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Anesthesia and the Therm al Injury Patient: A  Current L iterature Review

Abstract

Problem and Purpose: A m ajor burn is one o f  the m ost devasta ting physiologic and 

psychologic  insults known (M cCall &  Cahill, 2005). The 2007 American Burn 

Association fact sheet estim ates that each burn cen ter has approxim ately  200 adm issions 

each year and that the o ther 5 ,000 hosp itals adm it approx im ately  3 burn injuries on 

average per year. The recen t approach to move some burn care to the rural setting w ill 

have a m ajor effect on the rural anesthesia  practice. The purpose o f this study was to 

enhance the Nurse  A nesthetists ab ility  to care for the burn patient.

Conceptual Framework: This literature review study is based on a physiological framework of 

the burn process (Sitzer, 1991). Current literature has been based on the physiological response 

of the burn victim.

Analysis Methods: Extensive analysis of recent published literature on the care of the burn 

victim was completed. Further analyses of treatments that may be the future of burn care were 

completed. The literature review focused on the most recent five years of research.

Results: Fluid resuscitation continues to be a changing field of study. A large portion of 

treatment facilities continue to use crystalloid fluids for resuscitation. There are certain times 

where colloids are used. Pulmonary injury is also an ongoing threat. When encountered it is a 

significant key to morbidity and mortality. Many treatments used in other areas of health care are 

showing promise in the care of the burn victim. Treatments to decrease the effects of 

inflammatory cytokines are coming into favor in the care of the burn victim.

Implications: Much o f  the  research  discovered  and d ispersed w ithin this study was 

d irected to increase the know ledge on modes o f care that are accepted in the treatm ent o f 

the thermal injury cu stom er encountered in m any health  care facilities today. W ith  the 

great need for specialized care in the health  care env ironm ent, the anesthesia p rov ider 

m ay not encounter m any  situations where burns are invo lved. This may assist in the 

curren t decrease in m ortality  and the shortening  o f  the length o f stay in the hospital 

setting (Akerlund, Huss, & Sjoberg, 2007).
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Anesthesia  and the Therm al In jury  Patient: A  Current L iteratu re  Review

A m ajor burn is one o f  the m ost devastating physiolog ic  and psycholog ic  insults 

know n (McCall & Cahill, 2005). The injuries are multifaceted and consist o f multiple 

o rgans and possib ly in accordance w ith o ther significant traum atic injury. The American 

Burn A ssociation (ABA) estim ates that approxim ately 500,000 burn injured patients 

obtain  care in a m edical facility  (“Burn Incidence and T reatm ent in the U S ,” 2007). 

H isto rically  this amount has been  much  higher. The Am erican Burn A ssociation fact 

sheet p roduced  in the year 2001 estim ated  that the num ber o f  burn patien ts encountered 

in the p revious year was sligh tly  over one m illion.

The most recent fact sheet released by the ABA  states that there are at least 4 ,000 

deaths per year w ith some aspect o f burn injury. M any o f  those deaths w ere in residentia l 

fires, nearly  3,500. The o ther 500 deaths occurred  in m otor vehicle, aircraft crashes, 

con tact w ith  e lectricity , chem icals or ho t liquids, and other sources (M iller, et al., 2006). 

The amount o f  deaths has decreased in recent history and the curren t research  attributes it 

to the increase  in education  o f  society  and the treatm ent o f burn care.

O f the 500,000 patien ts that encounter some form  o f health  care fo r the injuries, 

there are very  nearly 40 ,000  adm issions to hospitals due to the injury (“Burn Incidence 

and T reatm ent in the U S ,” 2007). There are 132 hospitals in the United  States w ith a self 

designated  burn cen ter (K lein, N athens, Heimbach, & G ibran, 2007). M ore than 60%  o f 

the burn injuries result in adm ission to one o f  these specialty  centers. W ith  the
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im provement o f  transport and stabilization m ethods this number has increased in recent 

years. The 2007 ABA  fact sheet estim ates that each burn cen ter has approxim ately  200 

adm issions each year and that the other 5 ,000 hospita ls adm it approxim ately 3 burn 

injuries on average per year. M any o f  these burn patien ts who seek medical help have 

been treated in sim ilar ways for the last 10 to 15 years.

In m any  cases, the large regional burn centers are based  in m etropo litan  areas and 

the anesthesia  care p rov ided  is a partnersh ip  o f  C ertified  Registered Nurse Anesthetists 

and A nesthesiologists. If  th is is the case, the  m ajority  o f burn center adm issions that 

need some form  o f  anesthesia  care see a varie ty  o f  careg ivers. The concen trations o f 

specialized burn care to a rela tively  very  few  specialized centers dispersed through a 

large geographical area requ ires the triage, referral and transport o f m any sm aller non 

burn center facilities (K lien et ah, 2007).

One m ostly  rural state in the m id-w est contains a significant amount o f hospitals 

w ith varying levels o f  care provided. A ccording to the Nurse Anesthetist resource in that 

state, 60 percen t o f these hosp ital anesthesia  p rogram s are covered by anesthetist only 

groups. The anesthetist is used as a resource in the traum a stabilization in m any  o f  these 

facilities as well as in the operating theatre. Nurse  Anesthetists are now contributing 

much o f  there expertise  in the  realm  o f pain control in the pain clinic setting as well.

The recen t approach  to move some burn care to the rural setting w ill have a m ajor 

effect on the rural anesthesia  practice. M any  burn centers have integrated more 

comprehensive outpatien t care in their treatm ent reg im ent (Sagraves et ah, 2007). This 

shift w ill call for the co llaboration  between cen ters on the basis o f patient care, cost, 

travel, patien t sa tisfaction, and regional burn cen ter capacity  (Sagraves et al., 2007). A
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recent study on an approach  to the rural care o f the  burn patien ts suggest that m any 

patien ts w ith  a burn o f less than 10% body  surface area could be effic ien tly  treated in the 

rural ou tpatien t setting. This study by Sagraves and partners enforces the  fact that the 

co llaboration w ith a burn cen ter is a must.

Problem

Not all therm al injury patien ts are near a facility  specialized  in burn care. This 

fact m andates the need fo r patien t stabilization if  transport is needed. Due to the paucity  

o f specialized  burn care cen ters in the US, long transport tim es are very  common (K lein 

et al., 2007). The ou tcom e o f  these patients is very dependen t on the care provided 

before  and during the transport process (K lein et ah, 2007). W ith  the m ajority  o f  the 

facilities in North D akota  p laced  in the rural setting, it would be safe to assum e that the 

anesthesia  p rov ider w ould  encounter some need fo r burn care in his or her career.

The need for education  on  the recen t practices in the care o f  burn patients is 

needed fo r all providers. The down trending o f the num ber o f  therm al injury patients can 

correla te  w ith the increased need for education on the specific care on a sem i-regular 

basis. A lthough clinical ou tcom es are vastly  better than they w ere 50 years ago, new  

modes and techn iques o f  care are constan tly  being encountered. These encounters are 

challenging  the abilities o f event the specialized care g iver in the burn setting (Sheridan 

& Tomkins, 2004).

Purpose

The purpose o f this study  was to enhance the Nurse  A nesthetists ab ility  to care for 

the burn  patient. The advent o f  improvements in p revention as well as treatm ents has 

drawn the need for updated  education  for the provider. M uch o f  the  research d iscovered
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and d ispersed w ithin this study is directed and increasing the know ledge on modes o f 

treatm ent that are accep ted  in the care o f  the  therm al injury custom er encountered  in 

many health  care facilities today. W ith  the great need for specialized care in the health  

care env ironm ent, the anesthesia  p rovider m ay not encounter m any situations where 

burns are involved. Th is m ay assist in the curren t decrease  in m ortality  and the 

shortening  o f  the leng th  o f stay in the hospital se tting (Akerlund, Huss, & Sjoberg, 2007).

This summ arization o f the curren t research  being done in the  field o f  burn  care 

will enhance the ab ility  o f  the  anesthesia  p rov ider in the aspects o f recent accep ted  care 

as well as what to expect in the near future.

S ign ificance o f  S tudy

Immediate aggressive fluid adm in istration is universally advocated; however, the 

choice o f fluid, tim ing o f  infusion , and endpoin ts to be m onito red rem ain con troversial 

(Ahrns & Hark ins, 1999). Under normal c ircum stances, the loss o f fluid is regained 

though the ingestion o f w ater in some form  or another. In m any burn instances, the 

patient is unable to care fo r h im  or her se lf and there is an inability  to fulfill the  need by 

him  self o r her self. The burn patient is in m any cases unable to replace such large 

volumes and therefore  m ay suffer m any clinical sequelea. Curren t know ledge is show ing 

that w ith large amounts o f  fluid infused, the  edem a process greatly com pounds itse lf  

(Dem ling, 2005). As stated above, the cho ice o f  fluid is o f significant con troversy and 

there are m any  fo rmulas available fo r the resuscita tion o f the burn injury survivor. The 

selection o f  the appropriate fo rm ula is curren tly  based  on what was histo rically  used by 

the health  care facility . There m ay be a be tter  way in the current research.
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A irway and pulm onary  injury are m ajor causes o f death in burn patients (Kovac, 

2006). Inhalational injury w ith associated burn has consisten tly  shown increased 

m ortality  in burned  v ictim s (Barrow , Spies, B arrow , & Herndon., 2004). The new 

research curren tly  being  done w ith respect to the care o f  the pu lmonary care o f  the 

thermal injury  patien t m ay decrease the high m ortality  that is associated  w ith these 

injuries. The frequency  o f  pu lmonary injury occurs in approxim ately  20%  to 30%  o f 

burns requ iring  adm ission (Edelman, Khan, Kempf, &W hite, 2007). R esearch  has shown 

that respira to ry  tract in fection is the most common complication  that patients endure  w ith 

the therm al in ju ry (Edelman, et al., 2007). Edelm an and cohorts (2007) stated  that the 

resp ira tory  tract com plications have em erged  as the dom inant k iller o f  patients w ith 

thermal injury. If  the in terrup tion o f this pu lmonary injury  is to be successful, current 

know ledge will need to be dissem inated  to the p roviders on the front line.

Pain has always been a m ounting issue in the therm al in ju ry patient. Opiate 

therapy  has been the accep ted protocol in the care o f  therm al injury  v ictim s. Opiate 

therapy  is not w ithou t m ultiple side effects (Cuignet, M buyam ba, & Pirson, 2005). The 

advanced  therapy associated  w ith future burn care m ay be a perfect theatre fo r the use 

local anesthetics. A dvancem ents in pain control m ethods for o ther d iseases could 

possib ly aid in the care o f  the thermal injury patient.

The three top ics d iscussed above where chosen due to the ability  o f  the anesthesia  

p rovider to intervene in each issue. A nesthesia  p roviders are con tinually  p rov id ing  care 

involving  the fluids, pulmonary, and pain issues o f  all patients. The know ledge o f  the 

current research  m ay provide a better outcom e for the c linical environment.
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Research Q uestions/Hypothesis

The follow ing  questions w ere addressed in this study:

1. Is there an op tim al fluid resuscita tion and calcu lation available fo r the thermal 

injury patien t?

2. Are there new  treatm ents available  for the treatm ent o f  a irway and pulmonary 

injury in the burn patien t?

3. W hat is currently  being  stud ied fo r the a lleviation o f  burn pain?

It is the hypothesis that there are beneficial treatm ents that are curren tly  being  

researched and m ay  op tim ize the regim en o f  the critically  burned  patient.

An operational definition  o f  crystallo id  is a substance that is sm aller in chem ical 

m akeup to a colloid. The so lu tion could be transported through a sem i-perm eable 

m embrane. An operational defin ition o f  a co llo id is a solution w ith small insolub le  

particles that are unifo rm ly  d ispersed  th roughout a continuous m edium  that does not 

settle readily. It does not transfer th rough  m embranes very easily  (“M erck  Source 

Illustrated  D ictionary ,” 2005).

F luid resuscita tion is operationally  defined as the volume o f fluid needed and used 

for the rehydration  o f the burn patient. Th is volume is determ ined by  several 

m easurements in c linical use today. The Parkland and the Evans fo rm ula  are ju s t two 

m easurements used  to determ ine the amount o f  volume needed fo r the burn patient (Bert, 

Gyenge, Bown, Reed, & Lund, 1997).

Inhalational injury  is a d iagnosis given the thermal injury patient that is found to 

have a irw ay edema, in flammation, m ucosal necrosis, and soot deposits found on 

bronchoscope evaluation  (Hunt, Agee, & Pruitt, 1975). Inhalational injury  is an
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imprecise  term  used for the description o f  a w ide range o f a irw ay and pu lmonary 

problem s associated  w ith thermal injuries (G arner & Jenner, 2005). The study done by 

G arner and Jenner also states that inhalational injury by therm al m eans can also  be 

termed smoke inhalation.

The operational definition  o f pain is defined as an unpleasant sensory or 

emotional experience associated  w ith actual o r poten tia l tissue damage, or described  in 

term s o f such dam age (Barash, Cullen, & S toelting, 2006).

Study F ram ework

This quasi-experim ental study is based  on a physio logical fram ework o f the  burn 

p rocess (Sitzer, 1991). A burn has been noted  to be an injury  to the derm is as well as 

possib ly o ther underly ing structures that have been the  result o f  contact w ith heat that the 

skin m ay not be able to disperse. Th is heat m ay com e from  m any sources, including 

from  a combustion source. O thers m ay come from  corrosive chem icals, e lectric ity , or a 

form  o f  radiation (Kovac, 2006).

Thermal injuries have been described as sign ificantly  d isfiguring in m any cases. 

W hen  the question arises o f  what someone thinks a burn is, the p icture is not an e legan t 

one. Thermal injury  occurs when a heat source com es in contact w ith any bod ily  organ 

and the amount o f heat is in greater capacities than the body  can dissipate . W hen  m ucous 

m embranes come in con tact w ith the therm al source, be it hot liquids, d irect flam e, or 

radiant energy, damage occurs at the cellu lar level (Hansen, 1998). C hem ical burns can 

occur w ith the contact w ith the skin or when inhaled as is what occurs in smoke 

inhalation. Internal damage can occur w ith the  consumption  o f  chem icals through the 

oral orifices. An esophageal burn has been recorded  in the anesthesia setting  due to the
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inadequate c leaning  o f  a T ransesophageal E chocardiogram  utensil (Ventic inque,

Kashyap, & O ’Connell, 2003). E lectrical burns can occur w ith  the exposure o f  the body 

to high voltage curren t that travels through the grounded  body  tissues. Th is m ay occur 

w ith standard e lectrical sources or can be the  result o f  a ligh tning strike.

It has been w idely  accep ted  that burn injury has been separated into three 

differen t c lassifications for the description o f the burn. The first-degree also  known as 

the superficial burn the cellu lar damage is found in the epidermal layer o f  the  skin. The 

skin thereby continues to m aintain  its barrier function. The second-degree burn, also 

know  as partial th ickness burns, can consist o f  destruction o f the ep iderm is and a portion 

o f  the derm is. An injury w ith a full destruction o f the epiderm is and the derm is m ay also 

be considered in a second degree injury. E ither w ay the barrier function o f  the skin is lost 

in the second  degree injury. The th ird degree injury or fu ll-th ickness burn is the complete  

destruction  o f the skin and part o f  the subcutaneous tissue is invo lved  (Kovac, 2006). 

Some texts describe a fourth degree burn as well. The fourth degree burn is used to 

describe a burn that has in filtra ted the beyond the third degree into the tissues o f  the 

m uscle  and bone underly ing  the injury  site. The Hansen tex t (1998) also describes the 

possib ility  o f  the electrical injury being classified  in the fourth degree designation. It is 

very  rare that only one degree o f  burn is encountered. M ost o f  the injuries contain an 

assortm ent o f  depths. For instance, a second degree burn m ay be surrounded  by an area 

o f  first degree injury. This is b lam ed  for the m anifesta tion o f pain in the burn victim . The 

dep th  o f  one site m ay have term inated the nerve impulses, but the area surrounding this

zone may have sensation intact.
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Burn severity  has been described in one o f  two ways when the assessment is 

needed. The rule o f  nines has been accepted as the easiest form  o f  assessment. In this 

calcu lation , the anterior and poster thorax is each considered an 18% surface area. The 

an terio r and posterior arm  surfaces are considered  to be four and a h a lf  percen t each. The 

legs each have a nine percent surface area in the an terio r and posterior aspects. The groin 

is considered one percent and the head is calcu lated  w ith nine percent o f  the body  surface 

area. The con tinually  accepted w ay o f calcu lating  the surface area o f  the  in ju ry  is to use 

the palm  d iam eter o f  the patient w ithout the fingers. This is considered to be a one 

percen t surface area (Kovac, 2006). The ru le  o f  n ine charts also m akes a change in the 

estim ation when discussing children. For instance, a one-year-old has the surface area o f 

19% when associated  w ith each arm. The trunk  is considered 32 percen t and each leg 

consists o f  15 percent o f the body surface area (Kovac, 2006). The Lund-B row der chart 

also describes a useful way o f describ ing  the surface area o f  the burn, but is not used as 

often as the rule o f  nine charts (Dem ling, 2005).

The first degree burn is c lin ically  m anifested  as red and painful site. B listers may 

occur over the tw enty four hours post burn. The second degree burn is described  as 

redness and b listers that occur imm ediate ly  after the burn. The wound is painful at this 

depth. W hen  the blisters open the nerve endings m ay be exposed  and the pain is 

increased. The Advanced T rauma Text considers the deep second degree and the third 

degree burns to be less painful. This is due to the destruction  o f  the pain recep tors in the 

burn  site. The pain  m ay still persist due the surrounding  burn injury. C erta in  

physio log ical changes occur in the burn patient. Immediately  post burn there  is a m arked 

decrease in cardiac  ou tput and an increase in the heart rate. This significan t change is
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caused by  very  dynam ic changes in the patient at the cellu lar level. C ellu lar p roteins are 

dam aged to a sign ificant ex ten t in the thermal injury. This in ju ry  is the m ajor 

m anifesta tion  o f the edem a encountered  in burns. The loss o f  the collagen cross linking 

at the cell level is b lam ed  fo r the creation o f abnormal osmotic  and hydrostatic  pressure 

g radients. Intravascular fluid m ovem ent then to the periphery then occurs. The cap illary  

leak rem ains to be a topic that little  is known about and continues to be con troversial 

through  current litera ture  (Sheridan  & Tomkins, 2004).

The current idea is that the burn wound consists o f  a three  d im ensional m ass o f 

dam aged tissue. The cen ter o f  which consists o f a zone o f coagulation. The surrounding 

area o f  the coagulation  site is the  zone o f stasis. This site in itially  starts as a perfused 

area, but soon becom es p lugged w ith red blood cells. The occurrence o f  this is due to the 

loss o f  the p lasm a to the interstitium . The margin o f  the injury  site is the zone o f 

hyperem ia. The direct therm al effects cause the m icrovasculatu re  to dilate and the 

endothelial lining does not m aintain the p lasma and in travascu lar p roteins (Dem ling, 

2005). Some o f the cellu lar damage is reversible at this time, but over the first forty  eigh t 

hours the inflammation  then occurs. The inflammatory response in the zone o f stasis is 

responsible  for the burn edem a and the shock (Hansen, 1998).

The perm eability  increase o f the capillaries, vasod ila tion, increased ex travascu lar 

osm otic activ ity  in damaged tissue, and the infiltration o f the tissues by leukocytes w ith 

the release o f  m any vasoactive substances is the culprit o f  the edem a found after the 

thermal injury (Lehnhardt, et al., 2005). Burn shock encountered  at these zones is due to 

the endogenous in flamm atory m ediators that include in terleukins, histam ine, serotonin, 

kinins, oxygen free rad icals, lip id  peroxides and products o f the eicosanoid acid cascade
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(Sheridan , 2002). The cyclooxygenase end products such as thromboxane, prostacyclin, 

and p rostaglandins E and F2 have also been deem ed as involved in the inflammatory 

p rocess o f  the burn injury. Products o f  lipooxygenase like the leukotrines B4, C4, D4, 

and E4 have also been associated  w ith the increase in edem a (Sener, Kabasakal, Cetinel, 

con tuk , Gedik, & Yegen, 2005). Thromboxane can especially  be dam aging to the 

vascu lature  due to the vasoconstric tion and its effects on the p latelet aggregation. This 

p rocess m ay increase the ischem ic area found after the initial thermal injury  (Sheridan, 

2 0 0 2 ) .

The amount o f edem a that is encountered w ith burns increases w ith the total body 

surface area o f the  burn. For example, peak  edem a after a 10% burn form s at 

approx im ately  three  hours and peak  edem a after 40%  burn form s at approxim ately  12 

hours (Dem ling , 2005). It is understood  that the cap illary  perm eability  w ill usually 

decrease  after the first tw enty four hours o f  the  burn (Bert, et al., 1997). A fter the first 

tw enty four hours the cap illary  beds o f  the d irect therm al injury w ill m ain tain  the poor 

perm eability  (Hansen, 1998).

A fter the initial resuscita tion phase the patient m ay encounter m ulti-system  organ 

failure as well as sepsis. H yper m etabo lism  occurs and a process o f  hypertherm ia m ay 

occur as the inflammatory process occurs. The p rofound stress response m ay also be a 

trigger fo r the increase in temperature.

Infection is largely inev itable w ith the burn victim . W ith  the loss o f  barrier 

function  o f  the skin and w ith the translocation  o f bacteria across the gut w all (Hansen, 

1998). This occurs w ith the decrease  in gut perfusion associated w ith the sympathetic 

response in traumatic situations. Hansen (1998) also describes that invasive line
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p lacem ent as well as the o ther responses can be associated  w ith more edem a, 

rhabdom yolysis, d issem inated  intravascular coagulation , and acute resp irato ry  distress 

syndrome. A ll o f  these processes increase the likeliness o f the aforem entioned cytokine 

release and an increase  o f  inflammation.

Review  o f L iterature

Inflammatory process and osmotic pressures

Much study has been  done recently on the in flamm atory  p rocess post thermal 

injury and the addition o f fluids to decrease the injury  and increase positive outcomes. 

Dem ling has done significant research on the edem a process. The study o f  fluid flux, or 

flow  o f fluid across capillary  m embranes, was advanced  by  the physiologist Earnest 

S tarling in the late e igh teen  hundreds (Dem ling, 2005). This fluid flux is essentia lly  the 

fact that hydrostatic  p ressures that force fluid out o f the cap illary into the in terstitium  

were counterbalanced  by  co llo id  osmotic pressure. This co lloid osmotic pressure is 

m aintained by large p ro teins found in human plasm a (Dem ling, 2005). W ith  the loss o f 

the  proteins in the seepage o f  serous fluid in the burn patient it is understandable that the 

negative p ressure o f  the  fluid in the capillaries is lost. It was found during one study on 

protein  loss that an average o f  almost 17 gram s o f  pro tein  are lost on a wound area o f  ten 

percent TBSA  in e ight hours, w ith a peak  value around tw enty gram s accumulating  in the 

first eight hours o f  the second day after adm ission  (Lehnhard t, et al., 2005). Lehnhardt 

and cohorts discuss the  need  to replenish  the a lbum in, but not w ithin the first 24 hours o f 

the burn.

M uch discussion  has occurred in recent years about the  addition o f a lbum in to the 

arsenal o f  post burn treatm ents (W harton & Khann, 2001). D em ling’s 2005 research
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discusses the size, in angstrom s, o f  the leaky cap illary  m em branes. It was found that the 

album in leaked easily  from  the injured  site, but the larger synthetic m olecules in Dextran 

for example would theoretically  stay in travascu lar for longer periods o f tim e (Dem ling 

2005).

H ettiara tchy  and Papini (2004) stated that in the first e igh t to twelve hours there is 

a general shift o f  fluid to the interstitial spaces. The vasculatu re beg ins to close the large 

spaces at differen t time periods post burn depending  on the total body  surface area and 

the depth o f the burn (H ettiara tchy  & Papini, 2004). If a m ix ture  o f  collo id resuscitation 

is given after the first e ight hours, and depending on the total body  surface are o f the 

burn, the research shows a possib ility  o f  a decreased  need fo r large volumes to be used 

(H ettiara tchy & Papini, 2004).

Fluid treatment modalities in the care of burn patients

Resuscitation  w ith standard  pro toco ls is characterized  w ith large volumes o f 

crysta llo id  fluid (Lactated R ingers) using the Park land  fo rmula  (Bert, et al., 1997).

Burn  patien ts loose large amounts o f  fluid form  the cap illary leaking which in turn pulls 

large protein  molecules from  the in travascu lar space (Sheridan, 2002). These protein 

m olecules have m any purposes in the body. One is to keep the co lloid osmotic pressure 

grad ient to keep in travascu lar flu id  volum e adequate  (Sheridan, 2002). In recent years, 

there has been much discussion regarding the addition o f  a lbum in or o ther colloids to 

burn  resuscitation regim es (W harton , & Khanna, 2001).

Early tragedies caused an interest in the sequence o f in ju ry  in the burn patient. 

A fter the 1930 R ialto  Concert Hall and the  1942 Coconut G rove fires, various 

resuscitation formulas based  on body weight and burn size were developed (Sheridan,
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2002). M ost o f  these formulas are still in use, in one form  or another, today. The 

Parkland Form ula is the most w idely  used in the U nited  S tates and consists o f 

rep lacement o f  the volum es w ith Lactated R ingers and is calcu lated by m ultip lying  the 

surface area burned  by  the patien ts w eight in k ilogram s and then by  2 -  4 m illiliters 

(Hagstrom , W irth , Evans, & Ikeda, 2002). This volum e is to be infused over the first 24 

hours post burn, w ith  ha lf given in the first 8 hours. The B rooke formula is a treatm ent 

calculation  that incorporates Lactated R ingers at 2m l/kg/%  burn w ith the addition o f 

co lloid at 0.5 m ls/kg/%  burn (Hagstrom , et al., 2002).

The B ax ter fo rm ula  is calculated w ith the four m illiliters o f lacta ted ringers 

m ultip lied  by  the patient w eight in kilogram s then m ultip lied  by the total body  surface 

area o f  the burn. S im ilar to the parkland fo rm ula  the  first h a lf  is given over the first eigh t 

hours post burn and the rem aining over the next sixteen hours. The daily  m ain tenance 

fluid is given concurrently  (Kovac, 2006). The d iscussion  o f  the fluids is rather 

con troversial even  to this day, and most cases are covered w ith  crystallo id  in the initial 

setting (Dem ling , 2005).

H ypertonic  saline  has been discussed as a treatm ent o f  cho ice in several curren t 

articles. Sheridan con tribu tes a formula for the treatm ent o f  burns that includes such 

hyperton ic  saline. Th is fo rm ula adds 250 m Eq/L  o f  hypertonic  saline to m ain tain  urine 

output o f  at least 30 m illiliters per hour (Sheridan, 2003). The last fo rm ula  found is the 

D em ling formula. It consists o f  D extran 40 in saline  and is infused at a rate o f 2 

m l/kg/hr, then Lactated  R inger’s as needed to m ain tain  target urine outpu t (Hagstrom , et

al., 2002).
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W ith  all o f  these possible  formulas it is easy  to find that there is no one perfect 

fo rm ula and that the cho ice  o f  which to use is quite  easily  controversial (Thomas,

Kramer, & Herndon, 2002).

Total burn determination for fluid need

The o ther factor involved in this resuscita tion  d ilemm a is that treatm ent is based 

on retrieval o f inform ation w ith the assessm ent skills o f  the p rov ider dealing w ith the 

burn patient. Inaccurate in itial assessment o f the size o f  the burn injuries can result in 

suboptimal m anagem ent o f burn injuries (W ong, Heath, M aitz, & Kennedy, 2004).

W ong and associates also  state that studies have docum ented  that complications arise 

from  patien ts w ith inaccurate assessment and treatm ent in the  burn patient. In one study, 

it was found that 30%  o f  the patien ts studied were over resuscita ted , one o f  them  

critically. In that same study, 47 % were under resuscita ted , five o f them  critically  

(Hagstrom , et al., 2002).

The burn process is one that causes much edem a post injury. The edem a process 

is an abnormal accumulation  o f  liquid in cells, tissues, or cavities o f the body (Dem ling 

2005). Edem a that is form ed post thermal injury is an expansion o f the interstitial liquid 

volume (Dem ling 2005). M any  patien ts w ith cu taneous burn injuries o f more than 30%  

o f their total body surface area had hypeiperm ability  not only  at the burn site, but also at 

regions distant from  the injury (Enkhbaatar & T raber, 2004). Th is edem a process has 

lead to known compartm ent syndrom es and recently has lead the diagnosis o f m ulti-organ 

system  failure secondary to a system ic inflamm atory  response syndrome, which is 

currently  the greatest source o f  m orta lity  in the burn populations (Brown, & Muller,
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As d iscussed  previously, the amount o f fluid used  for resuscita tion is based 

sign ifican tly  on the TBSA  o f the burn and that there have been m any d ifficulties in 

standard izing the m easurem ent o f  the area burned. Several studies have suggested  that 

over and under resuscita tion can have dire consequences. The m onito ring o f  urinary 

ou tput has well been estab lished as m eans for vo lum e replacement needs (K lein, N athens, 

Em erson, H eimbach, &G ibran, 2007). C ontinuous replacement o f the u rinary  outpu t has 

been  suggested  as well. This c losed loop suggestion  had the effect o f a sign ificant 

reduction  in the hourly  urine ou tput m easurem ents under target (Hoskins, et al., 2006). 

The litera tu re  also rem inds prov iders that the  u rinary  outpu t should not be considered the 

gold standard, bu t should be used as a part o f  a larger m ultifaceted  tool fo r the  volume 

rep lacem ent o f the  burn victim  (Huang, Yan, & Yang, 2005).

V olum e rep lacement has changed very  little  in the operative  setting  when the 

v ictim s are several days post burn. Large b lood  loss during the burn reconstruction  has 

a lways requ ired large amounts o f b lood  rep lacem ent (Losee, Fox, Hua, C ladis, & Sarletti, 

2005). Total b lood  volumes have been replaced. Some have reported  as m uch as 50 

percent o f  the TBV  being lost w ith the treatm ent o f one extrem ity (Losee, e t al., 2005). 

There has been an idea o f transfusion  free burn surgery, but studies are still needed on the 

safety o f  such procedures. Today, it seem s that the m ajority  o f  current research  requires 

large amounts o f crystallo id  in the initial se tting and other b lood products to be given 

after the first 24 hours o f the burn.

Inhalational Injury

There are three factors that have recently  been associated  w ith increased 

m orbidity  and m ortality  in the burn victim . These factors are associated  w ith  an age
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greater than 60 years old, a total body surface area o f  burn g rater than 40 percent, and 

inhalational injury (Kovac, 2006). I f  all three risk  factors are found in the burn victim , 

there is a 90 percent chance o f  death occurring from  the thermal injury (Kovac, 2006). 

U pper a irway assessm ent and the h istory from  the events o f  the burn can clue care g ivers 

into the presence o f  the  pu lm onary  injury.

D irect in ju ry from  the thermal energy is usua lly  lim ited  to the supraglotic a irways 

(Garner & Jenner, 2005). The injury  found in the deeper areas is usually as resu lt o f 

chem icals being re leased  from  the thermal env ironm ent. This is due to the response that 

conscious victim s have in the heated env ironm ent. These patients show  a reflex 

laryngospasm  that p revents the heat from  continu ing  to the rest o f the lung (G arner & 

Jenner, 2005). Th is is why most burn injuries do not have associated  inhalational injury.

Burn victim s w ith inhalational injury often require increased fluid amounts than 

the v ictim  w ith on ly derm al in ju ry  (E ndorf & G am elli, 2007). The inhalational injury  is 

usually definite ly d iagnosed  w ith the assessment o f  the a irway w ith a bronchoscopy.

This inform ation and the events o f the burn w ill determ ine the type o f treatm ent fo r the 

patient. E ither way the injury must be assessed as soon as possib le because in tubation o f 

the trachea m ay be im possib le  if  edem a occurs. Intubation  for a irway pro tection and 

possible ven tilato ry  support should be considered early  in the phase o f resuscita tion 

(McCall & Cahill, 2005)

The lung is often  the first organ to undergo failure in the dying burn patient. 

Infection o f the resp ira to ry  tract is the most common com plication in the burn patient 

(Edelman, et al., 2007). W ith  the emergence o f the d iscovery that respira tory
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com plications from  inhalational injury  have a significant effect on the outcom es o f the 

v ictim  current research has been look ing  for treatm ents to intervene.

The inhalational injury affects the lung sim ilarly to o ther tissues o f  the body. 

W hen  the organ is injured, it beg ins the in flamm atory process. W ith  the lungs this 

in flamm atory process can progress to pneumonia. I f  associated  burns w ith the 

inhalational injury patien t were at least 20 percent o f  the TBSA , there was a pneumonia 

rate o f  at least 60 percent (Edelm an, e t al., 2007). In the study  done by  Edelm an  et al., 

they found that op tim al outcom es w ere d iscovered w ith supp lemental oxygen and 

sign ifican t pulmonary toilet. The pu lm onary  toile t p rotocol included frequen t suctioning 

as well as frequent b ronchoscopy  assessment. N ebulized albuterol, N -acety lcyste ine, and 

in some cases heparin were given to the inhalational injury patient w ith pneumonia.

M ost o f  the patients w ith the inhalational injury  w ere intubated and on m echanical 

ventilation . Volume control ven tilation  was the one o f  choice  and tidal volum es o f  five 

to seven m illiliters per kilogram  were used and perm issive H ypercapnia  occurred when 

necessary  (Edelmen, et al., 2007). P ressure con tro l and high frequency je t ventilation 

w ere also used, bu t only on occasions where  volume control was inadequate.

M onito ring  o f oxygenation  is often  difficult w ith the burn victim . The damage to 

the peripheral tissues frequently m akes it difficult to assess the oxygen saturation in these 

patients. Technology has incorporated  new  know ledge and has developed  the capability  

to m onito r saturations w ithin the esophageal m embrane. This esophageal pulse  oxim etry 

probe can be easily  placed w ith little to no contraind ications and has been shown to be 

accurate in patien ts undergoing  surgical procedures (Pal, Kyriacou, D umaran, Fadheel, 

Emamdee, Langford, & Jones, 2005).
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Future of Pulmonary Care

Current research has shed som e light on the m ultisystem  failure treatm ent 

m odalities. The new  research  has focused on the cause o f the in flammatory process and 

how to interrupt it. It has been found that p lasm a concen trations o f v itam in E  are 

significan tly  decreased in the therm ally  injured patient and was associated  w ith an 

increase in m ortality  (M orita, T raber, Enkhbaatar, W estphal, M urakam i, Leonard, & Cox, 

2006). Incidentally , M orita  and cohorts also found that there was a decrease in 

circulating v itam in E in the ARDS v ictim  as well. This study found that, if  sheep had 

been given large doses o f vitam in E  prio r to the burn, there was an improved clinical 

response to the burn injury. Obviously  it is impossib le to know  that a patien t w ill receive 

a burn and therefore p roviders will be unab le  to give such large doses. Th is treatm ent 

may in the future be p roposed  to those w ith  a high possib ility  o f inhalational thermal 

injury, but it is not o f  significan t help in the curren t clinical setting. M orita et al. (2006) 

d iscovered that by  increasing the levels o f  vitam in E an associated im provem ent in 

pulmonary  function  was noted. This was found w ith  the improved oxygenation and a 

reduction  in pulm onary  m icro vascular leakage. M orita  and cohorts also found that oral 

v itam in E also p reven ted  an increase in reactive  nitrogen species o f  the 3 -nitro ty rosine 

variety. During  the  study it was found  that paralytic  ileus was common in the burn 

patient and decreased the absorp tion o f  the vitam in from  the gastrointestinal tract 

(Morita, et al., 2006).

The oxidation damage to the lung w as decreased  w ith the nebu lization o f the 

vitam in E directly  onto the  lung tissues. Im provem ent o f  lung damage was also found 

w ith the nebu lization  o f  sterile saline (Enkhbaatar & T raber, 2004). A erosolized tissue
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p lasm inogen  inhibitor also showed im provement o f  pulm onary  function when tested w ith 

sheep after burn and smoke inhalation in the lab setting (Enkhbaatar, M urakam i, Cox, 

W estphal, M orita, B ranntly, Burke, H awkins, Schm alstieg , & T aber (2004). W ith  this in 

m ind, M orita and group (2006) found through study that vitam in E prevented  the edem a 

form ation  o f the bronchi and decreased  pu lmonary m icro vascu lar leakage and therefore 

decreased the amount o f  b lockage noted post inhalational therm al injury.

As previously  d iscussed, m any  in flamm atory  m ediators are released as a resu lt o f 

the burn  process. L eukotrienes, one o f  the  m ajor p roducts o f  the lip id  perox idation 

m echan ism , have been a topic o f study recently . H istorically  the leukotriene blockers 

have been used in the treatm ent o f  asthma and o ther lung d iseases. Sener and cohorts 

(2005) studied the effects o f leuko triene blockers on pulm onary  therm al injury and found 

it to be beneficial. Their find ings illustrate that leukotriene recep tor antagonism  reverses 

the inflamm atory  reaction  to therm al traum a in the lungs and o ther organs. This research 

has implicated that there m ay be a role fo r these chem icals in the  treatm ent o f 

inhalational injury as well as o ther m ultisystem  organ failures (Sener, et al., 2005).

Sener, Sehirli, V elioglu-Ogunc, E rcan, E rkan li, G edik, & Yegen (2006) also 

worked w ith the idea that by decreasing  the significant increase in m etabo lic  rate o f  the 

thermal injury patien t the in flamm atory response w ith be dim inished. The findings o f the 

study were found by decreasing the m etabolism  rates in rats w ith the chem ical 

propy lthiouracil. This chem ical produced  a hypothyro id  state in which less neutrophil 

in filtra tion  occurred and therefore  less in flamm atory cy tokines were produced. This 

therefore  dim inished the amount o f  burn induced m ultisystem  failure in the injury (Sener,
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et al., 2006). A lthough  this study was done in the laboratory setting it does show  prom ise 

for the futu re  o f  care in the burn in flammatory  setting.

Anesthesia and Pain Control Measures

Current litera tu re  sta tes that there is no induction and m aintenance agent that is 

any better than any others. M ost o f  all o f the anesthetic agents have been  used for the 

inductions and like all other anesthetics it should be planned for each patien t specifically. 

P ropofol has been  used successfully  in the  therm al injury theatre and in som e cases m ay 

decrease the  amount o f  stress induced gastro in testinal ulcers. Paralyzing  agents are 

needed fo r the rap id  sequence induction w ith  intubation. Succinylcholine has been used 

in the past and h istorically has not been used after the first eigh t hours o f  the  burn. This 

is due to the up regulation o f  acetylcho line recep tor sites and the large am ount o f 

po tassium  release when stim ulated  by succinylcholine. Current research states that it 

should be avoided after the first four hours and not used until at least one year post 

thermal injury. Non depolariz ing  agents can be used but the dosage must be increased in 

those patien ts w ith  greater than tw enty five percen t surface area burn (Kovac, 2006).

There is sufficient litera ture  to support the use o f all vapor anesthetics. C au tion is 

advised if  halo thane is used and there is ep inephrine in the local anesthetics in jected or 

soaked in the  gauze covering graft sites. This is due in part to the hypersensitiv ity  to 

catecholam ines w ith halothane. The o ther anesthetic agents can be used w ithout issue. 

M uch o f  the tim e sevoflurane and desflu rane are used due to the cost and the ability  to 

wake the patien t sooner than that w ith the o ther agents (Kovac, 2006).
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Etom idate is no longer a drug o f  choice  in the burn setting as E tom idate can have 

an adrenal suppressant effect. In the long term , this can be detrim ental to the 

resuscitation o f the burn vic tim  (Kovac, 2006).

It has often been found that even w ith high doses o f  opiates and benzodiazepines 

it has been d ifficult to con tro l burn pain. At a certain  point the analgesic effects peak and 

the side effects continue to be exposed in the patient. Current literature on the use o f 

dexm edetom idine has shown som e prom ise. D exmedetom id ine is an a lpha two 

adrenergic agonist that was approved  for use by the Food  and D rug Adm inistra tion in 

1999. It was released  for the use in short term  sedation o f patients who are on ventilators 

in the intensive care setting (W alker, M acCallum , F ischer, Kopcha, Saylors, & M cCall, 

2006). D exm edetom idine has been  shown to sign ificantly decrease opiate requirem ents 

in adults when compared w ith propofol (Venn & G rounds, 2001). Hypotension and 

bradycardia  are the most common side effects o f dex. It seem s that these side effects 

were more p revalent w ith the loading doses o f  dexm edetom id ine (W alker, et al., 2006).

Patients that have burns severe enough for adm ission to a health  care facility  

w arrant the use o f opiates fo r the pain experienced  after the thermal injury (Patterson, 

Hoflund, Espey, & Sharar, 2004). Potent opiates are the m ainstay  for the control o f burn 

pain in the current litera ture (Kovac, 2006). Patterson and cohorts (2004) explained that 

the opiate group o f analgesics is m ost commonly used because they are potent, the 

benefits and risks are fam iliar to m any providers and they can provide some dose 

dependent degree o f  sedation. Th is sedation may be very  helpful in burn cares after the 

initial injury. Opiates are to lerated well w ith intravenous in jection  especially when 

abnormal gut m otility  is in question. In tramuscu lar injection o f  m edications is avoided in
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traum a due to the inadequate  rate o f  absorption w ith the sympathetic responses noted 

(Patterson, et al., 2004). T ransm ucosal adm inistration is also a possib ility  in the burn 

patient especially  w ith those experiencing  poor IV access and w ith  child ren  (Patterson, et 

ah, 2004).

Ketam ine has been a popular m edication w ith d ressing changes in the thermal 

injury v ictim  w ith advantages that include analgesia , d issociative  anesthetia, sympathetic 

stimulation , and m inimal resp ira tory  depression (Kovac, 2006). K etam ine, w ith its 

absence o f  resp ira tory  sequelea, suggest that it m ay also be the drug o f  cho ice for 

induction  in patients experiencing severe facial burns (Ceber & Hayrettin , 2006). 

K etam ine given alone has been shown to produce severe hallucinations. The 

adm in istration o f a benzodiazep ine has been shown to decrease the frequency  o f  such 

reactions (G ilger, Spearm an, D ietrich , Spearm an, W ilsey, & Zayat, 2001).

In experim ental studies w ith burned  rats, the use o f ketam ine has been correlated  

w ith a decrease  in the levels in flamm atory cytotoxins. A fter being  burned, the rats were 

found  to have increased levels o f  some interleukins and tum or necrosis facto r (Ceber & 

H ayrettin , 2006). K etam ine has also been known to suppress the p roduction  o f  tissue 

necrosis factor, In terleuk in  six, and reactive  oxygen m etabolites in human b lood (Larson, 

Hoff, W ilhelm , Buchinger, W anner, & Gauer, 1998). Ketam ine has been stud ied in the 

form  o f  peripheral cream s or injections. Oatway, R ied, and Sawynok (2003) studied the 

effect o f  injections o f  ketam ine on the burn site. This study showed that ketam ine also 

has some antihyperalgesic  effects at the in ju ry site. This same study used am itriptyline  

and the researchers w ere able to prove that this chem ical has analgesic  p roperties as well
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as antihyperalgesic  properties (Oatway, et al., 2003). Again  this study was done in the 

laboratory env ironm ent w ith rat subjects.

Local anesthetics and op iods m edications have been injected into the 

subarachnoid space fo r the contro l o f surgical pain. Th is type o f anesthetic has also  been 

used for the a lleviation o f labor pain. C urrently stud ies have focused on other 

m edications that could be used to bathe the spinal cord for the a lleviation o f  pain. 

G abapentin, also known as N eurontin , is one such drug. It is a structural analog o f  y- 

am inobutyric acid (GABA) which is a common chem ical in the body. In anesthesia  

anything that potentia tes GABA  may enhance anesthesia. G abapentin  can also  a lter the 

hypeipathic state observed  after nerve injury states (Rosner, Rubin, & Kestenbaum , 

1996). It has been suggested  that G abapentin  m ay consist o f  a new class o f  drugs, the 

gabapentinoids (Jun & Y aksh, 1998). A lthough gabapen tin  may reduce N methyl D 

aspartate evoked  currents, it needs such high concen trations when injected in trathecally  

that it m ay not be o f  use  in the future (Jun & Yaksh, 1998). This procedure continues to 

need further research  fo r the treatm ent o f therm al in ju ry patients.

Various o ther techn iques have been used to a llev iate  pain in the burn patient. In 

an attempt to decrease narco tic need regional anesthesia  has been revisited. Currently 

regional nerve b locks, w ith local anesthetic, have been  used fo r debridem ent and skin 

grafting p rocedures. In m any instances, con tinuous nerve blocks have been used to 

overcome the short lived action  o f the local anesthetic. This has been debated as well. 

One study found that a single shot fascia illiaca  b lock  was ju s t as effective  as a 

continuous nerve block , bu t lacked the possib ility  o f  toxicity  that the continuous infusion 

contained (Cuignet, et al., 2005). This level o f  b lockade was also high enough, and



Burn Anesthesia  28

anesthetized  more o f  the lower ex trem ity , to give more surface area fo r graft retrieval. 

Cuignet and cohorts also discovered  that there was a lower failure rate when attem pting  

to p lace this type o f block . Ample support is also found for the  use o f continuous 

peripheral nerve blocks (Dadure, Acosta, & Capdevila, 2004). Peripheral nerve blocks 

are a g reat a lternative for patien ts w ith severe burns, a lleviating  chronic background pain 

as well as procedural pain. The peripheral nerve b lock does not necessarily  mean that the 

local anesthetic has to be in jected to be useful. Local anesthetic cream s are gaining 

popularity  in the care o f  the burn victim . Larger graft sites do w arrant peripheral nerve 

anesthetic, but recently  the cream s are in greater use fo r sm aller graft retrieval sites 

(Gupta, Bhandari, & Shrivastava, (2007). W e have been  using  regional anesthesia  for 

o ther p rocedures and it cou ld  be incorporated  into the therm al in ju ry  reg im en rather 

easily.

S tudy L im itations

This study was done w ith  the literature review  o f  articles produced  w ithin the last 

five to seven years. A lthough m uch has been studied in recent burn  care, little  change 

has occurred. The p ro ject was lim ited  to the three topics d iscussed and it is obvious that 

there are many o ther areas in burn care that could be covered.

D iscussion

Burn surgery is a young specialty  in an env ironm ent rich w ith o rganizational and 

techn ical innovations (Sheridan, 2003). To continue to provide optim al care m uch  must 

be done to educate the p layers on the burn care team . W ith  the significant amount o f 

education  that is being done w ith the care and prevention o f  fires, the num ber o f burn 

patien ts have dim inished. Th is decrease means that m any prov iders o f  anesthesia  may
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see very few  burn patien ts in their career. The ab ility  to maintain a level o f 

understand ing  in the burn theater m eans that m uch research must be d issem inated  

effic iently. M any new  procedures have been  developed  and are being  developed  in the 

research  setting. These p rocedures m ay revolu tion ize  the  care o f  the therm ally  injured 

patient.

Recommendations for Nursing Practice

As d iscussed  earlier, the fluid resuscita tion continues to be a topic o f  conten tion 

(Dem ling, 2005). There  are m any different fo rmulas available for the resuscita tion o f 

these burn  victim s. The B rooke, m odified  B rooke, Evans, and the Parkland formulas 

continue to be used today (Sheridan & T ompkins, 2004). The Parkland fo rmula  seem s to 

be used m ost often. The calculation  used, m ultiplies four m illiliters tim es the percent 

surface area o f  the  burn and the patien ts w eight in k ilogram s. This amount is then 

divided into two equal portions and the first h a lf  is given w ithin the first e igh t hours o f 

the burn and the res t is given in the next 16 hours. These fluids are all crysta llo id  in 

nature, usually  L actated R ingers (Kovac, 2006). The Baxter is a m odification o f the 

Parkland. It adm in isters daily  m ain tenance fluids concurrently  w ith the same amount 

calcu lated  fo r the Park land  fo rm ula  (Kovac, 2006). Kovac (2006) also describes the 

B rooke fo rm ula  that consists o f  two m illiliters o f  crystallo id  multiplied by the surface 

area o f  the burn  and the patient w eight in k ilogram s. This is also given in the same 

fashion as the  others. H a lf is given in the first 8 hours and the other h a lf  in the next 16 

hours. The d ifference is that collo id is given at the rate o f 0.5 m illiliters m ultiplied by 

percent burn  and w eigh t in k ilogram s. Th is co llo id total is given over the next 24 hours 

w ith the normal m ain tenance requirem ent. Some o f  these formulas have added the use o f
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album in or a syn thetic  collo id . The synthetic co llo id  seem s to be the best choice 

currently  due to the d iam eter o f  the molecule. This is the  volum e that is m aintained in 

the vascu lar the longest (Dem ling , 2005). W ith  the  recent know ledge on the size o f  the 

seepage sites in the cap illaries there has been renewed  interest in the addition o f large 

synthetic colloids to the  arsenal o f the burn patient providers. The key seems to be to 

m aintain  at least one m illiliter per kilogram  per hour u rinary  output. This has had the 

g reatest effect on m aintain ing  organ perfusion (Hoskins, e t al., 2006)

M uch work con tinues w ith  the inaccurate estim ation  o f  burn surface areas. It is 

w idely  accepted that the palm ar surface o f  the v ictim s hand is equal to one percent o f  the 

body  surface area. This m easurement should be adhered to and this w ill a lleviate many 

m iscalculations. These inaccuracies cause much troub le  w ith  the volume resuscita tions 

that ensue after the burn  process (Sagraves, et al., 2007). O ver hydration can cause 

increased edem a in the  pulm onary  vessels as well as in the periphery. This increase in 

edem a can poten tiate the inflamm atory  process and worsen the  m ultisystem  failure that 

m ay occur (Sagraves, et al., 2007).

The anesthetic implications have not changed m uch in recent years. The 

induction m edications continue to be sim ilar to any o ther case. P ropofol m ay be a better 

cho ice in the future. E tom idate  is not recommended due to the  adrenal suppression, and 

th iopental cost has risen due to its decrease in usage. Paraly tic agents have been 

m odified  and the use o f  succiny lcholine has d im inished. It is recommended that it should 

not be used after the first eight hour post burn until at least one year after the burn 

trauma. The nondepolariz ing m edication recommendation has change to include an



Burn A nesthesia  31

increase in the dose used if  the burn surface area is greater than tw enty five percent 

(Kovac, 2006).

There are m any possib ilities in regional anesthesia  care o f  the burn patient. 

Continuous versus single shot local anesthetic  con tinues to be debated. It is agreed upon 

that e ither p rocess w ill decrease  the  need  fo r large amounts o f  opiate therapy. This 

therefore decreases the significan t amount o f detrim ental side effects o f  h igh dose opiate 

therapy. This is not w ithout the cost o f possible  toxicity  in local anesthesia  injections 

(Cuignet, et al., 2005).

M onito ring  for the pu lm onary  in ju ry  is an ongoing task. Pu lm onary  toile t m ust be 

m aintained in the inhalational burn v ic tim  to sign ificantly affect the outcom es. The 

invention and use o f  tools that have been developed  continue to aid in the care o f  these 

burn patien ts. The carbon  m onoxide and m ethem oglob in  oxygen satu ration probe will 

have a sign ificant effect on the care o f  the inhalational injury victim . R esu lts are rapid 

and the treatm ent can be in itiated  earlier w ith this u tensil (Barker, Curry, B edford, & 

M organ, 2006).

Recommendations for Nursing Education

Nursing  education needs to be centered  on the assessment o f  the  burn injury. As 

d iscussed earlier the determ ination o f the burn size makes a sign ificant effect on the 

treatm ent o f  the burn patient. U nder treatm ent has been shown to increase  m orb idity  and 

mortality. O ver estim ation  o f the burn injury  has also increased the length o f  stay at the 

hospital and  can cause issues w ith p re-ex isting  d isease processes w ith these patients.

The availab ility  o f  o ther treatm ents is con tinuously  changing and the nurse 

p rovider m ust be aware o f  the updated  in form ation in the treatm ents o f  therm al injury
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patients. Careful observation o f the current research w ill increase the com petency  o f the 

nurses that p rov ide care to the burn victims. Educational program s must update the 

curriculum  w ith research  findings in the litera ture versus only teaching what has been 

printed in the educational text books.

Nursing  education  could also increase the education  in the care o f  patients w ith 

regional anesthetics. This type o f anesthesia has obviously  increased the com fort levels 

o f patien ts and has decreased the opiate use in m any patients. If  nursing  can decrease  the 

many side effects o f  the opiate therapy, the burn sequelea m ay not be as significant. 

Nursing Research

Pulm onary  injury and the inflamm atory  p rocess w ill be an interesting  topic in the 

future. It seem s that, as the study of the in flamm atory  chem icals that are produced  after a 

thermal injury con tinues, there is significant p rom ise in the long term  care o f  these 

victim s. Pu lm onary  sequelea  continue to be the most significant p red icto r o f m ortality  in 

the burn v ictim  and much more study must be done.

Ketam ine has come back in favor for the care o f  these patients. N ew  studies have 

found that it m ay have effects on nitric ox ide and tissue necrosis factor. K etam ine and 

am itriptyline m ay be used in the periphery in the future. L aborato ry studies have found 

that ketam ine exh ib its antihyperalgesia  as w ell as am itrip tyline . Am itrip ty line has also 

shown to have som e local anesthetic actions (O atw ay, et ah, 2003).

Intrathecal m edications for the a llev iation o f  pain have been used in the recent 

past. These m edications have been lim ited to local anesthetics and opiates. The ongoing 

research  to find more ways to control pain may have a significant impact on burn care. 

Jun and Yaksh (1998) have shown prom ising w ork  in the  laboratory setting injecting
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Gabapentin  and 3-Isobutyl y -Am inobutyric  A cid in tra thecally  to rats. Th is could expand 

the pain control m easures o f  the p rov ider for thermal injury patients.

R esearch needs to con tinue w ith the multiple uses o f  m any  m edications. M any o f 

the side effects o f  m edications that we use today can possib ly have sign ificant effect on 

the future care o f  the burn  victim . Nurses are on the front line and provide the much 

needed care that these v ic tim s desire. Nurses have done much to advance the pulmonary 

care o f  therm al injured patien ts. V itam in  E, Saline, T issue P lasm inogen  Inhib iter as well 

as m any o ther m edications m ay becom e treatm ents o f  cho ice in the burn v ic tim  w ith 

pu lm onary sequelea  as well as o ther critical care patients w ith pu lmonary injury. 

Anesthesia Recommendations

Burn surface area should  be calcu lated w ith the rule o f nines formula . A  quick  

reference is to consider the palm  o f  the patien t as one percen t surface area o f  the victim . 

A fter calculation o f  the surface area the m ost common form ula  used is the  Parkland IV 

resuscita tion  formula. In this formula , four m illiliters is m ultip lied  by the  surface area o f 

the burn  and the p a tien t’s w eigh t in kilogram s. This amount m ust be given in the first 

tw enty four hours after the burn. The first h a lf  needs to be given w ithin the first eight 

hours after the burn. Th is is not to be considered a hard fast rule. S table  v ita l signs and 

urinary  output o f at least one h a lf  to one m illiliter per k ilogram  per hour m ust be 

achieved. Caution must be used in calcu lation . Over and under estim ation  o f volumes 

could cause o ther m edical issues during resuscitation. Collo id can be added in special 

situations. In most cases it is recommended after the first 24 hours unless m easured

album in levels are below  two and one ha lf m illigram s per deciliter.
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Oxygen at 100 percent should be used in resuscita tion, especially  when high 

amounts o f  carboxyhemoglobin  are suspected. Induction agents should include Propofol 

or Pentothal. E tom idate  should not be used due to the adrenal gland suppression that may 

occur w ith use. Paralysis can be achieved w ith  the use o f  succinylcholine on ly  w ithin the 

first four hours o f  the  burn injury. A fter which  the nondepolariz ing  agents m ust be used. 

If  the total surface area o f burn is g reater than 25 five percent the amount o f  the 

nondepolariz ing  agent must be increased. D exm edetom idine is considered a valid  choice 

for m edication  during dressing changes and or debridement. Ketam ine use  can be used 

for anesthesia  purposes. Injections have been shown to decrease  tissue necrosis factors 

and m ay be beneficial in decreasing  m ultisystem  in flamm atory  responses. Further 

research  is being done in regional injection  o f  ketam ine and should not be used in this 

fashion at th is time.

Initial care o f  the burn patient w ith inhalational injury, or the question  o f 

inhalation  injury must have the a irway con tro lled  as soon as possible. I f  the  con tro l o f 

the a irway is not done it may be impossible to control in later m oments after the injury. 

M ucomyst and or normal saline nebu lization may decrease  the amount o f pu lmonary 

injury. In the future more m edications m ay be availab le  for the treatm ent o f 

in flamm ation  in the lungs as well as o ther m u ltisystem  failure. The burn care research 

needs to continue on the use o f leuko triene recep to r b lockers and the use o f 

p ropylth iouracil induced hypothyroidism . A nesthesia  providers m ay be using these in the 

near future, but as stated more research is needed. N ebulized  vitam in E may also assist in 

care o f  acute lung injury, bu t until more research  is completed it should not be used.
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Regional anesthetic nerve blocks and local anesthetic cream s are show ing prom ise 

in g raft harvest and debridem ent sites. The benefit o f a decreased need for opiate use for 

pain con tro l has proven  that it is a valid choice for an anesthetic  plan.

Summary

Burn anesthesia  con tinues to be an ever evo lv ing  specialty. W ith  the  advent o f 

new  treatm ents the patients have a better outlook than ever before. As the  amount o f 

burn v ictim s that seek health  care decreases, the burn experienced  anesthesia  prov ider is 

getting  harder to find. C ontinued  research  in the care o f  the burn vic tim  w ill aid the 

p rov ider in g iving the best possible  care available.
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