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WHAT’S NEW IN SURGERY

hat’s New in General Surgery:
urns and Metabolism

ohn B Cone, MD, FACS

“What’s New in Surgery” evolves from the contributions of leaders in each of the fields of surgery. In
every instance the author has been designated by the appropriate Council from the American College
of Surgeons’ Advisory Councils for the Surgical Specialties. This feature is now presented in issues of

the Journal throughout the year.
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roviders of burn care have learned and copied a great
eal from the more established disciplines of trauma
urgery and critical care surgery, but the continuing evo-
ution of burn care has produced a substantial and grow-
ng body of burn-specific knowledge. This review will
over developments in the field of burn injury and burn
are over the last 12 months. The care of patients with
erious burn injury has improved in recent years to pro-
uce previously inconceivable survival and even quality
f life. But this progress has come at the expense of
remendous resource consumption. In these times of
ost-controlled healthcare, the number of burn units
nd burn beds continues to shrink. With most burn
nits operating at or near capacity, more patients are
xperiencing delays in transfer to regional centers and
ore surgeons are being called on to provide burn care.

elivery of burn care
n view of the limited number of specialty burn beds in
his country; patients with smaller, uncomplicated burns
hould be cared for as outpatients or in community fa-
ilities. But the costly and scarce resources offered by
egional burn units are often not being used effectively.1

eferring physicians frequently overestimate the size of
urns (averaging 75% larger than burn unit size esti-
ates) and the need for aeromedical transport. In almost

0% of the patients, the cost of air transport exceeded
he cost of hospitalization. Because it is not practical to
each every physician who may encounter a seriously
urned patient the necessary assessment skills, the use of
elemedicine may allow burn center physicians to visu-
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rom the Trauma Service, Department of Surgery, University of Arkansas for
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lly assess patients and to participate in decision making.
uch long range consults may make it possible to use
egional burn center resources more efficiently. In this
etrospective review, the authors identified 92 of 225
atients whose care might have been altered substan-
ially by pretransport visual assessment by burn special-
sts. Such techniques have been adapted to off-site con-
ultation in disaster situations and, more recently, to
rovide long range followup burn care for patients living
substantial distance from regional burn care facilities.2

Despite the impressive capabilities available to care
or individual burn victims, nothing stresses the health-
are system like a mass casualty event resulting in a large
umber of burn injuries simultaneously. This was dem-
nstrated most recently after The Station Nightclub fire
n Rhode Island, in which 100 people were killed and
87 hospitalized. Mobilization of a Burn Specialty Team
rom the National Disaster Medical System (NDMS)
as necessary to provide the required skilled manpower.
cGregor3 recently reviewed a number of major burn

isasters with the goal of identifying lessons learned that
ould be applied to improve disaster preparedness. Sim-
ly identifying whether the fire occurred inside or out-
ide allowed one to predict the type of resources likely to
e needed. He also proposed an initial assessment team
f burn specialists, working at a site remote from the
cene, to guide the distribution of patients based on their
njuries, to avoid overwhelming the limited number of
urn specialty beds.
Amidst the current fears of large scale terrorist attacks,

t is helpful to examine the extensive Israeli experience
ith such injuries incurred over the period from 2000 to
002.4 More than 1,000 victims of terrorist activity were
nalyzed, including 623 patients injured in explosions.
n the group of patients injured by explosion, 91 patients

15%) sustained severe burn injury. Their management

ISSN 1072-7515/05/$30.00
doi:10.1016/j.jamcollsurg.2005.01.013
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as additionally complicated by the fact that 68% also
uffered from nonburn injuries, either blunt or penetrat-
ng, that were not always apparent on initial presenta-
ion. Explosions also have the capability to cause second-
ry structure fires, as seen in the Bali night club bombing
f 2002.5 This explosion, and particularly the fire
tarted by the explosion, completely overwhelmed the
ocal healthcare system. This collapse of the infrastruc-
ure on Bali necessitated the long range evacuation, sta-
ilization, and triage of a number of burned patients.
fter initial field care, many were airlifted to a tertiary
ospital serving as an initial receiving facility, where they
nderwent resuscitation, assessment, and triage. After
ssessment, the most severely burned were secondarily
ir transported to regional burn specialty units around
he country. This experience points out a pragmatic ap-
lication of some of the lessons identified by McGregor3

rom previous fire disasters.
Most surgeons will see combined burn and trauma

njuries as a result of either motor vehicle crashes or
ssaults. The trauma and burn groups from Loyola re-
ently reviewed their experience with such combined
njuries.6 The mortality, as expected, was higher than
hat from either injury alone. The effects of the nonburn
rauma predominated in predicting outcomes in this
eries, but these were relatively small burns, averaging
1% body surface area. It was pointed out in the discus-
ion of this article that had the burns been larger and the
onburn trauma Injury Severity Score lower, this effect
ould, in all probability, have been reversed, with the
urn playing the major role in predicting outcomes. The
everely burned trauma patient also presents some
nique difficulties that may not be widely appreciated.
T scanning of the abdomen has become so routine as

o be almost standard of care in many centers. Many
urgeons may not realize that the abdominal CT scan of

resuscitated large burn may show intraabdominal
luid7 as a result of the capillary leak phenomenon rou-
inely seen in such burns. Clinical correlation, the use of

Abbreviations and Acronyms

BAL � bronchoalveolar lavage
DVT � deep vein thrombosis
HA � hydrofluoric acid
TBSA � total body surface area burned
ttenuation coefficients, and repeat scanning may be l
ecessary to differentiate blood or urine from edema
luid.

esuscitation and hemodynamics
he existence of mathematical formulae to guide burn

esuscitation leads many to the erroneous conclusion
hat burn resuscitation is consistent and predictable.The
S Army Institute of Surgical Research (home of the
rooke Formula for burn resuscitation) recently revis-

ted the use of this formula in their clinical experience
ver a period of a decade.8 Fluid requirements in the first
4 hours routinely exceeded calculated needs. Fluid re-
uirements were generally greater for larger burns, but
he expected close correlation between burn size, ex-
ressed as percentage of total body surface area burned
TBSA), and fluid requirement was not present. The
atient’s initial weight, the size of the burn, and the
equirement for mechanical ventilation all contributed
o a greater fluid requirement. The total fluid adminis-
ered did not correlate with mortality. Size of burn, age,
nd worst base deficit in the first 24 hours were the
redictors of mortality. Although the formulae may help
n initial estimates of fluid requirements, the patient’s
esponse must guide the actual administration, as it
hould for any trauma patient.

With the ready availability of information from inva-
ive cardiovascular monitoring, it seems logical to as-
ume that better outcomes can be obtained using this
nformation and resuscitating toward some more appro-
riate physiologic goal than just urine output. Holm and
olleagues9 recently randomized a group of major burn
atients to resuscitation using the Parkland formula
4 mL/kg/%burn over the first 24 hours) compared with
comparable group of patients resuscitated using a pul-
onary artery catheter to guide the fluid administra-

ion, with the goal of a cardiac index of � 3.5 L/min/m2

nd an intrathoracic blood volume index above 800
L/m2. Both groups were resuscitated with Ringer’s lac-

ate. The hemodynamically guided group, as expected, re-
eived substantially more fluid. But there were no differ-
nces in either the preload or cardiac output parameters.
oth groups were found to be considerably intravascularly
olume depleted. Ultimate morbidity and mortality did
ot differ between the groups. The authors concluded that

ncreased crystalloid is incapable of restoring cardiac pre-

oad to baseline during the period of burn shock.
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nhalation injury
he major predictor of morbidity and mortality after burn

njury is the presence of inhalation injury. Deposition of
ucus and fibrin in the airways has been identified as a
ajor component of the resulting lung dysfunction. Early

dministration of aerosolized heparin and acetylcystine is
ntended to prevent the resulting plugs and obstructions,
nd appears capable of reducing the pulmonary dysfunc-
ion. But heparin will not dissolve a thrombus once it’s
ormed, and many patients do not arrive at specialized burn
enters for several hours after their injury. In an effort to
lear the airways of clots already formed, the investigators at
he Shrine Burn Unit in Galveston returned to their estab-
ished sheep model of inhalation injury, and after a 4-hour
elay, administered aerosolized tissue plasminogen activa-
or.10 In this experimental model, gas exchange, lung water,
nd pulmonary compliance all improved dramatically.
here were no major bleeding problems and no changes in
easured clotting times.This mode of therapy still must be

ested in humans with burn and inhalation injury, but the
reliminary experimental data are promising.The problem
f airway obstruction produced by inhalation injury can
lso be attacked by efforts to prevent airway narrowing.
fter chlorine inhalation (relevant to smoke inhalation be-
ause of its release during the combustion of a number of
lastics), the administration of the �-2 agonist terbutaline
ombined with the inhaled corticosteroid budesonide pro-
uced considerable improvement in lung function.11 There
re no data on whether combination of such approaches is
ynergistic.

Fiberoptic bronchoscopy has long been the gold stan-
ard for diagnosis of inhalation injury, but it requires the
vailability of a skilled endoscopist, is invasive, and may
orsen hypoxia or cause progression of airway obstruc-

ion. With the widespread availability of high resolution,
igh speed CT scanners, a virtual bronchoscopy tech-
ique has been developed to diagnose inhalation inju-
y.12 Ten burned patients with suspected inhalation in-
ury were scanned. The authors were able to identify
evere upper airway edema in 8 of the 10 patients. Vir-
ual bronchoscopy was not compared with traditional
ronchoscopy in this study, so no comments can be
ade about sensitivity or specificity versus the broncho-

cope. The authors did not comment on the difficulties
r risks of moving critically ill patients to
he radiology suite, monitoring them, and protecting
heir airways during transport. It is unlikely that virtual

ronchoscopy will replace flexible fiberoptic broncho- w
copy in many burn units, but it may be useful in se-
ected patients already going to CT scan for possible
ccult trauma.

Despite good early care, many patients with combined
nhalation and burn injury progress to develop ARDS with
he associated high morbidity and mortality. The optimal
trategy for mechanical ventilation in these patients re-
ains unknown. Recent trends have been toward lower

idal volumes and lower airway pressures. High frequency
entilation provides small tidal volumes and lower peak
irway pressures, but has found little use outside of the
ediatric ICU. Recently, the use of high frequency oscilla-
ory ventilation was explored in a group of severely burned
dult patients with ARDS.13 All patients were switched
rom volume ventilation with positive end expiratory pres-
ure to high frequency oscillatory ventilation, with imme-
iate improvement in partial pressure of oxygen/fraction of

nspired oxygen ratios and slower improvements in oxygen
ndex. These patients were all heavily sedated and all were
hemically paralyzed.The authors concluded that high fre-
uency oscillatory ventilation is safe, effective, and can be
sed both in the ICU and in the operating room with at

east short-term benefit in difficult to ventilate ARDS pa-
ients. The high frequency oscillatory technique has long
een a mainstay of the management of small children with
oncompliant lungs, but until recently, the ventilators were
ot powerful enough to routinely ventilate adult patients. It
emains to be demonstrated whether the outcomes advan-
ages found in pediatric patients will also be present in
dults. The use of deep sedation and chemical paralysis, if
ecessary, will be a major drawback.
The timing and even the use of tracheostomy have long

een controversial, particularly in children. Kadilak and
ssociates14 reviewed 98 intubated, burned children with an
verage age of 6.1 years, admitted to their hospital over a
-year period. Patients were intubated orally for 82% of
heir ventilator days and nasally for the remaining 18%.
nly 2 patients received tracheostomies for longterm man-

gement. Patients remained intubated for an average of
9.6 days. There were 5 unplanned extubations, and 13
ubes had to be changed electively for reasons such as leak-
ng cuffs. Only 1 patient required reconstructive surgery for
ubglottic stenosis. The authors concluded that translaryn-
eal intubation is a safe and effective method of providing
ongterm ventilatory support. This study does not attempt
o identify translaryngeal intubation as the optimal tech-
ique, only that it is safe and effective. Palmieri and co-

orkers15 reached similar conclusions about early tracheos-
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610 Cone What’s New in Burns and Metabolism J Am Coll Surg
omy in severely burned children. Would tracheostomy
ave reduced the unplanned extubations and simplified the
ube exchanges? What about longer term intubation?

ithout a direct comparison it is still impossible to con-
lude that one technique is superior.

ound management
he primary goal of burn care centers around closing the
urn wound either by primary healing of partial thick-
ess wounds or by autologous grafting of full thickness
urns. The remainder of burn care consists of support-
ng the patient and preventing or treating complications.
he faster the wound can be closed, the less the risk of

nfection, the less the patient’s pain, and the shorter the
ospitalization. Early excision and closure with autolo-
ous skin, allograft or cadaver skin, or skin substitutes
as been accepted for the management of full thickness
ounds for several years. Conventional wisdom has
een that partial thickness wounds should be managed
ith a topical agent to prevent infection and the
atient supported metabolically while the wound heals.
n many cases this sequence fails to occur. This may be
rom erroneous assessment of burn depth initially or
rom conversion from partial to full thickness secondary
o infection. But these same techniques of wound cov-
rage can be applied to partial thickness wounds.16 In
ne study, two groups of nonrandomized patients with
artial thickness burns involving more than 40% TBSA
ere compared. One group of 13 patients was treated

raditionally, as described. The second group of 16 pa-
ients was treated with operative debridement and cov-
rage of the wound with meshed cadaver skin. The two
roups did not differ in age or TBSA. The cadaver graft
roup had a markedly shorter hospital length of stay: 24
ersus 40 days. There were three deaths in the traditional
roup and none in the allograft group. This is a small,
onrandomized group of patients, but if confirmed, will
epresent a major change in the management of large
artial thickness burns.
A similar approach used a three-way randomization of

group of children with partial thickness burns to one of
hree treatment arms.17 It compared the topical antimi-
robial silver sulfadiazine with Biobrane or TransCyte, a
ioengineered skin substitute. The primary study pa-
ameter was time to 90% reepithelialization or until
onversion to full thickness and autografting. Time to
eepithelialization was shorter with TransCyte (Smith &

ephew) versus Biobrane (Mylan Bertex Pharmaceuti- g
als) versus silver sulfadiazine (7.5 versus 9.5 versus 11.2
ays, respectively). The TransCyte group also required
ewer autografting procedures. These two studies taken
ogether strongly suggest that the traditional means of
aring for large partial thickness burn wounds may no
onger be the optimal care.

Partial thickness burn wounds tend to progress to full
hickness wounds in the first 24 to 48 hours because of
icrovascular thrombosis. Efforts to prevent this pro-

ression with anticoagulants or antiplatlet agents have
een unsuccessful. This additional tissue loss was pre-
ented by early application of subatmospheric pressure
ith the VAC (Kinetics Concepts, Inc) device18 in a

mall group of human bilateral hand burns. One hand
as treated with topical antimicrobial cream and the
ther with the VAC. Much less edema and better pres-
rvation of blood flow were seen with the VAC. Al-
hough there is no objective evidence that tissue was
reserved in this manner, the authors’ clinical impres-
ion was that less tissue necrosis occurred and blood flow
as definitely preserved.

nfection and immunology
he major risk burn patients face in the course of their

reatment is infection, whether from their open wounds,
heir lungs, or invasive devices such as catheters. This is,
n part, from the loss of large portions of their mucocu-
aneous barriers. But the burn victim’s ability to respond
o microbiologic challenge is also seriously suppressed by
he injury. A portion of the burn victim’s increased risk
f infection may be genetically predetermined. Patients
ith specific polymorphisms in the tumor necrosis fac-

or and bacterial recognition genes are associated with a
onsiderably higher incidence of sepsis than their burn
njury alone would predict.19 Although this propensity
o infection cannot be corrected, early recognition might
llow more aggressive treatment. The earlier use of anti-
iotics, administration of immunomodulators to correct
he functional deficit, or just better isolation may be
ndicated in these patients. To date, this has not been
tudied.

Some aspects of the innate immune response can be
anipulated in a therapeutic manner. Jeschke and col-

eagues,20 recently compared two groups of burned chil-
ren. Blood glucose was maintained between 120 and
80 mg/dL in both groups. One group required exoge-
ous insulin to maintain this glucose level, the other

roup did not. The group receiving exogenous insulin
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ad decreased levels of proinflammatory cytokines, in-
reased levels of antiinflammatory cytokines, and de-
reased acute phase proteins. The children receiving in-
ulin required less albumin administration to maintain
omparable levels of serum albumin. The authors con-
luded that insulin acts directly to achieve these antiin-
lammatory effects and not simply through a lowered
lucose. But the study was not designed to detect any
hange in incidence of infection, morbidity, or mortal-
ty. In conjunction with this study, the same group21

andomized a group of burned children to receive either
ontinuous infusion insulin to maintain glucose be-
ween 100 and 140 mg/dL or no treatment. The insulin
nfusion decreased acute phase protein levels after severe
urn injury. The anabolic steroid oxandrolone has been
hown to have similar effects to insulin on the acute
hase proteins, albumin synthesis, and constitutive pro-
eins22 when begun on postoperative day 5. In addition
o the acute effects of oxandrolone, longterm adminis-
ration (for 1 year postburn) improved lean body mass,
one mineral content, and bone mineral density.23 Not
nly did oxandrolone help to preserve lean body mass in
urned children when started early, it accelerated the
ecovery of body weight and lean body mass lost in adult
urn victims. Body mass restored by diet, exercise, and
xandrolone was maintained for at least 6 months after
topping the drug.24

Beta adrenergic blockade has been shown to reduce
he hypermetabolic response in burned children. In an
ffort to determine the effects of �-blockade in adult
urn victims, patients who were taking �-blockers at the
ime of admission were compared with those started on
-blockade in the hospital, and these two groups were
ompared with a matched cohort of patients who never
eceived �-blockers.25 The group taking �-blockers on
dmission appeared to have a lower mortality, shorter
ealing times, shorter ICU and hospital lengths of
tay, and lower incidence of wound infection. The
roup in whom �-blockers were started in the hospi-
al had worse outcomes, but these patients were not
ell matched to the other two groups. The question of
hether �-blockers have value in reducing the hyper-
etabolism in adult burned patients remains

nanswered.

omplications
atients with critical burns are particularly subject to

omplications of both their injury and their treatment. p
hese complications may threaten survival, prolong re-
overy, or simply make life miserable.

Pneumonia is a major cause of morbidity and mortality
n the ICU and diagnosis is difficult at best. Clinical diag-
osis, including physical findings, radiographic findings,
nd sputum examination frequently overdiagnoses pneu-
onia, leading to excessive antibiotic use and the associated

omplications. In medical and trauma ICUs there has been
idespread acceptance of various means of bronchoscopi-

ally directed sampling of the lower airways to rapidly di-
gnose pneumonia and to limit unnecessary antibiotic use.
he diagnosis of pneumonia in burned patients can be
articularly difficult. Infiltrates may be from inhalation
njury, atelectasis, ARDS, or pneumonia. There have
een no data available on the use of quantitative mi-
robiology and bronchoscopically directed sampling
n burned patients. Burn physicians have been left to
ssume that results from other trauma patients apply
o burned patients.

The group from Galveston has raised important ques-
ions about the interpretation of such bronchoalveolar la-
age (BAL) results in burn victims.26 They retrospectively
eviewed a group of seriously burned children who under-
ent BAL during the course of excision and grafting of

heir burn wounds. The authors accepted colony counts of
103 organisms as indicative of a positive BAL and com-

ared these findings with routine chest x-ray. There are a
umber of problems with this study including small sample
ize, the reliance on routine chest radiograph as the gold
tandard, the failure to report the actual numbers of organ-
sms obtained from the BAL, and so forth, but it raises one
ery important issue about the use of BAL in burned pa-
ients. In 80% of the patients diagnosed with smoke inha-
ation, there was a positive BAL even in the absence of any
ther indication of pneumonia. Inhalation injury produces
tracheobronchitis with mucosal erythema, ulceration,

nd hemorrhage. There is damage to the respiratory cilia,
redisposing to local bacterial invasion. The authors spec-
lated that this tracheobronchitis is the source of the posi-
ive BALs reported in this study. This question demands
dditonal study in a larger population of burned victims
ith inhalation injury before the techniques useful in other

CUs are accepted without question in the burn unit.
Rhabdomyolysis is not uncommon in the early period

fter a burn injury. It may result from compartment syn-
rome, electrical injury, or direct thermal injury to muscle.
n the presence of the hypovolemia that commonly accom-

anies burn injury, myoglobin may be nephrotoxic
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hrough a variety of mechanisms. Standard treatment reg-
mens include rapid volume replacement with crystalloid
olutions and administration of mannitol and sodium bi-
arbonate. Unfortunately, there are very few clinical data
vailable in any patient population that confirm that these
reatments are either necessary or beneficial.

Brown and colleagues27 reported on a large series of non-
urn trauma patients with elevated creatine kinase levels as
surrogate for myoglobin. Although this was a retrospec-

ive study, they identified two comparable groups of pa-
ients, one of which received mannitol and bicarbonate, the
econd of which did not. They compared the incidence of
enal insufficiency, requirement for dialysis, and mortality
etween the two groups. They were unable to show any
enefit to the administration of mannitol and bicarbonate.
nly at very high levels of creatine kinase did there appear

o be an advantage to such treatment, and this did not reach
tatistical significance. Although this study raises questions
bout one of the dogmas of treating traumatic or thermal
habdomyolysis, there are flaws in the study.There were no
urn or electrical burn patients in the study. It was a retro-
pective study, so the bicarbonate and mannitol were not
dministered in a standard fashion or to achieve a standard
rine output. Serum myoglobin levels were not measured.
lthough this study is not sufficiently convincing to justify
omplete abandonment of the use of mannitol and bicar-
onate, it does suggest that this form of therapy not be
ursued to the point of volume overload and
yperosmolality.

Deep vein thrombosis (DVT) is difficult to diagnosis on
linical grounds in any patient population, but particularly
o in burn patients in whom swollen extremities are com-
on from injury, fluid resuscitation, sepsis, hypoalbumin-

mia, and so forth. Before readily available Doppler exam-
nations, this difficulty led many clinicians to believe that

VT was rare in burn patients. But relying on clinical
riteria to order the Doppler examination does not allow
etermination of the true incidence in the burn patient
opulation. Wibbenmeyer and associates28 examined 148
urned patients hospitalized longer than 3 days. Each pa-
ient had venous duplex examination on admission and at
ischarge. Nine patients (6.08%) were found to have ve-
ous thrombosis; in 8 of these the thrombosis was proxi-
al. One of the two documented pulmonary emboli was

atal. Risk factors for DVT were the presence of a central
ine and the transfusion of more than 4 U of packed red
lood cells. This prevalence of DVT is comparable with

hat of general surgical patients for whom DVT prophy- w
axis is widely recommended. The authors recommended
hat the issue of DVT prophylaxis in burned patients be
valuated. Fecher and coworkers29 retrospectively reviewed
decade-long experience with clinically diagnosed DVT.
hey diagnosed DVT in 10 of 4,102 patients (0.25%) and
iagnosed two nonfatal pulmonary emboli. They reported
hree deaths described only as not from thromboembolic
isease.These authors routinely used subcutaneous heparin
rophylaxis and reported no bleeding complications. The
uthors concluded that heparin prophylaxis is effec-
ive in the prevention of DVT in burn patients. To-
ether these two articles provide evidence that DVT
as a similar prevalence in burn and general surgery
atients and that subcutaneous heparin is relatively
afe. They do not provide evidence that subcutaneous
eparin is effective in this patient population.
Pruritis may not be considered a burn complication be-

ause it is the expected but undesirable result of wound
ealing. The standard therapy, antihistamines, is often not
uccessful in relieving the itching. A number of other mo-
alities have been described including ice, hemorrhoid
reams, and cannabinol. Hettrick and colleagues30 reported
oderate success in treating postburn pruritis with trans-

utaneous electrical nerve stimulation. Although not a
ure, transcutaneous electrical nerve stimulation provides a
oninvasive, patient controlled alternative for pruritis.

ehabilitation
eyond survival, the goal in caring for burned patients is to

eturn them to their preinjury status. The best of burn care
ften falls far short of this goal, but insurance companies,
isability services, and lawyers routinely ask that this short-
all be quantitated. Many burn physicians are unfamiliar
ith the process of impairment ratings.Those familiar with

he practice most frequently base their impairment rating
n loss of range of motion, which can be easily measured.
osta and the groups from Seattle and Dallas31 evaluated

mpairment based on whole person ratings, as directed by
he AMA’s guides. The skin rating is less objective and is
roken into five classes ranging from 0 to 95% impairment.
lasses are based on frequency of symptoms, ability to per-

orm activities of daily living, and the need for medical
reatment. The data from the Seattle unit were based on
39 patients studied predominantly at 2 years postinjury.
he data from Dallas were based on 100 patients studied at

n average of 12 months postinjury. The Seattle group av-
raged 17% impairment of the whole person compared

ith the Dallas group’s average impairment of 19% of the
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hole person.The authors didn’t establish that this impair-
ent rating is accurate in any absolute sense or predictive of

eturn to work, and so forth. But it does address the impair-
ent from a major but subjective component of the burn

atient’s injury and demonstrates that consistent results
an be obtained. The group from Uppsala32 examined
ongterm outcomes of a group of burn patients injured on
he job. At an average followup time of 9 years, 83% of the
ormer patients were working, 10% were on sick leave or
ad a disability pension, and 7% were unemployed. Sixty
ercent of the unemployed reported moderate to severe
ain compared with 18% of those working. Although these
re the only longterm return to work data available, there is
uch information not available.There is no comparison to
nonburn injured cohort. It is impossible to evaluate the
egree to which the burn injury impaired the victim’s abil-

ty to advance in the workplace.

hemical burns
hemical burns present unique challenges. In addition to

he direct skin loss, there is the potential for systemic toxic
ffects and the feeling often present in the treatment team
hat there should be some more specific intervention than
imply irrigation with copious volumes of water. For a small
ubgroup of patients, more specific responses are needed
nd available. One of the chemicals with the potential to
roduce systemic toxicity and for which a specific response

s available is hydrofluoric acid (HA).
Hydrofluoric acid was originally used only as an

ndustrial solvent with the ability to dissolve glass and
ilica products. In recent years, its use has become
ore widespread; it is included in some rust removers

nd heavy duty detergents and cleansers. Hydroflu-
ric acid causes injury by two distinct mechanisms.
irst is the high concentration of hydrogen ions that
roduces a burn similar to those given by hydrochlo-
ic or sulfuric acids. The fluoride ions, however, are
apable of penetrating tissues deeply and leading to a
ainful necrosis. This deep tissue necrosis occurs de-
pite effective surface irrigation. The seriousness of
A injury depends on the concentration of the acid,

he surface area exposed, and the duration of expo-
ure. Weak solutions of HA may take hours to cause
ymptoms, often misleading both patient and physi-
ian into believing that irrigation and local wound
are have taken care of the problem. The goal of ther-
py is to neutralize the fluoride ions with calcium

ons. Although an uncommon injury, Hatzifotis and w
ssociates33 reviewed their experience with 42
atients seen between 1977 and 1999. These authors
resented an algorithm for the patient who presents
ith HA exposure. They recommended management
f small cutaneous exposures with calcium gluconate
n dimethyl sulfoxide (DMSO) after a minimum of
0 minutes of copious irrigation. If pain persists,
ther options include subcutaneous infiltration of
alcium gluconate or regional infusion in a manner
nalogous to the Bier block. For exposures involving
ore than 5% TBSA, the potential exists for life-

hreatening systemic toxicity. Dünser and the group
rom Innsbruck34 recently reviewed the critical care
anagement of HA burns. They reviewed the electro-

yte abnormalities and the risk of myocardial dysfunc-
ion and infarction, and various options for calcium
nd magnesium therapy.

The US Army Institute for Surgical Research re-
ently reviewed their experience with chemical burns
nd, particularly, with white phosphorus burns.35 The
xperience, generated over 51 years of operation, in-
luded 146 white phosphorus burns out of a total of
76 chemical burns. Outside of the white phosphorus
xperience, this series is comparable with a large civil-
an experience, but the phosphorus experience is
nique and in the absence of another major conflict,
ill probably remain so. But, white phosphorus does
ccur in uses other than munitions and presents some
pecific challenges to the burn surgeon who may lack
he military experience of dealing with this agent.

hite phosphorus ignites spontaneously if exposed
o oxygen at a temperature of 86°F or higher. In
ounds, white phosphorus will continue to oxidize
ntil debrided, neutralized, or consumed. Wound ir-
igation with warm water facilitates conversion from
olid to liquid, making it more difficult to locate and
emove from a wound. Systemic effects include life-
hreatening hypocalcemia and hyperphosphatemia
hat can occur as early as 1 hour after injury. The
uthors recommended frequent monitoring of cal-
ium and phosphorus levels for 48 to 72 hours after
njury. Continuous vigorous water irrigation is prob-
bly optimal for initial management if possible. Im-
ediate surgical debridement might be necessary to

emove the particles of phosphorus. The embedded
hosphorus is best identified by Wood’s lamp, which

ill cause the particles to fluoresce. Copper sulfate
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hould be avoided because of the risk of copper
oxicity.

Burns associated with the manufacture of metham-
hetamine are the most recent type of chemical burn
o present to burn units in large numbers. Several
urn units have reviewed their experience with this
ew epidemic36,37 with notable findings. The typical
atient is a young man with flame burns involving the
ace and hands and a vague history of an explosion
hat they cannot or choose not to clearly explain.
nly later is the complete history obtained from law

nforcement, the family, or the media. Many of these
atients require much higher than calculated fluid
olumes to resuscitate. About half go through with-
rawal characterized by agitation followed by hyper-
omnolence. Benzodiazepines are often required to
anage the withdrawal. Costs for these patients are

igh and third party or even government reimburse-
ent is limited, imposing a tremendous financial bur-

en on burn unit hospitals.
In conclusion, burn care has made tremendous

rogress in caring for the typical burn patient, but
ore progress is needed at the extremes. The very

oung, the very old, and the very large burn still do
ot do well. There is also still a need for techniques
hat produce better functional and cosmetic results.
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