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Surgical fire: principles, risk factors, and prevention
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A surgical fire is potentially devastating for a patient and the
best way to avoid its complications is through prevention.
Although fires in the operating rooms (ORs) are rare events,
they can quickly cause serious injury, disfigurement, and be
fatal [1–4].

According to the Emergency Care Research Institute
(ECRI), facial surgery is the second most common site of fire
(tonsil is the first), and facial surgeons should be aware of
potential risks of fire and explosions and how to manage in-
juries caused by them [5, 6].

This problem is of a similar order of magnitude as wrong-
site surgery [7], and it is estimated that patients are harmed by
20% of the 550 to 700 operating room fires that are reported
each year with more than 500 cases unreported or near misses
[8–15], ranking as number 3 on the list of technology-related
hazards in the hospital [16–18].

A US study found 17 to 20% of anesthetic malpractice
claims are related to burns from surgical fires [19, 20].

Many will be minor fires causing no harm, but some may
include major burns, inhalation injuries, infection, and
others. It is estimated that of the surgical fires that occur,
20–30 patients are disabling or disfiguring each year in the
USA and 1 or 2 are fatal [21–27]. Related adverse out-
comes may include psychological trauma, prolonged hos-
pitalization, delay or cancellation of surgery, additional
hospital resource utilization, and liability [28–32].

The fire triangle (or Bfire triad^) has become the standard
for diagramming the three necessary components for combus-
tion. The triangle includes a heat or ignition source an
oxidizer, and a fuel source [33–36] (Fig. 1).

The surgeon’s, anesthesiologist’s, and nurse’s knowl-
edge of the fire triad is the most important part of burns
prevention in every surgical procedure [3, 4, 7, 10, 13, 22,
36–41].

As a heat or ignition source, an electrosurgical unit pro-
vides the ignition required for the fire to start in 70 to 90%
of all surgical fires [42–46]. The surgeon should use the low-
est possible power and there should be a safe distance from the
heat and oxygen source [46].

Each element of the Bfire triad^ is essential for a fire to
occur but the concentration of the oxidizer (oxygen or nitrous
oxide) can also have a great importance on the fuel component
of the triad [13, 19, 37]. It is unusual for a surgical fire to occur
in the absence of an oxygen enriched environment [47–50]. It
can happen within closed or semi-closed breathing systems,
including an open oxygen sources (e.g., masks, nasal cannula)
[48–51].

Oxygen supplementation via nasal cannula or oxygen
mask works like the oxidizer in this exothermic reaction,
which was responsible for a high oxygen concentration in
the microenvironment beneath the drape’s Btent^ over the
patient’s nose [52–57]. Another way to reduce this con-
centration is to reduce the oxygen supply from 100 to
24% and O2 supply beneath 3 l/min as a way to establish
an environmental concentration (FIO2) below 30% or less,
a concentration where there are no reports of this issue
[38, 58].
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If the surgical site is close to the oxygen catheter, it is
recommended to interrupt the oxygen flow and wait at least
60 s before using the electrocautery [38, 52, 58, 59].

The best choice to reduce or even prevent fire is changing
the nasal cannula for a rubber nasopharyngeal tube with the
cut ends of the nasal cannula passed through the tube to pro-
vide a high flow of oxygen to the nasopharynx or even an 8-
French feeding tube [53, 54, 58, 59].

The fuel is the most controversial one, but a very im-
portant component. The source of fuel can be: airway sup-
plies, surgical drapes, gauze, sponges, cotton compress,
papers, plastic mask, Blint^ from surgical towels, head,
facial (including eyelashes) and body hair, flammable and
combustible chemicals (tinctures, solvents), eye lubricant,
mattresses, foam padding and clothing, plastic supplies,
and wrapping materials. All of them were proposed as pos-
sible fuels in this fire, but the most common fuel to this
kind of fire is an antiseptic solution such as one that is
alcohol-based (e.g., povidone and chlorhexidine). They
are potential fire hazards [60–68] and can initiate combus-
tion even in a 20% concentration [67, 68].

There are many ways to control fuel source (specifically
alcohol bases) and its imperative that the surgeons adopt such
measures [62, 64–67] (Table 1).

Almost all surgical fires can be minimized or preventable
when the operating room team understands the interactions
among the sides of the classic fire triangle, bearing primary
responsibility for controlling them, such as: ignition source =
surgeon; oxidizing agent = anesthesiologist; fuel = circulating
nurse [9, 68–71].

The lack of education among interns, residents, nurses
and the negligence of some anesthesiologists and surgeons
may be responsible for the failure to eliminate or at least
reduce this type of accident [72–75]. Nearly two in three

newly qualified doctors had never heard about surgical
fires [74, 76]. As such, surgical fire education should be
part of all undergraduate medical, nursing and other allied
health professional education [72–81].

Compliance with ethical standards

Funding No funding.

Conflict of interest The authors declare that they have no conflict of
interest.

Patient consent The patients have given full consent to participate in
this study and for use of their photographs for publication.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

1. Akhtar N, Ansar F, Baig MS, Abbas A (2016) Airway fires during
surgery: management and prevention. J Anaesthesiol Clin
Pharmacol 32(1):109–111

2. Niskanen M, Purhonen S, Koljonen V, Ronkainen A, Hirvonen E
(2007) Fatal inhalation injury caused by airway fire during trache-
ostomy. Acta Anaesthesiol Scand 51(4):509–513

3. Roy S, Smith LP (2011)What does it take to start an oropharyngeal
fire? Oxygen requirements to start fires in the operating room. Int J
Pediatr Otorhinolaryngol 275(2):227–230

4. Meneghetti SC, Morgan MM, Fritz J, Borkowski RG, Djohan R,
Zins JE (2007) Operating room fires: optimizing safety. Plast
Reconstr Surg 120(6):1701–1708

Table 1 Preventing operating room fires from fuel source

1. Use nonalcoholic-based skin preparations if possible;

2. If not, avoid excessive use of alcohol-based substances in the surgical
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3. If an alcohol-based antiseptic is used, this should be cleaned with a dry
swab before the diathermy is used;

4.Wait at least 10 min to begin surgery, time to allow total evaporation of
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5. Keep the drapes open so that the residual alcohol will not vaporize in a
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6. Caution in the use of flammable substances mainly in facial surgery,
where oxygen is perilously close to the surgical field;

7. The use of an aspiration or exhaust system located under the surgical
drapes can strongly minimize the risk of combustion

8. Keep all gauze sponges wet with saline; avoid Btenting^ of surgical
drapes that would allow accumulation of oxygen;

9. A fuel-oxidizer combination should be avoided in or near the surgical
field;

10. Do not use alcohol-based solutions to prepare the scalp when the head
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Fig. 1 The three elements representing the fire triangle
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