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Stem Case and Key Questions Content 
A 31-year-old man was scheduled for excision of a lipoma from the right axilla under monitored 
anesthesia care (MAC). Standard monitors were applied, supplemental oxygen (O2) was provided via 
nasal cannula (NC) and incremental doses of midazolam and fentanyl were administered 
intravenously (IV). 
 
Q1. Are there any guidelines from professional societies regarding prevention and management of 
operating room (OR) fires? 
The surgeon prepared the surgical site with ChloraPrep, applied the surgical drapes and proceeded 
with surgical incision using an electrosurgical unit (ESU). 
 
Q 2. Are there any guidelines from the manufacturer regarding the use of ChloraPrep? 
Immediately upon using the ESU fire was ignited in the surgical field. 
 
Q 3. Were there any precautions that could have been taken to minimize the risk of fire in this case? 
The surgeon, the scrub nurse and the anesthesiologist took immediate action to deal with this 
emergency. 
 
Q 4. What immediate interventions should be taken in an of OR fire? 
Upon removing the drapes from the patient it was noted that he had sustained burns to the chest and 
right arm and had facial erythema with singed facial hair and a mild-moderate respiratory distress. 
The anesthesiologist and the surgeon discuss their assessment and plan at this point. 
 
Q 5. How would inhalation injury be diagnosed and managed in this patient? 
Further examination revealed that the chest burn was a superficial 2nd degree burn while the arm 
burn was a deep 2nd degree burn. 
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Q 6. What are the therapeutic implications of burn depth in this patient? 
The patient is transferred to the intensive care unit (ICU) for further care. The anesthesia and the ICU 
teams discuss their plan for fluid resuscitation at this point. 
 
Q 7. What are fluid resuscitation requirements in this patient? 
Two days later, the patient is scheduled for split-thickness skin graft (STSG) to the right arm. The 
anesthesia team discusses their anesthetic plan for the case. 
 
Q 8. What are the anesthetic implications during STSG procedure for this patient? 
Postoperatively the patient developed acute respiratory distress syndrome (ARDS) and requires 
mechanical ventilation for few days. The ICU team discusses their plan for nutritional support of the 
patient while intubated. 
 
Q 9. How would provide nutritional support of this patient while intubated and mechanically ventilated? 
Five days later, the patient was successfully extubated, weaned from supplemental O2 and is 
scheduled for discharge from the ICU. 
 
Q 10. What is the prognosis for survival and recovery of this patient? 
 
 
Model Discussion Content 
I. The growing problem of operating room fires: 
Operating room (OR) fires have emerged in the last decade as a growing cause of morbidity and 
mortality in the OR. Earlier estimates by The Joint Commission (TJC) in 2003 of 100-200/yr,1 have 
grown in 2010 to 550-650/yr.2 

 
Analysis by the American Society of Anesthesiologists Closed Claims Project (ASACCP) found that 
the risk is particularly increased when an ignition source such as electrosurgical unit (ESU) is used in 
proximity to an oxidizer enriched atmosphere (O2, N2O) and an alcohol-based skin preparation 
solution such as ChloraPrep (a combination of 2% chlorhexidine gluconate and 70% isopropyl 
alcohol).3 

 
The ASA has developed a Task Force on Operating Room Fires that issued a Practice Advisory for 
the Prevention and Management of Operating Room Fires with updates, including an Operating Room 
Fires Algorithm for the prevention and management of OR fires.4 

 
The Anesthesia Patient Safety Foundation (APSF) produced a Fire Safety Video, which can be 
viewed on the APSF website or requested as a DVD,5 and developed a Fire Prevention Algorithm, 
which is supported by many national professional and regulatory organizations. The updated APSF 
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Fire Prevention Algorithm emphasizes the role of O2 in OR fires by recommending securing the airway 
with an ET tube or supraglottic device when >30% O2 is used.6 

 
A survey of 542 anesthesia professionals who requested a copy of the APSF Prevention and 
Management of Surgical Fires DVD demonstrated its impact in increasing awareness of the role of 
supplemental O2 in increasing the risk of operating room fire and in changing attitudes about providing 
100% O2 via a nasal cannula (NC) or face mask from 37.8% among survey responders before viewing 
the DVD to 1.8% after viewing the DVD.7 

 
II. The manufacturer instructions (warnings) regarding the use of alcohol-based skin 
preparation solutions include: 
Do not drape or use ignition source (cautery, laser) until the alcohol-based skin preparation solution 
has completely dried up (3 min on hairless skin, and up to 1 hr in hair).8 Do not allow the solution to 
pool by placing towels next to prepared areas to absorb excess solution and then remove any soaked 
materials before using ignition sources. 
 
III. Elements of fire ignition triad in this case are: 
1. The combustible material (fuel) in the form of alcohol, surgical drapes and the patient’s axillary hair. 
2. The ignition source in the form of ESU. 
3. The oxidizer in the form of O2 supplied by NC and trapped under the surgical drapes. 
 
Precautions that could have been taken to minimize the risk of fire in this case: 
1. Minimize the presence of an easily combustible material (alcohol) by allowing the alcohol-based 
skin preparation solutions to dry before using the ESU. 
2. Minimize the role of ignition source (ESU) by applying it sparingly, in the absence of alcohol and 
away from combustible surgical drapes.9 
3. Minimize the role of the oxidizer (supplemental O2) by using the lowest O2 concentrations that is 
compatible with acceptable O2 saturation (SaO2). 
A case of OR airway fire in Washington State that included the use of 100% oxygen by the 
anesthesiologist and resulted in injury to the trachea and esophagus requiring subsequent 
tracheostomy, feeding tube, and placement in long-term care facility resulted in an $18 million verdict 
with 52.5% allocated to the anesthesiologist and their practice, with a post-verdict settlement.10 

 
IV. Immediate interventions that should be taken in an OR fire are based on the same 
principles of fires outside the OR: 
Isolate the patient from the fire as the severity of both the burn wound and inhalation injury is related 
to the duration of exposure. Provide the patient with 100% O2 to alleviate inhalation injury. Examine 
the patient to assess the burn wound and any associated injury. In treating the burn wound, follow the 
six Cs approach:11 
1) Clothing: remove non-sticking clothing. 
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2) Cooling: with clean water. 
3) Cleaning: with nonalcoholic solution such as chlorhexidine. 
4) Chemoprophylaxis: with topical antibiotic cream. 
5) Covering: with gauze impregnated with petroleum jelly and wrapped with absorbent gauze. 
6) Comforting (pain relief): with analgesics. 
 
Immediate interventions in an OR Airway fire: 
1. Disconnect the breathing circuit from the endotracheal (ET) tube while simultaneously shutting off 
the O2 flow. 
2. Remove the burning ET tube from the trachea and hand it carefully to another OR staff member to 
extinguish. 
3. Examine the airway by direct laryngoscopy, remove any burning debris, and spray the area with 
sterile water. 
4. Provide supplemental O2 as needed. 
5. Re-examine the airway by direct laryngoscopy and/or fiberoptic bronchoscopy (FOB) and provide 
definitive therapy as needed in the forms of re-intubation, mechanical ventilation, and if needed, 
tracheostomy. 
 
V. General indications for tracheal intubation in burn injury include: 
1. Central nervous system failure (decreased consciousness, coma). 
2. Cardiovascular failure (severe hypotension, shock). 
3. Established or impending airway obstruction (edema, blistering, stridor, hoarseness). 
4. Established or impending respiratory failure (wheezing, bronchorrhea, labored breathing). 
 
Intubation techniques: 
The method for intubation depends on the patient’s airway anatomy and general condition. Direct 
laryngoscopy and orotracheal intubation are suitable for most patients. ASA difficult airway algorithm, 
including surgical airway, should be followed for patients with difficult airway. Succcinylcholine is best 
avoided between 2 days and 2 years from burn to avoid hyperkalemia and its conesequences.12 

 
Treatment of pulmonary and systemic manifestations of inhalation injury include: 
A. Treatment of airway edema: 
Edema and blistering of airway mucosa begin within 4-5 seconds from exposure. Edema may take 4-
5 hours to peak and 4-5 days to completely resolve. Treatment consists of observation, in a monitored 
setting, for signs of impending airway obstruction (edema, blistering, stridor, hoarseness) or 
impending respiratory failure (wheezing, bronchorrhea, labored breathing); providing humidified 
oxygen; and having low threshold for endotracheal (ET) intubation. Extubation should be performed 
only after resolution of airway edema has been confirmed by testing for air leak and/or examination of 
the airway either by direct laryngoscopy and FOB, which allows subglottic examination. 



 
 

 

Problem-Based Learning Discussions (PBLD) Anesthesiology 2015 © American Society of Anesthesiologists. All rights reserved. Note: 

This publication contains material copyrighted by others. Individual PBLD sessions are reprinted by ASA with permission. Reprinting or 

using individual PBLDs contained herein is strictly prohibited without permission from the authors/copyright holders. 

Page 5 

 

 
B. Management of bronchorrhea due pulmonary inhalation injury: 
Bronchorrhea due pulmonary inhalation injury may occur due to direct effect of smoke component on 
the mucosa or due to the reaction of smoke components with the water and the lipids of cell 
membranes. Treatment consists of pulmonary toilet, supplemental O2, intubation and mechanical 
ventilation, as needed. 
 
C. Prevention and management of acute respiratory distress syndrome (ARDS): 
ARDS may develop due to direct alveolar injury or systemic toxicity. Treatment consists of intubation, 
mechanical ventilation and positive end-expiratory pressure (PEEP). Rates of both survival and 
weaning from mechanical ventilation are improved by using tidal volume of 6ml/kg, keeping plateau 
pressure (Pplt) <30 CmH2O, and applying positive end-expiratory pressure (PEEP) at values above 
the lower inflection point on the ventilatory pressure-volume curve. 
 
D. Diagnosis and treatment of carbon monoxide (CO) poisoning: 
CO poisoning should be suspected in every fire injury. Symptoms of CO poisoning appear at COHb 
levels >15% and death may occur with levels >50%. Diagnosis relies on measuring co-oximetric 
COHb and O2Hb saturations. Treatment with 100% oxygen is provided for all burn patients. In patients 
with severe CO poisoning (COHb levels >25%), hyperbaric oxygen therapy (3 atmospheres, 3 
treatments of 5.8 hrs each) within 24 hrs from exposure was found to decrease the risk of cognitive 
sequelae.13 The half-life (T1/2) of COHb is directly related to both FIO2 and atmospheric pressure. 
Increasing FIO2 five-fold from (0.2 to 1.0) decreases the T1/2 of COHb 5 fold (from 5hr to 1 hr); while 
further increase in atmospheric pressure of FIO2=1.0 by 3 fold (from 1 atmosphere [PIO2=760 mmHg] 
to 3 atmospheres [PIO2=2280]) decreases the T1/2 of COHb and additional 3 fold (from 60 min to 20 
min). 
 
E. Diagnosis and treatment of Cyanide (CN) poisoning: 
CN poisoning is less common, but more dangerous, than CO poisoning. It should be suspected in 
every fire involving the burning of synthetic materials. The symptoms are biphasic and consist of 
excitement followed by depression in the nervous, cardiac and respiratory systems. The breath may 
have characteristic bitter almond odor. CN poisoning should be suspected in patients who are 
comatose with <30% COHb. The combination of severe metabolic acidosis and high mixed venous O2 
saturation (SvO2) is typical, and is caused by the binding of CN to mitochondrial cytochrome oxidase 
and blocking O2 utilization. Normal CN levels are ≤0.1 mg/L and become lethal at 1 mg/L. Treatment 
consists of 100% O2, prolonged cardiopulmonary resuscitation (CPR), and the administration of an 
antidote such as sodium thiosulfate (150 mg/kg, iv, over 15 min), hydroxy-cobalamine or dicobalt 
EDTA. Hydroxy cobalamine is safe but less potent than sodium thiosulfate, and may be used in cases 
of mild CN poisoning. Dicobalt EDTA is more potent than sodium thiosulfate buy may cause cardiac 
depression and arrhythmias. In cases of severe CN poisonings a continuous infusion of sodium 
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thiosulfate can be used. Induction of methemoglobinemia is contraindicated because it further 
decreases levels O2Hb that are already reduced by (COHb). 
 
VI. Therapeutic implications of burn depth: 
A. The need for excision and grafting: 
1st degree burns and superficial 2nd degree burns are partial-thickness burns and they can heal 
spontaneously if protected from trauma and infection by dressing changes and application of topical 
antibiotics. Deep 2nd-degree burns and 3rd-degree burns are full-thickness burns and they require 
excision and grafting for reliable healing and to decrease their associated morbidity and mortality.14 

 
B. Types of excision and grafting: 
Tangential excision produces the best aesthetic results but leads to enormous blood loss (EBL: 2%-
3%/1%TBSAexcised). Fascial excision causes less bleeding but produces less favorable aesthetic 
results. Autologous grafting is performed by taking 0.2-0.3 mm-thick slices from the patients skin to 
cover excised areas. 
 
C. Adjunct burn wound therapy: 
Topical antibiotics can be associated with systemic toxicity. Cerium nitrate can cause leukopenia and 
methemoglobinemia. Silver sulfadiazine can cause decrease serum levels of sodium, chloride and 
potassium. Mafenide acetate can cause hypochloremic acidosis due to inhibition of carbonic 
anhydrase. Biosynthetic wound covers provide wound protection, and decrease the need for topical 
antibiotics, analgesic requirements and wound healing time. Anabolic hormones such as oxandrolone, 
human growth hormone (HGH) and high dose insulin enhance wound healing. Oxandrolone has fewer 
side effects than the other two hormones. 
 
Escharotomy and fasciotomy may be required in excessive edema or circumferential burns of 
extremities where intramuscular pressure (IMP) exceed capillary pressure (25-30 mmHg), or in 
circumferential chest wall burns that impede adequate chest expansion. 
Systemic antibiotics are limited for the treatment of proven infection or surgical prophylaxis. Wound 
biopsy is the preferred method of diagnosing wound infection since it enables quantifying organism 
count (>100,000/g), staging the invasiveness of infection and identifying characteristic histopathologic 
changes of bacterial, fungal or viral infection. Treatment of wound infection requires surgical removal 
of infected tissue plus topical and systemic antibiotics. All burn patients should receive tetanus 
prophylaxis. 
 
VII. Fluid resuscitation: 
A. During the first 24 hours: 
In adults, crystalloids in the form of LR are given according to the Parkland formula (LR at 4 
mg/kg/TBSA %burn/24 hr) with 50% given during the 1st 8 hrs and the other 50% during the next 16 
hrs. 
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The rule of nines is used to calculate total body surface area (TBSA) burned. According to this rule 
the body is divided into eleven areas of 9% each and the perineum is allocated the remaining 1%. The 
eleven areas are the head, each arm, each side of the chest, each side of the abdomen, each side of 
the thigh, and each side of the lower leg. 
 
This patient sustained burn to parts of the arm and the chest so his TBSA can be estimated to be 
10%. If his weight is 80 kg, then his fluid requirements according to the Parkland formula would be 4 x 
80 x 10 = 3200 ml/24hr. This amount would be divided into: 1600 ml during the first 8 hrs and 1600 ml 
during the next 16 hr. 
 
In children a mixture of LR, Colloid and D5W may be used according to the Evans formula (LR at 1 
ml/kg/TBSA %burn + Colloid at 1 ml/kg/TBSA %burn + D5W at 2L/m2/24 hrs). Burns that are >50% 
TBSA are treated at 50% TBSA rates. On the second day, 50% of first day requirements are given. 
These formulae serve as guides only. 
 
B. After 24 hours: 
Albumin can be used if serum albumin levels are ≤2 g/dl. 
 
C. After 48 hours: 
Isotonic fluids are given to replace both evaporative losses and maintenance requirements. 
Evaporative losses are calculated on the basis of burn size and body surface area: evaporative 
losses = (25 ml + TBSA %burn) x m2)/hr. Hypertonic saline solutions should be avoided as they 
have been associated with increased risk of renal failure and death in burn patients. 
 
D. Monitoring fluid resuscitation: 
Inadequate fluid replacement leads to hypoperfusion and renal failure, while excessive fluid 
replacement leads to tissue edema and upgrading of burn depth. General goals of resuscitation 
include HR 100mmHg; UO >0.5 ml/kg/hr in adults, >1 ml/kg/hr in children, and >2 ml/kg/hr in the 
presence of myoglobinuria; Hct ≤40 mEq/l. 
 
VIII. Anesthetic implications for STSG surgery:  
A. Limited access to monitoring and vascular cannulation sites: 
This limitation could be due to burned areas, systemic changes of burn (edema), saving skin sites for 
grafting. In addition to standard ASA monitors, arterial catheters are required in most cases to 
overcome limitations of NIBP monitoring, or to get more accurate and more frequent BP measurement 
and have access for blood sampling. 
 
B. Airway management: 
If the airway is not already secured, a strategy for airway management should be implemented. Direct 
laryngoscopy is applicable in most cases. Alternatives methods should be utilized based on the 
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patient’s airway anatomy and general condition. LMA have been successfully utilized as an intra-
operative airway technique for burn surgery. Considerations for tracheostomy are similar to those in 
non-burn patients. Some studies suggest increased risk of infection related to trachesotomy in burn 
patients, but this is not universally confirmed. If needed, tracheostomy can be performed through 
grafted tissue after 2 days from grafting. 
 
C. Hypermetabolic state and drug requirements: 
The hypermetabolic state of the burn patient increases basal body temperature (BBT) by 0.03 
°C/1%TBSA burned. Normal BBT of a patient with 50%TBSA is 38.5 °C. The hypermetabolic state 
increases drug requirements for anesthetic agents and muscle relaxants.15 The combination of a large 
wound surface, blood loss and blood transfusion increase the risk of hypothermia. Hypothermia 
impairs platelet function and increases the risk of infection. Heat loss is decreased by maintaining 
room temperature above 28 °C (83 °F) and warming I.V. fluids and inhaled gases. Forced air blankets 
prevent heat loss and re-warm the patient. 
 
D. Blood loss and blood transfusion: 
Intraoperative blood loss is reduced by early excision, avoidance of hypothermia and hypertension, 
and the use of tourniquets, topical thrombin, topical fibrin glue, topical epinephrine, subcutaneous 
epinephrine, and intravenous triglycyl-lysine-vasopressin (TGLVP). Transfusion requirements are 
reduced by acute hemodilution and preoperative administration of erythropoietin. Complications of 
massive transfusion include dilutional thrombocytopenia, dilution of coagulation factors and 
hypocalcemia. Recent guidelines favor transfusion ratios of 1:1 for PRBCs and FFPs. The risk of 
hypocalcemia is increased with blood transfusion rates >50 ml/min and liver dysfunction. High blood 
transfusions requirements have been shown to associate with increased risk of infection and mortality 
in children,16 and adults.17 

 
E. Postoperative Analgesia: 
Analgesic requirements for both baseline and procedural pain are high. Opioids are the most 
commonly used analgesics. Intraoperative spraying of harvest sites with lidocaine (2%) may reduce 
postoperative narcotic requirements. Methadone may reestablish sensitivity to opioids if tolerance 
develops. Clonidine may do the same and reduces postoperative shivering. Meperidine reduces 
postoperative pain and shivering but may lead to the accumulation of the seizure-inducing metabolite, 
normeperidine, in patients with renal dysfunction. Ketamine can be used for procedural analgesia. 
Intravenous acetaminophen and NSAIDs can be used for minor baseline pain. Distraction provided by 
virtual reality may enhance analgesia for procedural pain. Hypnosis may enhance analgesia for 
procedural and baseline pain. Antidepressants, anticonvulsants and transcutaneous electrical nerve 
stimulation (TENS) are effective for chronic pain. 
 
IX. Nutrition: 
Enteral nutrition is preferred over parenteral nutrition because it protects against GI stress ulcer, 
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decreases intestinal permeability to bacteria and toxins and has been shown to be associated with 
less mortality and better immune function than parenteral nutrition. Enteral nutrition can be started as 
soon as the patient is hemodynamically stable. Intolerance to enteral nutrition may be an early sign of 
sepsis and is associated with increased mortality. 
 
The hypermetabolic, hypercatabolic increases caloric and protein requirements by 2-2.5 fold in 
patients with major burn. In adults, the Curreri formula is used to calculate caloric needs = (25kcal/kg) 
+ (40kcal/TBSA%burn). Caloric requirements are supplied as 60% carbohydrate, 25% protein, and 
15% fat; or by providing non-protein calories as 60% glucose and 40% fat. 
 
Proteins requirements are provided as 1.2-2.0gm/kg/day, or based on calorie/nitrogen ratio (CNR) of 
150 for minor burns and 100 for major burns. Nitrogen balance should be calculated to assess the 
adequacy of protein provision. It is calculated by measuring urine urea nitrogen (UUN), with 4 g added 
as a margin of safety, and subtracting the total from nitrogen intake, which constitute about 16% of 
ingested proteins). Nitrogen balance = [protein intake (g) x16%] - [UUN+4]. 
 
If total parenteral nutrition (TPN) is used, then serum triglycerides levels, which are measured 4 hr 
after cessation of lipid infusion, should be maintained below 250 mg/dL. Water deficit or excess 
should be calculated based on serum sodium concentrations and should be corrected accordingly. 
H2O deficit = 0.6 x (kg) x [(plasma Na/140) -1]; H2O excess = 0.6 x (kg) x [1 - (plasma Na/140)]. 
Certain trace elements and vitamins are particularly beneficial in burn patients. Copper, selenium and 
zinc enhance immune response, antioxidative mechanisms and tissue repair. Vitamins C and E 
reduce oxidative inflammatory response and fluid requirements. 
 
X. Prognosis for survival and recovery of this patient: 
Improvements in critical care medicine have resulted in better outcomes for burn patients,18 that it has 
been stated that, “Nothing mirrors the advancement of critical care better than the improved prognosis 
of major burn injuries over the past three decades.”19 Despite improvements in outcome through 
improved critical care and wound care in specialized burn care centers, three factors continue to be 
associated with increased risk for death in burn patients; these are: age >60 years, burn size >40% 
TBSA, and inhalation injury. The probability of death in the presence of 0 risk factor is estimated to be 
0.3%; while with 1 risk factor 3%; 2 risk factors 33%; and 3 risk factors 90%.20 This patient had one 
risk factor (inhalation injury) only; therefore his risk of death would have been 3%. Almost all burned 
patients need physical and psychological rehabilitation. Anxiety and depression are common among 
burn patients. PTSD develops in 8% to 45% of patients. Risk factors include pre-burn affective 
disorder, severe pain, and lack of social support. Treatment consists of pharmacotherapy, 
psychotherapy, and behavioral therapy. 
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