermy to coagulation.

• In the case of extremities, the upper limbs need to be 
placed in the anatomical position, with the forearm supi-
nated and palms facing up. The natural tendency of the 
oedematous burned upper limbs is to go into a pronation 
position. Failure to supinate the forearm will lead to 
potential misplacement of the escharotomy incisions in 
the antecubital fossa.

• Perform the escharotomies in upper and lower limbs 
along axial lines respecting anatomical structures of 
importance such as ulnar nerve in the upper limbs and 
(Fig. 34.5) the long saphenous vein and distal neurovas-
cular bundles of the lower limb

• Perform chest escharotomy in response to poor ventila-
tion compliance, anaesthetic concerns and high peak ven-
tilation pressures along anterior axillary lines joining the 
incisions along costal margin and clavicle if necessary.

• Perform abdominal skin escharotomy to treat full- 
thickness burn of the abdominal wall but be ready to pro-
ceed to abdominal decompressing laparotomy, exploration 
and release together with general surgeons if abdominal 
compartment syndrome is suspected.

• Success of abdominal release for abdominal compartment 
syndrome will improve parameters of intraabdominal 
hypertension, respiratory function, hypoperfusion and 
acidosis [43, 44].

Complications of inadequate decompression escharotomy 
will lead to compartment syndrome muscle damage, neuro-
vascular injury and potential amputation of the limb. 
Systemic complications include myoglobinuria, renal fail-
ure, metabolic acidosis and even death.

Burns surgeons recognize and accept that there is potential 
morbidity caused by escharotomy release. Nevertheless, cer-
tain mistakes should be avoided. Inadequate length or depth of 
the incisions will lead to unnecessary damage of underlying 
functional deep structures. Accurate assessment of the dam-
aged tissue will stop unnecessary performing the procedure on 
likely-to heal skin and avoid complications such as unneces-
sary bleeding, infection and abnormal scarring.

The resulting escharotomy wounds are initially packed 
with a paraffin-impregnated dressing and loosely bandaged. 
They are eventually closed primarily once the tension of the 
tissues has subsided or split skin grafted.
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Following electrical injuries, the escharotomy may not be 
sufficient to release the deep tissues. In these cases, perform-
ing fasciotomies may be required to salvage the viability of 
deep tissues (Fig. 34.6).

34.2.8  Burns Surgery: Wound Excision

Wound excision starts once the preparations for surgery have 
been completed and the optimization of the patient is appro-
priate. The operative team, with an experienced team of 4–6 
surgeons supported by 2 anaesthetists, 2 scrub team mem-
bers, intensivists and nursing team will work in a self- 
contained and fully staffed operating theatre with efficient 
climate control, and ready access to blood, fresh frozen 
plasma and allograft from a skin bank. They will have the 

Fig. 34.5 Escharotomy of upper limbs

Fig. 34.6 Fasciotomy of the upper limb
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backup of a full intensive care facility for ventilation and 
hemofiltration and on-site paediatricians, geriatricians, psy-
chiatrists, dieticians, pharmacists, bacteriologists, haematol-
ogists and biochemists.

The excision techniques will be tailored to the depth and 
extent of the burn, but also to the ability of the patient due to 
age, physiology and comorbidities to withstand the trauma 
of the surgery, together with blood loss, hypothermia, acido-
sis and cardiorespiratory depression.

The excision techniques can be classified into sharp, 
hydro surgical and enzymatic. Sharp techniques can be sub-
divided into tangential and fascial.

A recent study designed to assess burn surgeons’ prefer-
ences in excision and grafting to determine if surgical tech-
nique affects outcomes showed that clinical judgment is 
still the most likely method of assessment for excision. 
More than half of the surgeons perform excision as early as 
postburn day 1 and a clear majority of the surgeons sur-
veyed would perform more than 20% TBSA in a single 
operation [45].

Tangential excision techniques follow the principles set 
by Janzekovic [46] and represent the most traditionally used 
technique to debride a burn wound. This technique will cre-
ate a graftable surface by debriding sequentially layers of 
tissue of variable depth until finding either a glistening 
healthy dermis with punctate bleeding or a healthy fatty 
layer appropriately vascularized. It is performed with sharp, 
non-dermally selective tools (Fig.  34.7) that undoubtedly 
create abundant bleeding in the process. As we detailed pre-
viously, a combination of intraoperative techniques such as 
tourniquets and adrenaline solutions, either injected or 
applied topically in the tissues, greatly limits blood loss. 
Multiple reports suggest that blood loss under tourniquet 
control is less than after subcutaneous 1:1,000,000 adrena-
line solution injection. Both reduce blood loss compared 

with using no haemostatic measures without dramatically 
causing abnormal cardiovascular rhythm changes [47]. 
Another challenge to haemostasis from tangential techniques 
is due to the fact that the diffuse and broad nature of the exci-
sion will create not only venous and arterial bleeding points 
that may well be controlled with diathermy, compression and 
vasoconstrictive solutions, but also blanket bleeding from 
capillary sources that can be problematic. The need for fur-
ther haemostatic adjuncts such as thrombin and fibrin has 
been documented above [48]. Taking into consideration that 
it is possible to lose more than 4% of the total blood volume 
per % of burn excised [49], it is easy to understand then that 
appropriate use of tangential excision needs to be coupled 
with a zealous approach to blood loss reduction to avoid 
hematomas, unstable physiology and the need for transfu-
sions. Sharp surgical excision techniques will therefore be 
characterized for blood loss and the creation of a defect of 
variable complexity that will need to be reconstructed. The 
comparison of tangential technique of excision with the 
other sharp excision technique, fascial excision (Fig. 34.8) 
exposes the contrast and impossible balance between blood 
loss, tissue excision, the creation of a non-reconstructable 
defect and the anatomical deficit created by it. Fascial exci-
sion is reserved for injuries of a full-thickness component 
and characteristically intense energy delivery to the tissues, 
such as electrical and flame burns. The excision runs with the 
deep fascia as the underlying boundary, with all tissue above 
this layer excised in a relatively bloodless plane with the help 
of a monopolar diathermy.

Hydro surgical techniques introduce an interesting ele-
ment of addition to the armamentarium of the burns surgeon. 
The Versajet™ Hydro surgery System (Smith and Nephew 
Medical Ltd., Memphis TN, USA) is a debriding tool based 
on the Venturi effect that excises and removes necrotic tissue 
by emitting a pressurized saline stream acting like a scalpel. 

Fig. 34.7 Tangential excision Fig. 34.8 Fascial excision
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The debrided tissue is aspirated at high pressure into a 
cannister.

A recent study showed it to be safe, efficacious and cost- 
effective alternative for burned soft eschars, but not efficient 
in removal of leathery dry burn eschars [50], comparing well 
in results, efficacy and dermal preservation capabilities with 
classic escharectomy in difficult anatomical areas [51, 52]. 
Appropriate use of this technique allows careful dermal pres-
ervation debridement even in sensitive areas like the face 
(Fig. 34.9).

Enzymatic debridement represents an extra innovative 
debriding tool for deep burn injuries. It is important to state 
from the beginning that this Bromelain-based substance is 
not a substitute to skin grafting or soft tissue cover, as self- 
regeneration and healing will only occur if enough viable 
dermis remains in the wound after the process of application, 
removal and dressing care. The process for preparation and 
application is straightforward and involves a cleaning of all 
non-viable skin debris, a wet pre-soak of the wounds with 
saline and chlorhexidine of several hours, application of the 
product (Nexobrid®, Mediwound, Israel) for 4 h after appro-
priate analgesia, removal of the debris of the wound and the 
product and overnight post procedure soak of the area with 
saline. It is reported in several trials that this debriding option 
is a powerful tool to remove eschar in burn wounds, reducing 
blood loss, the need for autologous skin grafting and the 
number of wounds requiring surgical excision [53]. A recent 
European consensus established guidance over application 
guidance, timing of the procedure, blood loss, analgesia and 
dressing care [54]. A myriad of papers has been produced on 
this technique, expanding the indications for its usage and 
anatomical areas that can be treated [55, 56].

34.2.9  Burns Surgery: Wound Cover

Tissue cover is not the final step of burn care, but if success-
ful, it is the first landmark towards definitive recovery, as it 

allows the patient to seal the wound, decrease infection and 
restore, even in a limited way, physical integrity and facili-
tate the pathway towards rehabilitation, recovery and social 
reintegration. The coverage of wounds nevertheless comes at 
the expense to create donor sites and new wounds, that are 
submitted, until healing to a potentially lengthy period of 
dressing changes supported by infection surveillance, nutri-
tion and physical and emotional therapies. There will be situ-
ations in which due to the wound environment, the TBSA 
involved or the age, physiology or comorbidities of the 
patient, it will not be possible (the deep extensive wound) or 
necessary (the superficial extensive wound) to cover the 
wound immediately or in a single operation, and a staged 
temporizing approach with dressings, allograft or dermal 
replacements will be necessary.

When the wound is ready for definitive cover, skin grafts 
in variable regimes of meshing, supported or not by allograft 
or skin replacement materials, cell suspension techniques or 
flaps get the wound sealed and healed and represent the final 
process in anatomical and functional restitution.

34.2.10  Temporizing Options

The concept of burn wound temporizing cover involves two 
types of wounds, partial thickness with healing potential or 
deeper wounds requiring debridement that may need a period 
of alternative alloplastic cover before definitive autologous 
grafting.

The temporizing options for wound management can be 
synthetic (Biobrane®, Suprathel®, dressings, etc.) or biologi-
cal (Allograft, Xenograft).

In the case of partial-thickness wounds with healing 
potential, the patient is taken to theatre for gentle debride-
ment and assessment of the viability of the dermis. The 
wound will then be treated with a temporary layer of allo-
plastic material to ensure dermal protection, avoid desicca-
tion and promote epithelialization.

In these cases, there is usually no need for sharp debride-
ment and the wound is usually debrided with hydro surgical 
methods (Versajet®) and covered with either xenograft [52], 
or specialized dressing material such as Biobrane® (Smith 
and Nephew, UK) [57, 58], Suprathel® [59, 60] (PolyMedics 
Innovations, Germany), or dressings. The debridement with 
the hydro surgery tool is carried at low power in order to get 
a fine punctate bleeding indicative of dermal viability. The 
resulting fibrin layer from the clots acts as a gentle adhesive 
for these skin substitute materials.

The combination of hydro surgery and alloplastic cover is 
especially useful as a temporizing option due to the ability of 
Versajet® to debride soft eschars very efficiently even in ana-
tomically sensitive areas like hands and faces. Biobrane®, a 
transparent, temporary wound cover familiar to the burn sur-
geon, promotes epithelialization due to its combination of 

Fig. 34.9 Versajet debridement of the face
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nylon mesh and porcine collagen in partial-thickness burns, 
and it is easy to use and handle both in adults and paediatric 
patients.

Suprathel® is produced from a synthetic copolymer 
mainly based on dl-lactide (>70%), trimethylenecarbonate 
and ε-caprolactone. The material is presented as a desiccated 
thin layer which tends to become gently elastic with heat and 
that adheres well to the wound. It has significantly shown to 
reduce pain, it is easy to handle, comfortable for the patient 
and comparable to Biobrane® in indications and results.

In cases of burn wounds that require temporizing before 
autograft due to their deep pattern of injury, wound environ-
ment or to the paucity of donor sites, allograft [61] remains 
the main option for temporary cover. Allograft is usually 
obtained from tissue banks either as glycerol preserved or in 
freeze-dried sheet or pre-meshed packets. They need to be 
washed out and thawed and appropriately meshed (if not 
done so before) and then applied to the wound bed to tempo-
rize either as a watchful waiting option to prime the tissues 
for healing or to prepare the wound bed for autografting.

Healthy bleeding from the wound helps in the adhesion of 
the allograft sheets, which are regularly inspected for infec-
tion, hematomas, seromas, shearing or detachment. Allograft 
options reduce the possibility of fluid loss and act as indirect 
markers of the potential for autografting, as it already pos-
sesses many of the desirable properties of autologous skin. 
Following adhesion and neovascularization, the graft will 
characteristically exhibit rejection of its cellular elements 
and will eventually need to be changed or substituted by 
autografting [62, 63].

34.2.11  Definitive Soft Tissue Cover

The aim of permanent skin cover following debridement of 
the burn wound is to restore as much as possible the integrity 
of the damaged burn skin with tissue options that provide 
prompt healing, pliability, elasticity and a recovery of all 
skin functions. The reality is that this aspirational wish of the 
burn surgeon is met with cover strategies that may be limited 
in their quantities or anatomical integrity. Autologous donor 
skin will be limited if the burn is extensive. Even the provi-
sion of skin grafts represents the substitution of the full 
thickness of the skin for a thin layer of epidermis and papil-
lary dermis that will obviously contract and scar to the point 
of limiting function. Definitive cover may need to be pre-
ceded, as detailed above, by a period of wound temporizing. 
The options for permanent cover reside then in manipulating 
the available donor skin and make it wider and larger by dif-
ferent meshing regimes, culture it to provide cover in situa-
tions of donor site paucity or a large burn or make it resemble 
as much as possible as the uninjured skin by combining it 
with a skin replacement or dermal template.

Full-thickness grafts contain all skin layers and constitute 
the best attempt to provide pliability, elasticity, colour and 
texture match in the reconstructed site, Unfortunately, their 
harvesting leaves a defect that needs to be closed primarily 
and the donor site areas may be limited (groin, supraclavicu-
lar, pre- and postauricular areas, flanks, abdomen). Their use 
is characteristically limited to cover anatomically sensitive 
areas like the face and the hands [64, 65].

Split thickness grafts constitute the most popular 
method of soft tissue cover for deep extensive burns. The 
paucity of donor sites and the need for the burn surgeon to 
be restrained and sensible in the amount of skin to be har-
vested makes skin meshing an excellent option to provide 
wide cover with reduced donor site morbidity, the options 
of meshing (Fig.  34.10) vary from 1:1 with minimal 
expansion to 6:1 expansion in combination with allograft 
for sandwich cover [66].

A recent study reported burn size in TBSA as the only 
consistent factor considered in the decision to use a 3:1 or 
higher split thickness skin graft meshing ratio. When treat-
ing a large burn, a 3:1 or higher meshing ratio should be 

Fig. 34.10 2:1 Meshing split skin grafting regime of the lower limb
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considered once the burn TBSA approaches 30–50% or 
higher [67]. These grafts are fixed to the skin by a variety of 
methods including fibrin glue.

Suction blister epidermal grafts (SBEG) [68] using the 
KCI CelluTome™ epidermal harvesting system gives the 
surgeon an additional tool in the armamentarium of cover by 
obtaining thin epidermal blisters with a suction device under 
local anaesthesia and with minimal complications.

Cell suspension techniques like cultured epidermal auto-
grafts (CEA) [69, 70] provide a fragile permanent skin cov-
erage for patients with extensive burns. Unfortunately, the 
long period of incubation necessary from the time of biopsy, 
the tendency to infection and the lack of dermal support limit 
their use on their own, and they are usually combined with 
the use of dermal templates or micrografting techniques 
(Fig.  34.11). Cell-spray autografting [71] is an innovative 
early treatment option for deep partial-thickness burns that 
can achieve rapid wound re-epithelialization, with a much 
smaller donor site. Non-confluent cell suspension techniques 
allow the delivery of sprayed cellular contents to the wound 
from a small thin biopsy taken intraoperatively that takes less 
than 20 min to transform into a cell solution. It appears to be 
very useful for the treatment and fast reepithelialization of 
superficial partial-thickness burns and for the management 
of hypopigmented healed areas [72, 73].

Micrografting techniques allow the delivery of stamps of 
skin expanded up to a 1:9 regime to cover large areas of burn 
wound when the donor sites are very sparse. This technique 
can be cumbersome and demanding in time and learning 
curve but provides the patient with an excellent quality 
reconstruction comparable to that of skin grafting and cos-
metically more acceptable. With this technique burns of up 
to 75% TBSA can be treated with the remaining non-burned 
skin as sufficient donor tissue [74, 75].

Skin replacements: Artificial dermal templates provide a 
stable, durable and flexible wound closure and they provide 
a scaffold for tissue repair. Their aim is to replicate the role 
of the dermis in the structure of the skin and restore pliability 
and elasticity in the reconstructed tissue. All dermal tem-
plates available require a split skin graft to complete healing 
of the wound after a period of neovascularization. Current 
most used options are Integra® (Fig.  34.12) (Integralife, 
USA), a two-staged reconstruction and Matriderm® 
(MedSkin Solutions Dr. Suwelack AG), a one-stage recon-
struction. Integra® is composed of a crosslinked collagen and 
chondroitin-6-sulphate dermal replacement layer covered by 
a silicone temporary epidermal substitute to retard fluid loss 
and immediately close the wound bed [76, 77]. Matriderm® 
[78] (Fig. 34.13) is a one-stage extracellular tissue substitute 
made of a three-dimensional matrix that contains native col-
lagen fibres along with elastin to support dermal regenera-
tion. Both dermal matrices can be used for reconstruction 
and acute care and compare favourably to each other [79].

Fig. 34.11 Cultured epithelial autografts over a micrografting skin 
template Fig. 34.12 Integra cover of a burned upper limb
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34.3  Conclusion

Burns surgery is multimodal, multidisciplinary and should be 
performed with a dermal preservation focus. It starts at prehos-
pital level until reaching anatomical restoration with skin cover. 
Burns surgeons perform multiple tasks until that period to sup-
port the physiology of the patient and fight the hypermetabolic 
response.
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Summary Box
• Following first aid, the acute management of the 
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Acute Management of Facial Burns, 
Acute Versus Long-Term, Surgical 
Versus Non-surgical Face Transplant

Juan P. Barret and Julia Barret-Joly

35.1  Introduction

Skin is the largest organ in the human body. Burn injury 
to the skin can range from being relatively trivial to one 
of the most severe injuries the human body can sustain. 
Major burn injury often requires multidisciplinary treat-
ment in an intensive care setting, multiple surgical pro-
cedures to achieve wound healing followed by prolonged 
rehabilitation and possibly a lifetime of reconstructive 
procedures to achieve psychosocial, aesthetic and func-
tional recovery. Burn injury is ubiquitous. Neanderthal 
cave paintings have been found depicting burn treatment. 
Hippocrates (400 years BC), Celsus (first century AD) and 
Galen (second century AD) all wrote on burn wound care. 
Ambrose Parė (1510–1590) described burn wound exci-
sion. Dupuytren (1832) described six degrees of burn depth 
that remain in use today. The twentieth century has brought 
great advances in burn care. These include the scientific 
understanding of fluid loss and resuscitation (Underhill 
1920, Evans 1952), the hypermetabolic response to trauma 
(Sneve 1905, Wilmore 1974) and the control of infection 
with topical antimicrobial agents including silver sulfa-
diazine (Flamazine) (Moyer 1965, Fox 1969). In 1870, 
Pollock first described the skin grafting of a burn. In 1960, 
Jackson and colleagues pioneered excision and grafting. 
Janzekovic (1970) developed the technique of tangential 
excision of deep partial-thickness burns. Further advances 
in wound resurfacing such as the use of cultured skin and 
the development of integral artificial skin are more recent 
innovations [1, 2]. Ninety per cent of burn injuries are pre-
ventable. Prevention has traditionally been either via edu-
cation or legislation. There have been numerous successful 

educational campaigns that have modified people’s behav-
iour. Legislation has also been effective in the prevention 
of burn injuries. Examples include sprinkler systems and 
smoke detectors in public and commercial buildings, fire-
guards, transport and storage of flammable materials.

The management of a burn depends on many variables 
including the age of the patient, co-morbid factors and the 
size, depth and anatomical location of the injury. In general, 
the aims of burn care are to restore form, function and feel-
ing. This involves early aesthetic wound closure, optimal 
rehabilitation to preinjury activities and psychosocial recov-
ery [3, 4].

35.2  Modern Surgical Treatment

In general, burns that are deemed to be deep in nature are 
best excised, and the wounds are covered with autologous 
split skin grafts. The grafts usually require meshing, and 
the amount of wound that can be closed with autograft 
depends on the donor sites available and the mesh ratio used. 
Operative blood loss varies according to the post-burn time 
of excision and is preferably done as early as possible post 
injury [5, 6].

Cosmetically and functionally sensitive areas such as the 
face and hands need thicker sheet autograft for wound clo-
sure. In general, it is preferable to use sheet grafts in children 
as they give a better aesthetic result. If the burn size is large 
or if there is a lack of donor sites, then temporary wound 
closure with allograft, xenograft, other biological or semi- 
biological dressings and/or synthetic skin substitutes may 
be required while the donor sites heal. Patients with lager 
burns need to return to the operating room for further graft-
ing when their donor sites are healed. This is usually done on 
a weekly basis [7].J. P. Barret (*) 
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35.3  Surgical Treatment of Facial Burns

The goals of acute management of the burned face are similar 
to that of burns in other parts of the body. However, the out-
come of facial burns has a significant social and  functional 
implication. Patients whose face and hands have been spared 
present with excellent rates of social reintegration, whereas 
deep burns of the face and hands are devastating, requiring 
long-term physiotherapy, psychological intervention and 
reconstruction.

In general terms, unless gross destruction of skin and 
soft tissues is obvious, a delay in the excision of acute 
facial burns until day 10 allows better determination of tis-
sue that will not heal within a 3-week period. Subsequent 
excision of deep partial- and full-thickness burns must be 
carefully planned and performed in a precise manner fol-
lowing strict principles. Still, the development of enzy-
matic debridement has produced a new prompt method 
for surgical (enzymatic) debridement of dead tissues of 
the face within hours from injury. This practice enhances 
wound healing and preserves living dermis, changing the 
paradigm of acute burn surgery.

Main principles of surgery and reconstruction include

 – Respect for aesthetic units
 – Sacrifice of less injured tissue to preserve aesthetic units
 – Minimisation of blood loss
 – Delayed coverage with autografts to minimise postopera-

tive hematomas
 – Early intervention of rehabilitation services

Daily hydrotherapy and topical antimicrobial cream 
application for 10 days is advised in face burns. This allows 
for viable tissue to heal and helps to determine which areas 
will not be healed without evident scarring and disfigure-
ment. Face burns are debrided upon admission of loose blis-
ters and dead skin. Burns are then treated conservatively with 
one of the following:

 – Polysporin cream + Nystatin
 – Silver sulfadiazine
 – Cerium nitrate silver sulfadiazine
 – Xenografts
 – Amnion
 – Bioactive creams/gels

Conservative treatment is then carried out until a defini-
tive diagnosis and treatment plan is outlined.

The operation is performed in the supine position in the 
reverse Trendelemburg position under general anaesthesia. 
Extensive bleeding must be expected, and blood products 
should be available before the beginning of the operation. 
The endotracheal tube (ET) is fixed to the teeth, and a sterile 

endoscopic cover is inserted to allow full mobilisation and 
freedom of the anaesthesia tubing. The eyes should be pro-
tected with either protective contact lens or with temporary 
tarsorrhaphy stitches. Face burns are normally operated in 
a two-stage procedure. Burns are excised in the first opera-
tion and the wounds are closed with homografts or skin sub-
stitutes. A second-look operation is then performed within 
4–7 days and wounds are closed with a definitive coverage. 
This allows for perfect haemostasis, preventing graft loss or 
artificial dermis loss due to hematomas, and it permits re- 
excision of non-viable tissue.

Patients are fed via an enteral tube that should be let in 
place until all grafts are stable, usually by day 7 post graft-
ing. In non-ventilated patients, patients should be left intu-
bated and ventilated for 48  h to preserve integrity of the 
grafted areas.

The aesthetic units that will not heal within 3 weeks of 
the injury are outlined with markers (Fig. 35.2). The excision 
must incorporate the whole aesthetic unit to render perfect 
outcomes. It is not uncommon to excise minor areas of nor-
mal skin or superficial wounds to comply with the aesthetic 
unit philosophy. When only a small area of an aesthetic unit 
is burned, it is either left unexcised or grafted preserving the 
rest of normal tissue. It is reconstructed at a later stage if the 
outcome is deemed unacceptable [8, 9].

35.3.1  Postoperative Care

Grafts are normally exposed unless an elastomer mould 
can be applied with interim pressure garments. If the use of 
elastomers is feasible (depending on rehabilitation services 
capabilities), a negative impression is made at the end of the 
excision and application of homografts (stage one). It allows 
the occupational and physical therapists to fabricate an elas-
tomer that is applied under interim and permanent pressure 
garments.

In general, graft care includes the application of antimi-
crobial ointments on graft seams and Vaseline or antimi-
crobial creams on the graft surface to prevent desiccation. 
Grafts are inspected twice a day for seromas and hematomas. 
If they develop, they are drained through small incisions 
placed in the relaxed skin tension line. When hematomas 
are large, the patient is returned to theatre to lift the graft, 
remove the hematoma, and stitch the graft back under gen-
eral anaesthesia.

Patients are kept NPO for 4 days, and they are fed via a 
nasogastric or naso-jejunal tube. Patients should refrain from 
talking for 5  days, and 48  h of ventilatory support should 
be considered in children and non-compliant adults. The 
head of bed should be elevated 45°, and all manoeuvres that 
may increase head and neck pressure and systemic pressure 
should be avoided. A calm and comfortable environment 
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should be maintained to decrease the stress of patient and 
facilitate the postoperative care.

In case elastomers are not used during the immediate 
postoperative period, interim pressure garments followed 
by custom-made pressure garments, face masks and splints 
should be used as soon as the grafts are deemed to be stable 
[10–12].

35.4  Enzymatic Debridement of Facial 
Burn Wounds

The introduction of a new selective enzymatic debridement 
agent (Nexobrid®), in the armamentarium for burn wound 
management, has provided some new concepts in the initial 
management and wound healing. Patients with deep partial 
thickness burns treated with Nexobrid® experience great 
benefits in the reduction of the need for autografting com-
pared with the standard of care. In major burns, besides the 
improvement in wound healing, an important improvement 
in their general state has been observed.

Deep burns to the face (ideally diagnosed with laser 
Doppler scanning, LDI, or similar) are treated with brome-
lain (enzymatic debridement) early after admission. The drug 
is applied on the surface with eye and normal skin protection 
(Vaseline or similar) for 4 h. The application is painful; thus, 
deep sedation or general anaesthesia is necessary. A fine 
layer of 3–5 mm is created. The area is then covered with a 
transparent plastic wrap. After 4 h the product is removed. 
All debris, necrotic tissue, exudate and bleeding are cleansed 
with intense brushing and irrigation. Next, a wet dressing is 
applied (0.9% saline solution) for 24 h. The area is irrigated 
and cleansed as needed.

Definitive treatment shall depend on the tissue remaining 
after enzymatic debridement. Areas with viable dermis that 
may heal spontaneously are best treated with homografts, 
xenografts, amnion, honey gel, etc. Any skin with fat expo-
sure or areas that cannot heal in a reasonable period of time 
are autografted in aesthetic units. It is recommended that 
this definitive treatment is performed between 3 and 4 days 
after enzymatic debridement in order to enhance graft take 
(Figs. 35.1 and 35.2) [13].

35.5  Face Transplantation

The modern history of vascularised composite tissue allo-
transplantation began in 1998, when the first human hand 
transplantation became a reality. Few years afterwards, in 
2005, the first human face transplantation was attempted 
with success by Devauchelle and Dubernard in France [14].

Facial transplantation is a new achievement of transplan-
tation medicine and microvascular reconstructive plastic 

surgery. During the past years, an important activity in the spe-
cialty of plastic and reconstructive surgery has been registered. 
In particular, a real revolution in reconstruction has occurred. 
The not-so-old dream of restorative surgery, namely the 
replacement of damaged parts of the body by new unharmed 
pre-formed tissues has become reality. The development 
of techniques aimed at the transplantation of vascularised  

Fig. 35.1 Deep partial thickness burns. Aspect before enzymatic 
debridement

Fig. 35.2 Same wound after enzymatic debridement. Note that all 
dead tissues have been removed with the protection of living tissue
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composite tissues (VCA, composite vascularised allografts) 
has provided clinicians with a new robust tool for the recon-
struction of deformities that were, no so long ago, impos-
sible to achieve. History, development and classical attempts 
for VCA are not new. More than four decades ago, doctors 
in Ecuador attempted the transplantation of a hand limb. The 
transplant failed, but the dream survived. Pioneering labora-
tory work in experimental animals showed the path to clini-
cians for the achievement of human CVA. On the other hand, 
VCA has opened a new era not only in reconstructive surgery 
but also in transplant surgery. To date, there have been reports 
of successful transplantations of the knee joint, hand (unilat-
eral and bilateral), arms (uni and bilateral), face (partial and 
total), abdominal wall, larynx, penis, digits and lower limbs; 
all recipients presented with deformities and/or amputations 
that were not amenable to be reconstructed by means of clas-
sical or traditional techniques. Such deformities affected non-
vital parts and/or organs, and all of them had in common the 
impossibility to restore form, function, and cosmesis by means 
of conventional techniques and reconstructive surgery. The 
results of facial transplantation in humans demonstrate that 
facial transplantation is no longer an abstraction but a clini-
cal reality. It has been implemented in the latest years with 
increasing interest and great success. The limits of indications 
are still, though, desperate catastrophic facial disfigurement. 
Today, we are in a position to say that it has been possible to 
perform facial transplantation both in animals and humans in 
a short period of time (Figs. 35.3 and 35.4).

Similar to that learnt in many other transplant and 
plastic surgery disciplines, the development of Facial 
Transplantation Programs calls for a strong team approach, 
building a multidisciplinary team that involves all neces-
sary and diverse specialists to make a robust protocol and 
an experienced team that warrants excellency in outcomes. 
This multidisciplinary team is formed by all transplant dis-
ciplines usually involved in transplant medicine (surgeons, 
immunologists, infectious disease specialists and renal dis-
eases specialists) but should include also experienced health 
professionals more involved in the plastic and reconstructive 
scenario, namely rehabilitation specialists, physiotherapists, 
occupational therapists, psychologists, psychiatrists and 
social workers. VCA procedures must be organised in ter-
tiary centres with a strong commitment to transplant surgery 
and medicine. Such institutions have in common the required 
laboratory, clinical services and research units that are neces-
sary to perform this new clinical discipline [15, 16].

35.5.1  Indications of Face Transplantation

The indication of facial transplantation resides on impor-
tant deformities that affect different structures of the human 

face. They normally involve muscle sphincters (oral, ocu-
lar sphincter) and exhibit an important functional impact 
(impossibilities to speak, feed normally or breathe). The 
psychosocial impact of the deformity is extremely high, 
preventing them from functioning as normal human beings. 
Patients normally experience the facial deformity as health 
status worse than being death. The motivation of patients’ 
concentrates on becoming “normal” again and being able to 
resume their pre-morbid lifestyle.

The usual aetiologies considered for facial transplantation 
include

 1. Gun-shot injuries (ballistic trauma)
 2. Other posttraumatic injuries
 3. Burn deformity
 4. Benign tumours (i.e. neurofibromatosis)
 5. Postoncological deformities (tumour free and risk free)

Fig. 35.3 Facial deformity after gun-shot injury to the face. Scarring, 
anatomic destruction including facial skeleton is common
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However, when patients are considered for facial trans-
plantation, benefits of the procedure should surpass the risks 
of the proposed treatment and the toxic and side effects of 
the immunosuppressant therapy.

Similarly, the expected result of the proposed technique 
must be superior to that obtained with traditional techniques. 
Functional and aesthetic outcomes of facial transplantation 
must be by far much better than those obtained with any 
other technique that is also available. Otherwise, the trans-
plant should not be indicated, nor the reconstruction proceed 
without reconstructive allotransplantation [17, 18].

35.5.2  Facial Transplantation: Technical 
Aspects

Face transplantation consists in the extirpation of facial tis-
sues of a donor with the diagnosis of brain death (solid organ 
donor) and its transplantation to a patient to reconstruct his/

her facial defect. All deformed and scarred recipient facial 
tissues are removed and replaced by normal tissues, which 
restore anatomy and function. In general terms, facial CVA 
procedures utilise a two team technique approach: a donor’s 
and a recipient’s teams, similar to that employed in SOT, espe-
cially in heart and lung allotransplantation. The fabrication of 
a facial prosthesis must precede any CVA procedure (limbs, 
face, etc.). Maintaining the dignity of the patient during the 
whole donation process is mandatory, and bioethics dur-
ing procurement call for excellency in the care of the donor. 
Similar to many other facial CVA transplantation teams, we 
recommend a heart-beating donation. It shortens the ischemia 
time, reduces the impact of ischemia- reperfusion injury and 
allows for correct haemostasis during the facial procurement 
operation. The donor operation starts securing a patent and 
safe airway. If tracheotomy is selected, it should be performed 
in the first tracheal rings to allow for a long tracheal segment 
if a double lung transplant is also planned. Major vessels are 
cannulated in the usual manner, which must include the carotid 
circulation to perfuse the graft when the in situ dissection is 
finished. The operation begins with the cervical incision and 
undermining under the platysma muscle. The external carotid 
artery is identified and dissected. Major external carotid artery 
branches are identified and preserved if necessary for the type 
of facial graft planned. In general terms, only the facial artery 
is necessary for nearly all facial transplants. Lingual artery is 
to be preserved if the tongue is included in the facial trans-
plant. Similarly, the hypoglossal nerve is identified, dissected 
and included in the transplant (face and tongue transplanta-
tion). A bicoronal incision is performed next. Dissection pro-
ceeds in the subperiosteal plane up to the level of the orbit. 
The supraorbital nerve is identified and dissected inside the 
orbit in order to lengthen it and allow for a tension-free neu-
rorrhaphy. Attention is directed to the lateral aspect of the face 
next. An incision is made at the appropriate level. If the ears 
are not included, a rhytidectomy incision is chosen. When the 
ears are transplanted, the incision is more posterior. The soft 
tissues are lifted and undermined. A deep dissection plane is 
employed, in order to include all facial muscles and nerves (a 
more superficial plane is employed if only skin and soft tissues 
are transplanted). All five facial nerve branches are identified 
at the anterior margin of the parotid gland, cut and included in 
the graft. The dissection approaches the infraorbital nerve, and 
it is freed of adhesions. It is severed at the appropriate level for 
each individual case. If necessary, the mucosa and submucosa 
layers of the cheek are included with a full-thickness dissec-
tion of the lips. Inferiorly, the dissection connects with the cer-
vical flap. The dental nerve is identified at the mental foramen 
and severed and included in the flap. The final step during pro-
curement consists of dissection and inclusion of the soft tis-
sues and cartilages of the nose and section of the eyelids at the 
desired level. Current evidence supports good vascularization 

Fig. 35.4 Same patient after full-face transplantation including facial 
skeleton (type V-b face transplant)
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of an entire face graft by the facial vascular pedicle. However, 
the temporal vessels may be included in the flap if necessary, 
and they may be dissected in continuity with the facial arteries 
down to the external carotid. This procedure adds difficulty in 
the  dissection with uncertain benefits in blood flow; however, 
it still is our first choice in full-face grafts. If a facial transplant 
including bone is planned, bone osteotomies are performed 
at this stage, leaving them attached to the soft tissues (good 
periosteal vascularization does exist). The entire face graft is 
then left pedicled on arteries and veins (retromandibular veins, 
facial veins and external jugular veins). The graft is simultane-
ously perfused with preservation fluid at 4 °C with the rest of 
solid organs.

After transportation to the recipient operation theatre, the 
second part of the operation starts. The recipient neck has been 
prepared and the major vessels dissected. Depending on the type 
of facial deformity, the deformed structures have been resected 
creating a defect on the recipient’s face to be restored by the 
face transplant. Other teams prefer performing the resection of 
the recipient’s face after revascularization. Arteries and veins 
are anastomosed in the standard fashion. Before reperfusion, 
1 g of prednisone is infused i.v. to prevent any immunological 
reaction during this phase of the operation (immunosuppression 
induction therapy starts when the patient arrives at the operation 
theatre). The reconstructive phase of the operation begins with 
bone osteotomies and osteosynthesis with titanium miniplates, 
intraoral in-setting, nerve neurorrhaphies (dental nerve and 
infraorbital nerve are performed before the final miniplating), 
and the suture of soft tissues and skin [19].
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Summary Box

 1. Deep facial burns require early excision (either sur-
gical or enzimatic).

 2. Surgical treatment should follow strict principles.
 3. The most relevant principles in facial burn treat-

ment are: respect of aesthetic units, delayed defini-
tive coverage, early rehabilitation.

 4. Face transplantation is a novel technique that may 
be used to reconstruct in full facial defects.

 5. Face transplantation should be reserved to patients 
with severe functional deficits, i.e. destruction of 
facial sphincters.
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Hand Burns

Clifford C. Sheckter and Matthew B. Klein

36.1  Introduction

Loss of hand function is the leading cause of impairment 
following burn injury [1]. As the contact point for day-to-
day activities, hand is both highly susceptible to injury and 
of paramount importance in preserving function. Over 80% 
of severe burn injuries include the hand [2], and even small 
burns localized to the hand can potentially impair function 
and quality of life.

Advances in acute burn care have made survival of pre-
viously fatal injuries possible and shifted the focus of burn 
care and research toward optimizing functional outcomes. 
Consequently, restoration of hand function has received 
increased attention with a multidisciplinary team of burn 
surgeons, plastic surgeons, rehabilitation physicians, physi-
cal therapists, and occupational therapists coordinating care 
at specialized burn centers. The complexity of hand anatomy 
and function necessitate thoughtful consideration by all burn 
team members.

36.2  Initial Evaluation and Hand Exam

All patients presenting with burn injuries should undergo an 
evaluation focusing on systemic illness and life-threatening 
injuries in accordance with standard trauma evaluation pro-
tocols. After life-threatening injuries have been evaluated, 
the burn injury can be addressed. In evaluating hand burns, 
a careful history, including handedness, prior injuries, occu-
pation, and mechanism of acute injury should be obtained. 
The date of the patient’s last tetanus vaccination or booster 

should be documented, and tetanus toxoid or immunoglobu-
lin should be administered as necessary.

Physical examination should first establish the extent and 
depth of burns followed by a comprehensive hand exam. 
Starting with visual examination, the extent and depth of 
burns on all surfaces should be documented on a hand dia-
gram with distinct markings for extent and depth of injury. 
Other injuries are assessed including crush, laceration, and 
avulsion. Any suspicion for fracture, dislocation, or for-
eign body should be further evaluated with x-ray imaging. 
Functional examination proceeds with active and passive 
range of motion for all joints, and any deficits should be doc-
umented and appropriately triaged by a hand surgeon. Note 
that functional examination may be limited by pain, mental 
status, or sedation.

Particular attention should be given to the neurovas-
cular examination, as this dictates the need for emergent 
intervention. Any circumferential or full-thickness upper 
extremity burn is concerning for ischemia and deserves 
careful consideration. Decreased perfusion manifests in 
many forms including pain with passive motion, capillary 
refill greater than 2–3 s (or absent), diminished radial or 
ulnar pulses, and cold hand to touch. If ischemia is sus-
pected, various tools can help confirm insufficient perfu-
sion including Doppler ultrasound and pulse oximetry 
(reading <90%). In the event decreased perfusion is sus-
pected, yet there is insufficient evidence for escharot-
omy, trending hand examinations (e.g., every hour) using 
Doppler ultrasound or pulse oximetry can demonstrate 
a trajectory toward watchful waiting or operative man-
agement. Arterial pressure monitoring catheters should 
never be placed in an extremity where there is concern for 
decreased perfusion.

Isolated nerve compression is rare, but can occur in elec-
trical injuries. A nerve examination should be performed 
documenting the typical distributions of the median, ulnar, 
and radial nerves. Symptoms suggesting compression such 
as paresthesias, numbness, or decreased motor function 
should be considered for surgical release [3].
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36.3  Primary Management and Wound 
Care

During the initial burn wound evaluation, foreign material 
should be removed and thin or loose blisters debrided. An 
appropriate dressing is then applied, ensuring that burned 
digits are wrapped individually. The choice of dressing is 
dependent on the depth of the burn with the primary goals of 
preventing infection, promoting re-epithelialization, prevent-
ing desiccation, and maintaining euthermia. Additionally, 
the ideal dressing should be easy to apply, reduce pain, and 
allow for full range of motion. The affected hand(s) should 
be elevated as soon as feasible to limit edema. Commonly 
used means include securing band-net stocking to standing 
poles or gurney overhead rails.

Local wound care is the definitive treatment for super-
ficial and superficial partial-thickness hand burns with the 
goal of optimizing re-epithelialization. We prefer an oint-
ment with antimicrobial properties such as bacitracin and 
nonadherent gauze dressing (e.g., petroleum gauze or bis-
muth tribromophenate). For deeper burns that may form an 
eschar, we prefer silver sulfadiazine (Silvadene), which pro-
vides increased antibacterial protection and is soothing when 
applied. Silvadene forms a film or “pseudo-eschar” when 
applied necessitating daily cleansing prior to repeat applica-
tion. Sulfamylon (mafenide) is preferred for infected burns 
due to sulfadiazine’s poor eschar penetration. However, 
metabolic acidosis resulting from carbonic anhydrase inhi-
bition is a potential side effect for which the treating physi-
cian must be vigilant. When epithelialization is imminent or 
occurring, the dressing may be switched to bacitracin and 
nonadherent gauze. There is no evidence supporting the use 
of prophylactic intravenous or oral antibiotics.

The ultimate goal in treating hand burns is return of func-
tion, which can be neglected by only focusing on wound 
care. Edema, especially on the dorsum of the hand and 
around joints, may lead to postures with decreased tension 
on the collateral ligaments. Corrective splinting in the posi-
tion of safety and early motion minimizes the potential of 
future contractures. The position of safety also called “intrin-
sic plus” places the wrist in 5–10 degrees of extension, meta-
carpophalangeal joints in 70–90 degrees of flexion, and both 
interphalangeal joints in full extension. Occupational and 
physical therapists alike should be involved at the earliest 
opportunity. In the event the patient is sedated or unable to 
follow commands, allied therapists can passively range hand 
joints.

The hand and especially fingers have dense sensory 
nerve networks that lend to painful wound care, especially 
in partial- thickness burns. Placement of regional pain cath-
eters by anesthesiologists can help facilitate more aggres-
sive bedside debridement for patients requiring in-hospital 
wound management, and the catheters can also be used intra-

operatively in cases requiring excision. In order to prevent 
immobility, the anesthetic infusions should be down-titrated 
between dressing changes to allow for full motor function 
and active range of motion exercises.

36.4  Escharotomy and Fasciotomy

Deep extremity burns—particularly those that are circum-
ferential—must be closely monitored for distal vascular 
insufficiency. Patients who sustain extensive burn injuries 
require large volumes of intravenous fluid and will develop 
significant soft tissue edema under the tight shell-like eschar. 
Suspicion for compromised perfused should be addressed 
immediately with escharotomy to improve distal perfusion 
[4]. Escharotomy may be performed under general anesthe-
sia in the operating room or, if necessary, at the bedside in 
the intensive care unit with appropriate analgesia and seda-
tion. Eschar is insensate and pain should be minimal during 
the procedure. A full release of the forearm may be achieved 
using either electrocautery or a scalpel to incise the eschar 
through two longitudinal incisions (radially and ulnarly) 
down to the level of the first and fifth metacarpophalangeal 
joints. Further decompression of the hand itself is achieved 
through longitudinal incisions between the metacarpals from 
the base of the hand to the head of the metacarpal taking 
care not to expose any tendons (Fig.  36.1). Digital escha-
rotomy is avoided at our institution; however, one small care 

Fig. 36.1 Escharotomy of the hand is performed by incising the eschar 
in the intermetacarpal spaces. Care is taken not to unnecessarily sever 
or expose underlying extensor tendons

C. C. Sheckter and M. B. Klein



467

series suggests that it may decrease finger necrosis [5]. If 
digit escharotomy is performed, dorsal release avoids the 
volarly oriented neurovascular bundles. Digits 2–3 should 
be released on ulnar side to avoid future scar contact with 
the thumb during opposition. Similarly, digits 4–5 should be 
released radially to avoid scar contact with resting surfaces. 
Regardless of specific technique, escharotomy incisions 
should be limited to the eschar itself as unnecessary deep 
incisions can expose underlying vital structures.

Patients with circumferential forearm burns are at risk 
for compartment syndrome when edema collects deep to 
the unyielding eschar resulting in decreased arterial flow 
and venous congestion. If escharotomy is not performed as 
described above, ischemic tissues (i.e., skeletal muscle) will 
become edematous leading to compartment syndrome and 
permanent muscle death. Electrical injuries and burns with an 
associated crush injury are more likely to increase compart-
mental pressures, resulting in compartment syndrome due to 
muscle injury. Deep muscle compartments are often more 
injured than superficial after electrical burns due to bone’s 
elevated resistance to current flow. Neuropraxia following 
electrical shock can also complicate the initial assessment. The 
diagnosis of compartment syndrome is generally clinical and 
heralded by the constellation of pain on passive stretch, pares-
thesias, pallor, paralysis, decreased pulses, and poikilothermia. 
Systemic signs, including myoglobin- induced metabolic aci-
dosis, may be the only sign of compartment syndrome in an 
obtunded patient with myonecrosis. Compartmental pressures 
of >30 mmHg or within 10–20 mmHg of diastolic pressure 
are diagnostic of compartment syndrome [5]. In the setting of 
suspected compartment syndrome, or failure of escharotomy 
to restore distal perfusion, fasciotomy should be performed in 
the operating theater. Forearm incisions include a dorsally and 
volarly oriented release that targets all three compartments of 
the forearm (anterior, posterior, and mobile wad). Additionally, 
if compartment syndrome of the hand is suspected, a full release 
of all ten compartments and both peripheral nerve canals (car-
pal tunnel and Guyon’s canal) should be performed [3, 6]. The 
compartment release is commonly achieved through four inci-
sions: ulnar hand (hypothenar), thenar eminence, dorsal index 
finger metacarpal (interossei and adductor pollicis), and dor-
sal ring finger metacarpal (interossei). The carpal tunnel and 
Guyon’s canal are released in a standard fashion.

36.5  Surgical Management

36.5.1  Early Excision and Grafting

Early excision and grafting have been shown to reduce 
hypertrophic scarring and subsequent contractures leading to 
a reduced need for later reconstructions [7–10]. Superficial 
and intermediate partial-thickness burns will often heal 

within 2 weeks and rarely require early excision. However, 
deeper wounds that are expected to take longer to heal (i.e., 
longer than 21 days) should be carefully monitored for heal-
ing potential. Burns should be excised and grafted once they 
demonstrate inability to heal. Given the relatively small sur-
face area of the hand, timing of hand excision in a patient 
with extensive burns should be weighed against the need to 
remove large areas of eschar to prevent burn wound sepsis.

Excision and grafting are usually performed under gen-
eral anesthesia, although limited debridements are possible 
with regional blocks (particularly when grafts are not har-
vested) [11]. Tourniquet use is recommended to limit blood 
loss, and tourniquet time should not exceed 2  h to avoid 
tissue ischemia. Excision is performed with the use of a 
Goulian knife to remove eschar to a depth of healthy, bleed-
ing tissue. For excision of web spaces and other areas in 
which the Goulian knife is difficult to maneuver, the Versajet 
(Smith and Nephew, London, UK) is a high-pressure water 
jet system that navigates well [12, 13] (Fig. 36.2). Excision 

Fig. 36.2 The Versajet water dissector provides precise tissue excision 
and is particularly well suited for areas of convexity and concavity

36 Hand Burns
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on the dorsum of the hand should be performed carefully 
given the minimal subcutaneous tissue and the risk of expos-
ing tendons. Small areas of exposed tendon may be covered 
with surrounding soft tissue to avoid the need for flap cov-
erage; however, inevitable cases of tendon and joint expo-
sure will require soft tissue flap coverage [14]. If tendon 
becomes exposed and soft tissue reconstruction is delayed, 
diligent moisture preserving measures are needed to prevent 
irreversible tendon desiccation and death. Once excision is 
complete, the tourniquet should be deflated to assess tissue 
viability by observing bleeding. Epinephrine (concentration 
1:10,000) soaked Telfa (Mansfield, MA) and laparotomy 
pads should be applied for 10 min. The wound bed should 
then be assessed for hemostasis and epinephrine Telfa pads 
and laparotomy pads replaced as needed to achieve a blood-
less field. Electrocautery should be used sparingly and only 
on small focal areas of bleeding. Unlike other areas of the 
body, over-excision of hand soft tissues can lead to perma-
nent loss of critical structures that are difficult at best to 
reconstruct (joints, tendons, and neurovascular bundles). 
When depth of injury is in doubt, temporary placement of 
allograft is a reasonable approach to provide coverage and 
assess wound bed viability [15].

The majority of hand burns can be covered with split 
thickness skin grafts. In order to guide graft harvest, the 
wound bed should be templated and transposed to the 
planned donor site. The anterolateral thigh is a sufficient 
donor site for majority of patients. A dermatome with the 
widest guard appropriate for the amount of skin needed helps 
to minimize the number of graft junctions. For the majority 
of excised dorsal wounds, 0.012 inch thick grafts are suf-
ficient while 0.015–0.018 inch thick grafts are necessary for 
the palm. Sheet grafts are preferred to mesh grafts in order 
to provide better functional and cosmetic results [16–18]. 
Full- thickness grafts harvested from the inguinal crease 
or the flank may be the most appropriate choice for small 
burns on both the dorsum and the palm. Grafts are affixed 
with absorbable sutures and fibrin glue in the wound bed. 
The edges of the graft are reinforced using with Hypafix 
(Smith and Nephew, London, UK) and Mastisol (Ferndale 
Laboratories, Ferndale, MI). A dressing of nonadherent 
material, fine- mesh gauze, Kerlix rolls, and a custom fab-
ricated splint is applied. Of note, grafting should take place 
in the same position as splinting, attempting to maintain ten-
sion on the collateral ligaments (i.e., flexed metacarpopha-
langeal and extended interphalangeal) and abduct the first 
web space. The dressing is removed on post-operative day 1, 
and fluid collections are evacuated with a small incision in 
the graft. It is important to note that we do not make any pie-
crusting incisions in the graft at the time of placement but 
only over areas where fluid accumulates. The wound should 
be inspected daily until no fluid collections are noted. The 
dressing is then maintained until post-operative day 5 and 

then replaced with a lighter nonadherent dressing to allow 
for range of motion exercises [16]. Negative pressure therapy 
is an alternative postoperative dressing that provides bolster-
ing and transudate evacuation with promising results com-
pared to traditional methods [19]. The donor site, if properly 
harvested and dressed, should re-epithelialize spontaneously 
within 2 weeks. We prefer Mepilex Ag (Molnycke) a silver- 
impregnated dressing or absorbent Tegadem, although a non-
adherent gauze and bacitracin are also acceptable.

36.5.2  Pediatric Hand Burns

The pediatric palm burn may be an exception to aggressive 
early excision. Palm burns are frequently encountered in the 
infant and toddler population after contacting a hot surface 
(e.g., stove, fireplace, or heater). These burns are usually 
deep partial-thickness injuries and, therefore, may heal with-
out surgery; however, controversy remains over the timing 
of excision and choice of graft for indeterminate and deeper 
burns. While there are advocates for early excision and 
full- thickness grafting to prevent infection and limit future 
contractures [20], in the author’s experience [21], a more 
conservative approach is warranted. There is no evidence to 
suggest that delay of the excision until week 2 or 3 prevents 
infection, and if the wound can heal within 3 weeks of time, 
avoiding excision may help to protect palmar sensation that 
is vital to overall hand function [22]. If excision is warranted, 
both split and full-thickness grafts are acceptable approaches 
to wound coverage. Typically, if the area of burn can be cov-
ered with a single full-thickness graft (i.e., harvested from 
a single site), then this will be performed; in other cases, a 
thick split thickness graft is used to minimize the need for 
multiple grafts with junctions on the palm. In the case of sec-
ondary reconstruction, full-thickness grafts are the preferred 
coverage following release.

Perhaps more important than the decision for surgery tim-
ing and choice of coverage is the need for aggressive hand 
range of motion therapy and splinting overnight. It is critical 
that children with palm burns undergo aggressive range of 
motion therapy immediately. Parents must be instructed on 
how to adequately range the hand and should do so at least 
8–10 times daily. Splints should only be used at night or if 
early signs of contracture are noted.

36.5.3  Tissue Flaps

Severe burns, especially on the dorsum of the hand where 
the skin is thin with little underlying subcutaneous tissue, 
are often not amenable to skin grafting due to exposed bone 
or tendon and may require flap coverage. Digits sometimes 
require vascular soft tissue coverage to optimize function. 
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Numerous soft tissue flaps have been described to provide 
durable coverage for areas for which skin grafting would not 
be appropriate, and the most common coverage options are 
described below. It is important to keep in mind injuries to 
deeper hand structures may also require management prior to 
wound coverage. For example, in cases where the extensor 
tendon and joint are burned, one should consider early joint 
arthrodesis to stabilize joint positioning and allow for faster 
functional recovery.

Local flaps. The radial forearm fasciocutaneous or fascial 
flap, based on the radial artery, is an appropriate choice for 
local coverage when the donor site remains uninjured. An 
Allen’s test, as well as Doppler examination of the super-
ficial palmar arch, should be performed prior to raising the 
flap to ensure adequate ulnar perfusion of the hand. Skin 
grafting of the donor site in the case of a fasciocutaneous 
flap or recipient site in the case of a fascial flap will be nec-
essary. The distally based posterior interosseus artery flap is 
a fasciocutaneous flap harvested from the dorsal aspect of 
the forearm and does not disrupt either of the major blood 
vessels perfusing the hand [23]. Although the flap’s perfus-
ing vessel is sometimes hypoplastic or absent, this flap is 
especially useful when there has been an injury to either the 
radial or ulnar artery.

Distant flaps. When local flaps are unavailable due to 
injury, distant flaps may be considered. The primary distant 
flaps used for hand coverage are the abdominal (random) or 
groin (pedicled) flaps [16]. In either case, a flap of Scarpa’s 
fascia, subcutaneous tissue, and skin is templated, raised, and 
sutured onto the hand. The hand is left in situ for 2–3 weeks 
after which the flap is divided (Fig. 36.3). Vascularization of 
the flap can be determined, when in doubt, using indocyanine 
green fluorescence video angiography [21]. A variant of this 

procedure may be performed in which only Scarpa’s fascia 
is transferred and skin grafted, leaving behind the abdominal 
or groin skin and subcutaneous tissue—the Crane procedure.

Free tissue transfer. Free tissue transfer is necessary 
when extensive burns preclude local or distant pedicled 
flaps. Numerous options exist and can be carefully selected 
following the principle of “replace like with like” [24]. For 
the dorsum of the hand, this calls for thinner tissue includ-
ing fascial and fasciocutaneous flaps such as the contralat-
eral radial forearm flap, temporoparietal fascial flap, lateral 
forearm flap, serratus fascial flap, dorsal thoracic fascial flap, 
and dorsalis pedis flap. For the palmar surface, the glabrous 
skin is more challenging to replace. The above flaps may all 
be considered with the addition of perforator flaps in a thin 
patient such as the anterolateral thigh (ALT) flap. Innervated 
palmar skin is essential for hand function; thus, sensate 
flaps should be considered first. Prior to considering a free 
tissue transfer, the viability of the recipient vessels must be 
evaluated to ensure that they have also not been damaged. In 
severe injuries where there is loss of all digits or the entire 
hand, muscle flaps can be utilized to provide wound closure 
and provide a foundation for subsequent reconstruction or 
prosthetic devices [14, 25].

36.5.4  Skin Substitutes

A full discussion of skin graft substitutes is beyond the scope 
of this chapter; however, products curtailed to the hand are 
important to note. Skin substitutes may be useful in cases of 
extensive burn injury where there is limited donor site for 
harvesting quality autografts. Skin substitutes are applied to 
the freshly excised wound bed, and just as in the case of auto-
graft placement, it is essential that the wound bed is viable 
and hemostatic prior to placement. Broadly, substitutes are 
viewed in two categories: temporizing bridges to autograft-
ing and dermal regenerative matrices that are used in combi-
nation with autologous skin grafts. Multiple products exist in 
both categories with varying success [26]. Bridging coverage 
includes cadaveric human skin (allograft) and porcine skin 
(xenograft), which all must be removed prior to definitive 
autografting. These options are often utilized to test the via-
bility of wound beds in addition to temporary coverage [15].

Dermal regenerative matrices are used in viable full- 
thickness wounds to promote the formation of dermis through 
ingrowth of scaffolds. For dorsal hand burns, these products 
provide bulk and coverage where skin grafts might otherwise 
not take or suffer significant contour deformities. Integra 
(Integra Life Sciences, Plainsboro, NJ) is shark- and bovine-
derived acellular collagen matrix with a silicon pseudo-epi-
dermis. The product is used in a two-stage manner, whereby 
initial placement on a vascular wound bed is followed by 
a 3-week delay to allow ingrowth and autografting (with 

Fig. 36.3 A pedicled abdominal flap was used to provide soft tissue 
coverage over exposed joints and tendons of the hand. In this case two 
separate flaps were used—one for the thumb and one for digits
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removal of silicon sheet). This is an excellent option for dorsal 
defects where serial Integra stacking allows for tissue bulking 
prior to autografting. A similar product, Matriderm (Dr. Otto 
Suwelack Skin & Health Care AG, Billerbeck, Germany) is a 
single-stage bovine collagen matrix. Like Integra, it is placed 
in a viable full-thickness defect, but instead of staged auto-
grafting, a think skin graft is placed over the Matriderm at 
the time of initial surgery. Proponents of Matriderm cite its 
improved pliability over other products [27]. Though acel-
lular dermal matrix is often used in bridging, others have 
described its success in definitive reconstruction when used 
with thin autografts [28].

36.5.5  Amputation

Severe burns of the hand may result in injuries for which sal-
vage is either impossible or impractical. The ultimate goal of 
treatment of hand burns is optimizing function. The loss of 
a digit often provides the patient with a more favorable out-
come when compared to an insensate, painful, and stiff digit. 
Delayed amputation may be required when all other treat-
ment options have been exhausted or failed. Length should 
be preserved at all times. As is the case with all severe hand 
burns, realistic discussions about the goals of reconstruction 
should take place prior to embarking on a plan of treatment. 
In addition, an area of viable soft tissue on a digit that is to be 
amputated may be useful for coverage the hand elsewhere. 
For example, if the dorsal aspect of a digit is burned down 
through the tendon and joint, a filet flap from the volar aspect 
of the digit can be used to cover any exposed MP joints or 
tendons.

36.6  Postoperative Care and Long-Term 
Management

Hand therapy is an integral component in the treatment of 
any hand injury. Surgical management of hand burns with-
out proper postoperative hand therapy, including splinting, 
edema management, and range-of-motion exercises, prefer-
ably led by an experienced burn therapist, is likely to result 
in suboptimal results. Hand therapy should begin within 24 h 
of injury. Edema management is initiated with elevation and 
proceeds to compressive wraps. Custom compressive gloves 
and sleeves should be fitted to the patient when there is no 
longer concern for a shear injury. Scar contractures of the 
hand typically result in a deformity known as the “burn claw,” 
whereby proximal interphalangeal points are sharply flexed 
and the metacarpophalangeal joints are hyperextended [29] 
(Fig.  36.4). Any hand that assumes this posture should be 
aggressively splinted in the intrinsic plus position with the 
wrist in 30 degrees of extension, the metacarpophalangeal 

joints in 70–90 degrees of flexion, and the interphalangeal 
joint in full extension. The first web space should also be 
held in an abducted position. This posture will maintain the 
collateral ligaments in tension and help to avoid permanent 
fixed contractures. Palm burns, which are at significant risk 
of flexion contracture, should be splinted with all joints in full 
extension. Range of motion exercises should be withheld in 
the acute phase of graft or flap healing, but should be initiated 
as soon as possible thereafter, usually after 5 days in the case 
of split- or full-thickness skin grafting. If prolonged splinting 
is required, range of motion exercises out of the splint should 
occur several times a day, and nighttime only splinting should 
be considered. Independent therapy is also encouraged. 
Passive range of motion should be performed on intubated 
patients daily. Patients should not be discharged from the hos-
pital until they have demonstrated that they are self-sufficient 
with both hand therapy and wound care [30, 31].

36.7  Secondary Reconstruction

Even optimal care of burned hands may result in scarring 
and contracture. In the largest review of all major burn 
survivors at one facility, nearly 23% suffered some form 
of contracture of the hand, with the wrist most commonly 
involved [32]. Contractures may be categorized as wrist, 
palmar, dorsal, digital, or syndactyly [33]. In select cases 
of severe early contracture, release and grafting may be 
considered within weeks after the injury; however, surgi-
cal treatment of contracted tissue more often occurs after 
the scar has fully matured—a period of 6–12 months. The 
patient must also be psychologically prepared to return to 
the operating room and participate in postoperative rehabil-
itation. In the case of pediatric patients, parental adherence 
must be assessed.

The approach to secondary reconstruction begins with 
defining the problem and functional deficit in light of real-
istic goals and expectations. Secondary reconstructions 
include scar rearrangement/lengthening and scar excision 
with soft tissue reconstruction using skin grafts, tissue 
flaps, or dermal regenerative matrices. Physical therapy 
should be initiated to both improve contracture and demon-
strate future adherence. If two hands require surgery, only 
one should be addressed at a time. Surgeries with compet-
ing postoperative needs, such as prolonged immobilization 
and early motion, should also be performed separately and 
staged.

Regardless of location, scar lengthening and rearrange-
ment techniques are often sufficient to treat single-scar 
contractures assuming adequate tissue laxity perpendicu-
lar to the scar. Plastic surgery techniques such as Z-plasty 
and V-to-Y flap release are commonly performed to release 
hand contractures. The Z-plasty is particularly well suited 
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for web spaces (syndactyly), and the V-to-Y flap release is 
appropriate for small, linear contractures. For larger first 
web space contractures, the four-flap Z-plasty is an alterna-
tive [34] (Fig. 36.4). 

When adjacent soft tissue is insufficient, scar excision 
with full-thickness skin grafts may be required to accom-
modate increased excursion. Local flaps as mentioned in 
the tissue flap section are also available. One smaller local 
option for first web space contractures includes the first dor-
sal metacarpal artery flap [35]. In cases of long-standing 
contracture, consideration of using Kirschner wire fixation 
in extension for 3  weeks to allow for optimal positioning 
should be made [29].

Fingernail scaring often occurs after burn injury due to 
contracture of skin leading to abnormal eponychium and 
exposed germinal matrix. The result can be a painful digit 
with reduced function. Treatment considerations include 
a dorsally based bipedicled advancement flap with full- 
thickness skin grafting to donor area [36].

Finger lengthening is a separate issue from contracture 
but is mentioned given the significance for hand function. 
Thumb function comprises nearly half of hand function, 
which is dependent on thumb length to accomplish oppo-
sition. Various techniques for thumb lengthening following 
burn injury have been described including pollicization of 
other fingers and toe-to-thumb transfer [37].

a b

c d

Fig. 36.4 A four-flap z-plasty was used for the correction of a first web 
space contracture to increase extension and abduction of the thumb (a). 
The central axis of the flap is designed directly over the thickest central 

scar (b). Each of the four limbs extends off the central limb at 60-degree 
angles. The four flaps are elevated and then transposed and advanced 
into place (c and d)

36 Hand Burns
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36.8  Outcomes and Horizons

Outcomes, both provider and patient reported, are increasingly 
important in a healthcare environment focused on quality and 
quality reporting. As mentioned in the introduction, significant 
burns are largely survivable today; however, they can lead to 
significant long-term morbidity. As the ambassador of daily 
activities, the hands are paramount in quality of life and are 
reflected as such in reporting metrics. There are a number of 
existing outcome measurement instruments developed for hand 
injuries (though not specifically burn injury). For provider-
reported outcomes, measures in range of motion (ROM) and 
grip-pinch power are the foundation of gross hand function, 
while scoring metrics such as the Jebsen-Taylor Hand Function 
Test index the ability to perform multiple tasks. In regard to 
patient reported outcomes, two more frequently used tools are 
the Disabilities of the Arm, Shoulder, and Hand (DASH) and 
Michigan Hand Questionnaire (MHQ) [38]. Hand function 
is arguably the most important outcome in hand burns; thus, 
using objective metrics offers both providers and patients the 
opportunity to assess change and direct therapy.

There are a number of technological and scientific 
advances which may impact the management of exten-
sive hand injuries in the future, particularly in the areas of 
prosthetics and composite tissue allotransplantation (CTA). 
There were a number of technological advances made as 
part of the experience of caring for soldiers with amputa-
tions injured during Operation Iraqi Freedom and Operating 
Enduring [39]. Advances in prosthetics, such as the direct 
brain wave control devices, are promising examples of future 
innovations that may more fully return function [40] in 
residual limbs. While still in its early stages, CTA may pro-
vide greater role in the future for persons with burn injuries. 
Successful hand transplants have been conducted around the 
world [41, 42]. The merits of CTA relative to the risks are 
still being debated, and thus, CTA is reserved for particular 
institutions and unique cases. A greater understanding of the 
potential benefits of CTA for burn patients as well as specific 
challenges such as sensitization from skin allograft exposure 
[43], are areas of active research.
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Treatment of Burns: Established 
and Novel Technologies
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37.1  Overview

Burns are one of the most devastating traumas, affecting 
more than two million individuals around the globe every 
year [1, 2]. The last few decades have been marked by sev-
eral advances in the care of massive burns that have con-
siderably diminished morbidity and improved survival [3]. 
These improvements are most notable in elderly individuals 
[4, 5] and children [6]. Burn care has seen advances in four 
major areas:

• Early patient management and fluid resuscitation
• Infection control
• Hypermetabolic response modulation
• Surgical techniques and wound care

Burn injury is associated with long-term exposure to 
inflammatory mediators and pathogens owing to the pres-
ence of extensive wounds. Immediate excision and coverage 
of the burn wound [7] have reduced the likelihood of criti-
cal systemic infection caused by burn wound infection [8]. 
Accordingly, early after burn injury, the preferred approach 
is to excise the full-thickness burn and cover the open wound 
with an autologous skin graft. A safe and effective reduction 
in blood loss can be achieved with early excision within the 

first 48 h [9–11]. When immediate permanent wound cov-
erage is not feasible because burns cover large areas, these 
areas can be temporarily covered with allograft or xenograft. 
This protects the wound for several weeks until donor sites 
have sufficient time to generate autografts. Furthermore, 
overlaying widely meshed autografts with allograft or xeno-
graft provide adequate coverage and permit repeat autograft-
ing within 1–2  weeks when donor sites are healed [9, 10, 
12, 13]. Although this approach has not been widely imple-
mented, some burn units around the world continue to use it, 
with minimal changes in the last few decades. Meanwhile, 
new approaches and devices are being introduced and stud-
ied, including fish-derived xenografts, synthetic membranes 
as PermeaDerm, and enzymatic debridement products. This 
chapter discusses some of these exciting developments and 
introduces new ideas in the treatment of burns.

37.2  Partial-Thickness Burns

Partial-thickness burns are considered superficial or deep 
depending on the extent of injury penetration. The former 
are painful, blanch with touch, erythematous, and often 
blister. Common causes include accidents such as immer-
sion in an overheated bath tub containing water and flash 
flame burns. Epidermal structures that are present in rete 
ridges, hair follicles, and sweat glands enable spontaneous 
re- epithelialization within 1–2  weeks. After wound re-epi-
thelialization, secondary scar maturation progresses and may 
lead to long life hyper- hypopigmentation.

If damage extends to the reticular dermis, the burns are 
considered deep dermal burns. These deep burns are painful 
to pinprick. They do not blanch with touch and have a pale 
and mottled appearance. Complete re-epithelialization from 
hair follicles and sweat glands may take up to 1 month, and 
significant scarring occurs on account of dermal loss.

Partial-thickness burns usually present with epidermal 
layer loss, leading to exposure of raw skin with nerve end-
ings. Therefore, partial-thickness burns can be very painful 
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compared to other types of burns [14]. Historically, partial- 
thickness burns were treated in a conservative manner 
through removal of the damaged top layer of skin and then 
local administration of medications once or twice daily [15, 
16]. Even with the use of opioids, this approach may cause 
considerable pain and distress.

37.2.1  Synthetic and Biosynthetic Membranes: 
Suprathel, Biobrane, and PermeaDerm

Alternative treatments for partial-thickness burns have been 
devised to increase patient comfort, protect against infec-
tion, and enhance skin regeneration. The most clinically 
applicable are the semi-occlusive and synthetic membranes. 
Re-epithelialization occurs under these dressings, and given 
that they are only partially occlusive, frequent dressing 
changes are not required, minimizing distress to the patient. 
Some are also occasionally utilized as skin substitutes for 
the temporary coverage of excised full-thickness burns. The 
most commonly used membranes are discussed below.

Suprathel, a product of Polymedics Innovations GmbH, 
(Denkendorf, Germany), is a copolymer membrane primar-
ily consisting of DL-lactide as well as ε-caprolactone and 
trimethylene carbonate. This synthetic membrane is not 
only easily shaped, but also highly porous and permeable 
to water. It has an initial porosity over 80%, with intercon-
nected pores between 2 and 50 μm. It is placed on the wound 
and overlaid with paraffin or non-adherent gauze. As wound 
re- epithelialization progresses, the membrane peels off, usu-

ally over the course of a couple of weeks [17]. Prospective 
randomized clinical studies have demonstrated that, com-
pared to other commercially available membranes or dress-
ing products, Suprathel decreases pain although it yields 
similar wound healing times and scar qualities over the long 
term [17–20].

Biobrane (Smith & Nephew, London, UK) consists of a 
semipermeable silicone film partially embedded with nylon 
fabric. In this biosynthetic wound dressing, collagen is 
chemically bound to a complex 3D structure of tri-filament 
thread and in this way, comes into contact with the wound 
bed. The dressing remains firmly attached to the wound, 
keeps the wound moist, and controls water vapor transfer, 
facilitating re-epithelialization. Since the 1980s, studies have 
demonstrated that Biobrane is efficacious in treating partial- 
thickness burns in children [21–27]. Biobrane can also be 
utilized for temporary coverage of partial-thickness burns 
and skin graft donor sites [28]. This product is versatile, rela-
tively inexpensive, easy to store and apply, and safe with low 
infection rates when used according to the guidelines [29]. 
Recently, Biobrane has been proven effective for the tempo-
rary coverage of deep partial- or full-thickness wounds after 
debridement, as an alternative to allograft application [30]. 
Only a few studies have compared the outcomes of different 
skin substitutes, and no major differences in long-term scar 
quality have been detected [31]. Thus, burn wound charac-
teristics and cost of treatment are critical factors in the selec-
tion of the appropriate skin substitute product.

PermeaDerm (PermeaDerm Inc., Carlsbad, California) 
is a biosynthetic product approved by the FDA in 2016. 

Table 37.1 Wound dressings commonly used for partial-thickness burns

Dressing 
agent Active substance Presentation Main use Advantages Disadvantages
Bacitracin Bacitracin Ointment Superficial 

burns, skin 
grafts

Gram + coverage No Gram − or fungal coverage

Polymyxin Polymyxin B Ointment Superficial 
burns, skin 
grafts

Gram − coverage No Gram + or fungal coverage

Mycostatin Nystatin Ointment Superficial 
burns, skin 
grafts

Good fungal coverage No bacterial coverage

Silvadene Silver 
sulfadiazine

Ointment Deep burns Good bacterial and fungal 
coverage, painless

Poor eschar penetration, sulfa 
moiety, leucopenia, pseudoeschar 
formation

Sulfamylon Mafenide 
acetate

Ointment and 
liquid solution

Deep burns Good bacterial coverage, good 
eschar penetration

Painful, poor fungal coverage, 
metabolic acidosis

Dakin’s Sodium 
hypochlorite

Liquid solution Superficial and 
deep burns

Good bacterial coverage, 
inexpensive, and readily 
available

Very short half life

Silver Silver nitrate, 
silver ion

Liquid solution, 
dressing sheets

Superficial 
burns

Good bacterial coverage, 
painless

Hyponatremia, dark staining of 
wounds and linens

Adapted with permission from Jeschke et al., Wound coverage technologies in burn care: Established techniques. 2013, J Burn Care Res, Epub 
ahead of Print. DOI: 10.1097/BCR.0b013e3182920d29
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This product was developed from Biobrane and designed to 
serve as a temporary skin substitute in excised full-thickness 
burns. PermeaDerm is composed of a monofilament nylon-
knitted fabric bonded to a thin slitted silicone membrane. 
The nylon side of this dressing is coated with a mixture of 
hypoallergenic porcine gelatin and a pure fraction of aloe 
vera. Biobrane and PermeaDerm primarily differ with regard 
to pore size and regularity. PermeaDerm consists of numer-
ous rows of slits with parallel orientation on the surface of 
the dressing for water vapor transmission. This product is 
unique in that the surgeon can decide how large the pore 
should be by the strength utilized in stretching the prod-
uct before applying it. Preliminary studies have shown that 
PermeaDerm is an effective biologic dressing for the treat-
ment of burns, having variable porosity, major flexibility, and 
better adherence than Biobrane. PermeaDerm is associated 
with an overall lower accumulation of fluid and inflamma-
tion. When grown on PermaDerm, cultured cells grown have 
uniform growth, increased migration, and decreased expres-
sion of alpha smooth muscle actin and fibronectin. Currently, 
no human studies have been reported [32].

37.3  Biological Membranes

For centuries, human amnion has been utilized to dress 
wounds, since the beginning of the last century in the west-
ern world. Davis performed skin transplantations utilizing 
amniotic membrane in 1910 [33]; however, it became appar-
ent that amnion was more suitable as a temporary dressing 
than a permanent skin transplant. Amnion was first used in 
burn wounds in 1913. As temporary dressing, amnion has 
numerous advantages, including low infection rates [34–37], 
improved wound healing [33, 34, 38], ease of handling [39], 
and most notably, alleviation of pain. In 1952, amnion was 
first used of as a temporary skin substitute for burn wounds 
[40]. Since then, amnion has primarily become established 
as a treatment modality for partial-thickness burns [36, 38, 
41–43].

The number of studies investigating the use of amnion 
in chronic wounds and burns has steadily increased over 
the past two decades. Safe and reliable production methods 
have been pursued to establish amnion as a standard dressing 
alternative. Several countries have established amnion banks 
alongside tissue banks in an effort to meet the need [44–46].

The advantages of amnion include its slender form, 
adhesiveness, pliability, and removability. These qualities 
are critically important, especially in pediatric populations. 
Branski et al. compared amnion with standard dressing regi-
mens and found comparable rates of infection, equivalent 
wound healing, and similar long-term cosmetic results [47]. 
The authors concluded that temporary wound coverage with 
amniotic membranes can be safely implemented, with the 

main benefit being the need for significantly fewer full dress-
ing changes. A recent drive towards the standardization and 
commercialization of amnion has led to the development of 
glycerol-preserved forms of amniotic membranes or fresh 
frozen amniotic membrane (Grafix™, Osiris Therapeutics, 
Inc.).

37.4  Xenograft

In 1880, Lee first described heterografts [48], now known as 
xenografts, which are used to provide temporary wound cov-
erage and ensure wound homeostasis. Many species can serve 
as donors for xenografts although pigs are the most common. 
Porcine xenografts are typically distributed as a reconstituted 
product. Homogenized porcine dermis is harvested with der-
matomes, fashioned into sheets and later meshed, sterilized 
via radiation, and finally frozen for storage [49]. Xenografts 
can be utilized as a stand-alone covering for partial-thickness 
burns or as an overlay for widely meshed autograft in the 
same manner as allograft. Porcine xenograft is an adequate 
substitute for cadaveric skin allograft owing to its structural 
and functional similarities to human skin, effectiveness in 
wound protection and pain reduction, ability to limit heat and 
fluid loss, and prevention of bacterial overgrowth [50–53].

Zawacki et al. showed that early treatment of the wound 
with a biologic dressing such as xenograft can block necro-
sis, which occurs in the zone of stasis (i.e., potentially sal-
vageable areas adjacent to burned and irreversibly damaged 
sites) [54]. Application of xenograft on debrided mid-dermal 
burns can also sometimes supplant excision and autograft-
ing. Additionally, the combination of silver with porcine 
xenografts has been demonstrated to suppress wound coloni-
zation [55, 56]. This semi-occlusive wound dressing creates 
a moist environment, remains avascular, and can be applied 
on the wound for more than 7 days. Moreover, it can be sup-
plemented with sulfamylon or silver nitrate soaks for local 
antimicrobial treatment. Finally, the most common compli-
cation of porcine xenografts is fever within 48–96  h after 
application. This complication generally responds well to 
antipyretics, cooling, and soaking of the wound.

In addition to pig xenograft, fish skin can be used as a 
temporary cover for burns and has appeared on the market 
in the last years. Fish skin is extremely similar to human 
skin [57] and thanks to the high concentrations of omega-3 
fat; it has strong antiviral [58], antibacterial [59], and anti- 
inflammatory properties [60]. Currently, acellular fish skin 
is available in the USA and Europe under the commercial 
name Kerecis Omega3 (Kerecis, Isafjordur, Iceland). Studies 
support the potential utility of fish skin in treating chronic 
wounds [61, 62] and burns when compared to amnion/cho-
rion. Magnusson et al. showed that fish skin is more porous 
and has superior 3D ingrown of cells compared to amnion/
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chorion [63]. They also reported that bacterial invasion can 
be prevented up to 48–72 h from application and longer with 
application of additional omega-3.

37.5  Full-Thickness Burns

Full-thickness burns extend into the deep dermis. These 
so- called third-degree burn wounds rarely heal within 
2–3  weeks. The preferred treatment is complete excision 
and either temporary coverage or permanent coverage, pref-
erably with autograft. Early surgical treatment with exci-
sion of necrotic skin is paramount and has been the favored 
approach since the 1970s. In patients that have suffered 
extensive burns covering large areas of the total body surface 
area (TBSA), there may not be enough donor sites to pro-
vide coverage of the excised areas with autograft. In these 
cases, the burn surgeon should consider using homograft (or 
allograft) and dermal substitutes.

37.6  Dermal Analogs

For many years, burn research has focused on developing 
burn wound coverage methods that do not rely on autograft 
or homograft. That is, a readily available functional com-
posite graft capable of dermal and epidermal replacement 
has been goal. The development of dermal analogs signifies 
progress towards this goal.

John Burke from Massachusetts General Hospital and 
Ioannis Yannas from Massachusetts Institute of Technology 
teamed to develop Integra (Integra LifeSciences Corporation, 
Plainsboro, NJ, USA). Integra is composed of bovine col-
lagen and glycosaminoglycans, which permit fibrovascular 
ingrowth. After full-thickness excision, this dermal analog 
can be overlaid onto the wound bed, and the wound can then 
be covered with autograft 2–3 weeks later.

Alloderm is an alternative dermal analog composed 
of decellularized and de-epithelialized cadaveric dermis 
(LifeCell Corporation, The Woodlands, TX, USA). It is 
available for the treatment of full-thickness burns, is used in 
a way that is very comparable to other dermal analogs, and 
has exhibited favorable results [64, 65].

37.7  Non-surgical Debridement

Most enzymatic and chemical debridement products intro-
duced thus far have been slow-acting and have been associ-
ated with an increased rate of infection because of maceration 
of necrotic tissue [66]. Recently, a new enzymatic debride-
ment product known as Nexobrid has been introduced for 
burn wounds. This product incorporates partially purified 

and lyophilized bromelain into an inert carrier gel. The resul-
tant gel dressing is able to debride burn wounds more rapidly 
than ever before [67]. Bromelain is a proteolytic enzyme 
derived from pineapple stems with specific enzymatic activ-
ity. Studies have shown that, at 4  h after application of 
Nexobrid, the burn eschar is removed and a clean wound 
bed is present [68]. Numerous studies have further shown 
that, when compared to standard of care for full-thickness 
burns, Nexobrid produces comparable long-term results and 
reduces the need for operations [68, 69]. Although Nexobrid 
is not intended to serve as a substitute for surgical debride-
ment, it represents an extremely innovative and interesting 
product, especially under circumstances in which surgical 
procedures are not possible (e.g., on the battle field).

37.8  Negative Pressure Therapy

For almost two decades, negative pressure wound therapy 
has been used to treat acute and chronic wounds. This ther-
apy is used also for burn wounds. It has been studied for the 
treatment of acute burn wounds, for bridging to skin graft, 
as bolster for autograft, as integration for dermal substitutes, 
and as a donor-site dressing [70]. Application of negative 
pressure in burns has recently led to the concept of total 
body wrap in patients with large burns. The idea of creating 
a total body dressing was first proposed by Genevoc et al., 
who argued that this approach would have the benefit of cre-
ating a sterile environment, securing skin grafts, promoting 
re- epithelization of donor sites, and removing inflammatory 
exudates from the burn areas [71]. The utility of this approach 
has recently been supported by two studies, which concluded 
that the total body negative pressure therapy is beneficial 
for healing and patient management and that it may enable 
one to monitor fluid loss for better resuscitation. However, 
both studies lacked objective endpoints and the number of 
patients included was very low [72, 73]. Despite the limita-
tions of these recent studies, total body negative pressure is 
an interesting approach for patients suffering large burns and 
will require further investigation before it can be considered 
a consolidated therapy modality.

37.9  Keratinocyte Coverage

Cultured epithelial autografts (CEAs) are a sensible alterna-
tive under circumstances in which patients have massive burn 
injuries (e.g., >90% TBSA, full-thickness burns) and there is 
limited uninvolved skin available for coverage, even with the 
use of an expanding technique. In this approach, two full-
thickness sections of unburned skin with a size of 2 × 6 cm 
are procured promptly upon admission. The samples then 
undergo processing and ex vivo culturing in the presence of 
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murine fibroblasts, which promote growth (http://www.gen-
zyme.com/business/biosurgery/burn/epicel_package_insert.
pdf). Three weeks later, a CEA suitable for grafting is sup-
plied as a 5 × 10 cm sheet of petrolatum gauze that is over-
laid with keratinocytes 2–8 cells thick.

Special considerations must be taken into account when 
managing critically ill patients during manufacturing of the 
CEA. These include excision and temporary coverage with 
allograft or xenograft as well as aggressive treatment of com-
plications such as wound infections and multiorgan failure. 
Execution of the above increases the prospects of survival 
and ultimately graft take.

CEAs are delicate and have been described as fragile wet 
tissue paper. Thus, they are difficult to apply. They are also 
susceptible to shearing and tend to be lost when applied to 
high stress areas such as the back, buttocks, and posterior 
lower extremities. Although CEAs are associated with lon-
ger hospitalization and the need for additional reconstruc-
tion, they provide better cosmetic outcomes than meshed 
autograft [74]. In recent studies, the outcomes of CEA 
application have been extraordinarily variable. In a retro-
spective cohort analysis, more than 30 patients with >75% 
TBSA burns had excellent survival, and CEAs were retained; 
however, this study lacked a control group [75]. A graft take 
exceeding 72% was reported with the combined use of allo-
dermis base and CEA [76].

37.10  Keratinocyte Suspension

Variability in the effectiveness of CEA due to handling dif-
ficulties, fragility, and lack of standardized application, as 
noted by Wood et  al. [77], have triggered interest in aero-
solized delivery of a keratinocyte suspension. Aerosolized 
keratinocytes have proven to be an ingenious option in 
overcoming the limitations of CEAs. Reid et al. used a por-
cine model to investigate healing of split-thickness-grafted 
wounds in the presence or absence of aerosolized kerati-
nocytes. They found that the addition of aerosolized kera-
tinocytes significantly decreased contractures after healing 
ensued [78]. A subsequent clinical trial by James et  al. 
revealed that the addition of aerosolized cultured autologous 
keratinocytes may assist in the reduction of meshed autograft 
contraction and decrease healing time [79]. In three-patient 
case report, Zweifel et al. described decreased hypertrophic 
scarring and faster healing time with an aerosol of non-cul-
tured autologous keratinocytes, which were applied to split- 
and full- thickness burns at 2 days after admission [80].

Aerosolized keratinocytes are prepared by incubating 
a split-thickness skin graft in a 2% dispase solution on a 
shaking incubator until the epidermal layer is freed. The 
epidermal layer is then trypsinized to generate a single-
cell suspension and expanded in culture over 3 weeks. This 

yields a final concentration of approximately 107 cells/mL, 
which can be used to create an aerosol capable of deliver-
ing 500,000 keratinocytes to every square centimeter of the 
wound. Nevertheless, a major shortcoming in the use of 
aerosolized keratinocytes is delayed application due to the 
amount of time required for cell expansion.

37.11  Facial Transplantation

Conventional treatment of severely disfiguring facial burns 
with various techniques and numerous reconstructive pro-
cedures typically produces mediocre aesthetic and func-
tional results. In addition to experiencing physical distress 
and long-term disability, these patients can become socially 
isolated and may have psychological disorders and pho-
bias. Composite tissue allo-transplantation may improve 
function and overall quality of life in patients with severe 
facial disfigurement after thermal, electrical, or chemical 
burn injuries. Facial transplants can be used to replace non-
existent facial tissue or reconstruct damaged tissue in these 
patients.

The first face transplantation took place in France in 
2005 [81]. Twelve years and over 35 face transplants later, 
we can safely consider face transplantation an important 
medical milestone with promising application to the treat-
ment of burn disfigurement. Current facial transplantation 
procedures have been refined over many years of use dur-
ing reconstructive surgeries. Successful regimens developed 
to prevent organ rejection in solid organ transplantation are 
applicable to facial transplantations.

Clinical protocols for patient selection, procurement algo-
rithms, and surgical techniques have been established, and 
several prospective studies are currently in progress [82, 83]. 
Current literature highlights the importance of proper recipi-
ent and donor selection. Recipients with a psychiatric his-
tory are at higher risk of adverse events. In the selection of 
the donor, it is critical to follow the established protocols to 
decrease the risk of rejection, especially in burn survivors 
who are often sensitized with numerous preformed antibod-
ies [84, 85]. Life-long immunosuppression is a major com-
mitment for patients, with associated risks having been well 
studied in solid organ transplantation. Pediatric patients are 
more challenging in this regard. Recent advances in immu-
nomodulatory and immunosuppression agents hold potential 
for yielding more sustainable treatments. Even though con-
siderable progress has been made in the last few years, facial 
transplantation is still at an experimental, trial-and-error 
stage, with many challenges yet to be addressed. Gaining a 
solid understanding of tolerance and rejection mechanisms, 
developing effective and safe therapies, monitoring long- 
term outcomes, assessing cost-benefit, and addressing exist-
ing ethical and psychosocial dilemmas are critical for the 
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advancement of facial transplantation from an experimental 
modality to an established routine treatment for severe facial 
burns [86–90].

37.12  Tissue Engineering and Stem Cells

Current approaches to promoting wound healing, including 
skin grafting, are only partially successful. Drawbacks such 
as poor flexibility, elasticity, and scar production have fueled 
the search for a skin alternative that more closely recapitu-
lates the histological characteristics of normal skin. A break-
through innovation in this pursuit has been the combined 
dermal–epidermal replacement [91]. The combined product 
is produced by obtaining fibroblasts and keratinocytes from 
the patient, culturing them ex  vivo, and inoculating them 
onto collagen-glycosaminoglycan substrates [92, 93]. The 
resulting cell–substrate sheet is cultured in a liquid medium 
at an air–liquid interface to provide nourishment to the der-
mal component and expose the epidermal component to air. 
This generates a keratinocyte layer that undergoes stratifica-
tion and cornification [94, 95]. Moreover, a new autologous 
dermal matrix is created through fibroblast proliferation and 
expansion into collagen substrate and successive degradation 
within the dermal layer. In vitro production of collagen and 
formation of a basement membrane at the dermal–epidermal 
junction [96] increases junctional strength and decreases 
complications such as epidermolysis and blistering, which 
commonly occur with CEAs and split-thickness grafts.

Innovations in the engineering of these skin products 
has created replacements with improved color and cos-
metic appearance through the addition of melanocytes and 
decreased hypopigmentation [97]. Introduction of angio-
genic cytokines and vascular endothelial growth factors may 
assist in accelerating healing, averting graft loss, and over-
coming the absence of a vascular plexus [98, 99].

As mentioned, Integra is one of the most commonly used 
dermal substitutes in the treatment of burns. This bilayer 
consisting of a shark chondroitin-6-sulfate and bovine col-
lagen matrix covered by a synthetic silicone membrane 
offers an alternative for the coverage of deep partial or full- 
thickness burns. The silicone membrane is usually removed 
3 weeks after initial application, with a thin split-thickness 
skin graft then being applied for definitive wound coverage. 
Integra has been shown to achieve more stable wound cover-
age with lower contracture rates, providing superior func-
tional and aesthetic outcomes compared to split-thickness 
skin grafts alone [100, 101]. Surgical site infection remains 
the most common complication of Integra [102]. Meticulous 
wound debridement and appropriate wound care are critical; 
however, application of silver dressings with antibacterial 
properties or use of negative pressure dressing in combina-
tion with Integra has been shown to reduce the risk of infec-

tion and increase graft take [103–105]. Recently, early high 
levels of IL-4 and FGF-2 were shown to be predictors of the 
development of complications associated with Integra [106]. 
Despite the risks mentioned above, Integra provides good 
aesthetic and functional results when used for deep hand 
burns and thus, is a valid alternative to conventional treat-
ments [47, 107, 108].

Stem cells participate in the wound healing process and 
hold potential in the treatment of burn injury. Several local 
and systematic mechanisms have been defined. Stem cells 
are present in human adipose tissue, umbilical cord blood, 
bone marrow, and embryonic blastocystic mass [115]. Use 
of human embryonic stem cells has raised ethical issues due 
to destruction of the human embryo. However, stem cells can 
be isolated from other tissue sources without damaging them, 
a capability that has propelled research in this field. Stem 
cells have a number of useful properties that can be exploited 
such as pluripotency, clonicity, and lack of immunogenicity. 
These characteristics would allow improved transplantation, 
re-epithelialization, and dermal regeneration [116, 117].

Studies of bone marrow stem cells have been shown that 
these cells migrate to injured tissue and facilitate the heal-
ing and regeneration process [118–120]. These stem cells are 
capable of blocking release of proinflammatory cytokines 
and stimulating expression of anti-inflammatory cytokines 
(e.g., IL-10) both while they are the bloodstream and after 
they have arrived at injured tissue [121].

Human embryonic stem cells can be forced to differenti-
ate into keratinocytes while in culture and then stratified into 
an epithelial graft that is similar to human epidermis [122]. 
The resulting graft may be utilized as a temporary covering 
for wounds until an alternative or permanent coverage is pos-
sible. This method is currently undergoing initial experimen-
tal testing. Alternatively, stem cells can be co-delivered with 
skin composites or delivered in other ways [123].

Human epidermal stem cells and mesenchymal stem 
cells (MSCs) also hold promise for the treatment of severe 
burns. Epidermal stem cells can be used in the preparation of 
enriched cultured grafts to improve the properties and overall 
healing potential of these grafts [124]. They may also simu-
late the formation of fully functional skin, which includes 
dermal appendages including sebaceous glands and hair fol-
licles [125]. However, creating a microenvironment that pro-
vides the appropriate molecular signals to stimulate stems 
cells so that they achieve the desired regeneration remains 
a challenge. MSCs offer another promising alternative for 
treating severe burns. They can be obtained from many dif-
ferent tissues, including amniotic membrane, adipose tissue, 
bone marrow, umbilical cord, cord blood, and the dermal 
papilla and sheath of the hair follicle [126–128]. Many ani-
mal and human studies have shown that cadaveric MSCs are 
safe and effective for skin regeneration after various types of 
injuries including burns [129–131]. The first clinical inves-
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tigation into the utility of allogenic bone marrow-derived 
MSCs in large burns is currently in progress in Argentina 
[132]. Preliminary results from the treatment of a patient with 
60% total body surface burn are promising [133]. Additional 
clinical trials of stem cells are underway, highlighting the 
interest in this possible and innovative treatment modality.

37.13  Gene Therapy and Growth Factors

Gene therapy was first considered for only late-stage malig-
nancy or congenital metabolic dysfunction [134]. Since this 
time, gene therapy research has targeted many other condi-
tions, including disorders of the skin and may have potential 
benefits in the treatment of burns. Fibroblasts and keratino-
cytes are easy to harvest and cultivate, enabling the study of 

gene transfer in skin cells in vitro [135]. Skin is also easy to 
access, and the effects of any therapeutic interventions can 
be continually and reliably assessed, making it an ideal tis-
sue for the study of gene transfer.

Viruses can be used for gene transfer, as they are able 
to efficiently transport and express their genes in host cells. 
Through genetic modification, they can be converted into 
appropriate gene therapy vectors. Viral replication can be 
lytic, destroying the host cell (as in the case of herpes simplex 
viruses, human adenoviruses, and adeno-associated viruses) 
or non-lytic, leaving the cell viable (retroviruses and lentivi-
ruses). There is extensive literature describing the outcomes 
of viral gene transfer in the skin, including wounds [109–
112, 136–146]. Viral vectors remain the best established 
gene transfer method. Despite the fact that there are many 
potential clinically applicable virus-mediated gene transfer 

Table 37.2 Engineered skin substitutes

Model Description Indications
Acellular
Biobrane (Bertek Pharmaceuticals, 
Morgantown, WV)

Very thin semipermeable silicone membrane bonded 
to nylon fabric

Temporary adherent wound covering for 
partial-thickness excised burns and donor 
sites

Integra (Integra Life Sciences, 
Plainsboro, NJ)

Bilayer structure; biodegradable dermal layer made of 
porous bovine collagen-chondroitin-6-sulfate matrix; 
temporary epidermal layer made of synthetic silicone 
polymer

Grafting of deep partial- or full-thickness 
burns; epidermal layer removed when donor 
sites available for autografting

Alloderm (LifeCell Corporation, 
Branchburg, NJ)

Structurally intact allogeneic acellular dermis; 
freeze-dried after cells were removed with detergent 
treatment; rehydrated before grafting

Dermal template for grafting to burns and 
other wounds; repair of soft tissue defects

Matriderm (Dr. Suwelack Skin & 
Health Care AG, Germany)

Non-cross-linked bovine collagen and elastin matrix 
that allows cellular ingrowth and neovascularization

Template for dermal reconstruction in the 
treatment of full-thickness burns

Cellular-allogeneic
Dermagraft (Advanced Biohealing, 
Westport, CT)

Cryopreserved allogeneic neonatal foreskin fibroblasts 
seeded on bioabsorbable polyglactin mesh scaffold; 
cells are metabolically active at grafting

Treatment of full-thickness chronic diabetic 
foot ulcers

Apligraf (Organogenesis/Novartis, 
Canton, MA)

Bilayer; allogeneic neonatal foreskin fibroblasts and 
keratinocytes in bovine collagen gel

Treatment of chronic foot ulcers and venous 
leg ulcers; also used for burn wounds and EB

OrCel (Forticell Bioscience, 
Englewood Cliffs, NJ)

Bilayer; allogeneic neonatal foreskin fibroblasts and 
keratinocytes cultured in bovine collagen sponge

Treatment of split-thickness donor sites in 
patients with burn and surgical wounds in EB

Cellular-autologous
Epicel (Genzyme Biosurgery, 
Cambridge, MA)

Autologous keratinocytes cultured from patient skin 
biopsy, transplanted as epidermal sheet using 
petrolatum gauze support

Permanent wound closure in patients with 
burn with greater than 30% TBSA injury and 
in patients with congenital nevus

Epidex (Modex Therapeutiques, 
Lausanne, Switzerland)

Autologous keratinocytes isolated from outer root 
sheath of scalp hair follicles; supplied as epidermal 
sheet discs with a silicone membrane support

Treatment of chronic leg ulcers

TranCell∗ (CellTran Limited, 
Sheffield, UK) [109]

Autologous keratinocytes cultured from patient skin 
biopsy, grown on acrylic acid polymer-coated surface; 
transplanted as epidermal sheets

Treatment of chronic diabetic foot ulcers

Cultured skin substitute∗ 
(University of Cincinnati/Shriners 
Hospitals, Cincinnati, OH) 
[110–114]

Bilayer; autologous keratinocytes and fibroblasts 
cultured from patient skin biopsy, combined with 
degradable bovine collagen matrix

Permanent wound closure in patients with 
burn with greater than 50% TBSA injury; 
also used in patients with congenital nevus 
and chronic wound

Adapted from Lebeko, M. The use of in vitro co-culture models to determine the optimal keratinocyte:melanocyte ratio to be used in the develop-
ment of pigmented 3D skin model. OpenUCT, July 2015 and with permission from Jeschke et al., Wound coverage technologies in burn care: 
Established techniques. 2013, J Burn Care Res, Epub ahead of Print. DOI: 10.1097/BCR.0b013e3182920d29
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models, transfection efficacy remains variable and the pro-
duction of viral vectors is expensive and time- consuming. 
Additionally, there is risk of local or systemic infection, with 
potentially serious outcomes. This poses medical and ethical 
concerns for the use of viral gene transfer in the treatment 
of burns.

An alternative gene transfer method is direct injection of 
naked DNA. The first clinical application was in 1995, when 
Hengge and colleagues injected DNA encoding interleukin-8 
into the skin [147]. Even though dermal neutrophils were 
recruited to the injection site, the transfection efficacy was 
low and the initial degradation rate was high. Naked DNA 
constructs are large, electrically charged, and fragile in the 
extracellular environment [148].

New injection techniques have been developed. “Micro- 
seeding,” for instance, relies upon solid microneedles for the 
directly delivery of naked DNA into cells. Although initial 
results have been encouraging, penetration into deep tissues 
is minimal [114]. Another gene transfer device known as 
the “gene gun” relies on 1–5-micron, plasmid-carrying par-
ticles that are coated with gold or tungsten, which it propels 
into skin cells [112]. Expression of the introduced gene is 
mostly transient and peaks the first few days after injection. 
Although transfection rate and penetration depths vary, many 
studies have shown that wound healing is improved and that 
the injected DNA particles produce sustainable effects, sug-
gesting that this approach may be clinically useful for the 
treatment of wounds and burns [109–112, 149–151].

Gene transfer can be facilitated by electroporation. 
The effects of gene transfer after application of an electric 
field has been investigated in several models [152–154]. 
Electroporation has been used to deliver genes encod-
ing growth factors, including tissue growth factor-β1 and 
keratinocyte growth factor (KGF) [154, 155]. Many stud-

ies have shown that this approach increases the rate of 
re- epithelization and healing in chronic diabetic wounds 
compared to controls; however, the results were incon-
clusive when compared to growth factor or gene transfer 
alone. Thus, whether this approach may be of benefit is 
unclear.

A method of gene transfer that has yielded reliable and 
promising results in the skin involves the use of synthetic 
vesicles known as cationic liposomes (CLs). CLs have a pos-
itively charged surface, which allows them to loosely bind 
negatively charged DNA molecules as well as to negatively 
charged cell surfaces. The latter facilitates their endocytic 
uptake [156, 157]. CL-DNA complexes can be adminis-
tered topically or through direct injection [155, 158, 159]. 
Moreover, CL-DNA complexes are resistant to degradation 
after injection into the wound environment. Several studies 
have been performed with CLs to investigate the effects of 
growth factor overexpression [112, 160, 161]. In a diabetic 
mouse model, fibroblast growth factor-1 (FGF-1) cDNA 
was administered in an injured area of skin via topical appli-
cation and subcutaneous injection [161]. Analysis of the 
wounds showed that FGF-1 overexpression increased ten-
sile strength. Jeschke et al. applied IGF-I cDNA constructs 
topically to rat skin after burn injury and found a transfection 
rate of 70–90% in macrophages, myofibroblasts, and endo-
thelial cells [162]. In a similar rat model of thermal injury, 
application of liposomal IGF-I cDNA elevated body weight 
and muscle protein levels. When administration of naked 
IGF-I was compared to liposomal IGF-I, re-epithelialization 
was accelerated by nearly 15% [157]. Branski et al. found 
that transfection of liposomal PDGF cDNA in a porcine burn 
model [163] not only increased expression of PDGF mRNA 
and protein at 2–4  days after injection, but also hastened 
wound re- epithelialization and graft adherence at 9  days. 

Table 37.3 Review of stem cell nomenclature

Cell Source Potency Advantages Disadvantages Examples of utility
Embryonic stem 
cells

Inner cell mass 
of blastocyst

Pluripotent Pluripotent
Clonogenic

Teratogenic ethical 
controversy

Knockout mouse

Umbilical cord 
blood stem cells

Umbilical cord 
blood

Pluripotent Pluripotent
Non-immunogenic 
clonogenic

Limited supply with 
low yield

Bone marrow transplantation

Mesenchymal stem 
cells

Bone marrow 
stroma, blood

Multipotent Autologous
Accessible
Clonogenic

Require time to 
culture
Harvest invasive 
limited supply

Parkinson’s, myocardial 
remodeling, wound healing

Adipose-derived 
stem cells

Adipose tissue Multipotent Non-immunogenic abundant 
supply accessible
Clonogenic

Processing required Wound healing, tissue 
engineering

Resident progenitor 
cells

Numerous 
tissues/organs

Unipotent Accessible
Potential for 
transdifferentiation

Limited potency and 
clonogenicity

Re-epithelialization of wounds 
from hair follicular cells

Adapted with permission from Jeschke et al., Wound coverage technologies in burn care: Established techniques. 2013, J Burn Care Res, Epub 
ahead of Print. DOI: 10.1097/BCR.0b013e3182920d29
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This investigation showed that CL-mediated gene delivery 
is possible in a large animal burn model and that PDGF may 
enhance wound healing as well as dermal and epidermal 
regeneration.

Wound healing has multiple phases, and different growth 
factors are involved in each. Thus, delivery and expression 
of a single growth factor may not be sufficient to stimu-
late all phases of wound healing. In a partial-thickness 
wound healing model, co-expression of PDGF and IGF-I 
was more beneficial than expression of either alone. In a 
rat wound healing model, PDGF and FGF-2 co-expression 
yielded higher DNA concentrations than either alone [164, 
165]. Jeschke et al. found that, in an animal model, KGF 
and IGF-I co- expression diminished apoptosis of skin cells 
and increased proliferation and the rate of re-epithelization 
compared to either growth factor cDNA alone [162]. These 
findings suggest that sequential expression of a combina-
tion of genes at different stages of wound healing will sim-
ulate healing and maximize the benefits of gene transfer in 
treating burn wounds. Further investigations are needed to 
determine the precise timing of growth factor up- or down-
regulation needed to promote wound healing and oppose 
scar formation.

Alternative routes of gene delivery have been investi-
gated, including those relying on microbubble-enhanced 
ultrasound [166], calcium phosphate transfection [167], 
biomaterials [168], and diethylaminoethyl-dextran [113]. 
Moreover, both gene-delivering gel matrices [169] and slow- 
release matrices [170] have been used in clinical scenarios 
where prolonged transgenic expression is required. The con-
cept of controlled transgenic expression, which can be acti-
vated through the presence of a stimulatory molecule in the 
wound environment, may allow for more targeted therapy via 
a “genetic switch” [171]. Biotechnological techniques such 
as the wound chamber technique [172] may also optimize 
gene delivery to wounds. These novel treatment modalities 
need to be investigated further to gauge their potential clini-
cal benefit.

37.14  Conclusion

As the treatment of severe burns has evolved over the past 
decades, notable improvements have been seen in both short- 
and long-term survival. This has created new challenges in the 
burns field, including limiting hypertrophic scarring, transla-
tion of experimental techniques to clinically applicable wound 
healing therapies, and controlling treatment costs. New tech-
nologies from the bioengineering field may lead to the devel-
opment of new clinically applicable products. Furthermore, 
development of effective treatment approaches will depend 
upon constant reappraisal of current methods for burn wound 
coverage as well as several other factors. These include gain-

ing a more sophisticated understanding of the pathophysi-
ological mechanisms underlying burn injury, taken with 
development of new molecular approaches and animal models 
to study these mechanisms; the conduct of integrated investi-
gations including stem cell application; and validation of the 
efficacy and clinical utility of new products and approaches 
via randomized controlled multicenter clinical trials.
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Scarring and Scar Management

Gerd G. Gauglitz and Julian Poetschke

38.1  Introduction

Scarring is the result of an injury of the deep portion of the 
dermis. It is commonly caused through elective or emer-
gency surgery, accidental or deliberate trauma or through 
different dermatological afflictions. While most scars are 
inconspicuous, pathological forms of scarring can greatly 
influence the lives of affected patients. They are known for 
their aesthetically disfiguring properties, significant impair-
ment of function, negative impact on quality of life as well 
as burdensome symptoms like pronounced pain and pruri-
tus. To alleviate these bothersome symptoms and to improve 
the affected patients’ physical and psychological well-being, 
physicians require in-depth knowledge about the pathophys-
iology of scarring as well as effective options for scar pro-
phylaxis and treatment.

38.2  Clinical Aspects of Scarring

38.2.1  Scar Types

Scars come in a variety of shapes and forms. Some of them 
are benign and are part of the physiological wound healing 
cascade while others are the result of disturbed wound heal-
ing or a predisposition for excessive scarring.

The immature scar is the beginning of every scarring 
process. They are slightly raised and reddish in appearance 
and can go along with mild pruritus. Within a few months, 
usually within about half a year, immature scars usually 
develop into mature scars that appear flat, pale, and depig-
mented [1, 2].

Linear hypertrophic scars appear rope-like, show pro-
nounced embossment and erythema, and commonly go 
along with symptoms like pruritus and pain. They develop 
4–8 weeks after the causal trauma and continue to grow for 
up to 6 months before their development stagnates. This is 
usually followed by continuous scar regression which com-
monly lasts for over 1 year [3].

Widespread hypertrophic scarring is usually the result of 
widespread trauma like burn or scalding injuries. They are 
associated with irregular scar surface, rope-like scar strands, 
contractures, uneven skin pliability and indurations, ery-
thema as well as symptoms like pain and pruritus. Depending 
on the scar localization, functional impairments are common 
and can lead to decreased range of motion, failure to open or 
close the eyes and mouth completely, thus leading to further 
complications. Aesthetic impairments and concurrent psy-
chological strain are common, too. Like linear hypertrophic 
scars, scar involution can often be observed after an initial 
growth phase.

Keloids are often confused with hypertrophic scarring 
and vice versa. They appear round, plump, bulging and 
highly erythematous, the epithelium is often thinned expos-
ing telangiectasia, and they are commonly associated with 
strong pruritus and pain, especially after irritation. Keloids 
exceed the margins of the original trauma, which oftentimes 
includes minor insect bites, and while they are commonly 
small, they can reach enormous dimensions in exceptional 
cases. Predilection sites include the chest, shoulders, and 
ear-lobes, and their appearance often occurs long after the 
underlying trauma or without apparent trauma [4].

38.2.2  Histology

Physiological scarring shows relaxed and randomly 
aligned collagen bundles which mostly consist of mature 
type I collagen. Hypertrophic scars show an overabun-
dance of dermal collagen. Immature type III collagen 
is arranged parallel to the epidermis and the individual 
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bundles appear stretched and elongated. Nodules of myo-
fibroblasts, extracellular collagen, mucopolysaccharides, 
and budding blood vessels can be found. While similar in 
their histologic make-up, keloids show thicker bundling 
of loosely arranged type I and III collagen. These bundles 
form acellular node-like structures not commonly found in 
hypertrophic scars [3, 5].

38.2.3  Epidemiology

Incidence rates of hypertrophic scarring vary throughout 
the literature with values reaching 70% for linear hyper-
trophic scar occurrence after surgery and 90% after burn 
injury. Patient age does not seem to be a contributing factor 
in hypertrophic scar occurrence [3, 6, 7]. Keloid scarring 
can be found in all races, though patients with darker skin 
are more susceptible to develop excessive scarring with 
research indicating incidence rates for keloids of up to 16% 
in the African population [3, 8]. Not unlike hypertrophic 
scarring, keloids occur with equal distribution in both sexes 
and are most common between the ages of 20 and 40 [3]. 
Keloids however are strongly associated with a genetic pre-
disposition for excessive scarring and studies have shown 
that up to 50% of keloid patients have a positive family his-
tory regarding the affliction. A positive family history for 
keloid disease was also associated with keloid occurrence 
in multiple anatomical locations [9].

Studies found that up to 77% of burn patients experience 
pathologic scarring with hypertrophic scarring being one 
of the core problems. Even though widespread like linear 
hypertrophic scarring shows a distinct tendency for involu-
tion after initial growth, persisting aesthetic and functional 
impairments are common [10].

38.3  Physiological Scar Formation

The formation of scar tissue is the physiologic response to 
any insult extending to or beyond the deep dermis. Wound 
healing is a three-pronged process that can be divided into 
the phases of inflammation, proliferation, and remodeling [8].

Upon wounding, hemostasis sets in and a fibrin-rich blood-
clot is formed that acts as a scaffold for the ensuing wound 
repair. Through the degranulation of thrombocytes, cyto-
kines like insulin-like growth factor (IGF-I), platelet- derived 
growth factor (PDGF), epidermal growth factor (EGF), and 
transforming growth factor β (TGF-β) are released [2]. This 
attracts macrophages and neutrophils that dissolve necrotic 
tissue and create a clean wound ground while also stimulat-
ing fibroblasts and keratinocytes, thus aiding the transition 
into the proliferative phase, circa 48–72  h after the initial 

trauma. Activated fibroblasts create an extracellular matrix 
(ECM) scaffold formed by procollagen, elastin, proteogly-
cans, and hyaluronic acid. Stimulated by vascular endo-
thelial growth factor (VEGF), vascular ingrowth into the 
granulation tissue is induced while activated myofibroblasts 
facilitate wound contraction and closure. This process com-
monly lasts 3–6 weeks [11]. Upon the achievement of full 
reepithelialization of the wound, the remodeling and matura-
tion phase begins. There, immature procollagen is converted 
into mature type I collagen and excess scar tissue is degraded 
through the mediation of TGF- β3 and matrix metalloprote-
ases. The process of scar maturation can take several months 
and is usually finished 1–1.5 years after trauma [3, 8, 12].

38.4  Pathological Scar Formation

During the wound healing process, a distinct balance 
between proliferative and regulatory processes is required. 
Upon disturbance, this concerted cascade is susceptible to 
aberrations resulting in the formation of excessive scarring 
like hypertrophic and keloid scars.

Commonly, an imbalance between the proliferation 
and degradation of extracellular matrix components leads 
to excessive scar formation. Risk factors for this include 
delayed epithelialization, wound infection, specific anatomic 
locations, or genetic predispositions [2].

On a molecular level, increased activity regarding scar 
proliferation is commonly mediated through inflammatory 
cells that secrete TGF-β1 and β2 which induce a fibrogenic 
response within the scar tissue. At the same time, scar 
remodeling stimulated through matrix metalloproteases 
and TGF- β3 is decreased [13–15]. Excessive scar forma-
tion is dependent on both the severity of the inflammation 
and the type of the immune response. While an immune 
environment dominated by a Th1-mediated response 
seems to result in decreased fibrogenesis, a primarily Th2-
mediated inflammatory process is associated with signifi-
cant fibrosis [2, 16].

Keloids commonly show a prolonged inflammatory phase 
as well as a pronounced immune cell presence [17]. This might 
explain their tendency to extend beyond the original wound’s 
margins, while hypertrophic scarring, where the inflammatory 
process is less pronounced and slowly decreasing over time, 
adheres to the margins of the original trauma [17].

All in all, the exact molecular causal chain behind exces-
sive scar formation in keloids and hypertrophic scarring 
remains to be fully elucidated. While advances in the under-
standing of the wound healing cascade have been made, defi-
cits remain, especially when it comes to the differentiation of 
keloids and hypertrophic scars in regard to both their patho-
physiology and their treatment.
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38.5  Treatment Strategies

38.5.1  Prophylactic Options

38.5.1.1  Preventive Considerations During 
Surgery

To ensure undisturbed wound healing and to lay the ground-
work to effective prevention of excessive scarring, scar 
prevention has to begin immediately after wounding. In 
traumatic injuries, this includes swift debridement of the 
wounds, sufficient hemostasis, and tension-free primary 
wound closure so as to ensure that epithelialization can 
progress rapidly and without delay as this presents a pri-
mary risk factor for hypertrophic scar development [3, 18]. 
In surgical wounds, physicians should consider placing sur-
gical incision parallel to skin tension lines and to employ 
incision techniques that will result in minimal tensile forces 
on the wound margins after closure, especially in  loca-
tions affected by the patient’s movement. If tension-free 
skin closure is not possible, z-plasty, w-plasty, local flaps, 
or skin grafting should be considered to avoid pathological 
scar formation due to excessive stress on the wound mar-
gins [1]. Tension-free and aesthetic wound closure is ide-
ally achieved by combining tension-relieving subcutaneous 
sutures with epidermal wound closure. Careful epidermal 
alignment that is neither too loose nor too tight should be 
observed and skin edges should be everted so as to achieve 
an even, level and thin scar [2]. While different recommen-
dations regarding the optimum choice of suture material for 
both subcuticular and epidermal wound closure exist, there 
is currently no gold standard and standards will vary greatly 
between different departments, clinics, and countries. Care 
should be taken to choose a suture material that combines 
low tissue reactivity with tensile strength sufficient for the 
respective wound. Regarding subcuticular sutures, that 
retain most of the tensile forces on the wound margins, 
physicians should select their suture material with regard 
to the speed of absorption and the respective loss of tensile 
strength to ensure sufficient support throughout the wound 
healing process [19, 20].

38.5.1.2  Pressure Therapy
Pressure therapy is a well-established option for the preven-
tion of excessive scarring and has been used successfully 
since the 1970s. Its use is most common in the prevention 
of excessive scarring after burn injury and consecutive split- 
thickness skin grafting, but it has also been used for the 
prevention of ear-keloids after surgical removal and for the 
treatment of younger children suffering from minor hyper-
trophic scarring or keloids.

The mechanism of action has not yet been completely 
elucidated though a decreased production of collagen 

through reduced capillary perfusion and resulting tissue 
hypoxia and an increase in the rate of fibroblast apoptosis 
are presumed [21, 22].

Pressure therapy can include the use of compression 
stockings, pants, sleeves, suits, gloves, bandages, masks, 
clip-on earrings, and special padding depending on the ana-
tomical site requiring treatment. Pressure therapy is usu-
ally recommended to be applied for at least 23  h per day 
for 6–12 months. Pressure garments commonly loosen sig-
nificantly over time and thus require replacement, in our 
experience usually every 3  months, to ensure sufficient 
compression [3, 23]. Studies suggest an improved efficacy 
of higher pressure (20–25 mmHg) when compared to lower 
pressure (10–15  mmHg) in pressure therapy for the treat-
ment of hypertrophic scars, thus warranting additional atten-
tion regarding the proper fitting of the prescribed garments 
throughout the treatment process [24].

Pressure therapy is highly dependent on patient compli-
ance. Achieving proper fitting of the garments is difficult 
and continuous wearing is often described as highly uncom-
fortable. Side effects include sweating, maceration, eczema, 
and strong odor especially during the summer months, thus 
further complicating patient compliance [2]. In addition, 
pressure garments are expensive and since an additional set 
for changing is usually required, the financial burden for 
patients not covered by comprehensive health insurance is 
significant.

While some meta-analyses, after analyzing the currently 
available data, could not elucidate a significant benefit of 
pressure therapy [25], it remains a well-established and 
clinically tested standard for hypertrophic scar prophylaxis 
in patients with severe burns and after split-thickness skin 
grafting [26]. It might also serve as an alternative to intral-
esional triamcinolone acetonide injections in children with 
hypertrophic scarring and keloids due to reduced side effects 
and significantly less treatment associated discomfort and 
pain while also showing better results in children than in 
adults [2]. Pressure therapy (through the application of pres-
sure earrings) has also shown to significantly improve recur-
rence rates after the excision of earlobe keloids when applied 
postoperatively [27, 28].

38.5.1.3  Silicone Gel Sheeting
Silicone-based products are another option for the pre-
vention of excessive scarring. Available as gels or wound 
dressings like patches or sheets, they have been a staple in 
scar therapy since the early 1980s. Their occlusive effect 
ensures sufficient skin hydration, thus normalizing the tran-
sepidermal water loss (TEWL) which has been identified 
as the most likely underlying mode of action, rather than 
the influence of inherent anti-scarring properties of silicone 
itself. Silicone patches or sheets should be applied for at 
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least 12  h per day over a period of 12–24  weeks. Initial 
treatment can start as soon as complete reepithelialization 
of the wound has completed. Silicone gels are more apt for 
localizations under the influence of constant movement, 
where continuous adhesion of patches or sheets might 
prove insecure. Gels should be applied at least twice daily 
to achieve the desired effect [3].

So far, many studies have evaluated the therapeutic poten-
tial of silicone products and confirmed their efficacy [29–
33]. A recent Cochrane review, however, stipulates that the 
overall research quality regarding silicone products for the 
prevention and treatment of hypertrophic scars and keloids 
is low and that uncertainties concerning the efficacy of this 
treatment paradigm remain [34]. Nevertheless, silicone gel 
and sheeting has been considered the first-line therapy for 
linear hypertrophic and widespread hypertrophic scars, as 
well as minor keloids, as noted in international and national 
guidelines on scar management from 2002, 2012, and 2014, 
and they have since been recommended as an option for the 
prevention of excessive scarring [18, 35–37].

38.5.1.4  Flavonoids
Scar creams and patches containing onion extract have 
become more and more popular in recent years. Their active 
components include flavonoids, among them quercetin, 
which is assumed to inhibit fibroblast proliferation and col-
lagen synthesis through influence on TGF-β1, -2 and SMAD 
signaling pathways [38, 39]. While large parts of the sup-
posed mode of action remain to be fully understood, studies 
suggest significant improvement of scar height and associ-
ated symptoms when comparing onion extract containing 
products with placebo compounds [40]. Current national 
and international guidelines support consideration of onion 
extract based creams and patches for the treatment of active 
hypertrophic scarring as well as for the post-surgical preven-
tion of excessive scarring [35–37].

38.5.1.5  Imiquimod
Imiquimod is a toll-like receptor 7 ligand that can activate 
different immune pathways, thus modulating the immune 
systems response. It stimulates interferon and TNF-α, thus 
inducing the breakdown of collagen, reducing fibroblast- 
mediated collagen production, and influencing the expres-
sion of genes that induce apoptosis [41, 42]. So far, 
imiquimod 5% cream has been approved for the treatment 
of actinic keratosis, superficial basal cell carcinoma, and 
genital warts [3]. While different pilot studies confirmed the 
efficacy of imiquimod for the prevention of keloid recur-
rence after excision [43–46], others revealed no differences 
in recurrence rates when compared to placebo or extremely 
high recurrence rates that called into question the supposed 
treatment effect [47, 48]. Currently, the level of evidence of 

the available data on excessive scar prevention through the 
application of imiquimod remains low. Current guidelines 
on pathological scarring have thus so far omitted inclusion 
of this treatment option.

38.5.2  Treatment Options

38.5.2.1  Intralesional Corticosteroid Injections 
Combined with Cryotherapy

Hypertrophic and keloid scarring has been treated with 
intralesional steroid injections since the mid-1960s and has 
since then become a standard treatment option for both scar 
types [49]. Commonly, triamcinolone acetonide (TAC), a 
potent, crystalline synthetic steroid is used for intralesional 
injections. Its mode of action is largely routed in the anti- 
inflammatory properties of corticosteroids which results in 
decreased fibroblast proliferation, thus inhibiting collagen 
and glycosaminoglycan synthesis while upregulating dermal 
matrix remodeling [50–53].

Current therapeutic paradigms recommend three to four 
injections of TAC with concentrations between 10 and 
40 mg/mL every 3–4 weeks. After starting treatment with 
lower doses of TAC, the dosage can be increased during 
subsequent treatment sessions to achieve sufficient results. 
While three to four sessions are usually enough to achieve 
satisfactory symptom control and flattening of hyper-
trophic and keloid scars, some cases might require pro-
longed treatment [36, 37]. To improve the efficacy of the 
TAC treatment, cryotherapy may be performed before the 
intralesional injection. Using liquid nitrogen and applying 
it on the scar in an open spray approach with two passes 
of 10–15 s each results in significant numbing as well as 
swelling of the treated area [54]. This edema then facili-
tates the subsequent injection as it separates the different 
anatomic layers, thus allowing for easier targeting of the 
appropriate injection site as well as for the injection of 
larger volumes of TAC. The hypothesized mode of action 
of cryotherapy as an enhancer of this therapeutic approach 
further includes local destruction of fibrotic tissue, vascu-
lar damage, tissue hypoxia and, as a result thereof, tissue 
necrosis [2, 3].

While injection of TAC alone has been described as an 
effective treatment method for keloids and hypertrophic 
scars with response rates varying between 50 and 100% and 
recurrence rates between 9 and 50%, the addition of cryo-
therapy has been reported to add further efficacy to this long 
proven treatment method (Fig. 38.1) [54–56].

Side effects of the TAC injection include dermal atrophy, 
telangiectasia, and pain at the injection site while cryother-
apy is associated with permanent hypo- and hyperpigmenta-
tion, blistering, and postoperative pain [1].
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38.5.2.2  Intralesional 5-Fluorouracil Injections
5-Fluorouracil (5-FU) has been used for the treatment of 
hypertrophic scars for decades and positive results were first 
reported by Fitzpatrick in 1999 after years of use [57]. It is 
a pyrimidine analog, which is commonly used as an antime-
tabolite for chemotherapy. In scar tissue, research showed 
that 5-FU directly increases fibroblast apoptosis by inhibit-
ing the DNA synthesis in rapidly proliferating and metabo-
lizing cells, thus drastically decreasing scar growth [3, 58].

Both high (40–50  mg/mL) and low dose (1.4–3.5  mg/
mL) regimens showed positive results in studies evaluating 
the effects of 5-FU in keloid treatment [59–61]. 5-FU has 
also been evaluated in combination with TAC. One prospec-
tive study including 69 patients showed that a combination 
of TAC (40 mg/mL) and 5-FU (50 mg/mL) in a concentra-
tion of 1:9 injected intralesionally once per week over the 
course of 2 months, combined with pulsed dye laser treat-
ment, resulted in greater improvements than intralesional 
TAC (40 mg/mL) alone [62].

Another double-blind, prospective study showed that 
the aforementioned intralesional regimen was more effec-
tive in reducing hypertrophic and keloid scar size and ery-

thema [63]. A current meta-analysis compared the efficacy 
of combined intralesional 5-FU and TAC to TAC alone 
and found that 5-FU treatment for hypertrophic scars and 
keloids resulted in better treatment efficacy, as well as 
higher patient satisfaction and fewer side effects as TAC 
treatment alone [64].

Based on current research, intralesional therapy with 
5-FU is a safe and effective approach for the treatment of 
hypertrophic scars and keloids and provides significant scar 
flattening and symptom control. Erythema and telangiecta-
sia can be treated through adjuvant PDL treatment. Adverse 
effects include pain at the injection site, hyperpigmentation, 
skin irritation as well as ulceration, which is mostly seen in 
darker skin types and commonly resolves within weeks.

While systemic side effects are seldom observed, con-
traindications for intralesional 5-FU injections include 
anemia, leucopenia, thrombocytopenia, bone marrow 
depression, infections, and pregnancy [2, 3]. Women 
undergoing intralesional 5-FU treatment require a negative 
pregnancy test before treatment initiation and consequent 
contraception is mandatory. Current national and interna-
tional guidelines for the therapy of pathological scarring 

a b

Fig. 38.1 Keloids (upper row) and hypertrophic scar (bottom row) before (a) and 6 months after (b) four sessions of open spray cryotherapy (two 
passes of 10 s each) followed by intralesional injection of triamcinolone acetonide (TAC) 40 mg/mL until a blanching effect was reached
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recommend consideration of 5-FU as a treatment option in 
therapy-refractory keloids [36]. As hypertrophic scars com-
monly react well to intralesional TAC treatment, escalation 
of the treatment paradigm to intralesional 5-FU is rarely 
necessary. We commonly employ intralesional 5-FU treat-
ment for therapy-refractory keloids in a ratio of 3:1 (5-FU 
50 mg/dL: TAC 40 mg/mL) (Fig. 38.2) as well as for the 
prevention of recurrence in ear-keloids after surgical exci-
sion, where we inject small amounts of 5-FU (50 mg/mL) 
into the fresh scar tissue, beginning 2 weeks after surgery 
in bimonthly intervals.

38.5.2.3  Laser Therapy
A lot of different laser technologies are available for the 
treatment of pathological scarring. Nonablative lasers target 
physiological (hemoglobin, melanin) or artificial (tattoos) 
pigments while ablative lasers transfer a large part of their 
energy into water, thus vaporizing tissue and allowing for 
the controlled ablation of it [65]. Among nonablative lasers, 
the pulsed dye laser (PDL) has been around for years and its 
effects have been well researched for a variety of different 
applications. By targeting oxyhemoglobin, use of the PDL 
results in capillary destruction, thus inducing tissue hypox-
emia which leads to a suppression of profibrotic processes 
and a supposed upregulation of dermal matrix remodeling 
through matrix metalloproteases [66, 67]. In a landmark 
study in 1995, Alster et al. described PDL treatment as an 

effective option to significantly improve color, height, pli-
ability, and texture in keloids within two to six treatment ses-
sions [68]. These results however could not be reproduced 
in subsequent studies and follow-up case control studies 
even reported no discernible differences between treated and 
untreated scars [69, 70]. Ultimately, further studies revealed 
that while PDL treatment might not be sufficient to achieve 
full scar remission, it can be a useful treatment option for 
fresh, severely erythematous and symptomatic scars or as an 
adjunct to primary treatment options like intralesional TAC 
and cryotherapy [35–37].

Side effects of PDL treatment are usually mild and 
include purpura that last for 1–2 weeks, vesicles, and crust-
ing. Hyperpigmentation can sometimes be observed in 
darker skin types, but occurrence thereof is less likely with 
595 nm wavelength PDL lasers than with units employing a 
wavelength of 585 nm [37, 65].

The 1064 nm neodymium-doped yttrium aluminum gar-
net (Nd:YAG) laser has also been suggested for the treatment 
of keloids and hypertrophic scars [71]. While its mode of 
action is similar to that of the PDL, the Nd:YAG’s wave-
length allows for deeper tissue penetration and its energy is 
less absorbed by melanin, thus suggesting greater efficacy 
in darker skin types [65]. In thicker lesions, however, the 
therapeutic effect might be reduced, as the efficacy decreases 
with the thickness of the scar [71]. Nevertheless, preliminary 
studies showed significant improvement pigmentation, vas-

a b

Fig. 38.2 Keloids before (a) and 12 months after (b) four sessions of 5-FU (50 mg/mL) and TAC (40 mg/mL), 3:1
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cularity, pliability, and scar height in keloids and hypertro-
phic scars after five to ten treatments at 1–2 week intervals 
[72]. A study comparing PDL to Nd:YAG treatment regard-
ing keloids and hypertrophic scars showed both options were 
effective. Significant differences between the two treatment 
modalities, however, could not be found [73]. Side effects 
were usually mild and included a prickling sensation within 
the treated area and post-treatment erythema [72]. Current 
research also showed that permanent hyper- and hypopig-
mentation were less likely with the 1064 nm Nd:YAG than 
with the PDL in darker skin types [74, 75]. Ultimately 
though, the effects of Nd:YAG laser treatment on hypertro-
phic scars and keloids are not well documented enough, yet, 
thus requiring further research to warrant guideline recom-
mendations for the treatment of excessive scarring [2].

Ablative laser therapy allows for the controlled ablation, 
excision, and reshaping of tissue. The most common ablative 
laser is the carbon dioxide or CO2 laser with a wavelength of 
10,600 nm. Its energy is strongly absorbed by water and as 
skin cells are rich in water, the CO2 laser can vaporize tissue 
in a controlled manner. During treatment, significant heat 
energy is also transferred into the surrounding tissue. This 
allows the treating physician to coagulate blood vessels, thus 
allowing for more extensive tissue ablation. The regeneration 
and remodeling of heat-damaged matrix proteins also leads 
to significant skin tightening [65].

Another ablative laser therapy option is the erbium-doped 
yttrium aluminum garnet laser, also known as the Er:YAG 
laser. It employs a wavelength of 2940  nm, which leads 
to significant energy absorption through water. This effect 
is much more pronounced than with the CO2 laser which 
results in little to no heat transfer to the surrounding tissue. 
This effect is sometimes dubbed as “cold ablation.” Thus, 
tissue ablation with the Er:YAG is less effective, as coagula-
tion of blood vessels is not possible and the heat-induced 
effects on matrix regeneration and remodeling are much less 
pronounced [65, 76].

While originally most lasers employed continuous wave 
technology, that was later replaced in favor of pulsed devices 
that resulted in strongly reduced heat damage to surrounding 
tissue, recent modernization of laser technology has led to 
the development of fractional laser treatment [65]. In frac-
tional laser treatment, the laser beam is divided into a large 
number of individual laser columns. This creates a pattern of 
so-called microthermal treatment zones (MTZs), which can 
reach depths of over 3 mm with the latest laser units. They 
are interspersed with untreated skin islets. While this results 
in slightly decreased treatment efficacy, downtime after laser 
treatment has been greatly decreased through fractional 
laser treatment [77, 78]. Deep fractional photothermolysis 
was also shown to significantly influence heat-shot proteins, 
TGF-β subtypes, and matrix metalloproteases, thus leading 
to regeneration of a physiological dermal matrix architecture 

and correction of pathological collagen profiles in scarred 
skin [79, 80].

Side effects of ablative laser treatment include swelling, 
erythema, skin infection, scarring, hypopigmentation as well 
as demarcation between treated and untreated skin.

In scar treatment, fractional ablative laser treatment can 
be considered as an option to ablate burnt-out linear hyper-
trophic scars as well as for the loosening of contractures [37, 
81]. Studies suggest that the CO2 laser provides superior 
results than the Er:YAG laser, possibly due to heat-derived 
effects on dermal matrix remodeling [65]. While this is not 
critical for the ablation of hypertrophic scar tissue, it signifi-
cantly limits the lasers ability to improve contractures where 
modulation of dermal matrix architecture is vital to achieve 
the desired effects.

Widespread hypertrophic scarring, such as burn scarring, 
has become a new field for fractional ablative CO2 laser 
treatment.

The molecular effects of fractional photothermolysis 
could be demonstrated in a variety of pilot studies. They 
showed that laser treatment resulted in the induction of heat- 
shock proteins, TGF-β isoforms, collagen subtypes I and III 
as well as different matrix metalloproteases. This led to sig-
nificant changes in dermal matrix architecture amounting to 
a normalization of dermal and epidermal thickness as well as 
collagen arrangement and deposition levels [77–80, 82–84]. 
Applying these findings, different clinical studies showed 
significant scar improvement through fractional ablative 
CO2 laser treatment. Levi et  al. could demonstrate signifi-
cant improvement in scar appearance, pliability, tightness, 
neuropathic pain, and pruritus after three treatment sessions 
in fourth month intervals [85]. A variety of other studies 
investigating the clinical effects of this treatment method 
reported significant scar improvement including scar texture 
and pliability as well as the ability to effectively loosen con-
tractures through CO2 laser treatment [86–92]. This resulted 
in both functional and aesthetic enhancements as well as 
significant patient satisfaction. Current guidelines therefore 
included fractional ablative CO2 laser treatment as a promis-
ing treatment option for widespread hypertrophic scars and 
expert groups recommend extensive integration of fractional 
ablative laser treatment into existing treatment paradigms 
[36, 93]. Most studies thus far, however, relied on mainly 
subjective evaluation paradigms, employed unstandardized 
treatment settings as well as uncontrolled study designs. Our 
study group therefore tried to characterize the effects of one 
session of fractional ablative carbon dioxide laser (Lumenis 
Ultrapulse Encore, Lumenis Ltd., Yokneam, Israel) treatment 
in an in-patient controlled approach with standardized treat-
ment settings. Both treated and untreated scars were repeat-
edly reevaluated over a 6-month follow-up period using both 
modern clinical imaging and elastometry as well as modern 
questionnaires for both scar and quality of life evaluation. 
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Scarred areas of 10 cm by 10 cm were treated using three 
passes with the fractional ablative CO2 laser, each with differ-
ent settings. During the first pass, the whole scarred area was 
treated using a high-energy, deep fractional mode (ScaarFX: 
90–150 mJ/cm2 (2–3.3 mm), density 1%, 250 Hz) to induce 
dermal remodeling. Secondly, fine scar strands were ablated 
using a small spot with a high density and medium inten-
sity (ActiveFX (small spot): 40–90  mJ/cm2, high density, 
300 Hz). During the last pass, a large spot with a reduced 
density and high intensity was used for superficial smoothen-
ing of the whole scarred area (ActiveFX (large spot): 125 mJ/
cm2, low density, 125 Hz). Using this paradigm, we could 
establish significant improvements in the treated areas when 
compared to untreated scars (Fig. 38.3). Scar firmness could 
be reduced by over 30%, as could scar surface irregularities. 
Scar severity was significantly improved according to ques-
tionnaire scores and patients reported significantly improved 
quality of life scores [94].

Even though recent studies have helped establish the 
fractional CO2 laser as a safe and efficacious option for the 

treatment of widespread hypertrophic scarring, further inves-
tigation into this method’s potential is necessary to devise 
standardized treatment paradigms, to elucidate the optimal 
treatment settings and to determine the ideal point in time 
for laser intervention.

Keloid treatment with ablative lasers is rarely recom-
mended. Not unlike surgery, monotherapy with ablative 
lasers results in high recurrence rates. Thus, ablative laser 
therapy is only recommended for the debulking of large 
lesions or for the treatment of therapy refractory scars, but 
only when combined with appropriate adjuvant measures 
such as intralesional TAC injections or pressure therapy [2].

38.5.2.4  Intralesional Cryotherapy
Intralesional cryotherapy is a relatively new approach for the 
treatment of hypertrophic scars and keloids. After making 
a small incision into the scar, the cryoneedle (CryoShape, 
Etgar Group Ltd., Kfar Saba, Israel) is inserted into the lesion 
and liquid nitrogen is pumped through the needle resulting in 
inside-out freezing of the scar tissue.

a

b

Fig. 38.3 Widespread facial hypertrophic burn scars, before (a) and after (b) three sessions of fractional ablative CO2 laser treatment (Lumenis 
Ultrapulse Encore) using the aforementioned parameters
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Initial studies demonstrated significant volume reduc-
tion of keloids on the ears, upper back, shoulders, and chest 
following a single treatment session while also alleviating 
symptoms like pain and pruritus [95–97]. Additionally, 
intralesional cryotherapy was reported to be superior to 
externally applied cryotherapy [98]. Van der Leeuwen et al. 
report favorable scar reduction and symptom relief, noting, 
however, that complete scar flattening could not be observed 
and that both recurrences as well as persistent hypopigmen-
tation in darker skin types were observed [99]. Intralesional 
cryotherapy requires special equipment and the ability for 
sterilization of the needles after treatment, thus generating 
high costs. As its clinical efficacy still requires elucidation 
through further studies, no clear recommendations on its use 
for the treatment of hypertrophic scarring and keloids can be 
made thus far.

38.5.2.5  Surgery
Surgical excision remains a standard option for the treatment 
of hypertrophic scars and keloids. It should however be con-
sidered carefully. As hypertrophic scars often show spontane-
ous regression without further treatment, care should be taken 
to avoid unnecessary surgery [50]. On the other hand, hyper-
trophic scarring caused by excessive tension can be operated 
on early to treat the origin of the hypertrophy by employing 
tension-relieving techniques such as z-plasty, w-plasty, skin 
grafting, or local flaps [1, 2]. Hypertrophic scar recurrence 
after revision surgery is rarely observed [100, 101]. Keloids 
on the other hand should not be operated on without adjuvant 
therapy like intralesional TAC injections, pressure therapy, 
or radiotherapy, as recurrence rates for surgical monotherapy 
range from 50 to 100% [18]. Patients treated with keloid 
excision are at danger of developing an ever larger keloid 
post-surgery [55]. Therefore, surgery is usually only recom-
mended as a last resort option or for the debulking of larger 
lesions when combined with proper adjuvant measures. Good 
results are generally reported for the surgical excision of ear-
keloids when treated with pressure earrings immediately after 
full reepithelialization is reached. Cosmetic results are usu-
ally satisfying and recurrence rates are low [1, 3, 102].

38.5.2.6  Radiotherapy
Radiotherapy has mainly been used as an adjuvant treatment 
option after surgical removal of keloids. Its mode of action 
is based on the inhibition of vascular budding and fibroblast 
proliferation, which results in decreased collagen synthesis, 
thus limiting the growth of fresh scar tissue.

Employing X-rays, electron beam, low- or high-dose-rate 
brachytherapy after surgical excision, good results regarding 
recurrence rates could be observed in a number of studies 
[103–105]. Van der Kar et al. however concluded that sur-
gical excision of keloids in combination with postoperative 
radiotherapy should be reserved as a last resort option as their 

prospective study observed a recurrence rate of over 70% 
[106]. A meta-analysis on the efficacy of radiotherapy treat-
ment for keloids concluded that radiotherapy after surgery 
was more effective than radiotherapy alone, while brachy-
therapy resulted in the lowest recurrence rates (15%) when 
compared to electron-beam or X-ray radiotherapy [107].

Common side effects of radiotherapy include hypo- and 
hyperpigmentation as well as erythema, telangiectasia, and 
skin atrophy [108]. In regard to the potentially carcinogenic 
side effects of ionizing irradiation, radiotherapy should be 
considered carefully, especially in younger patients and in 
sensitive areas [101].

38.5.2.7  Bleomycin
Bleomycin sulfate is a glycopeptide and commonly used as a 
systemic chemotherapeutic agent. Since bleomycin inhibits 
collagen synthesis by decreasing TGF-β1 levels, it has been 
adapted for the intralesional treatment of excessive scarring.

A number of studies have since shown significant 
improvement of scar parameters like height, pliability, ery-
thema as well as symptoms like pain and pruritus in hyper-
trophic scarring and keloids after three to five treatment 
sessions [109–111]. Combination of TAC and bleomycin 
for intralesional keloid and hypertrophic scar treatment also 
revealed significant effects in a small case series [112].

Side effects include long-term depigmentation and dermal 
atrophy and when applied systemically, its high toxicity may 
lead to serious effects on the pulmonary, renal, and hepatic organ 
systems among others. As with intralesional 5-Fluorouracil 
injections, however, systemic side effects have rarely been 
reported and are extremely unlikely in strictly intralesional use 
[101]. Overall, however, research data on bleomycin treatment 
for excessive scarring is still scarce, thus necessitating further 
investigation of its therapeutic efficacy to establish its role in 
the treatment of hypertrophic scars and keloids.

38.5.2.8  Interferon
Interferon (IFN) has been considered for the treatment of 
excessive scarring based on its antiproliferative effects 
that lead to decreased synthesis of collagen subtypes I and 
III. Interferon-α2b has been identified as the most promising 
compound for its properties that may help improve dermal 
fibrosis directly or by antagonizing the effects of TGF-β1, 
-β2 and histamine [113, 114].

Systemic administration of IFN-α2b could be shown to 
improve clinical appearance of hypertrophic burn scars and 
lowered serum levels of TGF-β were observed following 
treatment, while intralesionally applied IFN-α2b (1.5 mil-
lion international units, injections twice per day over the 
course of 4 days) resulted in a 50% reduction of keloid size 
within 9 days in one study, with researchers claiming supe-
rior efficacy of IFN- α2b when compared to intralesional 
TAC [114, 115].
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IFN treatment, however, goes along with frequent side 
effects including flu-like symptoms and injection site pain 
[101]. IFN therapy is also significantly more costly than 
other, more common forms of scar treatment. So far, while 
remaining a promising treatment option, guidelines for the 
treatment of pathological scarring have not yet included IFN 
treatment, as sufficient research data on its efficacy is cur-
rently not available.

38.5.2.9  Recombinant TGF-β3
Recombinant TGF-β3 was initially believed to be a potent 
upcoming option for the treatment of excessive scarring. 
While adult skin tissue is characterized by a balance of 
TGF-β isotypes with higher levels of fibrosis stimulating 
TGF-β1 and TGF-β2, fetal skin tissue shows heightened 
expression of TGF-β3 which induces anti-fibrotic changes 
during wound healing, as well as dermal matrix remodel-
ing. This is assumed to play a pivotal role in the ability of 
fetal skin to heal almost scarlessly [116, 117]. But while 
initial results of placebo-controlled, double-blind phase I 
and phase II studies on the effects of recombinant TGF-β3 
reported promising results, the subsequent phase III trial 
failed to hit its endpoints and development of the drug was 
ultimately halted [118]. While no treatment options based 
on recombinant TGF-β3 are available right now, research 
on this promising aspect of wound healing and its potential 
clinical applications continues [119–121].
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Electrical Burn Injuries

Jessica Shih and Marc G. Jeschke

39.1  Epidemiology and Classification

Electrical injuries are relatively uncommon compared to 
thermal burn injuries; however, the short-term and long-term 
sequelae can be devastating. Unlike thermal injury, the mor-
bidity and mortality of electrical injury can be disproportion-
ately high relative to the amount of total body surface area 
affected [1–3], typically described as a “tip of the iceberg” 
phenomenon. Electrical injuries account for 4% of burn 
admission in the United States [4], approximately 0.04–5% 
of admissions to burn units in developed countries overall, 
and up to 27% in developing countries [5, 6]. The two most 
common populations susceptible to electrical injuries are 
adult male workers and young children. Electrical injury is 
the fourth leading cause of work-related traumatic death, 
with 75% of adult electrical injuries occurring in the work-
place and the vast majority (94%) being male [7, 8]. Children 
are also susceptible to electrical injury at home with access 
to electrical outlets.

Classification of electrical injuries are typically divided 
into low-voltage (<1000 V) and high-voltage (>1000 V). 
Additional classifications include:power source (lighting 
vs. electrical), flow of electrical current—whether injury 
is caused by direct current flowing through the body (arc 
injury) or by indirect thermal heat (electrical flash injury), 
and current type—alternating current (AC) versus direct 
current (DC). Determining the type of electrical injury 
sustained will guide management and expectations of 
outcomes.

39.2  Pathophysiology

Electricity is a form of energy produced by the flow of 
electrons through a conductor. The type and extent of 
electrical injury is determined by voltage, current strength 
and type, duration of contact, pathway of current, and 
resistance of tissues. Ohm’s Law, Current (I)  =  Voltage 
(V)/Resistance (R) describes the relationship between cur-
rent being directly proportional to voltage, and inversely 
proportional to resistance. Higher voltage and amperage 
cause increased damage. The type of current and duration 
of contact are related to each other, as AC, the most com-
mon form of current in households that changes direction 
at a standardized frequency of 60 Hz, induces tetanic mus-
cle contractions that prolong duration of contact with the 
source, often termed “no-let go” phenomenon. In contrast, 
a high-voltage DC current most often found in industrial 
settings will produce a single large muscle contraction 
that will throw the victim away from the source, decreas-
ing duration of contact, but increasing the likelihood of 
traumatic and fall-related injuries. Organs and types of 
tissues most affected are determined by pathway of cur-
rent and resistance of tissues. Often mistakenly termed 
“entry” and “exit” points, the presence of “contact points” 
may guide pathway of current, but this is not a reliable 
way to determine which internal organs and tissues may 
have been affected. Clinical correlation is the best guide 
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to determine whether tissues have been damaged. The 
resistance of tissues is related to the amount of electrical 
energy transformed into thermal energy. Therefore, more 
thermal damage will occur with high resistance tissues 
such as bone, tendon, and fat compared to tissues that are 
good conductors with low resistance such as nerve, blood 
vessels, and muscle. Skin has intermediate resistance. The 
severity of injury and resistance is also inversely propor-
tional to cross- sectional area, which is also clinically evi-
dent with severe extent of injury associated with the wrists 
and ankles.

39.3  Initial Assessment and Acute Care

Initial assessment on the field requires ensuring the safety 
and protection of the field team and initial responders by 
disconnection from the electrical power source. Initial 
evaluation of the patient should always begin with ABLS 
protocols as well as ATLS protocols as there is higher 
likelihood of traumatic injury related to high-voltage elec-
trical injury compared to isolated thermal burns. Once the 
patient has been stabilized and information has been gath-
ered on the circumstances surrounding the injury (mech-
anism, type of injury, patient information), the patient 
should be transferred to the nearest specialized burn care 
center.

There are unique issues to be considered with resuscita-
tion of the electrically injured patient. As mentioned, there 
is higher likelihood of traumatic brain, intra-abdominal, 
and extremity injuries with high-voltage injuries where the 
patient has been thrown away from the electrical source, 
especially from height. Estimating total body surface area 
(TBSA) is also especially difficult given deep unquanti-
fiable damage. Therefore, fluid resuscitation should be 
based on adequate urine output per hour, with a goal of 
double the standard urine output of 50–100 cc/h. There is 
also the risk of myoglobinuria with electrical injury, and 
the goal of resuscitation of an individual with pigmented 
urine is to resuscitate until the urine is clear in an attempt 
to prevent acute tubular necrosis. Given the potential high 
requirement of fluids for resuscitation, at the same time, be 
wary of over- resuscitation and its related complications. 
More considerations of the electrically injured patient 
include determining who requires cardiac monitoring and 
for how long, as well as who requires emergency operative 
intervention, including the need for fasciotomy or emer-
gent amputation.

39.4  Systems-Based Management 
of Electrical Injury

Given the unknown extent and depth of damage electrical 
injuries cause based on initial examination, it is especially 
important to be aware of potential systems involved with 
electrical injury and to involve multi-disciplinary care spe-
cialists for both short-term and long-term physical, mental, 
and rehabilitative sequelae.

39.4.1  Short-Term Outcomes

39.4.1.1  Skin and Soft Tissue
As with the management of thermal burns, appropriate man-
agement with dressings and serial debridement is indicated 
by depth and size of burn area. Electrical burns may have 
smaller average TBSA (14%) relative to extent of underly-
ing injury; however, those with flash burns can have over 
50% TBSA [7]. There was a statistically significant differ-
ence in the need for surgical intervention with high-voltage 
injuries (80%) compared to low-voltage injuries (54%) [7]. 
The basic principles of burn wound management apply to 
skin and soft tissue affected, with the goals of preventing 
infection, debriding non-viable tissue at regular intervals and 
eventual reconstruction at the appropriate time.

39.4.1.2  Musculoskeletal
Electrical injury can cause severe damage to muscles, espe-
cially in the distal extremities where cross-sectional area is 
smaller and resistance higher. Muscle compartment monitor-
ing especially in the first 48 h is crucial, with the main method 
of monitoring being regular physical examination. Abnormal 
physical findings include pain of out proportion, pain on pas-
sive stretch, paresthesias, tenseness of compartment, and 
pulselessness. In addition to these physical findings, CK lev-
els may be elevated and compartment pressure measurements 
will be higher than 30 mmHg for a diagnosis of compartment 
syndrome. Given high clinical suspicion of compartment syn-
drome, surgical exploration with fasciotomy is indicated to 
prevent further myonecrosis. According to Practice Guidelines 
for the Management of Electrical Injuries ([3] JBCR), indi-
cations for upper extremity surgical decompression include: 
progressive neurologic dysfunction, vascular compromise, 
increased compartment pressure, and systemic clinical dete-
rioration from suspected ongoing myonecrosis. This includes 
forearm fasciotomy and assessment of muscle compartments, 
with carpal tunnel release determined on a case-by-case basis.
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Decompression sites for upper extremity include: 
mobile wad, volar and dorsal compartments in the forearm, 
and carpal tunnel, Guyon’s canal  ±  interosseous, thumb 
adductor, hypothenar and thenar compartments in the hand. 
Decompression sites of lower extremity include its four 
compartments: anterior, lateral, superficial posterior, and 
deep posterior compartments, most commonly performed 
with two longitudinal incisions. A second look is recom-
mended 48–72 h post-initial decompression. Serial debride-
ment may be needed prior to final closure or reconstruction, 
with moist dressings in the interim that can include VAC 
dressings.

There is no definitive data that immediate surgical 
decompression decreases amputation rate ([3] JBCR). Both 
fasciotomy and amputation rates are significantly higher in 
high-voltage injuries compared to low-voltage injuries (27% 
vs. 5% for fasciotomy and 30% vs. 7% amputation rate 
including digits and/or extremities, respectively) [7].

Rhabdomyolysis and muscle necrosis can also occur 
with electrical injury either through direct muscle injury or 
as a result of compartment syndrome. Leakage of intracel-
lular contents such as myoglobin, creatine kinase, and lac-
tate dehydrogenase occurs during rhabdomyolysis, which 
when entering the systemic circulation can be indicators as 
well as causes serious damage to organ systems such as the 
kidneys [9].

39.4.1.3  Renal
Electrical injury resulting in muscle destruction or rhab-
domyolysis can lead to myoglobinuria and potential renal 
failure. Myoglobulin entering the systemic circulation can 
cause renal tubular destruction and renal failure as myo-
globin precipitates in renal tubules. Clinical signs of high 
levels of myoglobin in urine are evident when myoglo-
bin levels reach 100 mg/dL where urine appears darker, 
described as myoglobinuria [9]. Patients with high-volt-
age electrical injury are much more likely to sustain these 
injuries, with up to 40% of patients with myoglobinuria 
and 14% of patients developing renal failure [7]. In addi-
tion to high- voltage electrical injury, other high-risk fac-
tors for developing myoglobinuria include prehospital 
cardiac arrest, full-thickness burns, and compartment syn-
drome [10].

Identification of patients at risk and subsequent preven-
tion of renal tubular destruction and potential renal failure 
is key by providing aggressive fluid replacement and diure-
sis until adequate urine output is achieved and urine color 
clears. This can be performed with calculated fluid resuscita-

tion with avoidance of under- or over-resuscitation, use of 
loop diuretics, alkalinization of urine, and normalization of 
serum electrolytes [9].

39.4.1.4  Cardiac
Electrical injuries can result in an array of cardiac arrhyth-
mias, ischemia, and possible cardiac arrest. An ECG should 
be performed as soon as possible to rule out an immedi-
ate dysrhythmia. If initial ECG is normal, guidelines can 
help determine the extent of cardiac monitoring needed. 
Cardiac arrhythmias occur in both low-voltage and high-
voltage injuries, although high-voltage injuries have higher 
rates of ECG changes as high as 20% which may neces-
sitate more extensive cardiac monitoring [3, 7]. The most 
common ECG changes include non-specific ST-T changes, 
atrial fibrillation, and ventricular fibrillation [3, 7]. In addi-
tion to cardiac monitoring through ECG or telemetry, fur-
ther cardiac laboratory tests such as creatine kinase (CK) 
enzyme levels, including CK-MB fraction, are not reliable 
indicators of cardiac injury following electrical injury [3]. 
Troponin levels can be useful if suspicion of new onset car-
diac ischemia.

Practical guidelines by Arnoldo et al. [3] suggest admis-
sion and cardiac monitoring in the form of telemetry for 
any patients with: history of loss of consciousness or docu-
mented dysrhythmia prior to or following presentation to 
hospital, and cardiac monitoring for patients with ECG evi-
dence of ischemia. Not enough evidence is found in the lit-
erature to suggest duration of cardiac monitoring, although 
it appears that 24–48 h with no ECG changes is sufficient. 
With low- voltage injuries, both children and adults with no 
ECG abnormalities, no history of loss of consciousness, 
and no other indication for admission can be discharged 
from the emergency room without further cardiac monitor-
ing [3].

39.4.1.5  Neuropathy
Peripheral neuropathies and spinal cord injuries can occur 
with electrical injury [11], therefore neuromuscular exami-
nation should be performed carefully at admission, and at 
regular intervals.

39.4.1.6  Trauma
Patients with high-voltage electrical injury can be thrown 
away from the electrical source. In the workplace, they may 
be at significant height relative to ground level, therefore 
traumatic-related injuries are not uncommon with high- 
voltage electrical injury. This includes injuries such as loss of 
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consciousness, traumatic brain injury, cerebral dysfunction, 
traumatic intra-abdominal injury and associated fractures 
[7]. It is therefore important to be aware of these potential 
injuries related to trauma, and investigate and manage them 
appropriately with inclusion of neurosurgery, general sur-
gery, and orthopedic colleagues as necessary.

39.4.2  Long-Term Outcomes

Electrical injuries are not only ridden with high immediate 
morbidity, but significant long-term morbidity, both physi-
cal and psychological. A small number of electrical injury 
patients develop cataracts and other ophthalmic injuries 
[12–20] with an incidence ranging between 0.03 and 20% 
[7, 21].

Of studies that track permanent disability as an outcome, 
a review of the literature has identified that almost 35% of 
electrical injury patients suffer from permanent disability 
[7], which has a profound outcome on return to work and 
psychological sense of well-being.

Neuropsychiatric sequelae are also prevalent following 
electric injury, with reports of post-traumatic stress disor-
der (PTSD), major depressive disorder, anxiety disorders, 
memory loss, neuropathic pain, insomnia, irritability, pru-
ritus, and nerve compression syndromes [22, 23]. Although 
the incidence of PTSD following electrical injury has been 
estimated as high as 40–50% [23], and as low as 5.6% [7], 
it is clear that practitioners should be aware of long-term  
neuropsychiatric sequelae such as PTSD to identify 
those who suffer from such sequelae and offer appropri-
ate treatment with neurorehabilitation. This involves a 
multi-disciplinary approach with psychological, neuro-
psychological, and psychiatric assessments, taking into 
account the patient’s personal and work situation in the 
rehabilitation process [23].

39.4.3  Mortality

Mortality rates of high-voltage electrical injury world-
wide are higher on-average than low-voltage electrical 
injury (5.2% vs. 2.6%, respectively) of patients that pres-
ent to specialized burn care centers [7]. However, coroner’s 
reports reveal higher mortality rates of patients with low-
voltage electrical injury compared to high-voltage electri-
cal injury, with a ratio of 2.4:1 [7]. This suggests that there 
may be a significant amount of immediate deaths associ-
ated with low- voltage injuries that do not make it to burn 
care centers.

The main causes of death reported in high-voltage electri-
cal injuries that accounted for over 90% of mortality include 
TBSA >50%, and multi-organ failure and septicemia. The 
remainder of causes of mortality include pneumonia, ARDS, 
renal failure/acute tubular necrosis, ventricular fibrillation, 
myocardial infarction/cardiopulmonary arrest and hepatic 
failure [7].

39.5  Other Considerations

39.5.1  Lightning

Lightning strike is the second-leading cause of weather- 
related death, with worldwide mortality estimated to be 0.2–
1.7 deaths/million people [24]. The United States National 
Weather Service reports a 11% average mortality rate, with 
an annual average of 279 lightning strike injuries, and 31 
deaths between 2006 and 2015 [25]. Mortality is usually 
immediate, but can be delayed as a result of cardiopulmo-
nary arrest following failed attempted resuscitation [24]. 
Morbidity from lightning strike includes cardiac manifesta-
tions, muscle injury, CNS abnormalities such as traumatic 
and hypoxic brain injury, loss of consciousness, confusion, 
amnesia, headaches, spinal cord injuries, paresthesias, and 
weakness, as well as otologic and ophthalmic findings. More 
specific to lightning strike includes Lichtenberg figures, an 
arborizing skin lesion consisting of extravasation of blood 
into the subcutaneous tissues, and keraunoparalysis—a self- 
limiting transient paralysis and loss of sensation as a result of 
massive catecholamine release [24].

Treatment of patients who have sustained lightning strike 
injuries should involve ATLS, ACLS, and ABLS principles, 
with emphasis on full spine immobilization. Subsequent care 
should revolve around basic principles of burn and electrical 
injury management.

39.5.2  Pediatric Electrical Injury

Electrical injuries occurring in pediatric patients occur more 
often at home, and often from low-voltage current through elec-
trical outlets. Younger children can also sustain oral commis-
sure burns. Less severe forms of oral commissure burns may 
heal with secondary intention; however, both functional and 
aesthetic concerns should be addressed. Primary or secondary 
reconstruction may be required to prevent or treat microstomia. 
Additional management of pediatric electrical injury should 
revolve around basic principles of burn and electrical injury 
management at a designated burn care center if possible.
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a b

Fig. 39.1 Electrical-arch burn to bilateral hands. (a) Right hand; full-thickness component and skin degloving. (b) Full = thickness and degloving 
component of the left hand

Summary Box
• Electrical injuries are relatively uncommon com-

pared to thermal injuries; however, they can have 
devastating short-term and long-term morbidity as 
well as significant mortality.

• Electrical injuries are typically classified by voltage 
(low-voltage <1000  V vs. high-voltage >1000  V), 
type of electrical current flow (direct arc injury vs. 
indirect electrical flash injury), and type of current 
(AC vs. DC).

• Initial assessment and acute care always begin with 
ABLS and ATLS protocol. Assess for any associ-
ated traumatic injuries.

• Electrical injuries require assessment, constant re-
evaluation, and management of multi-system issues 
including skin and soft tissue, musculoskeletal, 
renal, cardiac, and nervous system.

• Electrical injuries can have a profound effect on 
psychological well-being and result in difficulties 
in returning to work. Electrical injury patients 
should be followed on a long-term basis for long-
term ocular and neuropsychiatric sequelae such as 
post-traumatic stress disorder, depression, and 
anxiety.
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Chemical Burn: Diagnosis 
and Treatments

Ali Izadpanah

40.1  Chemical Burns

Chemical burns are caused by corrosive agents (acids or 
alkali) to the mucosa or skin. These injuries could be self- 
inflicted or occur secondary to work, school, and household 
accidents. There are over 65,000 chemicals available at any 
time on the market with 60,000 new chemicals being intro-
duced annually and an approximate of 25,000 marketed 
chemicals capable of severe tissue damages. Thus, chemical 
burns could be quite common and lead to morbid injuries. In 
some studies, up to 10% of burn injuries could be caused by 
chemical materials.

Chemical burns mainly occur in men of working age, 
workers in industry and laboratories, and in the building 
industry.

The use of chemical materials as warfare has led to an 
advancement in the understanding and management of these 
injuries. These injuries have been reported up to the recent 
war between Iraq and Iran.

The Total Body Surface Area (TBSA) involved is usually 
lower than thermal injures with the face, trunk, and the 
extremities being mainly involved. Chemical burns are espe-
cially important when they involve the eyes. In addition, 
there may be associated severe digestive disorders when the 
substance is swallowed or inhaled.

40.2  Mechanism of Injury

Six main mechanisms have been suggested as the main 
inflicting causes of chemical injuries:

 1. Reductive—the chemical will donate electrons, causing 
intermolecular bonds to become weak.

 2. Oxidative—the chemical will gain electrons when in con-
tact with the tissue and therefore denaturing the proteins 
and disrupt their covalent bonds. Their by-products are 
usually toxic and could continue to react.

 3. Corrosive—these chemicals directly denature the pro-
teins (alkalis).

 4. Protoplasmic poisons—these chemicals bind to organic 
ions and inhibit their action (i.e., hydrofluoric acid).

 5. Vesicants—these agents produce anoxic necrosis. These 
agents were popular agents in chemical warfare.

 6. Desiccants—these agents produce exothermic reaction 
and hence leading to heating up the tissue and eventually 
cause dehydration (i.e., sulfuric acid).

It is also important to have in mind that some of the chem-
icals such as hydrofluoric acid could have systemic conse-
quences which one should always consider when treating 
these patients.

40.3  Management

Like all injuries, the patient should be first assessed and 
cleared for any associated trauma according to the ATLS 
(Advanced Trauma Life Support) guidelines.

Upon the initial evaluation, it is imperative to find out the 
type of chemical causing the burn. There are certain chemi-
cals that a through washout is contraindicated (i.e., sulfuric 
acid, phenol, hydrochloric acid, and dry lime).

Following specific steps pertaining to the ATLS should be 
considered when treating patients with chemical injuries:

 1. Airway and C-spine
The airway might need special consideration in the case 
of ingestion of chemical material. Noxious fumes could 
cause delayed upper and lower airway swelling leading to 
life-threatening consequences. Upon the initial evaluation 
by laryngoscopy or bronchoscopy, the airway might not 
show much evidence of swelling; however, delayed 
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edema should be always suspected if pertinent history 
demonstrates such possibility [1, 2].

 2. Breathing
Inhalation of chemicals could lead to lung injuries and 
even systemic effects which might complicate the overall 
picture [3].

 3. Circulation
Deep burns could lead to circumferential injuries and 
subsequently requiring escharotomies. Majority of 
chemical burns lead to deep injuries however with low 
TBSA involvements (less than 10% TBSA). Fluid 
resuscitations should be done according to the TBSA 
involved [4].

 4. Disability
The ingestion of chemical materials could lead to altered 
Glasgow Coma Scores (GCS), mental status, or even 
seizure.

 5. Exposure
Systematic exposure of patient should be done. As with 
thermal counterparts, serial exposure of patient’s body 
could lead to decreased potential of heat loss. Associated 
injuries are commonly seen with chemical injuries. 
Fractures are the most frequent associated injuries fol-
lowed by inhalation injuries [1].

 6. Decontamination
Decontamination of an affected individual is one of the 
main steps in management of these injuries. As expected, 
the longer the exposure of the chemical remains, the 
greater the damage would be. Therefore, the caustic mate-
rial should be removed as early as possible. 
Decontamination can be performed either specific or non-
specific. “Specific decontamination” involves the use of 
neutralizing agents, such as converting an acid into a salt, 
hydrolyzing toxic agents, or applying antidotes. On the 
other hand, “non- specific decontamination” uses mechan-
ical debridement or extensive rinsing to dilute the offend-
ing agent.

40.4  Specific Organ System Approach

40.4.1  Respiratory Tract

Volatile gases can lead to direct injury to the upper and 
lower respiratory tracts. Symptoms such as coughing, 
burning sensation, dryness, and even chest pain could 
occur as the presenting symptoms. This could even lead to 
surfactant destruction, bronchoconstriction, and even pul-
monary hypertension. These symptoms could occur in two 
phases, the immediate transient simulation followed by a 
delayed pulmonary edema occurring up to 72  h post 
exposure.

40.4.2  Ophthalmic

Chemical ocular injuries represent 7% of work-related eye 
injuries in the USA [5]. More than 60% of these injuries 
occur at work place, 30% at home, and 10% due to assaults 
[6]. Importantly, as many as 20% of chemical injuries could 
lead to significant visual deficits. The exposure of chemicals 
could lead to substantial damages necessitating urgent oph-
thalmological emergency. Many of chemical injuries could 
lead to irritation; however, strong alkali or acidic solutions 
could lead to serious ophthalmic damages with potential for 
long-term sequelae. Alkali burns usually can lead to a more 
severe ocular injury compared to the acidic solutions. The 
extent of damage is determined by the type of solution, the 
concentration and pH, the duration of exposure, and eventu-
ally to the degree of penetration. Acidic solutions damage the 
cornea through the release of protons while basic solutions 
are lipophilic and can penetrate the cell membrane.

Ocular injuries could be graded according to Thoft, 
Hughes, Roper-Hall, and Pfister. These injuries could be 
graded from 0 to 5 [7].

• Grade 0—Minimal epithelial defect, clear corneal stroma, 
no limbal ischemia

• Grade 1—Partial-complete epithelial defect, clear corneal 
stroma, no limbal ischemia, corneal epithelial involve-
ment only

• Grade 2—Partial-complete epithelial defect, mild stromal 
haze, none or only mild limbal ischemia

• Grade 3—Complete epithelial defect, moderate stromal 
haze, less than one-third of the limbus is ischemic

• Grade 4—Complete epithelial defect, stromal haze blur-
ring iris details, one-third to two-thirds of the limbus is 
ischemic

• Grade 5—Complete epithelial defect, stromal opacifica-
tion, greater than two-thirds of the limbus is ischemic

Grades of 0–2 could heal with proper care and examina-
tions. Grades 3–5 n the other hand may require further surgi-
cal care such as limbal stem cell transplantation. These cases 
have much poorer prognosis.

40.4.3  Gastrointestinal Tract

Ingestion of chemicals could lead to nausea, enteritis symp-
toms, burning sensation, and even hematemesis. Children 
compromise 80% of these injuries as expected by incidental 
ingestion [8]. Constrictions and even perforations could 
occur and lead to major complications after ingestion of 
these chemicals. As expected, the type of chemical, the dura-
tions of contact, and the concentration are the main players 
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of the extent of injury. If the material has been ingested, 
inducing vomiting is contraindicated as it would re-expose 
the mucosa to the caustic agents. Administration of either 
charcoal or neutralizing agent is not recommended. Dilution 
with copious water ingestion is recommended.

While a 30% sodium hydroxide can cause full thickness 
injury, the acidic solution could lead to more systemic mani-
festations such as renal failure, liver dysfunction, dissemi-
nated intravascular coagulation, and hemolysis [9].

Esophageal injuries occur within minutes of the injury 
and they might persist for hours. Delayed vascular thrombo-
sis and necrosis up to 7  days after these injuries is more 
important than the inflammation in the pathogenesis of these 
injuries [10]. Granulation tissue in these full-thickness 
injures could form between 4 and 7 days which could be cov-
ered by fibrin. If ulceration exceeds the muscular plane, per-
foration could occur. Since the tensile strength of these 
injuries is low, any endoscopic evaluation should be avoided 
between 5 and 15 days of injury [11]. In addition, after these 
injures, the lower esophageal sphincter becomes affected 
leading to gastroesophageal reflux (GER); therefore, motil-
ity agents are recommended to decrease structure formations 
[12]. Moreover, all caustic esophageal burn patients should 
be screened for GER periodically and it should be controlled 
aggressively.

Placement of stents and dilatation in the presence of stric-
tures is recommended. Biodegradable stents (poly-L-lactide 
or polydioxanone) are under investigation for benign stric-
tures [13]. Other modalities such as 5-fluorouracil (5-FU), 
antioxidant vitamins (vitamin E), H1 blockers, and mast cell 
stabilizers which could inhibit collagen production and even-
tual stricture formation have been shown to be useful in ani-
mal studies; however, up to this date, no human trials have 
been performed [14].

Dilatation and even surgical interventions could be neces-
sary in the cases of substantial strictures. In cases of severe 
chemically induced injuries, use of nasogastric tubes (NGTs), 
especially in pediatric population, could be supported. 
However, long-standing use of NGTs could lead to structure 
formation by itself. However, gastrostomy is another safe 
option through which a safer retrograde dilatation of the 
structures could also be performed [15–17].

40.4.4  Hematological

The hematological manifestations of important chemical 
injuries including methemoglobinemia, hemolysis, and met-
hemoglobinuria develop secondary to the formation of 
nitrous gas (NO). The clinical manifestations depending on 
the concentration could be gray-blue skin coloration, head-
ache, fatigue, dizziness, tachycardia, bradycardia, respira-

tory depression, unconsciousness, or coma. It is recommended 
to administer vitamin C to accelerate the reduction of methe-
moglobinemia. Treatments such as positive end expiratory 
pressure (PEEP) and an exchange transfusion should be con-
sidered in life-threatening situations.

40.4.5  Nephrological

Acute renal failure due to acid-base imbalances could lead to 
tubular necrosis; therefore, extensive diuresis and addition of 
mannitol for osmotic diuresis is recommended.

40.5  Etiopathology

40.5.1  Inorganic Acids

Acids are considered proton donors that cause various inju-
ries. They release hydrogen ions and cause the reduction of 
the physiologic pH from 7 down to as low as 0. Acids with 
pH less than 2 can cause coagulation necrosis upon contact 
with skin [18, 19]. A better method in assessing the effect of 
the involved acid is the amount of alkali that would be needed 
to raise the pH of an acid to neutral [20].

 1. Hydrofluoric Acid
Hydrofluoric Acid (HF) is an agent commonly used in 
pottery, glass, or semiconductor industries. On the other 
hand, concentrations between 20% and 50% result in 
burns becoming apparent only hours after the exposure; 
when the concentration is less than 20%, the burn could 
only appear 24 hours or more after the exposure.

Upon formation of the scab after the contact, the tissue 
damage continues until neutralized where it can be veri-
fied by the loss of pain. The systemic effect of this con-
tinuous damage could lead to hypocalcaemia and 
hypophosphatemia. These changes can cause cardiac 
arrhythmias which can even end in ventricular fibrillation 
resulting in shock and death. The calcium in the tissue is 
sequestered due to the fluoride ion forming an insoluble 
salt with calcium. In addition to the hypocalcaemia, the 
damage to the myocardium is caused by the interaction of 
adenylyl cyclase and adenosine phosphate.

Inhalation of the HF gas can cause severe pneumonitis 
and the oral intake would lead to necrosis. The ocular 
injuries cause ulcers, corneal loss, loss of vision, and 
retractions. If calcium gluconate is not available, one 
should consider extreme water dilution to remove the 
substance completely [21].

 2. Sulfuric Acid

40 Chemical Burn: Diagnosis and Treatments
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Injuries due to sulfuric acid and also nitric acids are usu-
ally caused by work, industrial, or laboratories acci-
dents, although at times these injuries could be secondary 
to household accidents, criminal assaults, or even war-
fare acts. When sulfuric acid comes into contact with 
skin, there is protein coagulation and vascular thrombo-
sis; a dark bronze scab can be formed that can be deep-
ened until the substance is neutralized. Alkaline 
neutralization should not be considered as it can cause 
exothermic reaction and lead to further tissue damage 
due to heat. One should be aware that the absorption of 
the sulfuric acid can cause hemoglobinuria and ulti-
mately could lead to acute tubular necrosis and acute 
kidney damage. Acute tubular necrosis is treated by 
aggressive fluid resuscitation in addition to the bicar-
bonate of soda according to the patient’s weight. Forced 
hydration and even mannitol are beneficial to avoid 
renal damage [22].

 3. Phosphorus
Burns caused by phosphorus occur secondary to reacting 
with the oxygen and its derivatives. It is a frequent agent 
in wars and acts of terrorism. The injury continues as long 
as the agent is in contact with skin; therefore, it is impera-
tive to remove the offending agent from skin using metal 
forceps. Use of Woods lamp could be beneficial in identi-
fying the particles. The antidote for treatment of phos-
phorus contact is lavage with 1–2% copper sulfate. 
Excess copper sulfate must be removed, because absorp-
tion may cause hepatic and renal damage [19]. The sys-
temic effect of phosphorus absorption could cause serious 
alterations in the concentration of body’s phosphorus and 
calcium, leading to arrhythmias together with hemolysis, 
hematuria, and hemoglobinuria. This can cause kidney 

failure and even death. Therefore, alterations in EKG 
after exposure to phosphorus is important and the best 
course of action is to wash off the body with copious 
amount of soapy water immediately after the accident [2, 
23, 24].

40.5.2  Alkaline Agents

Alkalines are proton acceptors. They will strip the cells of 
their hydrogen ions mainly affecting the amine, and carbox-
ylic groups. Alkalis with pH greater than 11.5 can produce 
severe tissue necrosis by means of liquefaction; this will 
loosen the tissue planes and allow deeper penetration of the 
agent. In other words, this mechanism will lead to much 
deeper burn injuries.

 1. Cements
Burns secondary to building cements usually do not have 
much pain. This is compared to hydroxides. The exact 
mechanism of burns secondary to cements is not clear. 
These compounds usually contain multiple metals such as 
chrome. Thus, a combination of high alkaline pH, con-
tact, and allergic dermatitis could be in play [25].Fig. 40.1 Sulfuric acid upper extremity burn

Fig. 40.2 Phosphorus burn
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 2. Hydroxides
These chemicals have great penetrating and destructive 
potential. They usually cause extensive soft tissue dam-
age until the chemical is inactivated and the pH is neu-
tralized. Use of weak acid solutions such as 1% acetic 
acid has been proposed in some studies as neutralizing 
method of treating these injuries. One should always be 
considered of the exothermic reaction that these could 
cause. Copious irrigation with water until pH normal-
izes is also recommended. One exception to this is cal-
cium hydroxide. This chemical has a very high 
hygroscopicity and causes a very exothermic reaction 
with water that could cause even a more severe injury 
[26].

 3. Organic solutions
These materials act as dissolving agents for the lipid 
membrane of cells and causing the disruption of the cel-
lular protein structure.

Injuries due to these chemicals (petrol, kerosene, cre-
sol, phenol, etc.) are as a result of direct contact with skin. 
Gasoline in a prolonged direct contact with skin can lead 
to full-thickness burns [27]. Its systemic effect could lead 
to paralysis, coma, hepatic damage, or motor-sensory 
neuropathies. Pulmonary lesions are the result of the 
chemical changing the production of surfactant. These 
organic materials could easily pass to the blood stream 
and cause cardiac or renal dysfunctions and even in severe 
cases, multiorgan failures. Kerosene is a lipid solvent and 
copious irrigation with soap is recommended to remove 
the offending material. Phenol and cresol on the other 
hand cause coagulation necrosis [28]. Following the 
exposure, dark thick scabs could form with minimal 

edema. The systemic effect could vary from hematuria 
and renal damage, digestive hemorrhages, increased liver 
transaminase with hepatic injuries, anemia, dyspnea, and 
hypotension.

 4. Inorganic solutions
These chemicals damage the skin by direct binding and 
formation of salts. Many of these reactions are exother-
mic leading to thermal injuries.

40.6  Prevention

From a preventive point of view, proper legislations, and 
work-related regulations and trainings are mandatory to 
decrease these injuries. Compliance with safety regulations 
such as proper outfit, suitable clothing, boots, gloves, and 
protective goggles should be mandated. A product sheet 
should be available and correct labelling should be placed. 
Prevention is essential and in order to limit the damage, 
water points and showers should be placed next to the haz-
ardous areas. Immediate washing and communication with 
the medical professionals upon transfer of the patient for 
proper treatment is recommended.

Fig. 40.3 Sodium hydroxide burn

Summary Box
• Chemical burns are caused by corrosive materials to 

the skin or mucosa
• There are six mechanisms of injury after chemical 

burns: reductive, oxidative, corrosive, protoplasmic 
poisons, vesicants, and desiccants

• Upon these injuries, patients should be treated 
through the ATLS guidelines with specific attention 
and modifications according to the type of 
chemical

• Specific organ systems involved need to be treated 
differently

• Ocular injuries are medical emergencies and should 
be treated emergently according to the injury 
grading

• Inducing vomit or charcoal/neutralizing agents are 
not recommended for treatment of ingestion of 
chemical

• Acids lead to more frequent renal issues than 
alkaline

• Knowledge for treatment of specific chemical types 
in both acidic and alkaline burns are necessary

• Prevention is the main step in reducing the inci-
dence of these injuries

40 Chemical Burn: Diagnosis and Treatments
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Necrotizing Soft Tissue Infections

Helene Retrouvey and Shahriar Shahrokhi

Soft tissue infections have been classified as local or spread-
ing, and as necrotizing or non-necrotizing by Smith and Lewis 
[1–3]. The Infectious Diseases Society of America (IDSA) and 
the U.S. Food and Drug Administration have further catego-
rized soft tissue infections into: (1) uncomplicated infections 
and complicated infections; (2) acute and chronic infections; 
and (3) necrotizing and non-necrotizing infections [4, 5].

Necrotizing soft tissue infections (NSTIs) constitute a 
spectrum of diseases characterized by a necrotic infectious 
process primarily involving the fascia and the subcutaneous 
tissue with relative sparing of skin and underlying muscle [6, 
7]. Necrotizing soft tissue infections (NSTIs) are the most 
severe among the spectrum of skin and soft tissue infections. 
In fact, the fulminant, widespread and rapidly progressive 
necrosis which occurs in NSTI is often associated with sys-
temic toxicity and is usually fatal unless promptly recog-
nized and aggressively treated [6–12]. The mortality rate of 
this life-threatening infection is often quoted at 30% [10].

41.1  History

Multiple terms have been used to refer to NSTI over the 
years, including hemolytic streptococcal gangrene, progres-
sive synergistic bacterial gangrene, necrotizing erysipelas, 
suppurative fasciitis, acute dermal gangrene, hospital gan-
grene, necrotizing fasciitis, “flesh-eating disease,” and 
Fournier’s gangrene [6, 12–14].

Necrotizing infections were first described by Hippocrates 
in the fifth century BC [15]. These were then described as a 
complication of streptococcal infection known as “erysipelas” 
[6, 16]. Through the eighteenth and nineteenth century, 
European physicians described cases of NSTI, referring to 
them as phagedema gangrenosa, necrotizing or gangrenous 
erysipelas, nonclostridial gas gangrene, synergistic necrotiz-
ing cellulitis, hemolytic streptococcal gangrene, malignant 
ulcer, gangrenous ulcer, putrid ulcer, phagedena, phagedenic 
ulcer, phagedena gangraenosa, hospital gangrene, and bacte-
rial synergistic gangrene [6, 10, 16]. By mid-nineteenth cen-
tury, the preferred terms were hospital gangrene and phagedena 
[6]. The first American report of NSTI was in 1871 by Joseph 
Jones, a Confederate Army surgeon, whom described a case of 
hospital gangrene [6, 10, 17]. In 1883, a French venereologist 
Jean Alfred Fournier described five cases of necrotizing infec-
tion of the perineum and scrotum, giving rise to the term 
Fournier’s gangrene [16, 18]. In 1952, the term necrotizing 
fasciitis was coined by Wilson; this term was created to 
encompass the most consistent feature of the infection, fascial 
necrosis [6, 7, 19, 20]. Recently, the term NSTI has been put 
forward to encompass all necrotizing infections [16].

41.2  Incidence

The true incidence of NSTIs is unknown, although it is thought 
to be uncommon with approximately 500–1500 cases per year 
in the United States or 0.04 cases per 1000 person-years. [6, 
10, 13, 16, 20, 21]. In the United Kingdom, approximately 500 
cases per year of NSTI are reported [12]. In Canada, approxi-
mately 90–200 cases of NSTI per year are reported [14].

41.3  Predisposing Factors

All age groups and genders can be affected by NSTIs, 
although higher rates of NSTI are observed in older patients 
(>60 years old) [6, 10, 16, 20, 22]. Malnutrition,  comorbidities, 
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and intravenous drug use are also patient level risk factors for 
the development of NSTIs [16, 22–24]. Comorbidities asso-
ciated with increased risk of NSTI include diabetes mellitus, 
peripheral vascular disease, obesity, alcoholism, liver dis-
ease, renal failure, immunosuppression, or malignancy [7, 
12, 22, 23, 25]. Wong et  al. reported that the majority of 
patients with NSTI presented with at least one comorbidity 
(86.5%), diabetes mellitus (70.8%) and peripheral vascular 
disease (22.5%) being the most common [7]. Tunovic et al. 
found that the most common predisposing factors were dia-
betes (33.8%), hypertension (33.1%), smoking (24.6%), obe-
sity (13.1%), and substance abuse (23.1%) [14].

The microbes responsible for this infection can be intro-
duced into the subcutaneous tissues: (1) via a break in the skin, 
(2) via hematogenous spread, or (3) via an unknown cause [1, 
6, 10, 13, 16, 23, 25, 26]. First, introduction of the pathogen can 
occur through any mechanism that disrupts the skin, such as a 
cut, abrasion, burn, laceration, trauma, contusion, bite, injec-
tion, decubital ulcers, perirectal abscess, or surgical incision [6, 
10, 23]. Wong et al. report that the portal of entry of infection 
was identified in 49.4% of patients, with causes including 
ulcers and bed sores (25.8%), trauma (13.5%), and postopera-
tive infection (4.5%) [7]. Second, reports have described hema-
togenous spread of Streptococcus pyogenes from upper 
respiratory tract infections, presumed to be streptococcal phar-
yngitis, as the cause of NSTIs [6, 27, 28]. Lastly, the inciting 
event leading to NSTIs can be unknown [10]. Depending on the 
study, up to 31% of patients have no identifiable cause [6, 29].

41.4  Classification

Several classifications have been proposed for NSTIs, but 
none is universally accepted [4, 30]. NSTIs can be classified 
based on a specific characteristic, such as anatomical location, 

depth of invasion, and microbial source of infection [4, 6, 13, 
16]. The anatomical location of the infection can be used to 
describe or label the infection, with Fournier’s gangrene used 
to refer to NSTI of the perineum and/or scrotum [6, 13]. The 
abdominal wall, perineum, and extremities are the most com-
mon sites of infection [6, 10, 31]. In a cohort of 89 patients, 
Wong et  al. found that the extremities were the most com-
monly involved site (79.8%) with majority being the lower 
extremity (69.7%), with the trunk as the second most com-
mon (20.2%). NSTI can also be classified based on the depth 
of the infection; the soft tissue layers include the epidermis; 
the dermis; the superficial fascia; the subcutaneous fat, nerves, 
arteries, or veins; the deep fascia; and the muscle. Terms such 
as cellulitis, adipositis, faciitis, and myositis are used to 
describe the exact depth of infection [16]. Necrotizing fasci-
itis primarily involves the superficial fascia, the subcutaneous 
fat, and the deep fascia, with sparing of the skin (epidermis 
and dermis) and the muscle [6, 10, 13]. Lastly, NSTIs can be 
classified based on the organism causing the infection: Type 
I—polymicrobial, Type II—monomicrobial (Staphylococcus, 
Streptococcus), and Type III—Vibrio vulnificus (Table 41.1) 
[13]. Of note, the classification of marine Vibrios as type III is 
not universally accepted [13].

The classification of NSTIs based on bacteriologic classes 
was first introduced by Giuliano in 1977 [10, 16, 32]. At the 
time, Giuliano et al. described two types: Type 1—anaerobic 
bacteria and facultative anaerobic bacteria and Type 2—Group 
A streptococcus alone or in combination with Staphylococcus 
aureus [32]. Later, Type III was introduced. This three type 
classification system is the most useful clinically as it describes 
populations at risk, potential microbiological organisms 
involved and relates to most effective treatment modalities 
[16]. But regardless of the type, in the acute period, NSTIs 
should be managed similarly with rapid diagnosis, supportive 
care, broad-spectrum antibiotics, and surgical debridement [6].

Table 41.1 Classification of NSTIs based on microbial source of infection

Incidence Microbiology Anatomical location Risk factors/population at risk
Type I 55–90% –  Polymicrobial (usually four to five 

different organisms per culture with 
at least one anaerobe)

–  Caused by enteric pathogens
–  Gram-positive cocci, Gram-negative 

rods, anaerobes

Perineum, abdomen, 
and trunk

Immunocompromised patients, older, diabetics, 
peripheral vascular disease, obesity, HIV, alcohol 
abuse, abscess, IV drug use, blunt or penetrating 
trauma, insect bites, surgical incisions, indwelling 
catheters, chicken pox, vesicles, and perforation of 
the gastrointestinal tract
Postoperative wound

Type II 15–30% –  Monomicrobial
–  Due to skin flora
–  Group A β-hemolytic streptococcus 

alone or in combination with 
staphylococcus

–  May be associated with toxic shock 
syndrome or myonecrosis

Extremities
Head/neck

Healthy, young, immunocompetent patients
History of recent trauma or operation to the area

Type 
III

–  Gram-negative rods
–  Marine vibrios

Extremities Exposure to warm sea water with a break in the skin
Ingestion of colonized foods by patients with 
moderate to severe liver disease

References for the table: [6, 10, 13, 16, 22, 23, 26, 30, 33]
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41.5  Diagnosis

No investigation is diagnostic, but careful physical examina-
tion, abnormal laboratory values, and suspicious imaging 
can increase the suspicion for NSTI [12].

41.5.1  History and Physical Examination

High index of suspicion in the diagnosis of NSTIs is 
needed as the initial examination of the patient usually 
generates only nonspecific signs and symptoms [6, 7, 12, 
34]. Wall et al. found that 61% of patients had no specific 
signs and symptoms on initial examination [34]. 
Conditions that may be confused with NSTI include cel-
lulitis, adiposities, myonecrosis, non-infectious fasciitis, 
lymphedema, abscess, phlegmasia cerulea dolens, and 
myxedema [7, 10, 13]. Furthermore, the paucity of cutane-
ous findings on presentation can lead to a difficult diagno-
sis [6, 7]. If the diagnosis is in doubt, frequent and repeated 
examinations of the patient should be performed as 
patients with NSTI have a rapidly progressive infection 
that can lead to sudden deterioration with systemic toxic-
ity [10, 13, 16, 30, 31].

The physical examination findings usually present within 
7 days of the inciting event. Common signs and symptoms 
on presentation include erythematous, swollen, and warm 

skin, accompanied by pain and fever [6, 7, 13, 16, 23, 31]. Of 
all the findings on presentation, Wong et al. reported that the 
majority of patients presented with the triad of exquisite pain 
(97.8%), swelling (92.1%), and fever (79.8%) [7]. The lack 
of fever on presentation should not rule out NSTI as this 
finding is variable [31].

The most common finding upon initial evaluation is 
exquisite pain, specifically, pain out of proportion to what 
would be expected from the physical findings [1, 5–7, 10, 13, 
29, 33, 34]. The pain not only exceeds what is expected, but 
it also extends beyond the margins of the infection [7, 16]. 
Swelling, warmth, and erythema of the infected area are also 
common findings on physical examination [6, 7, 10]. 
Swelling is diagnosed by observing smooth, tense and shiny 
skin in the area of concern [6, 10]. Erythema in NSTI differs 
from other pathological processes, as it is diffuse, lacks lym-
phangitis or lymphadenopathy as well as distinct borders 
[10].

Late signs and symptoms include crepitus, skin ecchymo-
sis, skin necrosis, blistering and bullae formation, skin anes-
thesia, shock, and mental status change [13]. If bullae 
develop, they are initially filled with serous fluid, and with 
time become hemorrhagic [6, 13]. Several of these late find-
ings are characteristic of NSTI and are considered “hard 
signs,” specifically, presence of bullae, skin ecchymosis or 
necrosis, gas in the tissue (crepitus on examination or seen 
on imaging), cutaneous anesthesia, and hemodynamic insta-
bility [15, 16]. These signs are diagnostic of NSTI, but unfor-
tunately, occur late in the course of the illness.

41.5.2  Laboratory Evaluation

Patients with NSTI have been found to have nonspecific 
abnormal laboratory values which include leukocytosis, aci-
dosis, hyponatremia, hypocalcaemia, anemia and increased 
serum creatinine, C-reactive protein (CRP), blood urea nitro-
gen or glucose [5, 16, 23, 30].

Wall et  al. found that white blood cell (WBC) count 
greater than 15.4 × 109/L and serum sodium concentration 
less than 135 μmol/L created a predictive model with a sen-
sitivity of 90% and specificity of 76%, positive predictive 
value of 26%, and negative predictive value of 99% [34].

Wong et  al. suggested a more comprehensive model, 
called the Laboratory Risk Indicator for Necrotizing Fasciitis 
(LRINEC) Score (Table  41.3), which incorporates WBC 
count, serum sodium, hemoglobin, serum creatinine, CRP 
and serum glucose, and stratifies the patients into risk 
 categories (low, intermediate, or high) [13, 16, 36]. A score of 
5 or less is categorized as low risk of NSTI (<50% probabil-
ity), 6–7 points is intermediate (50–75% probability), and 8 
and above is considered high risk (>75% probability). A 
LRINEC score above or equal to 6 points has high correlation 

Table 41.2 Microbiology of NSTIs

Possible organisms
Gram-positive aerobic 
bacteria

Group A, β-hemolytic streptococcus
Group B streptococcus
Enterococci
Coagulase-negative staphylococci
Staphylococcus aureus
Bacillus sp

Gram-negative aerobic 
bacteria

Escherichia coli
Pseudomonas aeruginosa
Enterobacter cloacae
Klebsiella sp
Proteus sp
Serratia sp
Acinetobacter calcoaceticus
Citrobacter freundii
Pasteurella multocida

Anaerobic bacteria Bacteroides sp
Clostridium sp
Peptostreptococcus sp

Fungi Candida sp
Aspergillus sp
Rhizopus

Marine Vibrio Vibrio vulnificus
Vibrio parahemolyticus
Vibrio damsela
Vibrio alginolyticus

References for the table: [6, 8]
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with NSTI, with a positive predictive value of 92% and a 
negative predictive value of 96% in the Singaporean popula-
tion [36]. Sultan et al. found a sensitivity of 74% and specific-
ity of 81% in the United Kingdom population using the same 
scoring technique [12].

These models and scoring systems have not been vali-
dated and should be used with caution as stated by the cre-
ators of these laboratory tools. The management of patients 
with suspicion for NSTI should therefore be driven by the 
broad clinical presentation of the patient, with the LRINEC 
or the Wall score used as one of the components in the 
decision- making [16, 36].

41.5.3  Imaging Evaluation

Plain radiography, computer tomography (CT) scan, mag-
netic resonance imaging (MRI), and ultrasonography are 
imaging modalities that can be and have been used in the 
diagnosis of NSTI. All modalities have low sensitivity and 
specificity to detect early NSTI and therefore have a limited 
role in the evaluation of suspected NSTI [16].

41.5.3.1  Plain Radiographs
Plain radiography can reveal subcutaneous gas or soft tissue 
swelling [13, 31]. Several studies have found that plain radi-
ography was more sensitive than physical examination in 
detecting subcutaneous gas [6, 10, 37, 38]. As subcutaneous 
emphysema is rarely present in the early stages of the dis-
ease, and as prevalence at the time of presentation is variable 
(15–70%), pain radiography is a poor screening test for 
NSTI [10]. Furthermore, the absence of subcutaneous air 
does not rule out NSTI [13, 20]. Plain radiography should be 
used if needed as an imaging adjunct for patients with an 
unclear diagnosis.

41.5.3.2  Computer Tomography Scan
CT scan shows inflammatory changes through fascial edema 
or thickening, fluid collections such as abscess formation as 
well as subcutaneous gas [13, 39]. Wysoki et al. found that 
the majority of cases (80%) of NSTI that had CT scan imag-
ing showed asymmetric fascial thickening with fat stranding 
[40]. CT scans have been compared to plain radiography and 
found to be more accurate in detecting soft tissue gas [6, 10]. 
Zacharias et al. report a sensitivity of 100%, specificity of 
81%, positive predictive value of 76%, and negative predic-
tive value of 100% using four criteria to diagnose NSTI, spe-
cifically (1) asymmetrical and diffuse areas of soft tissue 
inflammation and ischemia, (2) muscle necrosis, (3) gas 
across tissue planes, and (4) fluid collections [39]. CT scan-
ning also allows for better delineation of the extent of spread 
of the infection, as compared to physical examination [6, 
10]. CT scan imaging is therefore a rapid and reliable tool in 
the diagnosis of NSTI, and can be useful in surgical planning 
[39].

41.5.3.3  Magnetic Resonance Imaging
MRI can detect soft tissue or fascial thickening through 
hyperintense signal at the deep fascia level or within muscle 
[13]. Rahmouni et  al. was able to differentiate NSTI from 
other pathological conditions by using MRI [41]. In fact, 
MRI has been found to have a high sensitivity (90–100%) 
and specificity (50–85%) in diagnosing NSTI [10, 13, 20]. 
Because the sensitivity exceeds specificity, MRI tends to 
overestimate the extent of deep fascial involvement [39, 42]. 
MRI interpretation should thus be combined with clinical 
findings in order to make an accurate diagnosis [39, 42]. As 
this imaging modality is costly, not readily available at all 
centers and may not be appropriate in critically ill patients, 
the use of MRI in NSTI diagnosis is limited [39].

41.5.3.4  Ultrasound
Lastly, ultrasonography can detect superficial fluid collec-
tions and aid in delineating the extent of disease [43]. Further, 
ultrasound can detect diffuse thickening of the subcutaneous 
tissue, fascial fluid collections, fascial irregularity, and sub-
cutaneous air [20]. Ultrasonography has been suggested as a 
diagnostic aid for NSTI as it is a readily available, conve-
nient and non-costly tool [43]. Yen et al. found a sensitivity 
of 88.2%, a specificity of 93.3%, a positive predictive value 
of 83.3%, negative predictive value of 95.4%, and an accu-
racy of 91.9% in NSTI of limbs [43]. For patients with peri-
neal NSTI, Fournier’s gangrene, ultrasonography can be 
useful to differentiate NSTI from other causes of acute scro-
tum [6, 44]. Other than these indications, ultrasound is gen-
erally not recommended for NSTI diagnosis due to its overall 
poor sensitivity and specificity, and the need for a skilled 
operator [13, 16, 20].

Table 41.3 Laboratory Risk Indicator for Necrotizing Fasciitis Score 
(LRINEC)

Laboratory marker Scoring
C-reactive protein (CRP) (mg/L) <150 = 0 points

≥150 = 4 points
WBC (cells per mm3) <15 = 0 points

15–25 = 1 point
>25 = 2 points

Hemoglobin (g/dL) >13.5 = 0 points
11–13.5 = 1 point
<11 = 2 points

Sodium (mmol/L) ≥135 = 0 points
<135 = 2 points

Creatinine (μmol/L) ≤141 = 0 points
>141 = 2 points

Glucose (mmol/L) ≤10 = 0 points
>10 = 1 point

References for the table: [13, 15, 16, 36]
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41.5.4  Operative Exploration

The gold standard for diagnosis of NSTI is operative explo-
ration, with lack of resistance of the normally adherent fascia 
to blunt dissection, lack of bleeding of tissues, and foul- 
smelling “dishwater” discharge as ominous signs [6, 10, 13, 
36].

Patients with high clinical suspicion of NSTI should 
undergo bedside surgical exploration with the “finger test” to 
confirm the diagnosis [13, 36]. A small (2  cm) incision 
through the patient’s skin overlying the center of the disease 
process should be performed. Finger blunt dissection should 
be attempted; if the tissues lack resistance (the surgeon can 
easily slide their finger along the fascial planes) and/or foul- 
smelling “dishwater” discharge is found, NSTI diagnosis is 
confirmed [10, 13, 16].

Alternatively, a cutaneous biopsy of the tissue can be sent 
for urgent frozen section. This technique involves taking a 
tissue biopsy from the skin down to the deep fascia in the 
suspected area, and sending this specimen for prompt frozen 
section pathology [10, 45]. Studies have found that frozen- 
section soft tissue biopsy performed early can provide a 
definitive diagnosis at an early stage leading to improved 
patient outcomes [45]. However, as the biopsy specimens 
must be processed and interpreted immediately by an experi-
enced dermato-pathologist. This technique is limited in its 
use for the diagnosis of NSTI [10].

41.6  Treatment

Early surgical debridement, broad-spectrum antibiotics, and 
supportive care are essential components of the treatment [1, 
14]. Supportive care includes aggressive fluid resuscitation, 
analgesia, and early intensive care involvement [6, 46]. The 
most important determinant of mortality is early and ade-
quate surgical debridement [6, 7, 13, 19, 31, 46–49]. 
Repeated surgical debridement, broad-spectrum antibiotics, 
supportive care, and adjuncts such as hyperbaric oxygen 
therapy also have major roles in survival [6, 10, 14, 31].

41.6.1  Medical Management

41.6.1.1  Antibiotic Therapy
Patients with suspected NSTI should be started on empiric 
broad-spectrum antibiotic therapy that covers both aerobic 
Gram-positive and Gram-negative organisms as well as 
anaerobes [6, 13, 20]. Coverage of methicillin-resistant 
Staphylococcus aureus (MRSA) should be considered [16]. 
Antibiotics are important in the management of NSTI, but do 
not replace the need for surgical debridement. The adminis-
tration of antibiotics is to decrease systemic bacterial spread, 

and not for control of the local infection as they do not pen-
etrate necrotic tissue [13].

Multiple different antibiotic regimens have been sug-
gested with no consensus as to the optimal regimen [20]. 
Authors suggest a mix of specific antibiotics and subgroups 
of antibiotics to target the most likely pathogen causing 
NSTI, for example: (1) penicillin, carbapenem, and 
clindamycin [23]; (2) penicillin G, clindamycin, vancomy-
cin, and gentamicin [16]; (3) ampicillin or penicillin, genta-
micin and clindamycin [13]; and (4) a combination of a 
penicillin or cephalosporin, an aminoglycoside, and 
clindamycin or metronidazole [6]. Because of the emergence 
of penicillin-resistant staphylococci, some authors suggest 
an additional antibiotic such as vancomycin, linezolid, dap-
tomycin, or quinupristin/dalfopristin for empiric coverage 
for MRSA [13, 23, 50]. Vancomycin remains the drug of 
choice in such a setting [10]. Clindamycin is recommended 
for group A streptococcus (GAS) infection because of its 
bacteriostatic abilities specifically, its ability to inhibit pro-
tein synthesis, to suppress production of GAS exotoxins and 
to enhance the phagocytosis of GAS by inhibiting M protein 
[10, 12, 13, 31]. Clindamycin can thus help control the 
inflammatory response [23]. Clinicians should tailor the anti-
biotic regimen to the suspected organisms, the likelihood of 
antibiotic resistance and of MRSA based on their geographic 
location and the patient’s risk factors.

Antibiotics should be tailored to the causal organism once 
the wound cultures become available [25]. Duration of anti-
biotic treatment is variable, with no difference in mortality 
based on duration of antibiotic use [31]. The Infectious 
Disease Society of America (IDSA) recommends that antibi-
otics be continued until no signs of systemic toxicity are 
present, the patient is afebrile for 48 h, until no additional 
surgical debridement is needed and the patient’s clinical con-
dition is improving [13, 19]. The usual duration is 10–14 days 
[13].

41.6.1.2  Supportive Care
The treatment of NSTI requires multidisciplinary team 
efforts with coordination between the surgical and the inten-
sive care team [13, 16, 51]. As soon as the diagnosis of NSTI 
is made, fluid resuscitation should be initiated to optimize 
the patient’s physiological condition prior to surgery, with-
out delaying the timing of the initial debridement [52]. 
Aggressive initial fluid resuscitation is aimed at restoring 
intravascular volume, maintaining adequate end-organ per-
fusion, and tissue oxygenation, and limiting the adverse 
effects of end-organ failure [52]. Aggressive fluid resuscita-
tion and inotropic and/or vasoactive support are usually best 
achieved in an intensive care setting. Central venous access 
and arterial line may be needed to secure intravenous access 
and guide fluid resuscitation [52]. Endotracheal intubation 
and mechanical ventilation may also be necessary. Careful 
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monitoring should be initiated to monitor for signs of coagu-
lation derangements, cardiac and pulmonary dysfunction, 
and acute renal failure [51, 52].

Nutritional support should be initiated as soon it can be 
tolerated by the patient [52]. Early enteral nutritional support 
helps the catabolic response in NSTI patients [15]. Vitamins 
such as vitamins A, C, and D as well as minerals such as zinc 
should be supplemented for patients with large open wounds 
to optimize wound healing [15, 52].

41.6.2  Surgical Management

The cornerstone of treatment of NSTI is early and extensive 
debridement of all necrotic and devitalized tissue. [10, 13, 
19]. The most important determinant of mortality for patients 
is early and adequate surgical debridement, hence the impor-
tance of this component in the management of NSTI [6, 7, 
13, 19, 31, 46–49]. Specifically the time from admission to 
operation is predictive of mortality, with a shorter interval 
favoring survival [9, 19, 31]. Wong et al. found that a delay 
of more than 24  h from admission to surgery was signifi-
cantly associated with increased mortality [7]. Furthermore, 
surgical delay or inadequate debridement increased fatal out-
comes [31, 46].

Patients with suspected NSTI should therefore undergo 
wide resection of all necrotic tissue, identified as the tissue 
that can be easily elevated from the deep fascia with gentle 
finger dissection. Incision and drainage of the affected area is 
not sufficient for management of NSTI.

Patients should undergo initial debridement at the facility 
to which they first present and where the diagnosis is first 
suspected, in order to more rapidly achieve source control, 
provided an appropriately experienced surgeon is immedi-
ately available to perform the procedure [21]. Although 
immediate transfer to a center accustomed to managing 
severe soft tissue infections or injuries may seem appropri-
ate, in a large observational study of 9958 patients, those 
debrided initially at the hospital to which they presented had 
a significantly reduced incidence of death compared to those 
transferred without debridement (15.5% vs. 8.7%) [21].

A circular pattern of debridement is advocated for the ini-
tial debridement, starting at the most severely involved 
region and progressively working outwards until healthy soft 
tissue is encountered [16]. No consideration for the subse-
quent reconstruction should be given, as doing so compro-
mises a comprehensive surgical debridement. The 
debridement should extend beyond this into healthy tissue 
until normal bleeding is seen. The margin and depth of the 
wound should be thoroughly explored to ensure that there 
are no areas of extension of the infection.

Once the initial debridement has been performed, referral 
should ideally be initiated to a burn center for further debride-

ment, subsequent soft tissue reconstruction, and rehabilita-
tion. Burn centers are accustomed to managing patients with 
extensive wounds and are the optimal place to accommodate 
these patients [16, 35, 53–56].

Diverting colostomies may be needed for patients with 
abdominal and perineal wounds to reduce the risk of second-
ary wound contamination with enteric bacteria and optimize 
wound healing [6, 9, 10]. A less invasive but highly effective 
strategy for cases near the anal verge is to insert a rectal 
diversion device [57]. For maximal benefit, colostomy 
should be performed early in the surgical course.

In cases of NSTI of the extremity, amputation may be 
warranted to control the infection, particularly in patients at 
high risk of poor wound healing such as those with periph-
eral vascular disease, diabetes and above the age of 65 years 
[6, 9, 20]. Amputations are required in 11.7–26.3% of 
patients with NSTI [9, 20]. The timing of amputation depends 
on many patient factors. For some, primary amputation may 
be the more expeditious and potentially life-saving interven-
tion reducing operative time and blood loss, compared with 
successive debridements [58–61].

Following the initial debridement, the surgical wound 
must be frequently reevaluated, usually every 24–48 h, and 
further debrided as needed to control the necrotizing process 
[6, 10, 31, 62]. An obligatory second-look surgery in the oper-
ating room should be scheduled and undertaken within 24 h 
after the initial debridement [20]. Physiologic deterioration 
within that time frame may necessitate earlier intervention. 
Procalcitonin level may also be monitored, with the postop-
erative procalcitonin ratio used as an indicator of successful 
surgical eradication of the infectious focus [63]. Subsequent 
debridements can be scheduled every 24–48 h. On average, 
between 2.3 and 5.6 debridements will be needed before 
definitive reconstruction can be initiated [16, 20, 56, 63, 64].

During the debridement process, appropriate wound 
dressings are needed to optimize the environment for wound 
healing. Despite surgical debridement, microbial pathogens 
remain present in the wound and contribute to delayed 
wound healing. To minimize the bacterial burden of the 
wound and mitigate their effects, antimicrobial dressings 
should be used. Available topical antimicrobials for reducing 
bioburden and surface contamination when treating NSTI 
include: dilute sodium hypochlorite 0.025% solution, poly-
hexamethylene biguanide/betadine (i.e., Prontosan), povi-
done iodine, acetic acid (0.5–2% concentration), mafenide 
acetate, and silver containing dressings. A favored silver 
dressings, Acticoat, is a nanocrystalline silver product that 
releases Ag1+ ions in a controlled manner.

Negative pressure wound therapy (NPWT), also called vac-
uum-assisted wound closure, is a dressing that can be used for 
ongoing antisepsis and wound bed preparation [16]. NPWT con-
tinuously or intermittently applies subatmospheric pressure to a 
filler substance (foam or gauze) placed on the surface of a wound. 
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NPWT maintains a moist, closed wound environment, manages 
excess exudate, and helps to prepare a wound bed for skin grafts 
or tissue flaps by stimulating granulation tissue [65–71].

Definitive wound closure can be initiated once necrosis 
has been controlled [19, 62]. Wound closure should be per-
formed in conjunction with a plastic surgery team [52]. 
Split thickness skin grafts are often the modality used for 
wound closure [13, 52]. For patients with extensive loss of 
muscle or bone or with wounds in certain anatomic regions, 
full thickness skin grafts, free or rotational flaps may be 
needed [31].

41.6.3  Adjunct Therapy

41.6.3.1  Intravenous Immunoglobulin Therapy
Intravenous immunoglobulin (IVIg) therapy consists of a 
concentrated pooled product containing primarily immuno-
globulin G isotypes derived from human donors [13, 72–74]. 
IVIg enhances the bactericidal activity of serum by facilitat-
ing bacterial opsonization, neutralizing super antigens and 
toxins [23]. IVIg also modulates leukocytes by exerting a 
generalized anti-inflammatory effect [23].

A recent meta-analysis demonstrated an overall reduction 
in mortality with the use of IVIg for patients with severe sep-
sis and septic shock in adults [73]. The use of IVIg in NSTI 
remains controversial [13, 23]. IVIg may be beneficial in the 
treatment of NSTI as it binds the exotoxins produced by 
staphylococcal and streptococcal bacterial infections, thereby 
limiting their systemic inflammatory response [13, 23].

Darenberg et al. attempted to evaluate the use of IVIg with 
a multicenter, randomized, double-blind, placebo- controlled 
trial, but unfortunately, the trial was prematurely terminated 
because of slow patient recruitment. From the 21 enrolled 
patients (10 IVIg and 11 placebo), a 3.6-fold non- statistically 
significant higher mortality rate was found in the placebo 
group [75]. Koch et  al. reported a case that suggested that 
IVIg treatment of patients with necrotizing fasciitis may be 
beneficial in the context of critically ill patients with hemody-
namic instability [23]. A cohort study of 21 patients by Kaul 
et al. revealed that IVIg increased the 30-day survival rates 
from 34% to 67% for patients suffering from streptococcal 
toxic shock syndrome [76]. Cawley et  al. reported a case 
where IVIg had a beneficial effect in the management of a 
patient with streptococcal toxic shock syndrome associated 
with necrotizing fasciitis and multisystem organ failure [77].

With only small cohort studies and case reports, the use of 
IVIg in NSTI remains controversial [13, 23, 74–78]. The 
optimal dose and therapeutic window for its use are lacking. 
If used, IVIg should be restricted to critically ill patients with 
either staphylococcal or streptococcal NSTI [13]. Caution 
should be taken if used, as IVIg has potential serious risks, 

including anaphylaxis (in individuals with IgA deficiency) 
and renal failure [10].

41.6.3.2  Hyperbaric Oxygen Therapy
Hyperbaric oxygen (HBO) was first described in the early 
1960s. HBO increases tissue oxygen tension thus enhancing 
local defense mechanisms [20]. HBO delivers 100% oxygen 
at two to three times atmospheric pressure resulting in arte-
rial oxygen tension as high as 2000 mmHg and tissue oxygen 
tension of 300 mmHg. These values contrast with arterial 
oxygen tension of 300 mmHg and tissue oxygen tension of 
75 mmHg with normobaric inhalation of 100% oxygen [13, 
79]. HBO at the tissue level increases killing ability of leuko-
cytes and killing of certain anaerobes, reduces tissue edema, 
stimulates fibroblast growth, preserves intracellular adenos-
ine triphosphate and increases collagen formation [13, 46, 
80]. Further, HBO may augment neutrophil microbicidal 
activity, impair the virulence of certain bacteria, promote 
angiogenesis and wound healing, increase red blood cell pli-
ability, terminate lipid peroxidation and reduce local vaso-
constriction [10]. Through these mechanisms, HBO is 
believed to provide some therapeutic benefit in NSTI patients 
[46, 80, 81].

Several authors noted benefits from HBO therapy, both 
from the perspective of improved mortality and morbidity. 
Riseman et al. evaluated the role of HBO in addition to sur-
gery and antibiotics, and found that the addition of HBO 
significantly reduced mortality and number of debride-
ments [82]. Elliott et al. found that non-survivors received 
fewer HBO treatments than survivors because of hemody-
namic instability for transport [31]. Hollabaugh et al. found 
a mortality of 7% in the HBO group versus 42% in the non-
HBO group for Fournier’s gangrene [83]. Shupak et al. also 
found a reduced mortality rate among the HBO-treated 
patients (36%), as opposed to 25% in the non-treated group 
[84]. Escobar et  al. found not only a reduced mortality 
(34% vs. 11.9%), but also reduced rate of amputations 
(50% vs. 0%) in the HBO-treated group [85]. Soh et  al. 
found a significant lower mortality (4.5 vs. 9.4%, p = 0.001) 
in HBO-treated patients [86]. Shaw et al. found that patients 
who did not receive HBO therapy were less likely to sur-
vive their index hospitalization (odds ratio, 10.6; 95% CI 
5.2–25.1) [87].

Other authors found no effect or a negative effect of HBO 
in the treatment of NSTI [84, 88, 89]. Brown et al. did not 
find a reduced mortality or a reduced number of debride-
ments in the HBO group [90]. Mindrup et al. found a higher 
mortality in the HBO group, with 26.9% as compared to 
12.5%. The authors highlight that the HBO group had higher 
morbidity, suggesting that the HBO treatment may have been 
given to patients who were more ill [91].

A systematic review of randomized clinical trials by 
Levett et al. in 2015 failed to locate relevant clinical evidence 
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to support or refute the effectiveness of HBO in the manage-
ment of necrotizing fasciitis [92]. Of note, no studies were 
included in the systematic review, indicating the lack of high 
level clinical evidence to guide the use of HBO.

Based on retrospective observational studies, most authors 
report mortality and morbidity benefits from HBO therapy in 
the context of NSTI, especially in patients with clostridial 
infections [1, 10, 13, 29, 31, 80, 93, 94]. At this time HBO 
therapy should not be considered as standard therapy, it can 
however provide benefit in a subgroup of patients with NSTI 
as an adjunct [6]. Its use should never delay early and defini-
tive surgical debridement.

41.6.3.3  Activated Protein C
Activated protein C is believed to decrease inflammation, 
coagulation, and restore fibrinolysis in severe sepsis [25]. 
The Recombinant Human Activated Protein C Worldwide 
Evaluation in Severe Sepsis (PROWESS) trial found that 
recombinant human activated protein C significantly 
decreased mortality in patients with severe sepsis [25, 95]. In 
this trial, 24 of the 474 patients had surgeries classified as 
“skin,” with unspecified number of cases of NSTI [95]. Due 
to the risk of serious bleeding with the use of activated pro-
tein C, the survival benefits of its use must always carefully 
be outweighed against this risk.

Two case reports have described benefits of activated pro-
tein C for patients with severe sepsis unresponsive to medical 
and surgical treatment [25, 95]. This evidence suggests a role 
for activated protein C for patients with severed sepsis and 
NSTI, but future evidence is needed to suggest incorporating 
this treatment modality as an adjunct for NSTI management.

41.6.3.4  Plasmapheresis
Plasmapheresis is a nonselective method by which plasma is 
separated from the blood and replaced with donor plasma 
and/or albumin [96]. Busund et  al. observed significant 
reductions in APACHE II scores and a trend toward a reduced 
mortality rate (odds ratio 0.41, 95% confidence interval 
0.15–1.19) for a cohort of patients with severe sepsis who 
received plasmapheresis. The authors suggested that plasma-
pheresis should be considered for fulminant Gram-negative 
septic shock [96]. Kyles et  al. reported on a case of NSTI 
treated with both IVIg and plasmapheresis, and found that 
after both treatments, the patient required less vasopressor 
support and had decreased inflammation and normal coagu-
lation and hemostasis [97]. The authors conclude that adjunc-
tive plasmapheresis and IVIg may decrease mortality and 
improve outcomes when used for the treatment of severe sep-
sis related to NSTI [97]. Although these two case reports 
show promising effects of plasmapheresis, other investiga-
tors have not observed improvements in clinically relevant 
outcomes. The use of plasmapheresis is therefore not cur-
rently supported by evidence, as the effectiveness in reducing 
markers of inflammation and circulating cytokines has been 

inconsistent and promising effects have only been seen in a 
single case report.

41.7  Outcomes

Most patients (81.8%) experienced a complication during 
their hospitalization for NSTI [31]. Acute renal failure, respi-
ratory distress syndrome, and multi-organ system dysfunc-
tion are among the most common [31]. Further, up to 30% of 
NSTI patients require amputations to control infection [9, 
98, 99]. Independent predictors of limb loss included heart 
disease and shock (systolic blood pressure <90  mmHg) at 
hospital admission [98].

For patients whom survive their infection, up to 60% of 
patients have mild to severe functional limitations after dis-
charge [62, 99, 100]. Causes of physical limitation included 
wound contraction before coverage procedures, peripheral 
nerve dysfunction, and deconditioning [62].

Involvement of an extremity, higher Acute Physiology 
and Chronic Health Evaluation score, longer intensive care 
unit days, and delay of therapy were associated with func-
tional limitations [62, 101]. A number of therapies can be 
used to decrease functional limitations, including strength 
and flexibility training, splinting, scar management, occupa-
tional therapy, and training to perform activities of daily life.

Further, NSTI has an enormous impact on the lives of sur-
vivors, their family, and the patient’s ability to interact with 
society [100]. The prolonged hospitalization and multiple 
procedures needed to treat NSTI, some of which may be dis-
figuring, are life-altering and place patients at risk of anxiety 
and depression [15, 102]. Further, patients experience rela-
tionship stresses, post-traumatic stress disorder (PTSD), and 
employment concerns after NSTI [16, 102].

Data has shown that survivors of NSTI not only have sig-
nificant impairments in physical, emotional, and social func-
tioning, but also have decreased health-related quality of life 
[16, 102].

Rehabilitation protocols should incorporate the physical, 
psychological, and social aspects into care of the patient. The 
aims of the rehabilitation team should therefore be to mini-
mize the adverse effects caused by the injury, minimizing the 
development and effect of scarring, maximizing functional 
outcomes, and providing support to maximize psychological 
well-being and reintegration into society [16].

41.8  Mortality

Successful outcomes require early and aggressive debride-
ment as well as a multidisciplinary critical care management 
strategy [33, 103]. Hospital mortality rates range from 6 to 
76% in the literature for NSTI, although most studies quote 
mortality to be approximately 30% [14, 25, 31, 99]. Recent 
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studies report even lower rates of mortality, at approximately 
5–10% [20, 103]. Early deaths are related to septic shock, 
while late deaths are mostly secondary to multi-organ failure 
[20].

Poor prognostic factors included: extremes of age (<1 or 
>60  years), female gender, cardiac disease, renal disease, 
obesity, malnutrition, alcohol abuse, intravenous drug use, 
peripheral vascular disease, diabetes mellitus, greater num-
ber of comorbidities and chronic pulmonary disease [9, 10, 
13, 20, 29, 31]. Elevated creatinine, higher base deficit, ele-
vated blood lactate, increased days from admission to first 
debridement, increased body surface area, and higher num-
ber of organs failed on admission were also poor prognosti-
cators [29, 31]. Clinical course which includes trunk or 
perineal involvement, delay in surgical debridement, positive 
blood cultures, and positive cultures for beta-streptococcus 
or anaerobic bacteria were associated with higher mortality 
[9, 29, 31]. Anaya et al. specifically found that white blood 
cell count greater than 30,000  ×  103/μL, creatinine level 
greater than 2 mg/dL (176.8 μmol/L), and heart disease at 
hospital admission were independent predictors of mortality 
[98]. Delay in surgical debridement is the most significant 
factor, followed by advanced age [20].

Anaya et  al. studied these prognostic factors and sug-
gested the first clinical mortality score which includes: (1) 
patient age above 50 years, (2) heart rate >110 beats per min-
ute, (3) body temperature less than 36 °C, (4) white blood 
cell count >40,000/μL, (5) serum creatinine >1.5 mg/dL, and 
(6) hematocrit >50% (Table 41.4) [104].

Patients with 0–2 points were grouped into the low risk 
category with 6% mortality, 3–5 points into the moderate 
risk category with 24% mortality, and greater or equal to 6 
points into the high risk category with 88% mortality [15, 
104]. The accuracy of this model is 86.8% [98, 104].

Faraklas et al. created another mortality risk calculator to 
address the limitations of the Anaya scoring system [105]. 
Elements included in the risk calculator were: age older than 
60 years, partial or complete functional dependence, dialysis 
dependence, American Society of Anesthesiologists classifi-
cation, need for emergent surgery, platelet count <150,000/
mm3, and presence of septic shock [105]. An online system 
calculates the risk of mortality, generating values between 

1.8 and 85.5% depending on the presence of each of these 
factors [105].
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Table 41.4 Score predictive of death in patients with NSTI

Factors on admission Point
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Summary Box

Prompt recognition and surgical treatment of NSTI are 
essential for survival [46, 49]. The cooperation of mul-
tiple specialists, including intensivists, general sur-
geons, plastic surgeons, and infectious disease 
specialists, and the involvement of a multidisciplinary 
team are crucial for optimal patient treatment and 
wound care [46].

The preferred management plan should include:

• Early surgical referral for patients with suspicious 
findings, particularly when pain is disproportionate 
to the physical findings.

• Prompt aggressive resuscitation with intravenous 
fluids, empiric broad-spectrum antibiotics, with 
intensive care involvement for monitoring.

• Diagnostic surgical exploration of the affected site 
for early diagnosis.

• Radical debridement of all the necrotic tissues if 
NSTI diagnosed on bedside surgical exploration.

• Frequent wound evaluation (every 24–48 h) to con-
firm the adequacy of debridement, and repeat 
debridements as needed.

• Reconstructive maneuvers and wound management 
once infection controlled.
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Frostbite

Christopher M. Nguyen, Rowan Chandler, Imran Ratanshi, 
and Sarvesh Logsetty

42.1  Introduction

Frostbite is a severe localized cold-induced injury caused by 
the freezing of soft tissue, secondary to exposure to tempera-
tures below the freezing point of intact skin. It typically 
affects the peripheral upper and lower extremities but can 
also include areas of the face, such as the nose, cheeks, and 
ears. The sequelae of injury can be mild to severe, with treat-
ment management ranging from watchful waiting to local 
wound care to major limb amputation. Intriguingly, it is a 
disease process that is unique in its vague initial presentation 
which can take a period of several months to determine the 
final demarcation of tissue damage. Given its nature of 
delayed presentation, a treatment guideline for early frostbite 
injuries remains elusive with no clear consensus of definitive 
intervention. As such, timely diagnosis, initial management, 
and patient education are vital in the prevention and provi-
sion of optimal treatment and tissue salvage in frostbite inju-
ries [1].

This chapter will discuss and review the current under-
standing of epidemiology and risk factors, classifications and 
presentation, pathophysiology, diagnostic methods, and 
standard and developing management strategies for 
frostbite.

42.2  Epidemiology and Risk Factors

As most cases of frostbite injuries are rarely recorded and a 
national database or registry does not exist, there is no com-
prehensive statistical data in regard to prevalence of frostbite 
in the general population. Several studies have outlined sta-
tistics of incidence rates in specific regions of the world, 
race, and occupation. In general, frostbite is rather uncom-
mon in North America with most reported cases in northern 
states, Alaska, and Canada, with studies reporting statistics 
in the military population. Other international statistics are 
limited to reported cases in Finland, British military, north-
ern areas of Pakistan, and mountaineers in Iran.

The distribution and prevalence stratified by risk factors 
have been elucidated in current literature. The risk and pre-
disposing factors that increase the incidence rates of frostbite 
can be categorized into (1) environmental, (2) socioeco-
nomic and behavioral, (3) physiologic and genetic factors.

42.2.1  Environmental

Low temperature, high wind speeds, wetness, and high alti-
tude are all factors that have a significant impact on frostbite 
rates. It is important to understand that cold air alone is a poor 
thermal conductor and that while it does have potential for 
frostbite at temperatures well below freezing, it has a much 
stronger effect on tissue heat loss in conjunction with high 
wind speeds. Wind chill is the measure of heat loss from the 
body due to wind speeds and cold air, and is thus reported as 
an index of skin surface temperature equivalent. At tempera-
tures above −10° C, the risk of frostbite is minimal irrespec-
tive of the wind speed, but at temperatures below −25° C, 
there is a significant risk even at low wind speeds (7–10 km/h) 
[2, 3]. A wind chill equivalent temperature of less than −25 °C 
represents a mild risk of frostbite, while an index of below 
−45 °C represents a considerable risk of frostbite within min-
utes of exposure [2]. Low temperatures and high winds are 
not the only contributing factors to frostbite injury but the 
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hypoxic effect in high-altitude environments, where the par-
tial pressure of oxygen is lower than at sea level, is also a 
determinant [4]. It has been reported in climbers of Mount 
Everest that the facial frostbite time dramatically decreases 
with wind chill equivalent temperatures, from less than 
20 min in −30 °C to 5 min in −50 °C to less than 1 min in 
−60 °C temperatures. A study of 1500 cases of frostbite over 
a 10-year period in the Karakoram Mountains in Pakistan has 
described that the occurrence of frostbite becomes a very 
steep curve beyond 17,000 ft. This altitude was consequently 
deemed the “cut-off point” for high- altitude frostbite [5]. 
Apart from initial tissue hypoxia, prolonged exposure to alti-
tudes greater than 17,000 ft triggers an adaptive physiologic 
response to increase blood packed- cell volume (polycythe-
mia) due to decreased amounts of oxygen in the air, ultimately 
increasing blood viscosity [6, 7]. These physiologic responses 
in addition to vasoconstriction in the setting of severe cold are 
the main contributors to frostbite injuries [8]. Beyond these 
factors, it is important to recognize that water is known to 
have stronger thermal conduction properties than air, cooling 
the body surface rapidly upon contact approximately 25 times 
faster than air. Whether through direct submersion in cold 
water or simply having wet skin, the added element of heat 
transfer through conduction and evaporation causes acceler-
ated heat loss [9]. More specifically, a small study found that 
at an air temperature of 5  °C, heat loss is doubled in wet 
clothes when compared in the setting of dry clothes [10]. 
Consequently, individuals in wet and windy environments, 
wet clothing, or submerged in water will be at higher risk of 
hypothermia and frostbite due to accelerated heat loss [11].

42.2.2  Socioeconomic and Behavioral

Homelessness, alcohol consumption, inadequate clothing, 
wet clothing, or tight constricting clothing to the extremities 
such as tight gloves or boots are strong predisposing factors 
for an increased susceptibility to frostbite [12, 13]. The lack 
of protective or fitted clothing, inadequate shelter, poor 
hygiene, propensity for substance abuse or alcoholism, sub-
standard living conditions, and untreated psychiatric and 
medical comorbidities puts the homeless population at higher 
risk of frostbite as well [14, 15]. As frostbite injury progres-
sively transpires when tissue heat loss overcomes tissue per-
fusion, constrictive and ill-fitted clothing, boots, and gloves 
restrict peripheral blood flow and subsequently decrease tis-
sue temperature [16]. In children, although frostbite start at 
temperatures <−6 °C, amputations start below –23 °C. Two-
thirds of frostbite in younger children is associated with lack 
of supervision, while frostbite in adolescents is related to 
intoxication [17]. Alcohol consumption is most notably the 
strongest contributor to frostbite as it causes the dual effect 
of heat loss from peripheral vasodilation and impaired judg-
ment, which consequently inhibits self- protective instincts in 

the exposure to severe cold. It is the risk factor most associ-
ated with frostbite, with 45% of all urban frostbite cases 
involving alcohol intoxication [18]. Furthermore, occupa-
tions such as military, arctic explorers, and mountain climb-
ers have been described to have a much higher incidence rate 
than the general civilian population given dehydration and 
association with high-altitude and cold environments [19]. In 
a 1995 Finish study, the mean annual incidence rate of frost-
bite in Finnish military population was 1.8 per 1000 recruits, 
with the hands, feet, and head being the areas most affected 
[20]. A more recent 2004 study of nearly 6000 Finnish young 
men aged 17–30  years further elucidates a high lifetime 
occurrence rate of 44 and 2.2% annual rate of frostbite dur-
ing military service [21]. Skin emollients are widely used in 
mountain climbers, military conscripts, and those who ven-
ture in the arctic, however, their preventive effects of frost-
bite have been in question [22]. Several studies have found 
that the use of skin protective emollients doubled the inci-
dence of facial frostbite where applied [23]. In vitro experi-
ments testing different skin emollients yielded minimal 
thermal insulation and further correlation in in vivo subjects 
confirmed that emollient- treated skin cooled as quickly as 
non-medicated skin, yet subjective skin perception was a 
warming skin sensation [24]. As such the use of emollients 
have become a risk factor for facial frostbite and the increase 
in frostbite may be due to a false sense of security and 
through neglect of efficient protective measures [25]. 
Although the vast majority of frostbite injuries affect the 
feet, hands, and occasionally regions of the face, it has also 
been described to rarely involve the male genitalia in runners 
and Nordic skiers [13].

The occupational hazards of severe frostbite with the han-
dling of refrigerant liquids and compressed gases, which are 
kept in liquid state at extremely low temperatures, such as 
chlorofluorocarbons (CFCs), liquid oxygen (−183 °C), liquid 
nitrogen (−196  °C), liquid helium (−296  °C), Freon 
(−40.5 °C) have been described [26–28]. In comparison with 
traditional frostbite from environmental cold exposure, these 
cryogenic burns from refrigerant agents are distinctive in 
their presentation in that they can induce through-and- through 
full thickness frostbite upon contact almost instantaneously 
given their extremely low boiling points. These injuries occur 
with direct contact to the liquid and the subsequent rapid 
intracellular ice crystal formation leading to cell death and 
potential involvement of severe deep soft tissue destruction.

42.2.3  Physiological and Genetic

Although the pediatric and elderly populations are highly sus-
ceptible to cold-induced injuries due to immature/impaired 
self-protective instincts to cold exposure, immobility, and 
frailty, frostbite is an injury most commonly observed in the 
middle-aged male population between 30 and 49 years with a 
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mean age of 41 [15, 18]. This is likely from increased occupa-
tional hazard and exposure and increased risk-taking behavior 
[29, 30]. In regard to racial predisposition, current literature 
does suggest a genetic predisposition to cold- induced injury. 
Three studies conducted in military population report a higher 
risk of cold-induced injuries in African American and Pacific 
Islanders when compared to other races. These studies report 
that African American men and women were 4 times and 2.2 
times, respectively, and Pacific Islanders are 2.6 times more 
likely to sustain cold-induced injuries as their Caucasian 
counterparts [31–33]. However, a previous military study in 
1993 by Tek and Mackey opposed this notion, finding no dif-
ference in the prevalence of cold- induced injuries between 
African-American and other races [34]. Conversely, popula-
tions living in frigid environments, such as the Aboriginal 
people of Northern Canada (Inuit, Métis, First Nations), 
become acclimated to cold exposure with variant physiologic 
response, whereby transient peripheral vasoconstriction is 
followed by opening of arterio- venous communications in the 
forearm which maintains blood flow and warmth to the hand 
in cold climate. This protective physiologic phenomenon is 
known as the Hunting reflex or Lewis reaction and was first 
described in 1930. Intriguingly, it has been noted that through 
acclimatization, people originally residing in tropical environ-
ments can acquire this reflex which becomes indistinguish-
able from the cutaneous response seen in arctic residents. As 
such, the role and contribution of genetic factors is rather 
unclear as it becomes difficult to delineate genetic adaptation 
from environmental acclimatization [35]. Even though these 
studies investigated the correlation of race in cold-induced 
injury and not frostbite directly, it raises a strong case for the 
involvement of a racial component in the pathophysiology of 
the human vascular response to cold.

It is unclear whether prior injury of frostbite may increase 
the risk of sustaining future frostbite injury to the same affected 
limb. A 1974 study by Sumner et al. disclosed a 1.68 times 
increase in military personnel with a prior frostbite injury to 
sustain a repeat injury when compared to those without a prior 
frostbite history [16, 36]. Conversely, in a 2015 nonrandom-
ized control study of 20 elite Alpinists who have and have not 
sustained prior freezing cold injuries were compared in terms 
of digit perfusion in cold water submersion tests showed that 
there was no significant difference of tissue rewarming rates 
and overall temperature in injured and uninjured finger and 
toes of the same individual [37]. Despite the study’s small 
sample size, it suggests against the common belief that prior 
freezing injury may affect the vascular integrity and increase 
the risk of future frostbite injury to the same limb.

Additional vasoconstrictive factors secondary to diabetes, 
smoking, peripheral neuropathy, peripheral vascular disease, 
and cutaneous microvascular disorders such as Raynaud’s dis-
ease, will further exacerbate frostbite in cold temperatures. 
Ervasti et al. in 2004 reported a significant synergistic increase 
in the rates of frostbite in Finnish young men with Raynaud’s 

disease, regular smokers, and exposure to hand/arm vibration 
work [21]. The constituents in cigarette smoking reduces nitric 
oxide synthesis and potentiates thrombosis by increasing 
fibrinogen levels and platelet activity while absorbed nicotine 
elevate plasma catecholamine levels, thus all amplifying 
peripheral vasoconstriction and decreased blood flow in con-
stricted areas leading to skin necrosis [38]. Raynaud’s phenom-
enon affects 3–5% of the general population and is characterized 
by a hyperreactive vasoconstrictive response in the peripheral 
extremities during cold exposure, which can result in worsened 
cutaneous tissue ischemia- reperfusion injury. This pronounced 
reperfusion injury would further contribute to cell death in the 
setting of frostbite. Among other genetic factors, it has been 
reported that having the angiotensin-converting enzyme (ACE) 
DD allele and O group blood typing may increase risk as well 
[39]. The combination of these predisposing factors leads to a 
detrimental rapid loss of tissue heat and predisposes the body 
not only to frostbite but also to hypothermia.

42.3  Anatomy and Physiology

The normal core body temperature of a healthy adult human 
being at rest is 37 ° C while the average surface temperature of 
the skin is approximately 34 °C at an ambient room tempera-
ture of 15–20 °C [40–42]. As skin temperature steadily drops 
below 20 °C, the sensation of cutaneous pain is felt, and at a 
skin temperature below 10 °C, neurapraxia of the skin occurs. 
Human tissue begins to freeze between −0.53 and − 0.65 °C 
although it can be cooled to even lower temperatures [43].

42.3.1  The Skin and Its Structures

To fully understand the pathophysiologic mechanism of 
cold-induced injury, it is necessary to appreciate the skin 
structure, vascular layout, types of receptors, and physio-
logic feedback pathways involved. In brief, the skin is com-
posed of two general layers, the epidermis and dermis. The 
epidermis can be further divided into five layers, from inner-
most (deepest) to outermost (superficial): stratum basale, 
stratum spinosum, stratum granulosum, stratum lucidum, 
and stratum corneum, while the dermis can be divided into 
the papillary and reticular layers. Within the layers of the 
epidermis and dermis reside the cutaneous receptors, which 
include mechanoreceptors, thermoreceptors, and nocicep-
tors. These different types of receptors constitute the modali-
ties of touch, pressure, vibration, temperature, and 
nociception (pain). In the context of frostbite, the focus will 
be primarily on the thermoreceptors and nociceptors. The 
cutaneous nociceptors are generally subdivided into several 
types according to the fibers supplying them, namely Aδ/β- 
or C fibers [44]. These fibers are further classified based on 
their conduction velocity and sensitivity to noxious mechani-
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cal (M), heat (H), and cold (C) stimuli [45]. Most notably in 
the setting of cold thermosensory perception are the Aδ and 
C fibers. Aδ fibers are thin (2–5 μm diameter) myelinated 
axons that elicit the sharp sensation of pain, while C fibers 
are unmyelinated axons that are responsible for the slow 
burning pain sensation [46]. It has been noted that at tem-
perature range of 30–15° C, both types of fibers fire at an 
increased rate while warmer temperatures decrease the rate 
of firing. Clinically, this increase in firing rate as the skin 
reaches a temperature at or below 15° C is correlated with 
perception of cold and pain (burning, pricking, aching) is 
elicited [47, 48]. Below 10 °C, the rate of firing of Aδ and C 
fibers decrease and neurapraxia of the skin is exhibited. In 
regard to cutaneous circulation, the vast majority of blood 
vessels reside in the dermis with the exception of capillary 
loops that extend from the subpapillary plexus into the epi-
dermis. Arterioles and venules form two important horizon-
tal plexus networks at different tissue planes of the dermis, 
an upper plexus at the level of the papillary dermis and a 
lower plexus at the dermal subcutaneous level [49]. The 
upper and lower plexus networks are interconnected by 
branching vessels that provide perfusion to intermediate 
structures in the dermis such as hair bulbs and sweat glands. 
Vessels in the papillary dermis are primarily comprised of 
post-capillary venules which are physiologically the most 
reactive region of the microcirculation. In response to tissue 
damage and inflammation, endothelial cells develop intercel-
lular gaps that increase vascular permeability and allow for 
leukocyte migration. Although similar in organizational 
structure, several differences exist between the papillary and 
deep dermal vessel morphology. At the deep dermal subcuta-
neous level, arterioles and venule vessel caliber seemingly 
double in diameter 50 μm vs. 25 μm, with thicker walls (10–
16 μm vs. 4–5 μm) with more smooth muscle cells and peri-
cytes (4–5 layers vs. 1–2 layers) [49]. This physiological 
difference explains the clinical difference in presentation 
seen in split thickness and full thickness thermal and frost-
bite injury, whereby clear-milky blister formation is seen in 
split-thickness involvement, while hemorrhagic blisters are 
seen in full thickness injury given larger vessel caliber.

42.3.2  Cutaneous Thermoregulatory Control

Due to an effective cutaneous vasoconstriction/vasodilation 
circulatory feedback system, the thermoregulatory control of 
human skin is strikingly robust in order to maintain thermal 
homeostasis. Of anatomical importance is the presence of 
arterio-venous anastomoses (AVAs) that are direct connec-
tions between small arteries and small veins. These vascular 
connections have a thick muscular wall composed of circular 
smooth muscle and inner lumen diameter lumen which 
ranges from 10 to 50 μm in size. As they do not possess a 

capillary segment, they are solely responsible for thermo-
regulatory control, providing warm core blood to more 
superficial regions [35, 49–53]. They are found abundantly 
in nail-beds of the fingers and toes (density 600 AVAs/cm2) 
and glabrous skin of the hands and feet (100  AVAs/cm2) 
[50]. In general, at ambient temperatures below thermoneu-
tral state, these AVAs are closed for heat conservation 
towards the body core, whereas at higher temperatures, these 
AVAs are open for increased heat dissipation. However, as 
previously mentioned, there is a paradoxical protective phe-
nomenon of cold-induced vasodilatation (CIVD), commonly 
referred to as the “hunting response,” whereby a brief period 
of vasoconstriction in the setting of cold is followed by an 
increase in blood flow from vasodilatation and tissue 
rewarming occurs. Cycles of vasoconstriction-vasodilatation 
are seen approximately every 5–10  min and has been 
observed in the fingers, toes, face, and forearms [54, 55]. 
Since its description in 1930 by Sir Thomas Lewis, there 
have been many hypotheses on the mechanism of 
CIVD.  Although the exact mechanism of CIVD remains 
unclear, the role of arterio- venous anastomoses (AVA) within 
the cutaneous microcirculation remains central in explaining 
CIVD. The most likely explanation surrounding paradoxical 
peripheral vasodilatation was proposed by Gardner and 
Webb in 1986 and supported by Daanen in 2003, whereby it 
was described that the local exposure to cold decreases the 
release of norepinephrine from adrenergic nerve endings due 
to a drastic decrease in sympathetic adrenergic neurotrans-
mission to smooth muscle of AVAs [56]. Additionally, it has 
been shown that sensitivity of the α2-receptors for norepi-
nephrine increases in the cold which may account for further 
decreasing tissue temperature to the point that nervous 
blockade occurs [35, 57]. This combination of decreased 
norepinephrine levels and decreased sympathetic drive ulti-
mately induces vasodilation and shunting, temporarily 
rewarming the tissues and propagating the CIVD cycle. In 
regards to control of microcirculatory blood flow, the sympa-
thetic nervous system plays a dual role of controlling norad-
renergic vasoconstriction as well as sympathetic cholinergic 
active vasodilation in cutaneous vessels and AVAs [58]. In 
near hyperthermic environments, the vasodilatory effects 
can increase skin blood flow to nearly 6–8 L/min [59]. While 
in cold environments, thermoreceptors on the skin are acti-
vated and stimulate the sympathetic noradrenergic nervous 
system, which causes vasoconstriction in skin and the upper 
and lower extremities to reduce heat loss and favor central 
pooling of blood to the body core. Vasoconstriction occurs at 
15 °C which can remarkably decrease the skin’s blood flow 
to essentially zero [59, 60]. The typical pattern of frostbite 
injuries, whereby fingers, toes, nose, and ears are most 
affected, can be explained by the characteristic small-vessel 
vascular anatomy and the strong sympathetic innervated 
arterio-venous connections of these areas. As expected, with 
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increasing exposure time, frostbite injury extends more 
proximally from the initial affected distal extremities [61]. 
The risk of frostbite is linearly proportional to the skin sur-
face temperature, such that as surface skin temperature 
decreases from −4.8 to −7.8 °C, the incidence of frostbite 
increases drastically from 5 to 95% [3].

42.4  Pathophysiology

The general frostbite sequence begins with complete tissue 
ischemia, followed by reperfusion, and ultimately tissue 
necrosis. Manson et  al. defined a “double vascular lesion” 
phenomenon that occurs in cold injury: lack of tissue perfu-
sion from large vessel vasoconstriction and loss microcircu-
latory control leading to stasis, vessel thrombosis, and tissue 
ischemia [62]. Three distinct mechanisms are central in 
understanding the pathophysiology of frostbite by which tis-
sue damage can occur: direct cold-induced cell damage from 
cell crystallization, indirect cellular injury from local hypoxia 
from vasoconstriction and microvascular thrombosis, and 
release of inflammatory mediators post-thaw from reperfu-
sion injury and cell death [15].

Further elucidating the mechanisms are four intercon-
nected pathophysiological phases of the freezing cascade 
that depend on the temperature, conditions, and duration of 
cold exposure:

42.4.1  Phase I: Pre-freeze

As tissues begin to cool below 15 °C, vasospasms and even-
tual vasoconstriction occurs, blood viscosity increases, and 
tissue perfusion diminishes. Cold-induced vasodilation 
(CIVD) ceases at temperatures below 10 °C and ice crystal 
formation begins. This cycling of vasodilation and vasocon-
striction is inherently protective to ice crystal formation.

42.4.2  Phase II: Freeze-Thaw Injury

As skin temperature reaches freezing point below −0.5 °C 
[16, 43], ice crystal formation occurs. There is a distinct 
difference in pathophysiologic effects with the rate of tissue 
cooling and absolute temperature to which the tissue is 
cooled. Rapid freezing of tissue below their freezing point 

capillaries capillaries
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Fig. 42.1 Diagram showing the effect of a closed (a) and an open (b) arterio-venous anastomosis. From Boyd JD. Arterio-venous anastomoses. 
London Hospital Gazette 1939;42:2–8
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through flash freeze or cold-contact mechanisms leads to 
the formation of large intracellular and extracellular ice 
crystals, leading to cell death and irreversible damage to 
skin [63]. Intracellular ice crystals denature cell membrane 
lipoproteins and can mechanically disrupt cell membrane 
integrity. The critical cellular freezing point occurs. With 
slow freezing, large ice crystals form in the extracellular 
space, increasing the osmotic pressure and subsequently 
drawing free water across the cell membrane into the extra-
cellular space which leads to cellular dehydration and inter-
stitial hyperosmolarity as the cell thaws. Cellular 
dehydration modifies protein structure, alters membrane 
lipids and cellular pH. Upon rewarming, the intracellular/
extracellular ice melts, tissue ischemia is relieved, and 
reperfusion occurs. As vascular integrity remains grossly 
intact post-thaw, there is generally full restoration of circu-
latory reflow with increased vascular permeability due to 
endothelial damage. With an increase in fluid and protein 
leakage, blood viscosity further increases and platelet 
aggregation and coagulation cascade is initiated by the 
damage to the endothelium basement membrane [64, 65]. 
As such, despite near initial normal blood flow, within 
3–5 min, disruption of flow is seen. Exposure to multiple 
freeze-thaw-refreeze cycles is detrimental to cell survival 
[66, 67].

42.4.3  Phase III: Vascular Stasis

As disruption of flow occurs and tissue ischemia persists 
from vasospasticity and increased blood viscosity secondary 
to transendothelial plasma leakage, arterio-venous shunting 
occurs more proximally as distal stasis occurs. These areas 
of stasis and ischemia lead to the buildup of inflammatory 
mediators (prostaglandins, histamine, thromboxane, brady-
kinin) which all propagate progressive tissue ischemia [68]. 
The combination of stasis and increased viscosity promotes 
thrombus formation.

42.4.4  Phase IV: Progressive or Late Ischemia

Thrombosis and proximal arterio-venous shunting lead to 
progressive dermal ischemia and loss of tissue. Final extent 
of demarcation and tissue necrosis is based most importantly 
on the degree of microvascular damage and vessel thrombo-
sis. Gangrene eventually occurs from tissue necrosis and 
depending on degree of vascular compromise, mummifica-
tion of the tissue can occur in severe cases.

Depending on the time of rewarming and therapeutic 
management for reperfusion, the increased cellular oxida-
tive stress and inflammation associated with ischemia- 
reperfusion injury may contribute to further cellular damage 

and necrosis. The disruption of normal vascular flow due to 
microvascular thrombosis leads to cellular anaerobic metab-
olism and subsequent tissue hypoxia. These combined fac-
tors further stimulate the increased release of inflammatory 
mediators, prostaglandins PGF2 and thromboxane A2 
(TXA2). Robson and Heggers have reported elevated levels 
of prostaglandin F2α (PGF2α) and thromboxane B2 (TXB2), 
an inactive metabolite of TXA2, in frostbite blister fluid. In 
addition, Özyazgan et al. reported increased prostaglandin I2 
and TXB2 in frostbitten tissue by 188% and 249%, respec-
tively. As PGI2 and TXA2 can be seen as physiologic antago-
nists of one another, it has been postulated that an increase 
in the ratio of TXA2/PGI2 could lead to increased platelet 
aggregation and thrombosis and thus the balance between 
physiologic levels of prostacyclin (prostaglandin I2) and 
thromboxane A2 is crucial for reducing further tissue necro-
sis in frostbite injury [69–71].

42.5  Classification

Frostbite ranges from the superficial freezing of the upper-
most layers of skin, termed “frostnip,” to severe frostbite 
which affects deeper tissues, such as muscles and bones. The 
severity of injury is related to the duration of exposure as 
well as the temperature in contact with the skin. As such, 
there are several frostbite injury classification systems 
(Tables 42.1, 42.2, and 42.3).

Table 42.1 Traditional classification

Degree of 
severity Description and presentation Clinical symptoms
First 
degree

Superficial partial thickness 
involvement of the epidermis that 
is characterized by erythema, 
edema, hyperemia with possible 
skin desquamation

Transient burning 
sensation with 
throbbing of the 
area

Second 
degree

Full thickness skin freezing that is 
characterized by erythema, 
marked edema characterized by 
vesicles of clear fluid. These 
blisters may desquamate and 
eschar formation may occur

Numbness of the 
affected area

Third 
degree

Full thickness skin with 
subcutaneous tissue involvement 
that is characterized by violaceous 
or hemorrhagic blisters with 
thickened areas of skin necrosis 
seen as bluish/gray discoloration

No sensation of the 
area but progresses 
to shooting burning 
pain that is 
throbbing and 
aching

Fourth 
degree

Full thickness skin, subcutaneous 
tissue, muscle, tendon, bone 
involvement characterized by little 
edema with initially mottled deep 
red or cyanotic area which 
eventually becomes dry 
mummified

May complain of 
joint pain
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Traditional classification follows the classic thermal 
burn scheme, which is based according to depth of injury, 
and is defined as follows (Table 42.1):

One criticism of the traditional classification scheme is 
that it does not take into consideration the unique delayed 
tissue necrosis demarcation in frostbite injuries and that 
treatment is directed as a typical burn injury resulting in sub-
optimal care and patient expectations. As such, the clinical 
presentation and diagnosis of degree of frostbite injury in a 
patient who presents acutely in an urgent care setting may 
not be appropriate, as duration and time of frostbite onset 
may be unknown.

Of note, it is important to be able to recognize and dif-
ferentiate “frostnip,” a superficial non-freezing injury of 
exposed skin, from true frostbite. It is not to be confused 
with first-degree or superficial frostbite. Frostnip mostly 
presents as an exposed area with numbness, accompanied by 
palor or erythema, with potential ice crystal formation on the 
surface of the skin. By definition, there is no ice crystal for-
mation in the dermis and there is thus no damage done 
beyond the epidermal layers. What further differentiates 
frostnip from frostbite is the rapid resolution of symptoms 
with no long-term sequelae through skin protection and 
rewarming [72].

Marsigny et al. Clinical Prediction Tool developed in 
2001 to classify frostbite injuries of the hands and feet 
mainly based on locations of lesions and early bone scan 
results from initial presentation (day 0) (Table 42.2):

Wilderness Medical Society Practice Guideline recom-
mends a simple two-tier classification scheme that can be 
employed after rewarming but before imaging [72] 
(Table 42.3):

This system is highly practical and used clinically as most 
long-term sequelae and tissue viability are unknown until 
several months from injury. As such, descriptive diagnosis of 
frostbite degree from the traditional system becomes inac-
curate as previously described.

42.5.1  Hennepin Score

Beyond clinical classification schemes, this quantification 
scoring system also exists which is currently used for 
research purposes to investigate the treatment outcomes of 
frostbite injuries. Developed in 2016, the tool is used to 
quantify the similar to the Total Body Surface Area (TBSA) 
calculators in burn injuries [1, 61] (Table 42.4):

Table 42.2 Marsigny et al. Clinical Prediction Tool

Frostbite injury of extremities 
(hands and feet) Grade 1 Grade 2 Grade 3 Grade 4
Extent of initial lesion at 
day 0 after rapid rewarming

Absence of 
initial lesion

Initial lesion on distal 
phalanx

Initial lesion on 
intermediary and proximal 
phalanx

Initial lesion on carpal/tarsal

Bone scanning results at 
day 2

Useless Hypofixation of 
radiotracer uptake area

Absence of radiotracer 
uptake area on the digit

Absence of radiotracer uptake area 
on the carpal/tarsal

Blister presentation at day 2 Absence of 
blisters

Clear blisters Hemorrhagic blisters on 
digit

Hemorrhagic blisters over carpal/
tarsal

Prognosis at day 2 No amputation Tissue amputation Bone amputation of digit Bone amputation of the 
limb ± systemic 
involvement ± sepsis

No sequelae Fingernail sequelae Functional sequelae Functional sequelae

Table 42.3 Wilderness Medical Society Practice Guideline

Degree of 
severity Description and presentation
Superficial There is none or minimal anticipated tissue loss, 

corresponding to first- and second-degree injury of 
the traditional scheme

Deep Deeper injury and anticipated tissue loss, 
corresponding to third- and fourth-degree injury

Table 42.4 Radiography (Limb X-Ray)

Stage and time frame Radiographic findings
Early: immediate to 
weeks after injury

–  May be normal, depending on injury 
severity

–  Soft tissue swelling
–  Tissue atrophy and distortion in 

severely affected areas
–  Subcutaneous emphysema
–  No bone or joint changes

Intermediate: weeks to 
months after injury

–  Bone demineralization
–  Periostitis

Late: months to years 
after injury

–  Acro-osteolysis
–  Sclerosis at ends of involved bone
–  Asymmetric early osteoarthrosis of the 

affected limb
–  Small periartibular erosion
–  In children, epiphyseal fragmentation 

and/or premature fusion with resulting 
deformities
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The purpose of the Hennepin score is to devise a stan-
dardized rating scale for researchers across academic centers 
to accurately measure injury and salvage rate outcomes to 
evaluate treatment efficacy. Imaging modalities that are 
included in the scale are Doppler ultrasound, magnetic reso-
nance imaging, angiography, and bone scanning [61]. 
However as we will discuss below, currently there are no 
accurate means for diagnosis at the early stages of frostbite.

42.6  Diagnostic Methods

Most frostbite injuries are diagnosed clinically in the context 
of symptoms, physical examination, detailed history. In the 
setting to determine the extent of soft tissue injury and long- 
term tissue viability, diagnostic radiologic imaging modali-
ties that aim to determine tissue perfusion and vessel patency 
have proven valuable. The main objective of imaging in the 
context of frostbite is to assess depth of involvement, sever-
ity, and to direct treatment based on surgical or non-surgical 

indications. It also allows for objective determination of 
frostbite treatment response and efficacy.

42.6.1  Radiography (Limb X-Ray)

In general, X-ray is not useful in the initial context except to 
rule out a trauma-related fracture. It is however, a rapid and 
inexpensive imaging modality in the late context that can 
show bone demineralization changes as soon as 1 week after 
frostbite injury, and bone artifacts and/or epiphyseal arrest 
after 6 weeks of injury in children [12]. Millet et  al. have 
described the radiographic findings in relation to the stages 
of frostbite.

In summary, these radiographic findings can range from a 
normal X-ray with evidence of soft tissue swelling to severe 
bone destruction and demineralization depending on the 
severity of frostbite and the duration of time since the injury. 
Early radiographic evidence of mild injury can demonstrate 
osteopenia or show no prominent pathology. However most 
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notable is the evidence of acro-osteolysis, sclerotic areas at 
terminal ends of affected bones, as well as early osteoarthri-
tis, months to years after injury. All of which are indicative 
of previous deep frostbite injury that involve the tips of fin-
gers or joints [73]. In children, epiphyseal fractures and pre-
mature fusion of the growth plates have been reported to 
occur, often months to years after injury. This can result in 
finger malformation and debilitating chronic joint problems. 
As a clinical tool, radiography can be a useful modality to 
follow the progression of injury but there may be discrepan-
cies in clinical correlation as radiographic evidence is non-
specific and has no predictive value in determining the level 
of tissue necrosis. Management would indeed be based on 
clinical examination.

42.6.2  Digital Subtraction Angiography (DSA)

The main goal of using DSA is to identify potential targets 
for thrombolysis in patients presenting within 24 h with deep 
frostbite injury. Initial DSA will demonstrate lack of perfu-
sion in affected digit and may show areas of impaired perfu-
sion that do not appear affected on physical examination. 
Patients undergoing thrombolytic therapy can be followed 
with repeat DSA imaging at 12 h increments for up to 48 h to 
assess response to thrombolytics. By reversing the microvas-
cular thrombosis present in frostbite injury, flow can be 
restored and prevent further tissue ischemia [74, 75].

42.6.3  Magnetic Resonance Imaging

Magnetic resonance angiography (MRA) has been suggested 
as a noninvasive alternative to DSA for evaluating the 
patency of vessels in frostbite injuries [76]. However, this 
modality lacks the benefit of being both diagnostic and thera-
peutic, unlike DSA.  There is limited evidence suggesting 
that MRA might be able to define occluded vessels and 
demarcate soft tissue injury after more than 24 h of injury 
[77, 78].

42.6.4  Technetium (Tc)-99 m Scintigraphy

Also known as triple-phase bone scanning, Technetium-99 m 
(Tc-99m) has been in use for the past two decades for evalu-
ating frostbite wounds. It involves a nuclear isotope that is 
taken up by osteoblasts. If the bone’s blood supply has been 
compromised secondary to frostbite, the tracer will not be 
present in the bone. There are 3 phases in scanning: flow 
phase, blood pool image, and delayed phase. The first phase 
(seconds after the injection of the isotope) illustrates perfu-
sion to an area. The blood pool phase occurs 5  min after 
injection and this shows the vascularity of the region. Finally, 

the delayed phase occurs about 3 h after injection. By this 
time, most of the isotope will have been metabolized and 
bone turnover can be better assessed.

Tc-99m scintigraphy is indicated in patients who present 
with deep (second, third, and fourth degree) frostbite injuries 
and is recommended to have bone scanning performed 
within 2–4  days after frostbite injury [79, 80]. The scan 
should not be performed immediately after cold exposure, as 
microvascular thrombosis can progress over time and what is 
defined on imaging may not be the level of tissue necrosis. 
Cauchy et al. in 2000, report that the level of amputation can 
be closely predicted in approximately 84% of cases at the 
initial scan, many weeks before the nonviable tissue declares 
itself on physical exam. Moreover, it has been suggested that 
any blisters should be debrided before the scans are per-
formed to prevent accumulation of tracer in the blister fluid 
and lead to false-positive interpretation [80]. Again, larger 
prospective randomized studies are warranted to evaluate the 
reliability of such an imaging modality to predict the level of 
tissue demarcation and subsequent amputation, which would 
ultimately limit patient morbidity.

42.6.5  Single-Photon Emission Computed 
Tomography + CT (SPECT/CT)

By combining both the functional information from scintig-
raphy (bone perfusion) and uptake with the anatomic infor-
mation derived from CT, a more specific image can be 
rendered than a conventional bone scan alone. More specifi-
cally, a CT scan is sequentially performed immediately after 
the delayed phase of nuclear bone scan and the images are 
merged, allowing for more exact delineation of the level at 
which the bone loses perfusion. It becomes particularly use-
ful in assessment of the distal ends of digits as convention-
ally these regions can be difficult to properly visualize on 
bone scintigraphy alone. Most recently in a retrospective 
case series (N = 7), Kraft et al. describe the effectiveness of 
SPECT-CT in determining level of more distal amputation, 
allowing for preservation of digit length [81]. Six patients 
were able to undergo more distal amputation based on 
SPECT-CT imaging correlation. Although suggesting that 
SPECT-CT has a favorable predictive capacity, this is early 
evidence and further comparative and prospective studies are 
warranted for validation. It may be an important modality for 
surgical planning and minimizing the amount of tissue that is 
excised and limit patient morbidity.

42.6.6  Microangiography

Recently, Masters et al. describe a case report indocyanine 
green fluorescence microangiography to monitor clinical 
progression of perfusion in severe frostbite in hyperbaric 
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oxygen therapy and propose its potential role in frostbite 
monitoring [82]. The benefits of indocyanine green microan-
giography are that it can be administered through a periph-
eral intravenous line; it is hepatically cleared and is thus safe 
in renally impaired patients and has a short half-life. On a 
technical and operator standpoint, it also does not require the 
consultation of a radiologist or dedicated imaging depart-
ment, but rather can be done in the office or clinic. The dye 
travels to areas where there is perfusion and with a near- 
infrared laser and camera, blood flow is visualized by bright-
ness. Given the potential benefits and portability of this 
imaging modality, further studies are required to determine 
its efficacy and practicality in the setting of frostbite.

42.7  Management

As initially indicated, the key factor that will determine the 
type of management is duration of exposure to subzero tem-
peratures. The classic management of frostbite has been 
resuscitation, rewarming, and watchful waiting. Over the 
past 50 years, the adage “Frostbite in January, amputation in 
July” remains relevant despite advancements in the under-
standing of frostbite pathogenesis and advancements in 
thrombolytic therapy. The main goal of treatment is to pre-
vent further tissue damage and to limit limb morbidity. As 
such, rapid triage and initiation of proper treatment for frost-
bite can lead to remarkable improvements in outcome and 
prognosis.

42.7.1  Clinical

The initial clinical manifestations of frostbite injury are sim-
ilar for superficial and deep tissue damage, thus early treat-
ment is identical for all injuries.

42.7.1.1  Rewarming
The mainstay of treatment is to ensure that core body tem-
perature is raised to near physiologic 37 °C and that rewarm-
ing of the affected area is quickly initiated. Rapid rewarming 
ideally occurs through total immersion of the affected area in 
a warm whirlpool water bath between 37 and 44  °C [15]. 
Given that it has been shown that anoxic reperfusion injury 
occurs from slow thawing, rapid rewarming is recommended 
[15, 63, 83]. Rewarming time can vary from 15 to 30 min and 
up to an hour and can be stopped based on clinical judgment 
of tissue color with the goal of a red/purple color and good 
tissue pliability [29, 72].

42.7.1.2  Blister Debridement
Rewarming of skin in cases of superficial frostbite may result 
in the formation of clear blisters while cases of deep frostbite 

results in hemorrhagic blisters [2]. It has been shown that 
blisters filled with clear or milky fluid contain elevated levels 
of inflammatory mediators prostaglandin F2α (PGF2α) and 
thromboxane B2, an inactive metabolite/product of throm-
boxane A2 (TXA2), which both propagate platelet aggrega-
tion, thrombosis, and vasoconstriction. As such, in order to 
prevent further damage to the sub-dermal plexus, most evi-
dence in literature supports superficial debridement of white 
or clear blisters. It is however not recommended to debride 
blisters in the field to prevent infection [84]. It is also an 
indication to debride blisters if they are on joint surfaces and 
restrict movement [85]. Should blisters be debrided, the 
wound is to be covered with topical antimicrobial and pos-
sibly aloe cream, which has properties that inhibit the arachi-
donic acid cascade and thromboxane synthesis [15]. There is 
no evidence supporting either debriding or leaving intact 
hemorrhagic blisters.

42.7.1.3  Tetanus Prophylaxis
The administration of tetanus toxoid is based on standard 
guidelines. Frostbitten tissues are not especially prone to 
tetanus infection [29, 86].

42.7.1.4  Systemic Antibiotics
The call for systemic antibiotic administration is based on 
the presence of infection or open trauma. The role and ben-
efits of prophylactic antibiotics in frostbite has not been 
proven and is not recommended unless signs of infection 
develop [29, 87, 88]. Antibiotics should be considered for 
prophylactic administration in severe frostbite injuries (sec-
ond or third degree) where there is presence of an open 
wound [84, 88].

42.7.1.5  Wound Care
Unsalvageable tissue will eventually necrose and potentially 
become gangrenous without proper wound care. Tissue gan-
grene and mummification requires daily wound care to 
ensure that the wound stays dry to prevent wet gangrene 
infection. Use of topical antimicrobial dressings similar to 
burn dressings are recommended until mummification occurs 
after which dry dressings can be used. Furthermore, tissue 
protection through removable protective splinting, interdigit 
padding, or orthotics is also important considerations during 
the demarcation period to prevent further tissue tear and 
infection [29].

42.7.2  Therapeutic

As of current literature, there are no human randomized con-
trolled trials with an objective reproducible method to assess 
the change in demarcation level from the intervention, mak-
ing the recommendation of therapeutic interventions diffi-
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cult. There are several emerging treatment options being 
increasingly studied in cases of severe frostbite within the 
first 24 h of injury.

42.7.2.1  Topical Aloe Vera
As elevated levels of prostaglandin production contribute to 
the pathogenesis of frostbite, early prevention with anti- 
thromboxanes such as topical aloe vera gel has suggested as 
treatment adjuncts. Aloe vera has been shown to inhibit 
TXA2 synthetase and maintain PGE2 and PGF2α levels to 
maintain vasodilation in both thermal and frostbite injuries 
[89, 90]. An early animal study using frostbitten rabbit ear 
models showed that tissue survival can be improved with the 
administration of topical aloe vera and that its effects are 
comparable to the therapeutic effects of systemic pentoxifyl-
line, a phosphodiesterase inhibitor [91]. Clinically, it is to be 
applied to all frostbitten areas every 6 h until wound healing 
is completed.

42.7.2.2  Non-steroidal Anti-inflammatory 
(NSAID) Medication

Most commonly used NSAIDs are ibuprofen and aspirin 
(ASA) which hold the dual purpose of providing anti- 
inflammatory activity and analgesia. This medication work 
by inhibiting cyclooxygenase enzymes (COX) that converts 
arachidonic acid to prostaglandin H2 (PGH2), which is ulti-
mately converted to other prostaglandins (PGD2, PGE, 
PGF2, PGI2) involved in inflammation, as well as TXA2. 
Ibuprofen is a nonspecific COX inhibitor, reversibly block-
ing both COX-1 and COX-2, but has higher inhibition of 
thromboxanes than other prostanoids [87, 92]. Early oral 
administration of ibuprofen at a dose of 12  mg/kg/d to a 
maximum of 2400 mg/d provides early systemic anti-prosta-
glandin activity, limiting inflammatory damage [86]. 
Similarly, aspirin is also an effective analgesic and sup-
presses prostaglandins and thromboxanes through irrevers-
ible inactivation of COX-1 and COX-2, thus having a 
prolonged anti-platelet property. ASA may also inhibit 
endothelial cell synthesis of PGI2, a prostaglandin involved 
in platelet aggregation inhibition. Although, in terms of 
pathophysiology, the use of either aspirin or ibuprofen in ini-
tial supportive frostbite treatment would be reasonable, there 
is insufficient evidence to support the benefits of aspirin in 
preventing tissue loss secondary to frostbite. The only study 
in humans supporting aspirin dates to 1983, whereby 38 
patients with first- and second-degree frostbite upon presen-
tation were treated with ASA and aloe vera showing no 
major tissue loss. However, there was no control group, 2 
patients with acute second-degree progressed to third degree, 
and no mention of the time to treatment post-injury [68]. 
Conversely, ibuprofen has shown stronger evidence to sup-
port its efficacy in frostbite. A nonrandomized control trial 
by Heggers et al. in 1987 reported that patients treated with 

ibuprofen and aloe vera had a significant reduction in mor-
bidity, whereby in all degrees of frostbite 67.9% healed 
without tissue loss vs. 32.7% in the control group, and 7% in 
the ibuprofen treatment group vs. 32.7% in the control group 
required amputation. As such, evidence thus far has sug-
gested that ibuprofen should be considered as adjuvant ther-
apy for the management of frostbite [12, 29, 93]. There 
remains no study that compare directly aspirin and NSAID 
for frostbite treatment, and there is no study that compares 
the different types of anti- inflammatory agents in frostbite 
therapy.

42.7.2.3  Tissue Plasminogen Activator (tPA)
A protease enzyme involved in fibrinolytic pathway in the 
breakdown of blood clots, tPA has been used as a mainstay 
treatment in the setting of acute ischemic stroke and is pos-
tulated to resolve microvascular thrombosis and ultimately 
restore perfusion in severe frostbite injury. The mechanism 
of thrombolysis is through the activation of plasminogen 
conversion to plasmin, which is capable of cleaving cross- 
links between fibrin molecules that form thrombi. 
Historically, evidence to support the effectiveness of throm-
bolytics in frostbite dates back to the 1980s where antithrom-
botic agents (streptokinase, urokinase) were proposed in 
rabbit and rat animal models, showing positive results [94, 
95]. The earliest clinical data of tPA use in frostbite was in 
1992, whereby 14 patients with severe frostbite, confirmed 
through triple-phase bone scanning, were treated conserva-
tively with supportive measures (N = 10) and tPA (N = 4). It 
was seen that all 10 patients treated with supportive therapy 
required amputations while 3 out of 4 (75%) of those treated 
with tPA required no amputation [65].

More recently, two studies have reported significant limb 
salvage rates in severe frostbites following tissue plasmino-
gen activator (tPA) therapy. In 2005, Twomey et al. published 
a nonrandomized prospective trial with historical controls, 
reporting an 18.9% rate of amputation in 19 patients with 
severe frostbite with a total of 174 digits at risk, 33 of which 
required amputation, that were treated with intravenous tPA 
(N = 13), intra-arterial tPA (N = 6), and subsequent intrave-
nous heparin. Those who did not respond to therapy were 
more than 24 h post-injury, warm ischemia time of greater 
than 6  h, or evidence of multiple freeze-thaw cycles [74]. 
Furthermore, this study supported that tPA and heparin 
administration concurrently are safe and tPA administration, 
whether intravenous or intra-arterial, shows similar thera-
peutic effect in terms of digital limb salvage. In 2007, Bruen 
et  al. published results from a single-center, retrospective 
review, comparing 32 patients recruited from 2001 to 2007 
who were treated with intra-arterial tPA to historical controls 
from 1995 to 2001 presenting more than 24 h post-injury. It 
was found that those with severe frostbite treated with tPA 
within 24  h of injury and found the incidence of digital 
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amputation was reduced from a potential amputation rate of 
97 out of 234 digits (40%) at risk to 6 out of 59 digits (10%) 
at risk [75]. Similar to Twomey et al., it was noted that the 
patients who failed to improve blood flow and required 
amputations were those who presented to hospital post 24 h 
from injury. Both studies suggested that early tPA adminis-
tration can result in digital salvage rate of 85–90% [75]. 
However, both studies use nonrandomized controls without 
an objective means of assessing the demarcation level.

In regard to thrombolytic therapy in general, Gonzaga 
et al. in 2016 published a retrospective observational cohort 
study of 69 patients from 1994 to 2007 with severe frostbite 
confirmed by angiography, 62 of whom underwent thrombo-
lytic therapy which included Urokinase (N  =  19), tPA 
(N = 18), Reteplase (N = 14), and TNKase (N = 11). Of these 
groups, there was no significant difference in response to dif-
ferent thrombolytic agents. They report a combined 68.6% 

digit salvage rate with 148 digits requiring amputation out of 
472 digits at risk. Similar to both studies by Twomey and 
Bruen, Gonzaga et al. also describe the scenario in which 7 
patients were given intra-arterial thrombolytic therapy post- 
24 h and none of the patients responded, all requiring digit 
amputations [63].

The dosage and duration of tPA administered in these 
studies varied per patient, ranging from an infusion of 
0.25–1 mg/h with an overall duration of 8–42 h of treatment 
time. Bruen et  al. initiated therapy with intra-arterial tPA 
bolus of 2–4 mg followed by a constant infusion 1 mg/h with 
heparin infusion of 500 units/h (Fig. 42.2). The duration of 
therapy was based on angiographical improvements at 12 h 
post-infusion and subsequently 24 h. Twomey et al. recom-
mends a bolus of 0.15 mg/kg followed by a constant 0.15 mg/
kg/h. infusion over 6 h up to a maximum of 100 mg with a 
therapeutic heparin infusion for 3–5 days titrated to double 

Placement of Catheter
Into Brachial or
Femoral Artery

tPA Bolus of 2-4 mg

Administration of tPA
at 1 mg/h

Administration of
Heparin at 500 U/h

CBC/Plts/Fibrinogen/ 
PTT Every 6 h

Repeat Angiography
at 12 h

Fibrinogen <150 mg/dL

Complete Reperfusion

Discontinue tPA
Infusion

Discontinue tPA
Infusion

Continue Heparin for
72-96 h

Repeat Angiography
at 24 h

Fig. 42.2 The University 
of Utah frostbite treatment 
algorithm. CBC complete 
blood cell count; Plts 
platelets; PTT partial 
thromboplastin time; tPA 
tissue plasminogen activator. 
From Bruen KJ, Ballard JR, 
Morris SE, Cochran A, 
Edelman LS, Saffle JR. 
Reduction of the incidence of 
amputation in frostbite injury 
with thrombolytic therapy. 
Arch Surg. 
2007;142(6):546–53
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PTT control values. In cases of post 24 h of cold exposure, 
warm ischemia time of greater than 6 h, or evidence of mul-
tiple freeze-thaw cycles, administration of tPA showed little 
benefit to limb salvage [74]. Furthermore, the call to admin-
ister tPA also is based on eligibility of the patient for throm-
bolytic therapy. Criteria of contraindications include 
evidence or possibility of internal bleeding, history of intra-
cranial hemorrhage, recent surgery, neurological impair-
ment, or bleeding diathesis.

Early evidence suggests that tPA use in frostbite is that, 
when used within the first 24  h of injury, it significantly 
reduces tissue death and ultimately the need for amputation 
[74, 75, 84]. Although both Twomey et al. and Bruen et al. 
report convincingly remarkable results, it is important to 
note the limitations of these studies. Both studies use his-
torical control groups that date back to more than a decade. 
It can be argued that medical management and wound care 
has improved over the years and there was no mention of 
whether the included patients were administered aspirin or 
nonsteroidal anti-inflammatory drugs during the initial tri-
age. Thus, it may have been possible that patients who 
received tPA might have improved without thrombolytic 
therapy. Furthermore, as many patient comorbidities can 
affect tissue perfusion and subsequent recovery, it is unclear 
of the patient factors in these control groups. The adminis-
tration of tPA is also not without risk, Twomey et al. describe 
2 patients who developed retroperitoneal bleeding as a com-
plication of tPA therapy. As such, the decision to initiate 
thrombolytic therapy should have all these factors consid-
ered, and the appropriate risks and complications should be 
explained to patient prior to administration.

42.7.2.4  Iloprost
A synthetic analogue of prostacyclin PGI2, Iloprost produces 
vasodilation, inhibits platelet aggregation, and enhances 
fibrinolytic activity [64, 76, 96, 97]. Given its properties, it 
has been used clinically for pulmonary hypertension, healing 
of digital ulcers secondary to systemic sclerosis and 
Raynaud’s phenomenon, and peripheral arterial disease inel-
igible for revascularization [98–100]. In vitro animal studies 
have shown evidence to suggest that it exhibits cytoprotec-
tive properties to vascular endothelium in the hypoxic envi-
ronments [97]. It is primarily hepatically metabolized and 
possesses a half-life of 20–30 min. Mechanistically, Iloprost 
binds to G protein coupled prostacyclin (IP) and prostaglan-
din EP1 receptors which act to stimulate adenylate cyclase 
producing cyclic AMP (cAMP). This increase in cAMP 
results in the relaxation of vascular smooth muscle through 
the activation of protein kinase A (PKA) to promote 
 phosphorylation of myosin light chains [101]. cAMP also 
results in the inhibition of platelet aggregation through the 
inhibition of TXA2-induced cytosolic calcium increase 
[102]. In a similar setting of progressive tissue ischemia, 
Musial et al. studied the effects of Iloprost in patients with 

peripheral arterial disease and demonstrated an enhanced 
profibrinolytic activity with increased levels of intrinsic tis-
sue plasminogen activator (tPA) in those administered 
Iloprost 5 h a day for 3 days, suggesting that PGI2 facilitates 
the release of thrombolytic activity via tissue plasminogen 
activator (tPA) from the vessel wall [76]. Furthermore, PGI2 
has also been shown to inhibit arachidonic acid-induced 
platelet shape change and prevent sphering that is associated 
with platelet aggregation [96]. All these effects are beneficial 
in reducing further progression of tissue ischemia secondary 
to microcirculatory thrombosis post freeze-thaw phase in 
frostbite injury. Currently, it is not commercially available in 
an intravenous form in Canada nor the United States but has 
been used in Europe since the 1990s.

Iloprost has been a medication of much interest in the 
treatment of frostbite. The first report of its efficacy in severe 
frostbite was in 1994 where Groechenig described the treat-
ment potential of iloprost after noting full recovery in 5 
patients with grade 2 and 3 frostbite injuries that were treated 
for 14 days at a dose of 2 ng/kg [64]. More recently in 2011, 
Cauchy et al. published a randomized control trial compar-
ing the efficacy of aspirin + buflomedil, aspirin +  iloprost, 
and aspirin + iloprost + recombinant tissue plasminogen acti-
vator (rt-PA) in rates of digit amputation. In 47 patients with 
severe (grade 3 or grade 4) frostbite, they report a significant 
difference in the amputation rate of 60% (9/15 patients) in 
the group treated with buflomedil, 0% (0/16 patients) in the 
group treated with iloprost, and 19% (3/16 patients) in the 
group treated with iloprost plus rt-PA [103]. Most recently in 
2017, Lindford et al. published a small retrospective obser-
vation cohort study involving 14 patients with severe frost-
bite, nine of whom underwent fibrinolytic therapy with tPA, 
three underwent iloprost therapy, and two patients received 
neither treatments due to contraindications. Despite the large 
discrepancy in sample sizes between test groups, they report 
an overall digital salvage rate of 75% in the tPA group, and a 
78% salvage rate in the patients treated with iloprost. It was 
also noted that the digital salvage rate in one patient after 
iloprost infusion was 11% as they were treated more than 
24 h from injury [104].

The benefits of iloprost compared to tPA therapy are four- 
fold: it does not require angiographic evaluation every 24 h 
to titrate therapy, it can be administered on a general ward, it 
does not have contraindications in the setting of trauma, and 
early evidence has shown efficacy in even after 24  h post 
frostbite injury [84, 105]. Cauchy et al. recommend iloprost 
administration within 48 h after rewarming [106]. Although 
iloprost is not currently, available in the United States or 
Canada, Poole and Gauthier published a recent case series in 
2016, reporting favorable results in 2 patients in Northern 
Canada with full recovery from grade 3 frostbite injury and 
supporting the feasibility and efficacy of iloprost therapy in 
a community hospital setting [107]. Heil et al. have described 
an early suggestive algorithm (Fig. 42.3).

42 Frostbite



542

F
re

ez
in

g
 C

o
ld

 In
ju

ry
 M

an
ag

em
en

t 

F
or

 u
se

 in
 th

e 
pr

im
ar

y 
ca

re
 s

et
tin

g 
or

 b
y 

th
os

e 
w

ith
 li

m
ite

d 
ex

pe
rie

nc
e 

of
 tr

ea
tin

g 
co

ld
 w

ea
th

er
 in

ju
rie

s.

E
va

cu
at

e 
P

at
ie

n
t 

fr
o

m
 c

o
ld

 e
nv

ir
o

n
m

en
t

O
nl

y 
sl

ow
 r

e-
w

ar
m

in
g 

to
 ta

ke
 p

la
ce

 d
ur

in
g 

tr
an

sp
or

ta
tio

n,
 w

ith
 th

e 
af

fe
ct

ed
 li

m
bs

 im
m

ob
ili

se
d 

an
d 

pr
ot

ec
te

d 
fr

om
 fu

rt
he

r 
in

ju
ry

.
T

R
E

A
T

M
E

N
T

 S
H

O
U

L
D

 N
O

T
 C

O
M

M
E

N
C

E
 U

N
T

IL
 T

H
E

 R
IS

K
 O

F
 R

E
F

R
E

E
Z

IN
G

 H
A

S
 B

E
E

N
 C

O
M

P
L

E
T

E
LY

 E
X

C
L

U
D

E
D

.

E
va

lu
at

e 
d

eg
re

e 
o

f 
F

ro
st

b
it

e
R

ef
er

 to
 T

ab
le

 2
. f

or
 c

la
ss

ifi
ca

tio
n 

an
d 

si
gn

s.

R
ep

ea
t 

A
n

g
io

g
ra

p
hy

 d
ai

ly
A

w
ai

t 
D

em
ar

ca
ti

o
n

M
aj

o
r 

F
ro

st
b

it
e

R
ew

ar
m

in
g

: A
s 

fo
r 

M
aj

o
r 

F
ro

st
b

it
e

S
p

ec
ia

lis
t 

R
ev

ie
w

: 
R

ef
er

 to
 tr

au
m

a 
ce

nt
re

 w
ith

 c
ol

d 
w

ea
th

er
 in

ju
ry

 e
xp

er
tis

e.
E

va
lu

at
io

n 
fo

r 
Fa

sc
io

to
m

y 
sh

ou
ld

 b
e 

co
m

pl
et

ed
 b

ef
or

e 
re

w
ar

m
in

g 
is

 c
om

m
en

ce
d

M
in

o
r 

F
ro

st
b

it
e

R
ew

ar
m

in
g

: E
nt

ire
 in

ju
re

d 
ar

ea
 s

ho
ul

d 
be

 
im

m
er

se
d 

in
 s

tir
re

d 
w

at
er

 a
t 3

8–
41

°C
. A

 d
ilu

te
 

to
pi

ca
l a

nt
i-b

ac
te

ria
l s

ho
ul

d 
be

 a
dd

ed
 to

 th
e 

w
at

er
.

A
n

al
g

es
ia

: 
N

S
A

lD
s 

or
 O

pi
at

es
 a

s 
re

qu
ire

d,
 w

ith
m

on
ito

rin
g.

A
lo

e 
V

er
a:

 a
pp

lie
d 

re
gu

la
rly

 to
 a

ffe
ct

ed
 a

re
a.

P
ad

d
ed

 D
re

ss
in

g
s:

 to
 p

ro
te

ct
 in

ju
rie

s 
fr

om
 

ab
ra

si
on

 d
am

ag
e.

A
n

ti
b

io
ti

cs
: 

S
ho

ul
d 

be
 u

se
d 

pr
op

hy
la

ct
ic

al
ly

 if
 

op
en

 o
r 

di
rt

y 
w

ou
nd

s/
bl

is
te

rs
.

L
es

s 
th

an
 2

4 
h

o
u

rs
 s

in
ce

 in
ju

ry
 a

n
d

 
n

o
 C

o
n

tr
ai

n
d

ic
at

io
n

s 
to

 T
h

ro
m

b
o

ly
si

s

D
ia

g
n

o
st

ic
 A

n
g

io
g

ra
p

hy

IV
 T

is
su

e 
P

la
sm

in
o

g
en

 A
ct

iv
at

o
r 

+ 
H

ep
ar

in
S

ho
ul

d 
be

 c
ar

rie
d 

ou
t i

n 
H

D
U

 o
r 

IT
U

M
o

re
 t

h
an

 2
4 

h
o

u
rs

 s
in

ce
 in

ju
ry

 o
r

C
o

n
tr

ai
n

d
ic

at
io

n
s 

to
 T

h
ro

m
b

o
ly

si
s

99
 T

ec
h

n
et

iu
m

 S
ca

n
, D

ia
g

n
o

st
ic

A
n

g
io

g
ra

p
hy

 o
r 

M
R

 A
n

g
io

g
ra

p
hy

In
tr

a-
A

rt
er

ia
l I

lo
p

ro
st

 In
fu

si
o

n
S

ho
ul

d 
be

 c
ar

rie
d 

ou
t i

n 
H

D
U

 o
r 

IT
U

F
u

rt
h

er
 M

an
ag

em
en

t
R

ev
ie

w
: 

In
 s

pe
ci

al
is

t C
ol

d 
in

ju
ry

 c
en

tr
e*

 o
r 

se
co

nd
ar

y 
ca

re
 w

ith
 e

xp
er

ie
nc

e 
of

 F
C

I.
S

u
rg

er
y:

 S
ho

ul
d 

be
 a

vo
id

ed
 u

nt
il 

ad
vi

se
d 

by
 s

pe
ci

al
is

t C
ol

d 
In

ju
ry

 c
en

tr
e*

. U
nl

es
s 

in
th

e 
pr

es
en

ce
 o

f S
ep

si
s 

or
 C

om
pa

rt
m

en
t s

yn
dr

om
e.

* 
e.

g.
 C

ol
d 

W
ea

th
er

 In
ju

ry
 C

lin
ic

, I
ns

tit
ut

e 
of

 N
av

al
 M

ed
ic

in
e.

Fi
g.

 4
2.

3 
Fr

ee
zi

ng
 c

ol
d 

in
ju

ry
 m

an
ag

em
en

t. 
Fr

om
 H

ei
l 

K
, T

ho
m

as
 R

, R
ob

er
ts

on
 G

, P
or

te
r 

A
, M

iln
er

 R
, W

oo
d 

A
. F

re
ez

in
g 

an
d 

no
n-

fr
ee

zi
ng

 c
ol

d 
w

ea
th

er
 i

nj
ur

ie
s:

 a
 s

ys
te

m
at

ic
 r

ev
ie

w
. B

r 
M

ed
 

B
ul

l. 
20

16
;1

17
(1

):
79

–9
3

C. M. Nguyen et al.



543

The dosage and duration of iloprost therapy has ranged 
from a low (0.5 ng/kg/min) dose increasing to the standard 
(2 ng/kg/min) for 6 h a day for 5–8 days. The infusion rate is 
increased gradually to avoid adverse effects such as head-
aches or hypotension. In the similar context of cold vaso-
spasm, Torley et al. showed that both the low and standard 
doses were equally as effective in reducing severity of 
Raynaud’s phenomenon secondary to connective tissue dis-
ease and improve ulcer and ischemic lesion healing in these 
patients [108].

42.7.3  Potential Adjunctive Therapies

The following therapeutic options have only been described 
in case reports/series. As such, there is currently insufficient 
evidence to determine their efficacy and further prospective 
randomized control trials are warranted.

42.7.3.1  Hyperbaric Oxygen
The goal of hyperbaric oxygen (HBO2) is to correct tissue 
ischemia by increasing arterial PO2 and subsequent the dif-
fusion radius of oxygen. Physiologically, HBO2 therapy has 
been shown to reduce reperfusion injury by decreasing 
hypoxia-inducible factor 1 (HIF-1) and subsequent inflam-
mation by inhibiting neutrophil β2 integrin function, reduc-
ing pro-inflammatory cytokine production from 
monocyte-macrophages, and increasing the synthesis of 
wound healing mediators (FGF, TGF-β1, PDGF) [109]. 
HBO2 in severe frostbite was initially studied in 1963 with 
further case reports reporting favorable results in the fol-
lowing years [110–112]. This was further studied in depth 
through experimental animal studies in 1970 and 1972 
using mouse and rabbit models showing no difference in 
tissue survival [113, 114]. It has also been elucidated that 
HBO2 therapy at 2.5 atmospheres absolute (ATA) of 100% 
O2 for 28 treatments of 90 min each over 14 days decreased 
tissue levels of inflammatory cells, increased PGI2 levels, 
and did not change TXA2 levels in frostbitten rabbit ears 
[115].

Although unconvincing animal study results, several case 
reports in human patients have reported remarkable results 
[116, 117]. In terms of duration and settings of treatment, 
Lansdorp et al. describe two patients treated with HBO2 at 
2.5 ATA for 80 min/session for a total of 30 sessions after 
4 weeks of injury with deep frostbite injury showing quick 
demarcation and some tissue preservation [118]. Similarly, it 
has been reported in one case that the density of nutritive 
capillaries increases immediately after HBO2 therapy in a 
patient 2 weeks from frostbite injury [117]. Dwivedi et al. 
describe a case report of grade 3 frostbite treated with HBO2 

in addition to aloe vera gel, pentoxifylline, and ibuprofen. 
Treatment duration was 2.0 ATA, total time of 90 min/ses-
sion, twice/day for a total of 20 sessions with remarkable 
recovery [119].

Apart from several case reports, there have been no pro-
spective control trials formally addressing the effectiveness 
of HBO2 therapy in frostbite. As previously noted, early case 
reports have suggested physiologic effects and earlier demar-
cation in cases presenting more than 2 weeks after frostbite 
injury. As such evidence and indications for use as an adjunc-
tive therapy clinically for frostbite injury remain unclear and 
unsupported.

42.7.3.2  Sympathectomy
As the sympathetic noradrenergic system controls vasocon-
striction, eliminating input from the sympathetic nervous 
system would theoretically increase perfusion and alleviate 
tissue ischemia. Sympathectomy also aims to address late 
complications of frostbite and may have a role in alleviating 
long-term sequelae such as Raynaud’s syndrome, hyperhi-
drosis, and chronic pain secondary to vasomotor 
dysfunction.

It has been shown that early sympathectomy done within 
the first few hours of injury has been found to increase tissue 
edema and subsequent tissue loss. However, if performed 
after 24–48 h post-thaw, it has been shown to decrease tissue 
edema and expedite ulcer healing [120]. As such, it is not 
recommended to perform sympathectomy as part of acute 
frostbite management [29]. Cervico-thoracic sympathec-
tomy has shown relief in cases of debilitating Raynaud’s 
syndrome in the upper extremities while lumbar sympathec-
tomy alleviates pain and paresthesia after frostbite [120, 
121]. It is most important to consider that the surgical proce-
dure is irreversible and invasive.

Moreover, sympathectomy has been achieved using intra- 
arterial sympathetic blocking medication reserpine and 
tolazoline in animal models with frostbite showing reduced 
tissue loss similar to rapid rewarming [122]. Medical sympa-
thectomy with guanethidine block has shown no significant 
result in treating acute frostbite [123]. There is no evidence 
showing that either surgical or medical sympathectomy 
improves the rate of tissue salvage after frostbite injury in 
humans. With the advent of intravenous vasodilators such as 
iloprost, the indications for surgical sympathectomy remain 
unsupported and, thus, are not recommended [13].

42.7.4  Surgical

In the acute setting, fasciotomies may be required given tissue 
edema post-thaw with evidence of compartment syndrome 
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[29, 124]. In the more chronic setting of gangrenous or mum-
mified regions, surgical debridement and amputation for 
necrotic areas should be delayed at least 60–90  days 
(2–3 months) unless infection supervenes and overwhelming 
sepsis is present. This allows adequate timing to allow tissue 
to mummify, eschar to separate, and gangrenous area to 
clearly demarcate the borders of viable tissue. After adequate 
time for demarcation has passed, the mummified tissue is to 
be debrided or amputated as it may serve as a nidus for 
infection.

42.8  Conclusion

Frostbite is a common injury of morbidity that can lead to 
severe consequences. Its presentation and clinical sequelae 
is unique with an aspect of reperfusion injury and subse-
quent long time of demarcation. As discussed, seemingly 
benign initial presentation of frostbite may indeed lead to 
critical limb ischemia and gangrene requiring invasive sur-
gical intervention of amputation over a period of months. 
Diagnostic methods are continuously being studied and 
are aimed at predictive value for being able to predict the 
extent of demarcation or degree of injury for early inter-
vention and improvement of morbidity. Current standards 
include Technetium (Tc)-99m scintigraphy (triple-phase 
bone scanning), SPECT-CT, and digital subtractive angi-
ography in regard to estimating the extent of injury. 
Management is based on degree of injury and duration 
since initial injury. Early reported evidence has suggested 
favorable effects of thrombolysis and Iloprost administra-
tion in regard to remarkable tissue salvage within the first 
24 h of injury although high-quality randomized controlled 
trials are lacking. After 24–48 h post-thaw in severe frost-
bite or if the tissue endured several cycles of freeze-thaw 
injury, the definitive options for salvage are usually lim-
ited to surgical intervention. As most published studies 
that report remarkable recovery are case series, there are 
very limited randomized control trials that objectively 
define the superiority and efficacy of therapeutic agents. 
Most importantly, there is currently no reliable predictor 
of level of limb amputation. Imaging modalities such as 
angiography or triple-phase bone scan have been routinely 
used for evaluating efficacy of treatments but no studies 
have shown reliability in predicting the level of demarca-
tion. In order to further understand and determine the opti-
mal therapeutic frostbite management options, larger 
multi-center, high-quality trials are warranted. Despite the 
current limitations in evidence, Frostbite continues to be 
an intriguing topic with new emerging therapeutic options 
and imaging modalities becoming available to reduce mor-
bidity of injury.
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Epidermal Necrolysis Spectrum 
from Basic Theory to Practice Essentials

Neil Shear and Abrar Bukhari

43.1  Introduction

Stevens–Johnson syndrome (SJS) and toxic epidermolysis 
necrosis (TEN) are rare, severe adverse cutaneous reactions 
that are often due to drugs with high morbidity and mortality. 
In the past, erythema multiforme (EM) was considered as 
part of epidermal necrolysis spectrum including Stevens–
Johnson syndrome (SJS) and TEN. Since the SCAR study, 
most authors have agreed on using the SCAR study classifi-
cation to separate EM from epidermal necrolysis (EN) 
(Table 43.1). SJS-TEN is used to describe a spectrum [2]. 
SJS is characterized by less than 10% total body surface area 
of detached or detachable skin and SJS-TEN overlap has 
10–30%, while TEN has more than 30% body surface area 
detachment.

43.2  Epidemiology

The incidence is 2–7 cases per million people per year [3]. It 
is well known that this rare drug reaction affects women at a 
slightly higher rate than men. SJS/TEN can occur at any age 
group, but it appears to affect adults more than children [4]. 
Mortality rates of SJS, SJS-TEN, and TEN were 5–10%, 
30%, and 50%, respectively [5, 6].

Certain risk factors make patients at higher risk of this 
disorder such as being a slow acetylator, immunocompro-
mised hosts, concurrent use of radiotherapy and anticonvul-
sants, specific human leukocyte antigen (HLA) alleles, and 
ethnicity. Racial disparities in SJS/TEN incidence was 
reported by a large population-based study, which found that 
SJS/TEN is more strongly associated with people of non-
white ethnicities, particularly Asians and Blacks [7]. Asian 
patients have twofold higher risk when compared to 
Caucasian patients [8]. Thus, FDA recently recommended 
genotyping of Asians for the allele HLA-B∗15:02 prior to 
the administration of carbamazepine (Table 43.2).

Use of medication is the most common cause of EN. Other 
rare causes reported in literature include infection and vac-
cination, and collagen vascular diseases have been found to 
account for a small number of cases [10–13]. This is most 
likely due to confusion regarding diagnostic consideration 
among SJS, EM, and Mycoplasma pneumoniae-induced rash 
and mucositis (MIRM).

Hundreds of medications have been reported as being 
associated with EN. Commonly implicated medications are 
allopurinol, aromatic anticonvulsants, antimicrobial sulfon-
amides, lamotrigine, nevirapine, and oxicam nonsteroidal 
anti-inflammatory drugs (Table 43.3). Other low-risk medi-
cation includes sertraline, acetic acid nonsteroidal anti- 
inflammatory drugs, macrolides, quinolones, cephalosporins, 
and aminopenicillins [14]. Newer drugs such as nivolumab 
and ipilimumab have likewise been reported to cause SJS/
TEN [15, 16].
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Table 43.1 SCAR study classification of EMM and EN

Classification Type of lesions Distribution %BSA
EMM Typical target Acral –
SJS Spots atypical target Widespread <10
SJS–TEN overlap Spots atypical target Widespread 10–

30%
TEN with spots Spots atypical target Widespread ≥30%
TEN without spots Diffuse erythema, no 

spots or target
Widespread ≥30%

Adopted from Jean-Claude Roujeau [1]
SCAR Severe Cutaneous Adverse Reactions study, BSA body surface 
area

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18940-2_43&domain=pdf
mailto:Neil.Shear@sunnybrook.ca
mailto:aebukhari@imamu.edu.sa


550

43.3  Pathogenesis

Several theories have been proposed for the pathogenesis 
of epidermolytic necrolysis, but molecular sequencing and 
cellular events are not fully understood. In susceptible indi-
viduals, upon exposure to a certain drug or one of its 
metabolite, a series of reactions occur that lead to keratino-
cytes apoptosis and subsequent epidermal necrosis and 
detachment [9].

43.3.1  Antigen Presentation

Drugs are considered as foreign body material that are too 
small on their own to be immunogenic. But when they 
bind to hapten-carrier complex, they are presented to 
HLA molecules, and then are recognized by T-cell recep-
tors (TCR). This recognition results in the induction of 

drug-specific immune response by CD8+ cytotoxic T cell 
(CTL).

43.3.2  Fas-FasL Interaction

Fas ligands (FasL) are transmembrane protein molecules 
expressed on target cells that belong to tumor necrosis factor 
(TNF) family. Upon their interaction, Fas-associated death 
domain proteins (FAAD) is recruited and bind to Fas-FasL 
complex. Subsequently, FAAD recruits procaspase 8, turn-
ing it into caspase 8 and triggering it into caspase cascade 
which result in DNA degranulation. However, the molecular 
events leading to the upregulation of surface keratinocyte 
FasL during TEN remain unknown [17].

43.3.3  Perforin/Granzyme B

Other research suggests that perforin and granzyme B play 
more important role in keratinocytes apoptosis in EN than 
does Fas–FasL interaction. Granzyme B is a serine protease 
released by cytoplasmic granules that induce apoptosis. 
Upon activation, CTL and natural killer cells (NK) produce 
perforin, which in turn delineates the entry of granzyme B 
into the target cells [18–20].

Table 43.2 HLA association in different population

Associated drug HLA allele Specific eruption Ethnicity
Aromatic convulsant B∗15:02 SJS/TEN Han Chinese, Indian, Malaysian, Vietnamese, 

Singaporean, Hong Kongese
Carbamazepine A∗31:01 DRESS/SJS/TEN Northern European, Japanese, Korean

B∗15:11 SJS/TEN Han Chinese, Japanese, Korean

B∗59:01 SJS/TEN Japanese

B∗38:01 SJS/TEN Spanish

B∗15:02 SJS/TEN Han Chinese, Thai

B∗51:01 SJS/TEN Han Chinese, Japanese, Malaysian

Oxcarbazepine A∗33:03, B∗38:02, B∗51:01, B∗56:02, 
B∗58:01, C∗14:02

SJS/TEN Thai

Phenytoin B∗15:13 DRESS/SJS/TEN Malaysian

CYP2C9∗3 DRESS/SJS/TEN Han Chinese, Japanese, Malaysian

CYP2C9∗3 SJS/TEN Thai

B∗15:02 SJS/TEN Han Chinese

B∗38; B∗58:01, A∗68:01, Cw∗07:18 SJS/TEN European

Phenobarbital B∗38:01 SJS/TEN Spanish

Lamotrigine A∗31:01 SJS/TEN Korean

A∗24:02 DRESS/SJS/TEN Spanish

Allopurinol B∗58:01 DRESS/SJS/TEN Han Chinese, Thai, Japanese, Korean, European

Nevirapine C∗04:01 DRESS/SJS/TEN Malawian

Cotrimoxazole B∗15:02, C∗06:02, C∗08:01 SJS/TEN Thai

Sulfamethoxazole B∗38:02 SJS/TEN European

Sulfonamide A∗29, B∗12, DR∗7 TEN European

Oxicam NSAIDs B∗73:01 SJS/TEN European

Methazolamide B∗59:01, CW∗01:02 SJS/TEN Korean, Japanese

Adopted with modification from Chun-Bing Chen et al. [9]

Table 43.3 High-risk drug causing epidermal necrolysis

Allopurinol
Aromatic anticonvulsants: carbamazepine, phenobarbital, phenytoin
Antibacterial sulfonamides: sulfamethoxazole, sulfasalazine
Lamotrigine
Nevirapine
Oxicam nonsteroidal anti-inflammatory drugs

N. Shear and A. Bukhari
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43.3.4  Granulysin

Granulysin is a cytolytic protein produced mainly by CTL, 
NK cells, and NK T cells. This molecule participates in pro-
grammed cellular death by creating holes in cellular mem-
brane and thereby cellular destruction. In 2008, Chung et al. 
provided evidence that granulysin is the key mediator for 
disseminated keratinocyte apoptosis in SJS/TEN. This study 
found that the granulysin level in blister fluids of SJS/TEN 
patient was much higher than other cytotoxic proteins, such 
as Fas-FasL, perforin, and granzyme B [21].

43.3.5  Delayed-Type Drug Hypersensitivity

Specific T lymphocytes or NK cells are activated upon anti-
gen recognition. Soon afterwards, various cytokines/chemo-
kines are released to attack keratinocytes or promote 
trafficking, proliferation, regulation, or activation of T cells 
and other leukocytes.

43.3.6  Other Cytokines and Chemokines Are 
Involved in EN Pathogenesis Such 
as TNF-α, IFN-γ and IL-15 & IL-36

TNF-α is a major proinflammatory cytokine and is produced 
by macrophages, T lymphocytes, NK cells, neutrophils, mast 
cells and eosinophils. This molecule is highly expressed in 
plasma and blister fluids of SJS/TEN and appear to be a sig-
nificant inducer of keratinocyte apoptosis [22].

IFN-γ is a significant cytokine for innate and adaptive 
immunity that is mainly produced by CD4+ T-helper cells, 
CD8+ CTL, and NK cells. IFN-γ was found to be elevated in 
skin tissue, blister, and plasma of SJS/TEN patients. In 2013, 
Viard-Leveugle et  al. suggested a link between two path 
mechanism modalities of EN, delayed-type drug hypersensi-
tivity and target cellular death. This study demonstrated that 
activated T cells secrete high amount of TNF-α and IFN-γ 
which lead to an increased expression and activity of induc-
ible nitric oxide synthetase (iNOS). The resulting increase in 
nitric oxide significantly upregulates keratinocyte FasL 
expression and eventually keratinocyte apoptosis.

IL-15 and IL-36 participate in the immune reaction of EN 
by regulating trafficking, proliferation, and activation of T 
lymphocytes. Moreover, IL-15 has also been shown to 
enhance the cytotoxicity of cultured NK cells and blister 
cells from TEN [5]. Thereby IL-15 has been found to be 
associated with disease severity and mortality of SJS/TEN.

43.4  Clinical Presentation

EN presentation starts typically within 4–28 days of expo-
sure to medication, with a prodrome of malaise, fatigue, 

anorexia, cough, and fever. Three  days later, skin lesions 
appear on the trunk or face and progress to the extremities; 
with painful ill-defined erythematous coalescing macules 
and patches and central purpura (Fig.  43.1). These lesions 
could be confused with the targetoid lesions of erythema 
multiforme. A clinical clue that could differentiate between 
these two entities is that in SJS the rash is macular and flat in 
nature, while in EM it is more popular and raised which is 
also associated with more classic target lesions.

These lesions will evolve into extensive areas of detached 
epidermis (Fig. 43.2). If spontaneous detachment was absent 
at clinical presentation, Nicolsky sign must be sought by 
exerting tangential force by a thumb to several macules. This 
sign is considered positive if dermo-epidermal shearing was 
induced. Ocular stinging, photophobia, conjunctival itching, 
bleeding of lips, epistaxis, dysphagia, odynophagia, dysuria, 
hematuria, and genital pain are early signs and symptoms of 
mucosal involvement. Systemic manifestation include fever, 
lymphadenopathy, transaminitis and cellular cytopenia.

When necrotic epidermis detaches from underlying der-
mis, fluid fills in this gap, giving rise to flaccid bullae. These 
blisters will spread laterally if a slight pressure was applied 
“Asboe-Hansen sign, Nikolsky II sign or Indirect Nikolsky 
sign.” Tense bullae are rare findings that could appear on pal-
moplantar surfaces where epidermis is thicker. Sloughing of 

Fig. 43.1 Multiple coalescing dusky erythematous patches. Some of 
these patches have central purpura and or bullae

43 Epidermal Necrolysis Spectrum from Basic Theory to Practice Essentials
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large sheets of epidermis leaves exposed weepy denuded 
bleeding dermis and threat of infection, dehydration, hypo-
thermia, and high cardiac output failure [23].

Erosive mucosal lesions are described in 97% of patients 
with the involvement of oral mucosa present in almost all 
patients, eyes in 75% and genital lesions in 50% [24]. Any 
mucosal surface could be affected, and consequently, stoma-
titis, conjunctivitis, adhesions, vision loss, urethritis, procti-
tis, vaginitis, tracheo-bronchitis, pneumonia, and enteritis 
will take place.

Epidermal detachment may progress for 7 days. Followed 
by re-epithelialization over 3  weeks. Mucosal re- 
epithelialization except oral mucosa may require several 
months to be completed. Unfortunately, healing can be 
imperfect, and patients suffer from the consequences of scar-
ring including but not limited to symblepharon, ankylo-
blepharon, entropion, subsequent trichiasis, phimosis, and 
vaginal synechiae, cutaneous scarring, eruptive melanocytic 
nevi, nail dystrophy, and diffuse hair loss.

When admitting such a patient, the exact percentage of 
epidermal detachment should be documented accurately as 
it constitutes a major prognostic factor. Usually, epidermal 
necrolysis is overestimated; hence, clinicians should 
include detached and detachable patches without purely 

erythematous patches. Extent of detachment helps define 
three categories of EN:

 <10% :SJS  

 10 30− −% :SJS TENoverlap  

 > 30% : TEN  

Unfortunately, there are no clear criteria to predict which 
SJS patient will progress to TEN.

SCORTEN is a system used on day 0 and day 3 to predict 
mortality risk in TEN patients. It is calculated based on seven 
parameters: age, malignancy, heart rate more than 120, body 
surface area of more than 10% at admission, and certain 
blood chemistries (serum urea, bicarbonate, and glucose) 
(Table 43.4). Some studies have confirmed SCORTEN as an 
accurate predictor of TEN-related mortality [26, 27]. One 
third of TEN patients die with the most common cause of 
death is infection. The most common infective organism is 
Staphylococcus aureus followed by Pseudomonas 
 aeruginosa after prolonged admission. Other causes of mor-
tality include pulmonary embolism, respiratory distress syn-
drome, gastrointestinal hemorrhage, and multiorgan failure 
secondary to massive trans-epidermal fluid loss associated 
with electrolyte imbalance, inhibition of insulin secretion, 
insulin resistance, and onset of a hypercatabolic state.

43.5  Differential Diagnosis

Conditions that can mimic SJS/TEN include erythema multi-
forme, mycoplasma pneumoniae-induced rash and mucositis 
(MIRM), generalized fixed drug eruption, drug reaction with 
eosinophilia and systemic symptoms (DRESS), acute gener-
alized exanthematous pustulosis (AGEP), linear IgA bullous 
disease, pemphigus vulgaris, paraneoplastic pemphigus, 

Fig. 43.2 Extensive large epidermal sheet detachment

Table 43.4 SCORTEN calculation and predicted mortality

Calculation Age > 40 years
Presence of malignancy
Heart rate >120 beats/min
Epidermal detachment >10% at admission
Serum urea >10 mmol/L
Serum glucose >14 mmol/L
Bicarbonate <20 mmol/L

Number of parameters Predicted mortality (%)
0
1
2
3
4
5
6
7

1
4
12
32
62
85
95
99

Adopted with modification from D. Creamer et al. [25]
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TEN-like acute cutaneous lupus, TEN -like bullous 
Pemphigoid, staphylococcal scalded skin syndrome, Kawasaki 
disease, toxic erythema of chemotherapy, and acute graft ver-
sus host disease (GVHD). It is crucially important to involve 
dermatology as early as possible to confirm the diagnosis.

43.6  Approach

The diagnosis of SJS/TEN is based on three clinical ele-
ments: cutaneous and mucous membrane involvement and 
histological findings. Drug causality is best to be assessed 
using the Algorithm of Drug causality for epidermal necroly-
sis (ALDEN). This algorithm takes into consideration dura-
tion from drug intake to onset of rash, presence of drug in 
body on index day, rechallenge, dechallenge, and other alter-
native causes [28]. If EN is suspected, the most important 
initial step is discontinuing any potential culprit drug imme-
diately. Studies have estimated that prompt withdrawal of 
any probable offending drug reduces the risk of death by 
30% per day [29]. Patients must be assessed by a dermatolo-
gist as soon as possible and immediate processing of frozen 
cryostat section for confirmation of diagnosis (Table 43.5).

Histological findings depend on the age of the skin 
lesions. In early lesions, apoptotic keratinocytes are observed 
at basal and suprabasilar epidermal layers which correlate 
clinically with dusky erythematous macules. Later on, sub-
epidermal blister with panepidermal necrosis is observed 
with sparse perivascular lymphocytic infiltrate (CD8+) and 
macrophages (Fig. 43.3). Patients should be shifted to inten-
sive care unit for better observation and management. 
However, as epidermal detachment approaches 20%, trans-
ferring the patient to a burn unit with expertise in dealing 
with EN cases is preferable due to complexity of wound care 
and pain management. The most important point to keep in 
mind while managing EN patient is that it needs a multidis-
ciplinary team approach and meticulous assessment and 
 follow- up to improve prognosis as it is a rapidly progressive 
disease.

43.7  Management

43.7.1  Supportive Care

Supportive care is an essential primary step in managing this 
complex multisystemic disease which is similar to that per-
formed for severe thermal burns, and it is aimed at limiting 
associated complications mentioned earlier. Ambient room 
temperature should be increased to 30–32  °C.  Instead of 
regular bed and sheets, use of a controlled pressure, thermo-
regulated bed and an aluminum survival sheet is recom-
mended. The patient should be handled in a sterile 
environment with the least manipulation possible as each 
and every movement is a potential trigger of epidermal 
detachment. Peripheral venous access should ideally be 

Table 43.5 Initial approach

Immediate 
discontinuation 
of any potential 
drug

Use ALDEN score to assess causality. Over the 
counter, herbal and alternative medication must 
be included as well

History Detailed chronological order of medications and 
symptoms

Physical 
examination

Vital signs, extent of epidermal involvement, all 
mucosal membrane

Investigations –  CBC, CRP, liver function, electrolytes, serum 
urea nitrogen, creatinine, glucose level, 
bicarbonate, mycoplasma serology, HSV 
serology, DFA and chest X-ray

–  HLA typing patients’ ethnicity
–  Multiple skin biopsies from most 

representative lesions, one of which should be 
a perilesional skin biopsy and sent for DIF

–  If prednisone, cyclosporine or etanercept was 
considered: add the following investigations: 
hepatitis B immune status, hepatitis C, HIV, 
quantiferon gold, uric acid, and pregnancy test

–  If IVIG is considered for the treatment, add 
the IgA level

Assessment of 
SCORTEN

Calculate the score at admission (day 0) and 
repeat in day 3

Assessment of 
multiorgan 
failure

Blood and wound cultures every 48 h
Use sepsis score
No need for prophylactic antibiotic
Discontinue any existing antibiotic in the absence 
of documented infection

Urgent 
consultation

Ophthalmology
ENT
GYN/urology
Pain management specialist

Fig. 43.3 Histopathological features of epidermal necrolysis. Partial 
intact epidermis transitioning to confluent epidermal necrosis with 
sloughing, subtle background interface dermatitis, and paucicellular 
lymphocytic infiltrate. Courtesy of Shachar Sade, MD
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established in intact skin and should be changed every 48 h 
if possible. Initial fluid replacement is calculated by the 
formula

 2mL kg percentage of body skin area skin detachment/ ×

which is then titrated based on the patients’ response to 
prevent organ hypoperfusion and shock [30]. The target 
point is to maintain mean arterial pressure >65 mmHg and 
urine output of 0.5–1 mL/kg/h. A urinary catheter is a good 
accurate tool to monitor urine out and assist fluid replace-
ment. In case of urogenital involvement, it also helps man-
aging micturition associated dysuria and retention. 
Cutaneous pain is very common in SJS/TEN especially at 
detached areas. Until now, there is no disease-specific evi-
dence for pain management in SJS/TEN, and it is managed 
similarly to burn patients. Thus, pain management should 
be based upon patient’s assessment at least once a day 
using a numerical scale and managed based on World 
Health Organization’s (WHO) analgesic ladder [31]. 
Nonsteroidal anti- inflammatory drugs should be avoided 
because of the potential renal and gastric injury. Several 
pharmacological agents can be considered including nono-
pioid analgesics, anxiolytics, and anesthetics. Opioids 
such as morphine and fentanyl are the most commonly 
used agents for acute pain relief. Nonopioid analgesics 
(e.g., dexmedetomidine and ketamine) could also be con-
sidered for short period analgesia and sedation during 
debridement and/or dressing. Anxiolytic drugs such as 
benzodiazepines can be useful in premediating patients for 
wound care [32].

As patient will be bed bound for a prolonged time, throm-
boprophylaxis is a must unless contraindicated. In such a 
hypercatabolic state, feeding and accurate calorie intake is 
vital for patients’ recovery, e.g., deliver up to 20–25 kcal/kg 
daily during the early, catabolic phase of SJS/TEN. During 
the anabolic, recovery phase, the aim should be to provide 
between 25 and 30 kcal/kg daily [25].

43.7.2  Dressing

As mentioned earlier, due to severe pain, handling skin 
should be done under conscious sedation, once daily with 
least manipulation possible. Although there is controversy 
between debridement and avoiding debridement, avoiding 
debridement is preferable to keep detached epidermis as a 
biological dressing and reduce the risk of infection. Despite 
all the similarities between burn injury and EN, injury in 
EN is from an endogenous versus an exogenous source in 
burn.

Bullae and larger vesicles should be aspirated followed by 
allowing roof to settle onto underlying dermis. Bland emol-
lient such as soft paraffin should be applied generously to 
skin affected areas after cleaning with warm sterile isotonic 

sodium chloride solution. Denuded dermis exudes serum and 
 hemorrhagic crust which serve a rich environment for 
 microbial biofilms, which in turn will impair healing and 
predispose to systemic sepsis.

Topical antimicrobial ointment such as mupirocin or less 
preferably silver containing dressing/products due to poten-
tial risk of argyria when these products are applied over large 
body surface area.

Skin re-epithelialization start from adjacent intact hair 
follicles, which is impaired when large body surface area is 
affected. Hence, if TBSA >40%, use of skin substitute should 
be considered such as Biobrane (Smith & Nephew, London, 
UK, allograft, xenograft). The dressing over the graft should 
have some antimicrobial agent and changed every 1–3 days. 
Other option is silicon dressing which could be left in place 
till re-epithelialization occurs, but it needs to be cleansed 
every day.

Multiple swabs for bacterial and candidal from different 
sites particularly the sloughy or crusted areas must be taken 
every other day throughout the acute phase of SJS/
TEN. Herpes activation should be considered when vesicular 
lesions become more painful or healing slows down particu-
larly in genital and oral sites.

43.7.3  Special Care to Specific Mucosal 
Surfaces

43.7.3.1  Ocular
Ocular involvement in EN is evolved rapidly, and hence, 
ophthalmology should be involved urgently at initial assess-
ment and followed up daily afterwards. Preservative-free 
artificial tears and ointment should be applied every 2  h. 
Removal of inflammatory debris and break down of 
 conjunctival adhesion should be carried out by an ophthal-
mologist. Blind sweeping of fornices should be avoided as it 
might cause damage. Topical corticosteroid drops will reduce 
ocular surface damage in acute phase of SJS/TEN.  Broad 
spectrum topical antibiotic prophylaxis is recommended in 
the presence of corneal fluorescein staining or frank ulcer-
ation. In patients with ocular epithelial loss, amniotic mem-
brane transplant (AMT) can be used as research has shown 
that AMT could improve ocular outcome.

Patients with chronic eye involvement require lifelong 
follow-up for dryness, conjunctival inflammation, and ocular 
discomfort.

43.7.3.2  Oral
White oral soft paraffin should be applied to lips every 2 h. 
Mouth should be cleaned daily with warm sterile saline 
mouthwash and oral sponges to reduce fibrotic scar formation. 
Antiseptic oral rinse such as hydrogen peroxide or diluted 
0.2% chlorhexidine mouthwash should be used twice to 
reduce bacterial colonization. Better local pain management 
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can be achieved by using viscous lidocaine application or 
similar products. Topical corticosteroid should be applied four 
times a day. If there is profound bleeding, topical epinephrine 
or tranexamic acid can be used.

Long-term squeal of oral involvement can appear as sicca 
syndrome secondary to salivary gland involvement or intra-
oral scarring which may result in difficulty in speaking or 
eating.

43.7.3.3  Genital
Early assessment by a gynecologist is a must for full vaginal 
examination and prevention of scarring. White soft paraffin 
should be reapplied every 2–4 h. A clinician should have a 
low threshold for diagnosing infection such as bacterial or 
yeast infection or herpes reactivation. A dilator/tampon 
warped in Mepitel and catheter should be inserted into vagina 
and urethra, respectively, to prevent synechiae formation 
which will result in long-term sexual and urethral dysfunc-
tion. A potent topical steroid “Clobetasol propionate 
ointment”can be applied once on the involved uneroded 
surfaces.

43.7.4  Sepsis Detection and Management

Clinical presentation of SJS/TEN could include fever, neu-
trophilia/neutropenia as well as elevated inflammatory mark-
ers (ESR and CRP), which makes diagnosis of sepsis as 
trickier. Hence, patient should be observed for clinical signs 
of systemic infection such as confusion, hypotension, 
reduced oxygen saturation, reduced urinary output, and most 
importantly positive bacterial culture from blood, urine, or 
sputum. TEN/DRESS overlap syndrome must be considered 
as it mimics sepsis in the absence of positive microbial cul-
ture. Indiscriminate prophylactic systemic antibiotic may 
increase cutaneous colonization in particular with Candida 
albicans; therefore, antibiotics should be restricted for 
patients with confirmed infection.

43.7.5  Medications

Recently a randomized controlled study concluded by 
Chuang WW et al. was published. This study compared the 
efficacy of TNA-α inhibitor etanercept versus systemic corti-
costeroids [22]. Etanercept improved SCORTEN-based pre-
dicted mortality rate (17.7% and 8.3%, respectively). 
Etanercept should be given at 50 mg upon arrival as soon as 
possible on day 0. Based on patient evolution, a second dose 
can be given on day 4 [3].

A study by Valeyrie-Allanore et al. compared SCORTEN- 
predicted mortality between 29 patients received cyclosporine 
and six patients treated with systemic steroids and demon-
strated a benefit of cyclosporine over corticosteroids [26]. A 

concomitant intravenous administration of cyclosporine at a 
dose of 5 mg/kg/day is divided into twice daily for 10 days. 
Followed by switching to oral dosing once re- epithelialization 
is started, oral intake is possible and tapering over 30 days.

If cyclosporine was contraindicated due to renal impair-
ment or if there were suggesting clinical features of DRESS 
syndrome or TEN/DRESS overlap such as fever, eosino-
philia, facial edema, adenopathy, or atypical lymphocytes, a 
short course of intravenous corticosteroid (methylpredniso-
lone) serves a good alternative therapeutic option. Solumedrol 
125–250  mg can be given intravenously twice a day for 
3 days and then tapered over 7 days.

Intravenous immunoglobulin (IVIG) is still popular in 
many centers in North America. However, there is no high- 
quality evidence to support the use of IVIG in EN.

43.7.6  Discharge and Follow-Up

Before discharge, patients must be provided with informa-
tion about culprit drug and cross reactors and the need for 
strict avoidance as re-exposure might be fatal. Drug sensitiv-
ity must be documented in patient’s chart and a detailed let-
ter should be sent to the patient’s family doctor. SJS 
awareness and support group can be accessed by patients 
(http://www.sjscanada.org/).

Psychological disorders including depression and anxiety 
are common among survivors [33]. In fact, psychological 
impact has been compared to that of posttraumatic stress dis-
order [34]. Dodiuk-Gad et al. conducted a cohort study that 
included 17 survivors post EN to assess long-term 
 psychological complications of this disease using psycho-
metric, validated scales [35]. She found that 65% of partici-
pants had symptoms of posttraumatic stress, 29% had total 
scores in keeping with clinical signs of possible posttrauma 
stress disorder and 71% had scores indicating clinically sig-
nificant psychological distress.

EN patients suffer from long-term multisystemic compli-
cations. The most common complications are post- 
inflammatory dyschromia, cutaneous scars, dry eyes, 
symblepharon, and chronic ocular surface inflammation 
[36]. Other complications included chronic fatigue and pru-
ritus. Thus, follow-up in dermatology, ophthalmology, and 
gynecology/urology is mandatory to monitor and manage 
chronic complications.

Patch testing can be used to confirm the identification of 
culprit medication. Despite its low sensitivity, it is a much 
safer alternative to intradermal injection or re-challenge 
test. If a genetic predisposition is identified in the patient for 
allopurinol, phenytoin, or carbamazepine, counseling 
should be provided for family members to undergo specific 
HLA typing. Moreover, in genetically susceptible group, 
HLA typing should be ordered prior to initiating a high-risk 
medication.

43 Epidermal Necrolysis Spectrum from Basic Theory to Practice Essentials
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Summary Box
TEN is a complex and challenging disease process that 
requires attention to detail in terms of not only care but 
also the cause of the disease. A positive biopsy is an 
essential part of admission to a center specialized in 
treating TEN and should be conducted as soon as TEN 
is suspected. Treatment is geared toward organ support 
and induction of wound healing while eyes and genitals 
are being protected. Immunosuppression and blockade 
of the hyperinflammatory autoimmune response are 
integral part of therapy. Once wounds are closing, the 
likelihood of surviving is high. TEN usually does not 
heal as a scar, and follow-up is more focused on eyes, 
genitals, mental health, and prevention.
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Burn Reconstruction: The Role  
of Integra in the Dorsum Hand 
and Wrist Reconstruction

Anthony Papp

A male in his 60s sustained flame burns to the dorsum of 
both hands and wrist. Initially, the burn injuries were treated 
accordingly with early excision and STSG (split thickness 
skin graft).

He developed chronic folliculitis on the dorsum of his 
hands, along with inability to flex metacarpo-phalangeal 
joints due to scar tightness on the dorsum of the hand 
(Fig. 44.1).

Decision was taken to completely excise all the scarred 
tissue and previous skin grafts and reconstruct with Integra 

as dermal substitute (Fig. 44.2). Skin grafting was performed 
as part of the second-stage Integra application 3 weeks later 
(Fig. 44.3).

After the reconstruction with Integra, the patient was able 
to make a full fist (Fig. 44.4).

The long-term follow-up has shown a good pliability of 
the area reconstructed with Integra and the gain of full range 
of movement in both hands (Fig. 44.5).

A. Papp (*) 
Vancouver General Hospital, Vancouver, BC, Canada
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Fig. 44.2 Excision scar tissue and Integra application

Fig. 44.1 Folliculitis, both dorsum hands

A. Papp
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Fig. 44.3 Integra application and skin graft to dorsum both hands

Fig. 44.4 Early results of Integra application
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Fig. 44.5 Long-term results of Integra application
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Innovative Autologous Coverage 
for a 90% TBSA Full-Thickness Burns

Isabelle Perreault and Patricia Bortoluzzi

This young patient of 10 years of age sustained an extensive 
full-thickness burn injury when his pyjamas caught on fire. 
He presented with a 90% full-thickness burn and a Grade 2 
moderate inhalation injury without any concomitant trauma. 
Unaffected areas were the right scalp, right upper and mid- 
face, and feet. ABSI burn outcome prediction score was 12 
with a predicted mortality rate of ≥80%. The mortality rate 
as per reported in the NBR for a population of similar age 
(5–15, 9 years) and %TBSA (≥90% TBSA) was 68% [1, 2].

The patient was transferred to the ICU for initial fluid 
resuscitation and critical care management according to our 
institution standardized burn protocols. Multiple escharoto-
mies were done upon admission. The patient received 6, 
56  mL/kg/%TBSA of fluid resuscitation during the initial 
24 h after injury, maintained urine outputs above 1 mL/kg/h 
and maintained good hemodynamic stability as demon-
strated by extended hemodynamic monitoring during burn 
shock resuscitation. Early debridement of this very deep 
burn injury down to the fascia was completed in 5  days. 
Allografts were used for temporary coverage.

The main challenge with this case was autologous cover-
age. The ultimate goals of the treatment plan were survival 
and prevention of significant scarring and donor site morbid-
ity to assure this young patient’s future quality of life. Usual 
treatment options involve multiple and repeated very thin 
STSG harvesting at the few available donor sites (scalp and 
feet). In this case, donor site availabilities were extremely 
limited and located in cosmetic and functional body areas, 
where repeated harvesting would, if at all feasible, create 
significant sequelae. Innovative burn wound treatment was 
paramount for this particular patient [3, 4].

Given the extent to the surface area of the burn, all autolo-
gous reconstituted options for coverage were explored in 
order to expedite definitive coverage [5–7]. Hence, both 
ADM with CEA and a bi-layer autologous self-assembled 

skin substitutes (SASSs) (LOEX Tissue Engineering 
Laboratory, Quebec City, Canada) were used [8, 9]. This lat-
ter substitute is available through Health Canada’s Special 
Access Program, which allows extensive burn injuries to be 
acutely treated with SASSs. This autologous skin substitute 
is a construct from keratinocytes and fibroblast cultures, 
allowing the replacement of both dermis and epidermis in a 
single surgical procedure, using a 5  cm2 biopsy of native 
skin. The main drawbacks of SASSs are pigmentation flaws 
precluding its use in aesthetic areas and the required produc-
tion time of several weeks.

Early autograft coverage of some instrumentation areas, 
as well as dorsum of hands, face, and neck (PBD 4), was 
done with thick split thickness autologous scalp skin grafts. 
Palmar aspects of hands were reconstructed using plantar 
and dorsal aspect of the feet as donor. Because the cultured 
epithelial cells took less production time relative to SASS, 
CEA coverage was first initiated. In preparation for CEAs, 
the anterior and posterior trunk was first covered with ADM 
(Integra) meshed in a 1 to 1 ratio (PBD 8). The Integra did 
not show any signs of infection and revascularized appropri-
ately. Two weeks later, cultured epithelial cells (CEA) were 
put in place to substitute the silicone membrane. Between 7 
and 12 POD, patches of the construct showed unstable epi-
thelial coverage in some areas. Despite appropriate wound 
care and a second procedure with CEA grafting, those areas 
did not heal and required thin STSG harvested on feet, in 
conjunction with SASSs.

Once the SASSs where available, knowing their height-
ened capacity for minimal hypertrophic scarring and con-
tractures, they were used to reconstruct the remaining 
functional areas. These bilayer substitutes where placed on 
the upper and lower limbs, excluding posterior axilla, hands, 
and groins at the eighth week postburn. Five procedures with 
an interval of 1 week between each were required for this 
autologous substitute covering 29% TBSA. This bilayer sub-
stitute demonstrated a constant engraftment rate with no 
graft loss and no wound infection.I. Perreault (*) · P. Bortoluzzi 

Sainte-Justine Mother and Child University Hospital Center at 
University of Montreal, Montreal, QC, Canada
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The patient survived this massive burn injury with a good 
quality of life. SASS showed a permanent stable coverage 
throughout time, and a biopsy done 1 year later showed simi-
lar histology to native skin. Interestingly, contractures were 
documented in the sites of previous split thickness skin grafts 

and ADM, but no contractures occurred with the bilayer skin 
substitute. Later, SASSs were used for reconstructive pur-
poses as an interpositional skin graft when doing a scar 
releasing surgery with good long-term results and no recur-
rence of contracture.

Fig. 45.1 Patient at 
admission, presenting a 90% 
TBSA full-thickness burn 
injury

Fig. 45.2 Multiple escharotomies were done upon admission Fig. 45.3 Early debridement of this very deep burn injury down to the 
fascia

I. Perreault and P. Bortoluzzi
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Fig. 45.4 Posterior trunk was first covered with ADM (Integra) 
meshed in a 1 to 1 ratio (PBD 8)

Fig. 45.5 CEA

Fig. 45.6 Cultured epithelial cells (CEA) were put in place to substi-
tute the silicone membrane (PBD22)

Fig. 45.7 Patches of the ADM-CEA construct showed unstable epithe-
lial coverage in some areas

Fig. 45.8 SASSs 
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Fig. 45.9 SASSs applied on the debrided burn wound

Fig. 45.10 Fixation of the SASSs

Fig. 45.11 SASSs grafted to the left upper limb after 1 week (POD 7)

Fig. 45.12 Comparison of the trunk grafted with STSG and left upper 
limb grafted with SASSs

Fig. 45.13 SASSs used as an interpositional skin graft when doing a 
scar releasing surgery of the left axilla

I. Perreault and P. Bortoluzzi
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Delayed Management of Acute Burn 
Wounds in Rural Areas of Low-Income 
Countries: Global Burn Surgery

Claudia C. Malic

Inadequate acute management of burn injuries (debridement, 
skin grafting, physiotherapy, long-term splinting, and scar 
management) is the main source of morbidity, leading to 
burn contractures and significant functional deficit.

The inadequate management is multifactorial, but it could 
be the result of insufficient or lack of local resources with 
burn expertise, the socioeconomic status of the patient, with 
direct impact on the access to specialized care.

Burn contractures in the head and neck areas as well as 
around major joints could have significant impact on patients’ 
life and their close family.

During the surgical camps in the low-income countries, 
burn contractures could represent a significant load of the 
cases. With minimal resources, but with a close follow-up, 
some of the burn contractures could be managed with a small 
armamentarium of surgical skills: thick split thickness graft, 
Z plasty and variants, local advancement, or transpositional 
flaps.

Here are some examples of burn contracture management 
of such situations:

46.1  Patient 1: Long-Term Lower Face 
and Neck Contracture

During one of our surgical camp at Deendayal Research 
Institute and Arogyadam, Chitrakoot, India, an 18-year-old 
male patient presented with significant contracture of distal 
third of the face, as well as the neck (Fig. 46.1a–c). He sus-
tained a flame burn injury at age 10 and was treated conser-
vatively. He had difficulties eating and drinking due to lower 
lip incontinence. Due to its pull on the lower lip, the teeth 
were affected as well (Fig. 46.1).

Under general anesthesia, the burn contractures were 
released at the base of the neck contracture. When released, the 
soft tissues above incision managed to cover the lower face till 
marginal mandibular area. A thicker split thickness skin graft 
was applied on the anterior aspect of the neck and in the sub-
mental area. Quilting was required, and grafts were checked at 
1 week (Fig. 46.2). Some epidermolysis and around 20% of 
the skin graft were lost after surgery. Regular dressings were 
carried out, and no further surgical intervention was required.

C. C. Malic (*) 
University of Ottawa, Ottawa, ON, Canada
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Fig. 46.1 Lower face and neck contracture with oral incontinence—preoperative photos
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The patient was fitted with a soft collar for the next 
6 months, and no pillows were allowed during the sleep. No 
orthodontic treatment was carried out.

He presented 6 years later to our surgical camp for release 
of his left axilla. At that time, we assessed the results of the 
neck contracture release (Fig. 46.3). Donor site had a good 
healing and no hypertrophic scars (Fig. 46.4).

46.2  Patient 2: Long-Term Right Side Lower 
Face and Neck Contracture Along 
with Right Axillary Contracture

During one of our surgical camp in India, a 17-year-old 
female presented with significant burn contracture affecting 
the right side of her lower face, neck, chest, and right axilla 
(Fig. 46.5). This was the result of a flame burn at the age 7 
while helping her mother to cook on the open fire. The burn 
wounds were treated conservatively with regular dressings. 

The scar contracture was pulling significantly on the right 
corner of the mouth, and there was significant axillary 
contracture.

Under general anesthesia, the burn contractures from 
the lower face and right side neck were released from the 
chest on its most caudal zone. When released, the soft tis-
sues above incision covered the lower part of the face and 
the upper third of the neck. A thicker split thickness skin 
graft was applied on the defect created after the contrac-
ture release. Release of the axilla was carried out in the 
same procedure, and further skin graft was used for recon-
struction, along with jumping man plasty and multiple Z 
plasties.

She was fitted with a soft collar for the next 6 months, 
and no pillows were allowed during the sleep. For the 
axilla, an airplane cast was created, and the patient used it 
for 3 months.

She presented 6 years later to our surgical camp for fol-
low- up. We assessed the results of the neck contracture 
release, as well as axillary release (Fig. 46.6).

Fig. 46.2 One week after neck contracture release:  wound check with 
some epidermolysis

Fig. 46.3 Follow-up 6 years after initial release

Fig. 46.4 Donor site: right thigh

C. C. Malic
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46.3  Patient 3: Short-Term Bilateral Knee 
Contractures After Full-Thickness 
Burns to Thighs Treated 
Conservatively for 3 Months

During our surgical camp at Deendayal Research Institute and 
Arogyadam, Chitrakoot, India, a 10-year-old female presented 
with inability to walk after burn wounds on the posterior thigh 
more than 3 months ago. She was treated with conservative 
dressings and no splints or physiotherapy. The burn injuries 
occurred in home settings while cooking. On examination of 
posterior aspect of both thighs, there were chronic granulating 
wounds, surrounded by the indurated scarred area (Fig. 46.7). 
She had 90 degrees flexion contracture of both knees.

Under general anesthesia, the patient was placed prone 
and the chronic wounds were excised. Transpositional flaps 
and Z plasties were performed along with skin grafting. 
Due to cultural beliefs and traditional clothing, the skin 
grafts were harvested from buttocks and lateral aspect of 
the thighs. In this way she could wear a sari. During the 
procedure, continuous stretching of the soft tissue was per-
formed till full extension of the knees was achieved. Splints 
were made of plaster of Paris. The graft take and flap viabil-
ity were checked at 1 week post release, and there was min-
imal slough of the skin grafts and a loss of around 10% 
(Fig. 46.8).

Regular dressings lead to complete healing. She ambu-
lated 1 week post surgery with Zimmer frame. At present she 
is able to walk now with no aides or limping and pain free. 

Fig. 46.5 Lower face, neck, chest, and axillary contracture—preoperative photos

Fig. 46.6 Follow-up 6 years after initial release of the lower face, neck, chest, and right axilla

a b

Fig. 46.7 Chronic wounds in bilateral thighs, posterior aspect—preoperative photos. (a) left thihg posterior, (b) right thigh postero-medial aspect

46 Delayed Management of Acute Burn Wounds in Rural Areas of Low-Income Countries: Global Burn Surgery
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Scar massage and splints were carried out for 3  months 
(Fig. 46.9).

She returned for follow-up 6  months post surgery, and 
there is no relapse of the contracture (Fig. 46.10).

The difficulties of these cases were as follows:

 1. Limited resources for reconstruction (no sources for a 
pedicled flap).

 2. The placement of the incisions to release contracture in 
order to avoid skin grafts on the lower part of the face and 
perioral.

 3. The aftercare and maintenance of the contracture release, 
as no hard collars or other rigid splint was available for 
the neck.

Tips
 1. If the soft tissues along the burn contracture are mature 

and supple, it should be brought cephalad as much as pos-
sible by placing the releasing incisions at the base of the 
contracture with the neck in extension or the contracture 
band in maximum tension. In this way, the skin grafting 
will be performed on the base of the neck and chest for 
better aesthetic outcome (Fig.  46.7a preoperatively, 
Fig. 46.7b 1 year postoperatively).

 2. Do not excise the scar tissue if it is supple and scars are 
mature.

 3. If the settings are very basic, difficult procedure which 
requires intensive aftercare should be avoided or choose 
wisely.

Fig. 46.8 Partial loss of the skin graft and some epidermolysis at 
1 week post release burn contractures

Fig. 46.9 Scars and appearance 3 months post surgery

Summary Box
This chapter is a series of difficult and complex cases 
during the acute and reconstruction phases.

Fig. 46.10 Scar appearance 6 months after release of the knee contrac-
ture and wound excision

C. C. Malic
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Levamisole: Adulterated  
Cocaine- Induced Soft  
Tissue Necrosis

Sarvesh Logsetty and Shahriar Shahrokhi

A male in his 30s presented with 1 week history of fever, 
arthralgia, and purpuric rash after inhalation of cocaine. 
Medical history was significant for hypertension, gastro-
esophageal reflux disease, sleep apnea, biliary colic, and 
type II diabetes.

Four years prior to this event, the patient had developed a 
similar purpuric rash on the ears after exposure to levamisole- 
adulterated crack cocaine that resulted in the admission for 
membranous nephropathy, which resolved with medical 
management.

This time, the purpuric rash began on the left ear and pro-
gressed to involve the chest, back, and all extremities. At the 
time of presentation, the patient was in profound shock 
requiring emergent intubation and subsequent critical care. 
His medical issues included renal failure and decreased level 
of consciousness, with associated diffuse purpuric rash asso-
ciated with bullae and foul discharge covering all 
extremities.

Urine toxicology screen was positive for levamisole; fur-
ther immunological testing revealed pANCA- 
myeloperoxidase (MPO+) (97, normal 0–20), cACNA- 

proteinase 3− (12, normal 0–20). The patient’s WBC count 
was elevated initially and subsequently developed profound 
neutropenia. The areas of purpura subsequently progressed 
to full-thickness skin necrosis in all affected areas. By 
admission on day 7, all areas of purpura had progressed to 
full-thickness necrosis with final %TBSA involvement 
being 70%.

Surgical debridement included excision of all necrotic 
soft tissue down to muscular fascia in most areas. These 
areas required staged skin grafting (allograft followed by 
autograft).

Tissue biopsies obtained intra-operatively showed evi-
dence of isolated thrombotic vasculopathy. Direct immuno-
fluorescence findings were negative for IgG and positive for 
IgA, IgM, and C3 localizing to the lumen and walls of the 
superficial and deep dermal blood vessels.

In total, the patient required six operations for debride-
ment and grafting of all affected areas. The grafts achieved 
100% incorporation throughout with a good result, and the 
patient was discharged to a rehabilitation facility. The length 
of hospital admission was 120 days.
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Figs. 47.1 and 47.2 Extensive purpura visible on abdomen on presen-
tation and the final full-thickness eschar prior to debridement

Fig. 47.3 Appearance of healed wounds on abdomen

Figs. 47.4 and 47.5 Full-thickness wounds on lower legs and intraop-
erative debridement of full-thickness eschar 
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Outcome of an Extensive Cold Injury 
with a Burn Injury Component

Claudia C. Malic, Marc G. Jeschke, and Shahriar Shahrokhi

She was from the northern community of Canada, and she 
was exposed outside to a temperature of −40 °C for possibly 
2 h while under the influence of alcohol.

Her temperature was 32  °C prior to rewarming. After 
resuscitation with 10 L of fluids and prophylactic intubation, 
the patient was transferred first to an ICU in Ottawa. Her 
injuries spared the hands and feet, as well as her face, trunk, 
and FOUR limb distribution.

A tissue biopsy has shown frostbite with no elements of 
necrotizing fasciitis. She was transferred to RTBC 4  days 

later sedated, ventilated, on vasopressors, and broad- 
spectrum antibiotics.

The wounds were initially treated with Aloe Vera and sub-
sequently dressed with silver sulfadiazine as they appeared 
to be full-thickness.

There were queries in regard to the wounds being due to a 
thermal injury rather frostbite vs. combination of the two, 
given the distribution.

The indirect calorimetry has shown a caloric requirement 
similar to a burn injury (149%, week 1) along with 
hypoalbuminemia.

The patient requires multiple debridements and allograft 
application. Complete closure of the wounds was achieved 
on day 53 since her initial injury. The patient also required a 
tracheostomy given the prolonged need for intubation.

During admission, the patient was also diagnosed with 
Ogilvie syndrome, which resolved with nonsurgical manage-
ment. She required psychiatric input for her anxiety, as well 
as ENT consult for a CT-documented subglottic stenosis.

At the time of discharge, the patient still had the tracheos-
tomy in place, was mobilizing, and her BMI dropped to 30. 
Since discharge, the patient has been followed up, her BMI 
normalized, and she is recovering well with no PTSD 
symptoms.

This is an unusual presentation of an extensive freezing 
injury documented by tissue biopsy diagnosis, which pre-
sented with hypercatabolic state and a picture similar to a 
burn injury that was treated by a multidisciplinary team at 
Ross Tilley Burn Centre.
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Fig. 48.1 Images from the wounds of various body locations
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pulmonary catheters, 260
pulse contour analysis, 260
respiratory rate, 262
serum markers, 266
therapeutic goal, 256
thermodilution catheters, 260
tissue hypoxia, 259
tracheostomy, 263
transfusion, 259
transpulmonary thermodilution, 260, 261
UOP, 260, 261
vasopressors or inotropes, 259
ventilation settings, 262, 263

late hospital phase
adrenal, 270, 271
bone mineral density, 273, 274
calcium, 273
cardiac ischemia, 267, 268
chloride, 272
coagulation and hematologic system, 274
delirium, 267
enteral feeding, 268
gonadal axis, 271
gut complications, 269
insulin, 272
intensive care unit-acquired weakness, 267
intracranial pressure, 266
liver, 269
metformin, 272
micronutrients and antioxidants, 269, 270
neurological disturbances, 266
opiates and sedatives, 268
osteoporosis, 274
oxandrolone, 272

pain and anxiety, 266, 267
pancreas, 269
phosphate and magnesium, 272, 273
propranolol, 271
recommendations, 268
rhGH therapy, 272
RRT, 270
sodium, 272
splanchnic blood flow, 268
stress ulcer prophylaxis, 269
thermal regulation, 267
thyroid axis, 271
VAP, 268

total length of hospital stay, 255, 256
Cultured epidermal autografts (CEA), 454, 478, 479, 565
Curling’s ulcers, 311
Curreri formula, 280
Cutaneous functional units (CFUs), 387
Cyclic AMP, 291
Cyclosporine, 555

D
Daptomycin, 306
Data limitations, 23, 24
Delayed management of acute burn wounds

difficulties, 574
long term lower face and neck contracture

donor site right thigh, 572
epidermolysis, 572
follow-up six years after initial release, 572
preoperative conditions, 571

lower face, neck, chest and axillary contracture
follow-up six years after initial release, 573
preoperative conditions, 572, 573

posterior thigh
follow- up 6 months post surgery, 574
partial loss of the skin graft and epidermolysis, 574
preoperative conditions, 573
scar massage and splints, 574

Delirium
ACCM Task force, 340
definition, 339
geriatric burn, 404
interventions, 340
multidisciplinary task force, 340
risk factors, 340
screening, 339

Dendritic epidermal T-cells (DETC), 427
Department of Defense (DoD), 81, 82
Depression, 342, 343
Dexmedetomidine, 175, 314, 397
Diabetes, 420
Diarrhea, 359
Disability-adjusted life years (DALYs), 21
Disseminated intravascular coagulopathy (DIC), 311
Distant flaps, 469
Drug reaction with eosinophilia and systemic symptoms (DRESS), 

552, 555

E
Early Albumin Resuscitation During Septic Shock (EARSS) Study, 204
Echinocandins, 307
Edema, 389
Electrical injuries, 353, 354, 390, 391, 424
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acute care, 506
classification, 505
epidemiology, 505
initial assessment, 506
lightning, 508
long-term outcomes, 508
mortality, 508
pathophysiology, 505, 506
pediatric patients, 508
short-term outcomes

cardiac, 507
musculoskeletal, 506, 507
neuropathy, 507
renal, 507
skin and soft tissue, 506
trauma, 507, 508

Electric Power Research Institute (EPRI), 182
Electronic Urinary Output Monitor (eUOM), 212
Emergency Management and Outpatient Care of the  

Person with Burns, 135
Emergency Management of Severe Burns (EMSB), 147
Endocrine disorders, 420
Endophthalmitis, 302
Endothelial glycocalyx layer, 200
Endothelial progenitor cells (EPCs), 428
Endotracheal tube (ET), 460
Energy expenditure, 280, 281
Enobosarm, 293
Epidemiology

cross sectional survey, 19
DALYs, 21
disability and death, 19, 20
emergency department, 19
example, 18
flame burns, 20
GBD, 19
global registry, 18
high-income regions, 18
horror, pain and anxiety, 20
hospitalized patients, 18, 19
incidence of burns, 19
income distributions, 20
nonfatal burn injuries, 18
nonfatal firearm injuries, 18
prevalence of, 20
process evaluation, 18
racial and ethnic minorities, 20
scald injuries, 20
unintentional fatal injury, 20
USSR, 19
workplace burns, 20

Epidermal necrolysis, 553
Epilepsy, 416
Epithelialization, 427, 428
Escharotomy, 149, 150, 155, 206, 358
European Burns Association (EBA), 115
Extracellular matrix (ECM), 428
Extracorporeal membrane oxygenation (ECMO) technology, 223, 249, 262
Extremity compartment syndromes, 205

F
Facial burns

enzymatic debridement, 461
face transplantation

in animals and humans, 462

indication, 462, 463
plastic and reconstructive surgery, 461
technical aspects, 463, 464
VCA, 462

fluid loss and resuscitation, 459
legislation, 459
postoperative care, 460, 461
surgical treatment, 459, 460
wound care, 364, 365

f-actin, 200
Family Medicine and Emergency Medicine resident physicians, 160
Fas-associated death domain proteins (FAAD), 550
Fas ligand (FasL), 550
Fibrocytes, 428
Firefighters injuries

initial burn treatment, 144, 145
personal protective equipment, 133
removing PPE, 136

chest strap disconnection, 137
loosening and unbuckling waist belt, 138
loosening SCBA shoulder straps, 136
opening front jacket flap while unclasping/unzipping  

the coat, 139
opening the jacket, 140
remaining in standing position, 135
removal of boots, 142
removal of helmet, balaclava and mask, 143
removal of stage 2 regulator & face piece, 144
removing and replacing neck flap, 138
removing gloves and remainder of coat, 141
rolling pants over the boots, 142
rolling the coat and SCBA over the shoulders, 140
unclasping and removing the suspenders, 141

Fire injuries, 24
First aid management, 361
First Responder Guide to Burn Injury Assessment & Treatment, 131
First responders role

assistance required, 126
burn management

airway, breathing and circulation, 130
body temperature, 130
chemical burns to eye, 130
electrical burns, 130
loose/partial packaging, 130
splinting and bandaging, 130

casualty count, 126
environment, 126
geriatrics, 132
initial patient assessment

AEIOU and TIPS mnemonic, 128
airway management with C-spine protection, 128
allergies, 129
AVPU mnemonic, 128
breathing and ventilation, 128
circulation, 128
CLAPS-D mnemonics, 129
disability, brain function, 128
event leading, 130
exposure of affected area, 128, 129
history, 129
medications, 129
OPQRST mnemonic, 129
past medical history, 129
signs/symptoms, 129
TICS-D mnemonics, 129

mechanism of injury, 126

Index



584

First responders role (cont.)
multiple burn casualty

delayed care, 132
immediate care, 132
triage colored tag guidelines, 132
triage sorting guidelines, 131

pediatrics patients, 132
personal protective equipment, 126
stopping burning process

chemical burns, 127
electrical burns, 128
thermal/flame burns, 126

transport and transfer, 130
Fixed-wing aircraft, 165
Flame burn, 352
Flavonoids, 492
Fluid creep, 156–157, 174, 199, 200, 202, 204, 205
Fluid resuscitation, 359

cardiac output, 212
CDS, 212–214
challenges, 211
clinical decision support systems, 214
eUOM, 212
fully automated resuscitation, 214, 215
hemodynamic support, 212
intrathoracic blood volume, 212
Lactated Ringer’s, 212
lower fluid infused volumes, 212
metabolic markers, 212
non-surgical care, 362
open loop, 214
Parkland formula, 211, 212
urinary endpoint, 212
vitamin C resuscitation, 212

Fluoroquinolones, 306
5-Fluorouracil (5-FU), 493, 494
Folliculitis, 561, 562
Free tissue transfer, 469
Freeze-thaw injury, 533
Frostbite

behavioral factors, 530
clinical management

blister debridement, 538
rewarming, 538
systemic antibiotic administration, 538
tetanus prophylaxis, 538
wound care, 538

clinical prediction tool, 535
digital subtraction angiography, 537
environmental factors, 529, 530
genetic factors, 531
Hennepin score, 535, 536
magnetic resonance angiography, 537
microangiography, 537, 538
physiological factors, 531
potential adjunctive therapy

hyperbaric oxygen, 543
sympathectomy, 543

radiography (Limb X-ray), 536, 537
skin anatomy

arterioles and venules, 532
cutaneous nociceptors, 531
cutaneous receptors, 531
cutaneous thermoregulatory control, 532, 533
epidermis, 531
freeze-thaw injury, 533, 534
papillary and dermal vessel morphology, 532

pre-freeze, 533
vascular stasis, 534

socioeconomic factors, 530
SPECT/CT, 537
surgical treatment, 544
technetium (Tc)-99m scintigraphy, 537
therapeutic management

Iloprost, 541, 543
NSAIDs, 539
tissue plasminogen activator, 539–541
topical aloe vera, 539

traditional classification scheme, 535
wilderness medical society practice guideline, 535

Frostnip, 534, 535
Full-thickness burns, 176

dermal analogs, 478
facial transplantation, 479, 480
growth factors, 481–483
keratinocyte coverage, 478, 479
necrotic skin, 478
negative pressure therapy, 478
non-surgical debridement, 478
tissue engineering and stem cells, 480–482

Functional residual capacity (FRC), 310

G
Gastric stasis, 311
Gastroesophageal reflux (GER), 513
Gastrointestinal (GI) disorders, 252

chemical burns, 512, 513
IBD, 419
IBS, 419
liver failure and cirrhosis, 419, 420
pancreatitis, 419

Gastrointestinal system, 359
Generalized estimating equations (GEE), 88
Generalized fixed drug eruption, 552
Geriatric burn

burn injury prevention, 402
delirium, 404
disposition, 407
end of life/goals of care, 410
epidemiology, 401, 402
frailty, 405

in burn patients, 407
measurements, 405, 406

holistic therapy, 409
long-term outcomes, elderly patients, 408
nutrition

enteral vs. parenteral feeding, 403, 404
glucose control, 403
glutamine, 403
oxandrolone, 403
physiological response, 403
trace elements, 403

outcomes prediction/goals of care/futility, 408, 409
psychologic effects, 409, 410
rehabilitation, 407
reintegration, 407
resuscitation, 402, 403
risk factors, 401, 402
specialty consults, 409
wound healing, 404, 405

German-Speaking Association for Burns Treatment, 194
Ghrelin, 293
Glascow Coma Scale (GCS), 150, 166, 172
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Global Burden of Disease (GBD), 19
Global Burn Registry (GBR), 48
Glomerular filtration rate (GFR), 310
Glycocalyx layer, 200
G-protein-coupled receptor (GPCR), 200
Grafting, 176, 177
Granulysin, 551
Granzyme B, 550
Ground ambulance (GEMS), 165, 167, 168

H
Hand burns

clinical outcomes, 472
escharotomy, 466, 467
fasciotomy, 466, 467
horizons, 472
life-threatening injuries, 465
long-term management, 470, 471
nerve examination, 465
neurovascular examination, 465
physical examination, 465
postoperative care, 470, 471
primary management, 466
secondary reconstruction, 470, 471
surgical management

amputation, 470
early excision and grafting, 467, 468
pediatric palm burns, 468
skin substitutes, 469, 470
tissue flaps, 468, 469

wound care, 466
Hazardous material (HAZMAT), 126
Health Canada’s Special Access Program, 565
Health Insurance Portability and Accountability Act (HIPAA), 165
Heart rate variability (HRV), 417
Helicopter (HEMS) transfers, 165, 167, 168
Hemoglobinuria, 310
Hemostasis, 425
Hennepin score, 536
Heterotopic ossification, 390
High frequency oscillatory ventilation (HFOV), 223
High frequency percussive ventilation (HFPV), 223, 249, 262
High-income countries (HIC), 17, 18
Home oxygen therapy (HOT), 418, 419
Human embryonic stem cells, 480
Human epidermal stem cells, 480
Human growth hormone (hGH), 288, 289
Hunting response, 532
Hydrofluoric acid (HF), 513
Hydrogen cyanide (HCN), 34, 355
Hydroxides, 515
Hydroxyethyl starch (HES) solutions, 204
Hyperbaric oxygen (HBO/HBO2), 523, 524, 543
Hyperemia, 351
Hypermetabolic syndrome, 175
Hypertrophic scars, 429, 430
Hypothermia, 167, 445
Hypovolemic shock, 356
Hypoxia, 199, 427

I
Ibuprofen, 327
Ibuprofen-sodium, 327
IFN-γ, 551
Iloprost, 541

Imiquimod, 492
Immature scar, 489
Inducible nitric oxide synthetase (iNOS), 551
Infections

aminoglycosides, 305, 306
amphotericin, 307
antimicrobials, 299, 303
azoles, 307
aztreonam, 305
beta-lactam, 305
bloodstream infection, 301, 302
burn wound infection, 301
CDAD, 302
changes

absorption, 302
distribution, 303
elimination, 304
metabolism, 304
PKPD, 304

daptomycin, 306
drug classes, 304, 305
echinocandins, 307
fluoroquinolones, 306
invasive fungal wound infections, 302
linezolid, 306
pharmacokinetic and pharmacodynamic  

changes, 302, 303
pneumonia, 301
polymyxins, 306
sepsis, 299–301
vancomycin, 306
viral infections, 302
wound healing, 429

Infectious Disease service, 360
Inflammatory bowel disease (IBD), 419
Inhaled heparin, 224
Initial management of burns

adherens junctions, 200
airway, breathing and circulation (ABCs), 199
burn shock resuscitation (see Burn shock resuscitation)
fluid resuscitation, 199
gap junctions, 200
mediators, 199
Starling’s equation, 200
tight junctions, 200

Inorganic acids
hydrofluoric acid, 513
phosphorus, 514
sulfuric acid, 514

Insulin, 290
Insulin growth factor 1 (IGF-1), 289, 290
Insulin growth factor binding protein 3  

(IGFBP-3), 289, 290
Integra

early results of, 561, 563
excision scar tissue and, 560, 562
long term results of, 561, 564
skin graft to dorsum both hands, 561, 563

Interferon (IFN), 497, 498
International Association of Fire Fighters (IAFF), 126, 135
International Classification of External Causes of Injury  

(ICECI), 18
International Society for Burn Injuries(ISBI), 108
Interprofessional education (IPE), 96
Interstitial compliance, 200
Interstitial hydrostatic pressure (Pi), 200
Interstitial oncotic pressure, 200
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Interventions
acid assaults, 46
Amish communities, 37
beneficial effects, 36
burn care systems, 47, 48
burns first aid treatment, 47
children’s sleepwear, 44–46
community-based interventions, 36, 37
counseling and educational interventions, 37
engineering and enforcement, 37
fire-safe cigarettes, 43, 44
fireworks legislation, 43
hot water temperature regulation, 40, 41
improvement, 36
lamps and stoves, 41, 42
prevention awareness, 36
prevention programs, 36
residential sprinklers, 40
smoke detectors

age-adjusted death rate, 37, 38
ancillary devices, 38
Cochrane review, 39
cognitive impairment, 39
Consumer Product Safety Commission, 39
early detection systems, 37
efficacy, 39
environmental conditions, 37
escape plans, 38
National Fire Protection Association, 40
nuisance alarms, 39
objectives, 38
occupants, 39
photoelectric and ionization smoke alarms, 39, 40
properties, 38
residential fires, 38
smoke alarm, 37, 39
socioeconomic stratum, 39
US states, laws, 37

social media, 37
Intestinal ileus, 311
Intra-abdominal compartment syndromes, 205
Intra-abdominal pressures (IAP), 261
Intralesional cryotherapy, 496, 497
Intralesional steroid injections, 492, 493
Intramuscular (IM) medications, 379
Intrathoracic compartment syndromes, 205
Intravenous immunoglobulin (IVIg) therapy, 523
Invasive fungal wound infections, 302
Inverse probability treatment weighting (IPTW), 88
iPhone®, 164
Irritable bowel syndrome (IBS), 419

J
Jebsen-Taylor Hand Function Test, 472

K
Keloids, 489
Ketorolac, 327

L
Laboratory Risk Indicator for Necrotizing Fasciitis Score (LRINEC), 520
Lactated Ringer’s (LR) solution, 151, 203
Land ambulance, 167

Laryngeal edema, 353
Laryngeal mask airway, 315
Laser therapy

ablative laser therapy, 495
CO2 laser treatment, 495, 496
fractional photothermolysis, 495
keloid treatment, 496
Nd:YAG, 494, 495
pulsed dye laser, 494

Levamisole adulterated cocaine
full thickness eschar

intraoperative debridement of, 576
prior to surgical debridement, 576

healed wounds on abdomen, 576
patient history, 575
purpura on abdomen, 576
screening, 575
surgical debridement, 575
symptoms, 575
tissue biopsy, 575
wounds on lower legs, 576

Level of consciousness (LOC), 149–150
Linear hypertrophic scars, 489
Linezolid, 306
Liver failure, 419, 420
Long-term temporary disability, 18
Low- and middle-income countries (LMIC), 17, 18
Low socio-demographic index (SDI), 20
Lund and Browder method, 349, 350
Lund-Browder burn diagram, 316
Lund Browder chart, 173, 182–186, 188

critics, 190
description, 190
inter-rater error, 190
overestimation, 190
results, 190
underestimation, 190
validation, 190

Lund Browder Error, 184
Lung protective ventilation (LPV), 221, 222

M
Macrophages, 426
Mafenide acetate, 379
Magnetic resonance imaging (MRI), 520
Maintenance fluid rate, 202, 203
Major Depressive Disorder (MDD), 342
Material Safety Data Sheets (MSDS), 127
Measurements for Infants, Children, and Adolescents (MICA) study, 193
Mechanical injuries, 424
Mentoring

clinical judgment, 95
competence, confidence and commitment, 95
hierarchical mentoring, 95
implementation, 95, 96
peer mentoring, 95
support, encouragement and professional vision, 95
technical skills, 95

Mesenchymal stem cells (MSCs), 480
Metabolic acidosis, 354
Metformin, 290, 291
Military personnel, 82

combat operations
air evacuation/transportation, 73, 75
epidemiology, 72
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fluid resuscitation, 72–74
initial burn care, 73

definitive management, 75, 76
disaster-related burns

Bashkirian gas pipeline explosion, 80
bedside paper charting, 80
burn centers, 80
burn disasters, 77
burn mass casualty incidents, 77, 78
catastrophic fires, 77
command, control, communication, 80
epidemiology, 78
national burn disaster management, U.S.  

(see National burn disaster management, U.S.)
non-burn hospital, 80
prehospital management, 78–80
Rhode Island Hospital, 80

host-nation burn patients, 76, 77
wartime burns, 71, 72

Model for End-Stage Liver Disease (MELD) score, 419
Modern burn care, 147–148
Modified Physical Performance Test (MPPT), 405, 406
Morphine-3 glucuronide (M3G), 326
Morphine-6 glucuronide (M6G), 326
Mortality rates, 416
Mucosal re-epithelization, 552
Multidisciplinary team, 101
Multiple escharotomies, 566
Multiple sclerosis (MS), 415, 416
Mupirocin, 438, 554
Muscle necrosis, 507
Mycoplasma penumoniae induced rash and mucositis  

(MIRM), 552
Myocardial infarction (MI), 417
Myoglobinuria, 310

N
N-acetylcysteine (NAC), 224
Nasogastric (NG) tube, 359
National Burn Center Reporting System (NBCRS), 45
National burn disaster management, U.S.

ABA verification status, 81
federal response, 81
initial phase, 81
local affairs, 81
military response, 81, 82
regional response, 81

National Burn Registry (NBR), 109
National Burns and Trauma Research Committee, 181
National Disaster Medical System (NDMS), 81
National Hospital Ambulatory Medical Care Survey, 18
National Research Council’s (NRC) Division, 6
National Surgical Quality Improvement Program  

(NSQIP), 108
Necrotizing soft tissue infections (NSTIs)

adjunct therapy
activated protein C, 524
HBO, 523, 524
IVIg, 523
plasmapheresis, 524

classification, 517–519
clinical outcomes, 524
diagnosis

CT scan, 520
history and physical examination, 519

laboratory evaluation, 519, 520
MRI, 520
operative exploration, 521
plain radiography, 520
ultrasound, 520

history, 517
incidence, 517
management planning, 525
medical management

antibiotic therapy, 521
supportive care, 521, 522

mortality, 524, 525
predisposing factors, 517, 518
surgical management, 522, 523

Negative pressure wound therapy (NPWT), 522
Neodynium-doped yttrium aluminum garnet (Nd:YAG)  

laser, 494, 495
Nervous system disorders

cerebrovascular injury, 415
end of life, 416
epilepsy, 416
incidence, 415
multiple sclerosis, 415, 416
Parkinson’s Disease, 416

Neuraxial techniques, 318
Neuropathic pain

chronic/persistent pain, 325, 326
definition, 325
psycho-spiritual-emotional pain, 325

Neuropraxia, 467
Neuropsychiatric sequalae, 508
Neutrophils, 425
Nexobrid, 478
Nikolsky II sign/Indirect Nikolsky sign, 551
Nitrous gas, 333
N-methyl-D-aspartate (NMDA) channels, 318, 331, 332
Noncombat burns, 72
Nonfatal smoke inhalation injuries, 24
Nonsteroidal anti-inflammatory drugs (NSAIDs), 439
Non-surgical care

acute phase
fluid therapy, 365, 366
pain and anxiety management, 368
physiotherapy and occupational therapy, 366, 368
wound care, 365–368

emergent phase
airway management, 361, 362
cart shower system, 361
first aid management, 361
initial assessment, 360, 361
treatment, 361
wound care, 362–365

rehabilitative phase
assessment, 368
management, 368, 369

Nursing management
acute phase, 374, 375
chemical injuries, 352, 353
classification, 347, 348
complications

cardiovascular system, 358
gastrointestinal system, 359
renal system, 359, 360
respiratory system, 358, 359

diagnostic studies, 357, 358
electrical injuries, 353, 354

Index



588

Non-surgical care (cont.)
emergent phase

assessments, 372
cart shower system, 373
face care, 373
fluid resuscitation, 373
intravenous fluids, 373
non-intubated patients, 373
pain, 374
peripheral and central lines, 374
pre-burn dementia and delirium, 373
respiratory distress, 373
urinary catheter, 374
wound care, 373

etiology and risk factors, 348
fluid and electrolyte shifts, 351, 352
incidence, 347
infection prevention and control, 360

antimicrobials, 377
elimination of reservoirs, 377
immune mechanisms, 377
suppression of infection transfer, 376, 377

local damage, 351
non-surgical care (see Non-surgical care)
nutrition, 378, 379
objective signs

hypovolemic shock, 356
partial-thickness/full-thickness, 356
primary survey assessment, 356
rehabilitative phase, 357
scar maturation process, 357
secondary survey assessment, 356, 357
skin, 357
suspected inhalation injury, 356
vascular compromise, 356
water-based products, 357

occupational therapy, 377, 378
pathophysiology, 348

age, 350
body burn, 350
depth, 350, 351
extent of burn, 348–350
medical history, 350

pharmacology, 379
anxiolytics, 379
medications, 380
pain management, 379
tetanus toxoid, 379

physical therapy, 377
prevention, 347
principles of care, 355
psychosocial support, 380
rehabilitation medicine, 377
rehabilitative phase, 376

anxieties, 375
post-traumatic growth, 375
REACH OUT Communication Skills, 376
self-care activities, 375
Self-Esteem, 376
supportive listener/coach, 375
wound care, 375

smoke and inhalation injury, 354, 355
subjective symptoms, 355
surgical care

biologic skin replacements, 372
blood loss, 372
dermatome mesher, 369, 370

granulation and fibrous scar tissues, 369
harvested donor site, 371
healed donor site, 372
meshed skin grafts, 370
sheet grafts, unmeshed, 369, 370
skin grafts mature, 371
skin grafts, harvesting, 369, 370
subcutaneous tissue/fascia, 369
temporary biologic/synthetic dressing, 369

thermal injuries, 352, 353
Nutritional support

energy expenditure, 280, 281
enteral and parenteral formulas, 282, 283
goal of, 279
initial assessment, 279
metabolic response, 279, 280
micronutrients, 282
monitoring, 283
nutrient metabolism, 281, 282
timing and route of therapy, 280

O
Occupational Health and Safety law, 353
Office of Scientific Research and Development  

(OSRD), 6
Ogilvie syndrome, 577
One Burn One Standard (OBOS), 194
Ontario Marginalization Index (ONMARG), 86
Open-lung approach (OLA), 222
Opioid creep phenomenon, 202
Opioids, 329

chronic pain, 330
fentanyl, 328
hydromorphone, 328
methadone, 328, 330
morphine, 328
oxycodone, 328

Outpatient management
burn center referral criteria, 435
chemical burns, 436
clinic follow-up, 439
comorbidities, 436
complications

infection, 440, 441
outpatient therapy, 441
pain, 440
pruritus, 440
telemedicine, 441

factors, 435
home care instructions, 439
initial wound management, 436
limitations, 435
nonthermal injuries, 436
outpatient care, 436
pain management, 439
patient’s safety, 436
topical burn care and dressings, 436–439

Overtriage, in burn transfers, 161
Oxandrolone, 291, 292, 420

P
Pain management, 318, 319

acute somatic pain, 323, 324
adjuvant analgesics, 330

active mind–body techniques, 333
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analgesics gabapentin, 331
gabapentinoids, 331
marijuana, 332
nitrous gas analgesia sedation, 333
NMDA, 331, 332
physical therapy, 333
pregabalin, 331
psychological intervention, 333
sodium-channel blocker, 332
TCAs, 331

basic analgesia, 327
M6G/M3G, 327
neuropathic pain

chronic/persistent pain, 325, 326
definition, 325
psycho-spiritual-emotional pain, 325

opioids, 329
chronic pain, 330
fentanyl, 328
hydromorphone, 328
methadone, 328, 330
morphine, 328
oxycodone, 328
side-effect profile, 327

pathophysiology, 323
procedural pain, 324, 325
PTSD, 323
regional anesthesia, 326

Pancreatitis, 419
Parkinson’s disease (PD), 416
Parkland fluid resuscitation strategy, 174
Parkland formula, 151, 201, 204, 362
Partial-thickness burns, 176, 351

Biobrane, 476
biological membranes, 477
epidermal structures, 475
PermeaDerm, 476, 477
Suprathel, 476
wound dressings, 475, 476
xenograft, 477, 478

Pathophysiology
local changes

burn depth, 230, 231
burn size, 231
cutaneous/superficial injury, 229
etiology, 229, 231, 232
zone of coagulation, 229
zone of hyperemia, 230
zone of stasis, 229

systemic changes, 235
acute burns, 235, 236
angiotensin II and vasopressin, 235
catecholamines, 234
cellular edema, 233
cellular membranes, 233
CRF, 235
edema formation, 232, 233
gastrointestinal response, 239, 240
glucose metabolism, 237, 238
histamine, 233
hypermetabolic response, 236, 237
hypovolemia, 232
immune system, 240, 241
kinins, 234
myocardial function, 238, 239
oxygen radicals, 234, 235
prostaglandins, 233, 234

renal system, 239
serotonin, 234
shock, 232
SVR, 232
thromboxane, 234

Patient-controlled analgesia (PCA), 318
Patient-related factors, 76
Pediatric burn resuscitation, 201
Pediatric burns

acute procedural and operative differences, 398, 399
epidemiology and mechanism, 396
fluid resuscitation, 398
inpatient care, 397, 398
outpatient care, 396, 397
physiologic, anatomic, and psychologic  

differences, 395, 396
reconstruction and rehabilitation, 399

Pediatric palm burns, 468
Peer mentoring, 95
Perforin, 550
Perioperative burn care

anesthetic care
airway management, 315
opioid sparing techniques, 318, 319
pain management, 318, 319
temperature regulation, 317, 318
vascular access, 315
volume status/fluid resuscitation, 315–317

anesthetic considerations
cardiovascular, 309
CNS, 311
endocrine, 312
gastrointestinal, 311, 312
hematologic, 311
hepatic, 311
metabolic, 312
psychiatric, 312
pulmonary, 310
renal, 310, 311
skin, 312
specific geriatric considerations, 313
specific pediatric considerations, 312, 313

challenges, 309
pharmacologic considerations

clearance, 313
multi-modal sedation and analgesia  

guidelines, 314, 315
plasma protein, 313
tolerance and contraindications, 313, 314

Peripheral nerve injury, 390
Peripheral neuropathy, 32
PermeaDerm, 476, 477
Permissive hypercapnia (PH), 222, 223
Permissive hypooliguria, 202
Permissive hypovolemia, 202
Personal protective equipment (PPE), 126, 133, 135
Phosphorus, 514
Physical/cognitive disabilities, 32
PiCCO system, 154, 174
Plan-do-study-act (PDSA) cycles, 105
Plasma oncotic pressure, 200
Plasmapheresis, 524
Platelet aggregation (or activating) factor (PAF), 235
Pneumonia, 301
Polymyxin B sulphate, 364
Polymyxin E (colistin), 306
Polymyxins, 306

Index



590

Population-based research
advantages, 87
datasets

administrative databases, 85
health administrative databases, 86, 87
healthcare systems, 85
Ontario government, 86
patient consent, 86
policies and procedures, 86
research-specific indices, 86
socioeconomic information, 85

exposures and outcomes, 85
incidence and prevalence, 85
limitations, 88

administrative data, 87
ascertainment bias, 87
CIHI, 88, 89
example, 88
GEE, 88
health indicators, 88
immeasurable time bias, 87, 88
lack of randomization, 88
linkages, 89
loss to follow-up, 87, 88
multivariate analysis of variance, 88
paired t-tests, 88
social factors, 87
validation, 89

population-based studies, 89, 90
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