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SURGICAL FIRES:
KEYS TO AWARENESS AND PREVENTION

(A Continuing Education Self-Study Activity)

OVERVIEW

A surgical fire is one that occurs on or in a surgical patient and can happen anywhere surgical
procedures are performed, including hospital operating rooms, ambulatory surgery centers,
and outpatient clinics. While the number of reported surgical fires is low, the goal for any
facility where surgical procedures are performed is that a surgical fire never occur. Several
voluntary and regulatory agencies publish recommendations, guidelines, and regulations
related to fire safety planning and procedures, as well as protocols for reporting a surgical
fire, should one occur. Education and awareness are key elements of fire prevention and it
takes the active participation of every member of the perioperative team to support these
efforts.

The purpose of this continuing educational activity is to provide basic information about
surgical fires, including how they occur and practices to prevent them. The fire triangle will
be discussed along with the components within the surgical arena that can contribute to

the risk of a fire. Regulatory bodies and the specific influence they have over fire safety and
prevention will be reviewed, as well as the potential consequences of a surgical fire. Finally,
tools that are available for education and prevention of surgical fires will be presented. Case
studies will provide the participant with an opportunity to integrate the information presented
with patient scenarios and interventions related to surgical fire situations.

OBJECTIVES

Upon completion of this continuing education activity, the participant should be able to:

Describe the components of the fire triangle as they relate to the perioperative setting.
Discuss potential consequences of a surgical fire.

Explain measures that can be implemented to prevent surgical fires.

List emergency steps to take in the event of a surgical fire.

Identify tools available to assess fire risk in the operating room.

Evaluate patient care scenarios for appropriateness of interventions.
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INTENDED AUDIENCE:

This independent learning activity is intended for use by perioperative nurses, surgical
technologists, and other healthcare professionals who are responsible for safe patient
practices knowing that fire is always a potential during surgical procedures.
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MINI-VIGNETTE

Mrs. FM, a 54-year-old female is admitted to the Canal Park Ambulatory Surgery Center
for a minor surgical procedure. She has several small to medium-sized, elevated skin
lesions around the neck area that she would like removed, since they catch in her
necklace chains and cause discomfort. Mrs. FM is escorted to the pre-procedure area
where she is prepared for the procedure. Her surgeon, Dr. Jessup, has planned with

the anesthesia provider to use local anesthetic with monitored sedation because Mrs.

FM is very apprehensive about surgery. Mrs. FM walks with the circulating nurse to her
operating room and lies on the procedure table. The RN circulator places a grounding
pad on Mrs. FM’s left anterior thigh, as her surgeon has requested the use of cautery for
this procedure. He anticipates some bleeding from the numerous sites and wants to have
immediate, accurate hemostasis. The CRNA places a nasal cannula for oxygen on Mrs.
FM prior to the placement of drapes that will cover her face while the operative site is
exposed. The CRNA explains that the oxygen provides fresh air. Dr. Jessup begins the
procedure and experiences some bleeding from one of the lesions. He touches the active
electrode pencil to a hemostat placed on the bleeding site. Suddenly, a spark ignites the
drape over Mrs. FM'’s face and a fire erupts.

GETTING STARTED: UNDERSTANDING THE FIRE
TRIANGLE

The fire triangle consists of three distinct elements. These include heat or an ignition
source, fuel, and oxidizers,' as depicted in Figure 1. Note that all three elements are
required and combine to create a chemical reaction: combustion and fire.

Figure 1 The Fire Triangle

There are various components of each element present in the operating room setting.
While preventing surgical fires requires a team approach of all surgical personnel,
surgeons are primarily involved with the ignition sources, anesthesia providers control
the oxidizers, and the perioperative nurse has the greatest control over the flammable
materials. Each of the elements of the fire triangle are discussed individually below and
Table 1 summarizes the common sources associated with each element.



Heat/Ignition Sources

An ignition source provides the heat energy that can start a fire when it is exposed to
fuel in ambient air or an oxygen-enriched atmosphere. An electrosurgery unit is the
most common ignition source in an operating room environment.? Electrosurgery is

the use of high-frequency electrical current to cut and coagulate tissue. Electrocautery,
another ignition source, uses a heated wire or probe to cauterize tissue. It differs

from electrosurgery in that the tissue is not part of the electrical circuit and there is no
electrical arc generated.®Lasers are not cited as frequently in surgical fires, but are
dangerous because of the concentration and application of energy.* The intense heat at
the end of a fiberoptic light cable or scope tip can also be a source of ignition.

Oxidizers

An oxidizer is any gas that can support combustion and may be air, oxygen, and/or
nitrous oxide. The use of oxygen during surgery is common. Procedures using regional
or local anesthesia often involve the administration of supplemental oxygen to the

patient to counteract the respiratory depression effects of sedation. An oxygen-enriched
atmosphere is one in which oxygen concentration in the atmosphere exceeds the usual
21% of ambient air.* However, even the level of oxygen concentration of ambient air can
support combustion of many types of fuels. An example of this is red rubber catheter,
which will ignite and burn in 17% oxygen.® Deep body cavities, head and neck regions
using an endotracheal tube, and underneath surgical drapes are all potential areas for an
increased oxygen concentration and higher risk of fire. Nitrous oxide, a commonly used
anesthetic gas, can also release oxygen; therefore, increasing the risk and severity of the
fire.

Fuels

Many fuels are present in the surgical setting that can support combustion and fire.
Most of these items are present either on surgical team members or used on or near
the patient. While these items can ignite and burn in ambient air, the risk increases in
an oxygen-enriched atmosphere. The use of alcohol-based preps is common in the
operating room and safety measures must be implemented to prevent ignition. This is
discussed in greater detail in a following section of this activity.

Body hair varies in texture and length and has a high potential to burn and spread fire
across the body. Intestinal gases, while not always thought of, can be flammable and
should be considered a risk factor especially during bowel surgery or during procedures
in the rectal or perineal area. Other fuels that are commonly used during surgery include
petroleum based ointments and adhesives.



Table 1. Common Sources of Fire Triangle Elements®

!OUI‘CGS - ! ectrosurgery - !xygen enrici e! - - !ommon !! materials

- Electrocautery atmosphere * Pillows, blankets, foam
- Lasers - Nitrous oxide * Caps, gowns, gloves,
- Fiberoptic light source - Ambient air booties
- Argon beam coagulator * Towels, drapes,
- Sparks from high speed dressings
power drills and burs - Volatile organic chemicals
* Alcohol
- Body hair

- Intestinal gases
- Tracheal tubes

Controlled by Surgeon Anesthesia provider Perioperative Nurse

SURGICAL FIRE - WHY IS THIS SUCH AN IMPORTANT TOPIC?

Contemporary Data

ECRI (formerly the Emergency Care Research Institute) gathers data on surgical fires based
on reports they receive each week. Table 2 provides a listing of this information as reported in
Health Devices magazine in 2006.

Table 2 - Surgical Fire Data Estimates Based on ECRI Accounts of Fires’

50-100 annually in the United States

Electrosurgical equipment — 70%

Lasers — 10%

Variety of sources: electrocautery (hot-wire cauterization), fiberoptic
light sources, defibrillators, high speed burs (sparks) — 20%

Oxygen-enriched atmospheres — 75%
Alcohol-based surgical preps — 4%

Airway — 21%

Head, neck, upper chest — 44%
Elsewhere on the patient- 26%
Elsewhere jn the patient — 8%

Potential Consequences of Surgical Fires

Heat, smoke, toxic by-products of combustion, patient and personnel injuries, psychological
trauma, damage to equipment, and legal ramifications are all potential consequences of a
surgical fire.

Synthetic materials such as plastics and polymers are present in large amounts in most
operating rooms. These can create a problem during surgical fires because they create large
amounts of heat during combustion. In addition, many of the by-products of combustion are
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toxic. These include carbon monoxide, cyanide gas and other toxic chemicals. Smoke
containing these toxic chemicals can fill the operating room very quickly and impact the
visual acuity of the surgical team, adding to the confusion and panic in the room.

Finally the hospital experiences unfavorable outcomes including poor publicity within the
community, financial losses resulting from compensation to the patient and family of victims
of surgical fires, costs incurred in repairing or replacing damaged equipment and property,
and a sense of incompetency in allowing a fire to occur. The emotional toll on the surgical
staff should not be minimized. Support for the staff as well as patients and families is
extremely important.

FIRE SAFETY INITIATIVES/NATIONAL GUIDELINES

The Joint Commission

On June 24, 2003, the Joint Commission issued a Sentinel Event Alert on “Preventing
Surgical Fires™ that outlined the risks associated with surgical fires and discussed strategies
for reducing the risk of surgical fires. Following this alert, the Joint Commission announced
that the National Patient Safety Goals for 2005 would include a goal for reducing the risk of
surgical fires in ambulatory care settings, as well as for physician office-based procedures.

In 2007, surgical fire prevention remains a key goal of the National Patient Safety Goals
established by the Joint Commission. National Patient Safety Goal 11 — Reduce the risk of
surgical fires — is outlined below. This and additional information concerning reducing the risk
of surgical fires is available from the Joint Commission:

Joint Commission National Patient Safety Goal 11 Reduce the risk of surgical fires.
Requirement 11A

Educate staff, including licensed independent practitioners and anesthesia providers, on how to
control heat sources and manage fuels with enough time for patient preparation, and establish
guidelines to minimize oxygen concentration under drapes.

Rationale for Requirement 11A

When surgical fires occur, they often result in serious injury and sometimes death. The unique
circumstances in the surgical environment (oxygen-rich atmosphere, flammable materials,

and ignition sources) require response and prevention strategies to be specific to the setting.
Educating all surgical staff to these distinctions is crucial in reducing/eliminating surgical fires.
Implementation Expectations for Requirement 11A

A 1. Organizations assess the risk for surgical fires based on equipment and procedures
used.

A 2. The organization establishes guidelines to minimize oxygen concentrations under drapes.
(M) C 3. Organizations that identify themselves at risk provide staff training on methods to
minimize oxygen concentration under drapes.

(M) C 4. Organizations that identify themselves at risk provide staff training on methods to avoid
the use of flammable solutions and materials.

(M) C 5. Organizations that identify themselves at risk provide staff training on actions to take
in the event of a surgical fire.

Exhibit A: Joint Commission. Implementation Expectations 2007 National Patient Safety Goals®
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Centers for Medicare & Medicaid Services (CMS)

CMS distributed a memorandum to its State Survey Agency Directors on January

12, 2007 regarding the fire risk when using alcohol-based skin preparations in
anesthetizing locations.' This memorandum points out the risk of using alcohol-based
skin preparations, a fuel source, combined with an oxygen-enriched atmosphere (the
oxidizer) found in an anesthetizing environment can ignite and cause a surgical fire. CMS
acknowledges that alcohol is an efficacious, cost-effective agent for skin preparation

to aid in the prevention of surgical site infections, but also states in the memorandum
that, “...use of an alcohol-based skin preparation in inpatient or outpatient anesthetizing
locations is not considered safe, unless appropriate fire risk reduction measures are
taken....""

The CMS outlines the measures expected to be taken by any hospital or ambulatory
surgery center based on information from expert organizations.

“

...there is a general consensus that the following fire risk reduction measures are
appropriate:

= Using skin prep solutions that are: 1) packaged to ensure controlled delivery to
the patient in unit dose applicators, swabs, or other similar applicators; and 2)
provide clear and explicit manufacturer/supplier instructions and warnings. These
instructions for use should be carefully followed.

= Ensuring that the alcohol-based skin prep solution does not soak into the patient's
hair or linens. Sterile towels should be placed to absorb drips and runs during
application and should then be removed from the anesthetizing location prior to
draping the patient.

= Ensuring that the alcohol-based skin prep solution is completely dry prior to
draping. This may take 2-3 minutes or more, depending on the amount and
location of the solution. The prepped area should be inspected to confirm it is dry
prior to draping.

n Verifying that all of the above has occurred prior to initiating the surgical
procedure. This can be done, for example, as part of a standardized pre-operative
“time out” used to verify other essential information to minimize the risk of medical
errors during the procedure.”?

Policies should be in place to support reducing the risk of OR fires and the
implementation of these recommendations must be evident in the patient’'s medical
record.

Association of periOperative Registered Nurses (AORN)

AORN is a professional organization of perioperative registered nurses that supports
RNs in the achievement of optimal outcomes for patients undergoing surgery or invasive
procedures. To that end, AORN publishes the Standards, Recommended Practices, and
Guidelines annually.
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The AORN guidance statement regarding fire prevention in the operating room' provides
valuable information to all members of the perioperative team. To summarize, AORN
provides the following recommendations:

= Education and training in fire risk reduction strategies is essential to promote and
maintain a safe environment. Those who should be educated include:
o Surgeons
Perioperative RNs
Surgical Technologists
Anesthesia Care Providers
Personnel who assist surgeons
Other personnel in the operative environment
Health care industry representatives
Students

O 0O 0O 0O 0 O O

= Afire plan should be reviewed and updated as needed to maintain continued
readiness.

n  Fire drills should be conducted on a regular basis as indicated by local, state, and
Joint Commission guidelines.

= The operating room should have an evacuation plan that is routinely reviewed
with staff and included in the fire drills.

= Risk reduction strategies should be addressed through policies and procedures,
practiced daily, and included in fire safety education of hospital staff.

AORN has created a “Fire Safety Tool Kit"* that provides a variety of educational
material, guides, video presentations, and sample policies to support development
of fire prevention strategies in the perioperative environment. The complete AORN
Perioperative Fire Safety Took Kit is available online at www.aorn.org.

National Fire Protection Association (NFPA)
Three of the many fire safety standards published by NFPA are especially relevant to the
perioperative environment.

= NFPA 101 (Life Safety Code).” The Life Safety Code specifies requirements
for construction and design of new and existing areas for use by healthcare.
This includes requirements for egress; protection from hazards; interior finishes;
extinguisher systems; corridor, wall, and door construction; and building services.
It also addresses fire exit drills, fire safety planning, and evacuation planning,
training of personnel, maintenance of exits, and smoking regulations.

= NFPA 99 (Health Care Facilities)." A section of NFPA 99 includes information
about anesthetizing locations and precautionary measures that should be
followed. These measures include methods to safeguard patients and personnel



from fire, explosion, electrical burns, and other related hazards that can result
from administration of flammable and non-flammable anesthetic gasses.
Suggested procedures to follow in the event of fire or explosion are also included
in this section.

»  NFPA 53M (Fire Hazards in Oxygen-Enriched Atmospheres). ' This standard
discusses fires that occur in oxygen-rich atmospheres, the basics of ignition
and combustion, the types of materials that should be used in oxygen-rich
atmospheres, extinguishment of fires and design considerations for the area.

Organizational members of NFPA include the American Society of Anesthesiologists and
the American Medical Association (AMA).

ECRI

ECRI is a non-profit organization that uses applied scientific research to determine the
best medical procedures, devices, drugs, and processes. This organization provides
valuable information about surgical fire safety and is used as a resource for hospitals
nationwide.

ECRI publishes a monthly journal, Health Devices and disseminates detailed
comparative product evaluations as well as reports of the experiences of end-users
including information on OR fire hazards and their prevention.

ECRI published recommendations are listed in exhibit B that need to be considered
based on the individuality of each patient.



Only You Can Prevent Surgical Fires™

Surgical Team Communication Is Essential
The applicability of these recommendations must be considered individually for each patient.

At the start of surgery:

Enriched O, and N,O atmospheres can vastly increase flammability of drapes,
plastics, and hair. Be aware of possible O, enrichment under the drapes near the
surgical site and in the fenestration, especially during head/neck surgery.

Do not drape the patient until all flammable preps have fully dried.

Fiberoptic light sources can start fires: Complete all cable connections before
activating the source. Place the source in standby mode when disconnecting cables.

Moisten sponges to make them ignition resistant in oropharyngeal and pulmonary
surgery.

For surgery with open delivery of supplemental O,

Question the need for 100% oxygen for open delivery during head/neck surgery.
As a general policy, use air or <30% O, for open delivery to the face.

Arrange drapes to minimize O, buildup underneath.

Keep fenestration towel edges as far from the incision as possible.

Use an incise drape to isolate head and neck incisions from O, and alcohol vapors.

Coat head hair and facial hair (e.g., eyebrows, beard, moustache) within the
fenestration with water-soluble surgical lubricating jelly to make it nonflammable.

For coagulation, use bipolar electrosurgery, not monopolar electrosurgery.

During oropharyngeal surgery:

Scavenge deep within the oropharynx with separate suction to catch leaking O, and
N,O.

Soak gauze or sponges used with uncuffed tracheal tubes to minimize gas leakage
into the oropharynx, and keep them wet.

When performing electrosurgery, electrocautery, or laser surgery:

Stop supplemental O, (if O, concentration is >30%) at least one minute before and
during use of the unit, if possible.

Activate the unit only when the active tip is in view (especially if looking through a
microscope or endoscope).

Deactivate the unit before the tip leaves the surgical site.

Place electrosurgical electrodes in a holster or another location off the patient when
not in active use (i.e., when not needed within the next few moments).

Place lasers in standby mode when not in active use. Do not place rubber catheter
sleeves over electrosurgical electrodes.

Exhibit B: American National Standards Institute (ANSI)




ANSI coordinates the development and use of voluntary consensus standards in
the United States. The Institute oversees the development and use of guidelines for
businesses in nearly every sector, including healthcare.

Specific to the operating room, ANSI has developed a number of applicable standards for
evaluating and using medical products in the OR.

ANSI Z136.3 — American National Standard for Safe Use of Lasers in Health
Care Facilities?* provides guidance for the safe use of lasers for diagnostic,
cosmetic, preventive, and therapeutic applications in health care facilities. The
standard covers installation of lasers, operation, calibration, and maintenance as
well as recommendations for fire safety related to the use of endotracheal tubes
and surgical drapes in laser procedures.

CONSUMER PRODUCT SAFETY COMMISSION

The Consumer Product Safety Commission has published a safety standard that is the
most recognized standard followed by manufacturers of surgical gowns and drapes:
Standard for Flammability of Clothing Textiles, 16 CFR 1610. This standard is designed
to reduce the danger of injury and loss of life by providing on a national basis, standard
methods of testing and rating of the flammability characteristics of textiles and textile
products for clothing use, including surgical gowns and drapes. Under this method, five
small samples of the material in question are mounted at a 45 degree angle and exposed
for one second to an open flame. The time it takes for the flame to spread along the
6-inch length of the sample is recorded and averaged for the five samples. Based on the
rate of flame spread, three flammability classes are defined,

¢+ Class 1: Normal Flammability. Time of flame spread is 4 seconds or more.
The trade generally regards these textiles as having no unusual burning
characteristics.

+ Class 2: Intermediate Flammability. This class applies only to textiles with
a raised fiber surface. These textiles are recognized as having flammability
characteristics between normal and rapid and intense burning.

¢+ Class 3: Rapid and Intense Burning. Time of flame spread is less than 4
seconds. The trade regards these types of textiles as being unsuitable for
clothing because of their rapid and intense burning characteristics.



ADDRESSING FIRE SAFETY - SUCCESSFUL STRATEGIES
FOR PREVENTION

The Environment

Avoiding the combination of the three elements of the fire triangle is the best method for
prevention of surgical fires. The various types of ignition, fuel, and oxidizer sources have
been described. Techniques to minimize these risks are outlined below.

»  Minimizing Ignition Risks*
o During Electrosurgery

= Place active electrode in a holster or other secured location off the patient when
not in active use

= The active electrode should only be activated by the user
= Activate the electrode tip only when it is under the user’s direct vision
= Deactivate the unit before the electrode tip leaves the surgical site

= Use bipolar electrosurgery whenever possible and clinically appropriate if open
oxygen sources are employed

= Never use insulating sleeves that are cut from catheters or packing material and
placed over electrosurgical active electrode tips. Use only those tips that are
manufactured with insulation

= Never use electrosurgery to enter the trachea

= Never use electrosurgery in close proximity to flammable materials in an oxygen-
enriched atmosphere

= Disconnect and remove contaminated electrosurgical active electrodes from the
surgical field
o During Laser Surgery

= Limit the laser output to the lowest effective power density and pulse duration

= Test-fire the laser before use to assure alignment of the therapeutic and aiming
beams

n  Place the laser in standby mode when not in use

= Do not allow anyone other than the user to activate the laser



Activate the laser only when the tip is under the user’s direct vision
Use instruments and devices that minimize reflection of the laser
Do not clamp laser fibers to drapes — the fibers may break and allow a stray beam

During lower airway procedures, keep the laser fiber tip in view and be sure it is
clear of the bronchoscope or tracheal tube before emission of the laser

Use a backstop when possible to avoid tissue injury distal to the surgical site

Use laser resistant tracheal tubes during upper airway surgery. Follow
manufacturer’s recommendations for inflation of the cuff

Pack around the tracheal tube with wet gauze and keep it wet

Keep all moistened gauze, packing, and sponges wet during the procedure to help
resist ignition

If possible, soak towels that are placed around the operative site in sterile water or
saline to minimize the risk of igniting the towels
o General Considerations

Remove unneeded footswitches to avoid accidental activation of electrosurgery
devices

Dispose of electrosurgery pencils properly — remove the cautery wire

Remember that fiberoptic light sources can start fires — complete the cable
connections before activating the light source

Never place active fiberoptic cables on drapes or other flammable materials

Keep the fiberoptic light source in the standby mode or off until ready to use or when
disconnecting the cables

Minimizing Oxidlizer Risks?
o Ingeneral

Be aware of the fact that enriched oxygen and nitrous oxide atmospheres can vastly
increase the flammability of drapes, sponges, plastic, and hair

Note areas where oxygen enriched atmospheres is possible — under drapes and in
the fenestrations, especially during head, neck, and upper chest surgery

Question the need for 100% oxygen by mask or nasal cannula during head and
neck surgery — can air or oxygen below 30% be used instead?

Stop supplemental oxygen one minute before using electrocautery, electrosurgery,
or laser on head, neck, and upper chest surgery

Arrange the drapes to avoid accumulation of oxygen and nitrous oxide



= Avoid the use of nitrous oxide during bowel surgery — the gas can diffuse into
the bowel and enrich intestinal gas mixture, increasing flammability
o During oropharyngeal surgery

= Use suction deep within the oropharynx to scavenge gases of an intubated
patient

= Wet gauze or sponges used with uncuffed tracheal tubes to minimize
leakage of gases into the oropharynx

= Keep all sponges moist throughout the procedure to aid in ignition resistance

= Minimizing Fuel Risks®
o Ingeneral

= Coat hair on the head and face with water-soluble lubricant to make the hair
non-flammable

= Be aware of the flammability of tinctures, solutions, dressings, and packing
used during surgery and avoid igniting the vapors

= Make sponges ignition resistant by moistening with sterile water or saline
o During prep

= Be aware that alcohol based preps are flammable
= Avoid wicking or pooling of flammable prepping solutions

= Allow flammable prep solution to fully dry before draping (wait at least 2-3
minutes)

= Remove towels or drapes used during the prep to collect solution from the
surgical field

= General Environmental Considerations

o Keep equipment in good repair — check cords and connections for
wear and tear or cracked/broken insulation

o Check equipment for routine biomedical inspection stickers to
assure equipment is safe and functioning properly

o Avoid tripping hazards from electrical cords and footswitch cords

o Check the electrosurgery unit’s grounding pad to assure proper
placement and integrity

o Always check equipment prior to use to verify proper functioning

o Keep activation tones on equipment loud enough to hear over other
room noises so that all are aware when the device is in use

o Avoid spill hazards by keeping liquids away from electrical devices



Administrative Activities

Avoiding or preventing surgical fires requires the collaboration and support of all members
of the healthcare team. Hospital administrators, physicians, nurses, and other members
of the team must be active participants in all phases of fire safety. It is also important to
highlight Material Management's role in OR Fire Prevention. While this department is
typically removed from the activities of the OR, it does influence outcomes.

An anonymous report to AORN of a near miss fire highlights the importance of collaboration
between Materials Management and operating room personnel in reducing the risk of
surgical fires.?

A particular brand of wound packing material was purchased to replace the one previously
used in the OR. This new packing had a higher alcohol content in it. The packing was
placed in the patient’s wound and electrocautery was used to control some residual
bleeding. The packing ignited a small fire. The fire was extinguished quickly, but it could
have been prevented if the OR personnel were aware of the product change. Another
example includes a fire that occurred due to a change in prepping solution that had a

high alcohol content. A warning about flammability hazards went out to hospital material
managers and was received the week before, but the information was not passed on to
the OR. Communication between the materials management department and the OR is a
crucial component of the collaborative healthcare team.

Policies and procedures that address the management of fire risks and hazards, fire
prevention, and response to fire should be adopted and enforced by managers at all levels
in the hospital. Education, including the use of fire drills, should be provided to all members
of the healthcare team. Each member of the perioperative team has a responsibility during
the response to a fire and these activities must be included in the education and training for
fire safety. Minimizing risks is paramount to prevention of surgical fires. Proper use of fire
containing or extinguishing equipment is another important aspect of fire safety that should
be addressed during education and drills.

Fire Drill

Part of the education in surgical fire safety should include fire drills. A fire safety plan

should be established and practiced fire drills implemented. The drill should incorporate

all members of the perioperative team as well as the hospital safety officer and local fire
department. The team members should know and understand their functions in the event of
a fire. By using several scenarios and facilitators to encourage discussion at each phase of
the fire drill, interactive learning can occur. %

A mock fire drill might include:
= Removing burning drapes from a surgery patient
= Smothering flames
= Deactivating ignition sources

= Locating and using fire alarms and extinguishers



= Determining the need for evacuation and evacuating the patient to the nearest
identified safety zone

= Disconnecting oxygen, containing or extinguishing a fire, and maintaining the
patient’s airway

= Protecting the surgical wound and patient during evacuation
= Documenting and reporting a fire

= Using the fire extinguisher properly

Responding to a Surgical Fire

A surgical fire can mean life or death to a patient. An immediate appropriate response

is important to protect the life of the patient and to minimize injury that can result from a
surgical fire. The initial response should not be to locate a fire extinguisher. A surgical fire
can spread so quickly that by the time the fire extinguisher is obtained and used, the fire
could be out of control. The response to an OR fire differs based on the type of fire, but the
ultimate goal is to protect the patient. ECRI provides specific guidelines for extinguishing a
fire and caring for the patient, as described:

Small Fires:
= Pat out or smother the fire — using a gloved hand or towel.

= Remove burning material from the patient — and extinguish.

Large Fires:
= Stop the flow of oxidizers (anesthetic gases, Oxygen) to the patient — disconnect the
breathing circuit, and turn off gas tanks.

= Remove the burning materials from the patient — to protect the patient from the heat
of these materials as they can continue to cause thermal damage to the patient.
Another team member should extinguish the burning material.

m  Care for the patient immediately.

o Resume patient ventilation (with air, not oxygen) that was stopped initially.
Control any bleeding.
Evacuate the patient to another room if there is danger from smoke or fire.
Assess the patient for injuries and treat as needed.

O O O

Airway Fires (these steps should be performed immediately and rapidly at the first sign of
fire):
= Disconnect the breathing circuit from the tracheal tube.
= Remove the tracheal tube and have another team member extinguish the fire.
Remove any cuff protective devices or remaining segments of the burned tube that
may be smoldering in the airway.
= Pour saline or water into the patient’s airway.



= Care for the patient.?
o Reestablish the airway and resume ventilation with air. When the risk
of fire is completely removed, resume 100% oxygen.
o Examine the airway to determine the extent of damage and treat
accordingly.

Unacceptable methods for extinguishing OR fires are:

Fire Blankets

Afire blanket is a wool blanket treated with fire retardants that is placed over a fire to
smother it. Fire blankets are mentioned here as a method that should never be used

in the operating room environment.? A fire blanket may be ineffective in extinguishing
a surgical fire because it can trap the fire next to and under the patient. Placing the

fire blanket on a patient may also displace surgical instruments and injure the patient.
Further, as with any material in an oxygen-enriched atmosphere, a fire blanket can and
will burn.

Aqueous Solutions

The use of aqueous solutions, such as bottled water or saline may be considered for
extinguishing non-electrical fires. Keep in mind the level of fluid-resistance of surgical
drapes may not allow the water or saline to reach the site of the fire, potentially
rendering water or saline ineffective.

Fire Extinguishers

While the use of a fire extinguisher should not be the first choice for dealing with a
surgical fire, it may be needed if the fire cannot be contained or the fire engulfs the
patient or migrates to staff and other areas of the room. ECRI recommends the use

of carbon dioxide (CO,) extinguishers for use in the OR.?* ECRI further recommend
that a 5-pound extinguisher be mounted just inside the entrance to each OR. The CO,
extinguisher smothers and cools a fire by expelling a fog of cold carbon dioxide gas and
snow. This leaves no residue and is not likely to injure a patient or staff member.

Staff Education
Staff should be educated in the proper selection and use of a fire extinguisher. The
acronym PASS is useful acronym in teaching OR personnel how to effectively use a fire
extinguisher.

P — Pull the activation pin

A - Aim the nozzle at the base of the fire

S - Squeeze the handle to release the extinguishing agent

S — Sweep the stream over the base of the fire
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When a surgical fire cannot be controlled and the patient is in danger of smoke or fire,
evacuation must occur. The acronym RACE is typically used to provide guidelines for
patient evacuation due to fire.

R - Rescue the patient. Disconnect the patient from the anesthesia machine for
moving and use an ambu bag to ventilate until able to reconnect the patient to a
ventilator in another area.

A —Alert staff and sound the Alarm. Everyone in the surgical area must be aware of
the fire and perform the functions assigned through the fire safety plan.

C -Confine flames and smoke. Close the doors to the OR, shut off gas valves, turn
off electrical power at the circuit breaker panel, and communicate these actions.
Again, the persons responsible for these activities should be delineated in the fire
safety plan.

E —Evacuate. The anesthesiologist is typically in charge during an evacuation. The
patient is taken to a designated safe area and appropriate treatment is provided.

Fire Safety Tools

The use of tools such as checklists and protocols are useful in prevention of surgical
fires. The AORN Fire Safety Tool Kit provides templates and resources that can be
accessed through the AORN website for use by any healthcare institution. An appropriate
time to perform a fire risk assessment is in the immediate pre-operative period by
incorporating it with the “time out” that is performed prior to the start of any surgery

or invasive procedure. A fire risk assessment should contain certain specific items as
demonstrated in Example A.

Once the assessment is completed, if high risk, a protocol that is established based
on all of the elements of risk reduction that have been discussed previously would be
implemented. The goal of the assessment tool is to create an awareness of potential
hazards and to initiate critical thinking among the team members to facilitate a safe
surgical procedure.



Example A - Surgical Site Fire Risk Assessment

Alcohol based prep solution —sufficient time for drying, fumes dissipated. [ yes (I no(d n/a

Potential hazard Yes No N/A

Surgical site or incision — head, neck, or chest?

Supplemental oxygen via facemask or cannula?

Available ignition source? (light source, electrosurgery, laser)

Total Risk Score

For “yes” give 1 point, for “no” give 0 points

If high risk — initiate protocol

Totals 3 =highrisk 2 =moderate risk 1= low risk

O Fire Risk Score 3:
Precautions Implemented
mark all that apply

[ Fire Risk Score 1-2: Precautions Implemented
mark all that apply

60 ml syringe with saline
available for oral procedures
Protect heat sources (cautery
pencil holster, standby mode for
fiberoptic light, standby for laser)
O  Minimize electrosurgery settings

[ Observe prep drying time (minimum 2-3 min.) [0 Oxygen at 30% or lower
[ Protect heat sources (cautery pencil holster, etc.) [ Observe prep drying time
O  Follow standard draping procedure (minimum 3 min.)
[0 Follow appropriate draping
Fire risk score of 2 is one that is low risk but may increase to high protocol
risk. Must then convert to high risk precautions. [0 Use wet sponges
[0 Basin of sterile water or saline
available
O
O

SUMMARY

The risk of a surgical fire is a reality every day in the perioperative environment. Many
regulatory agencies are involved in providing guidelines and strategies for reduction

of the risks for surgical fires. Al members of the healthcare team must be aware of the
roles they play in the prevention of a surgical fire. Should a fire break out, these same
team members must have a clear understanding of their roles in the management of a
surgical fire. This is accomplished through administrative actions of implementation and
enforcement of policies, procedures, and protocols for fire prevention and management.
Education is a valuable tool in promoting awareness of the risks for a surgical fire and
supporting management of a fire if it occurs. Each member of the perioperative team

- surgeon, RN, scrub, anesthesiologist, CRNA, ancillary personnel, and other OR staff
members — must be educated in their specific roles and activities to be performed during
a surgical fire. The risk of fire may be significantly decreased using fire drills, routine
education of and review of policies, and assessment tools. Positive patient outcomes are
realized when the healthcare team functions as a cohesive group to promote safety.
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CASE STUDIES

Case Study 1- Mrs. PJ

Mrs. PJ is a 35-year-old female admitted for an exploratory laparotomy. She has had
several abdominal surgeries in the past and the surgeon suspects she has significant
adhesion formation. Music was playing in the OR. The surgery is performed using
electrosurgery to remove multiple adhesions in the abdominal cavity. During the
procedure, the surgeon places the active electrode pencil on the drape beside the
incision while inspecting a site inside the abdominal cavity. The assistant leans forward
to obtain a better view of the procedure. The scrub nurse notes a “funny smell” but
continues loading suture onto the needle driver she had picked up to prepare for closing
the incision. After a few more seconds the circulator thinks she barely hears the high
pitch sound that is audible when the electrosurgical generator is activated. She notifies
the surgical team. The scrub nurse turns to look at the surgical site and notes smoke.
Suddenly a small fire erupts on the drape where the active pencil was lying. The scrub
immediately takes her basin of saline from the back table and throws it on the smoking
site.

Points to Consider:
= How might the surgical team have prevented the inadvertent activation of the
electrosurgery unit?

= Was the use of saline appropriate to extinguish the fire?

= What could have been done in the OR environment to promote a more rapid
awareness of the electrosurgical pencil activation?

Discussion of Points to Consider:

= How might the surgical team have prevented the inadvertent activation of the
electrosurgery unit?

+ The electrosurgical hand piece should always be holstered or placed in
another location off the patient when not in use. The holster should be
placed somewhere easy to access, but away from the surgical site.

+ The electrosurgery device should only be activated by the surgeon while
directly visualizing the device and the surgical site.

+ The electrosurgery device should be deactivated while still in contact
with the tissue to avoid sparking.

= Was the use of saline appropriate to extinguish the fire?
Saline and water are appropriate to use for some fires, but not on electrical
fires. The electrosurgical unit is powered by electricity and the use of water with
electricity creates a potential danger of electrocution.

The saline that was used was in a basin on the back table. One should use
caution when using water or saline from a basin, as it could become mixed with
other solutions that might actually enhance a fire. It is best to use sterile water
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or saline from a bottle. While it is not the case here, another risk is that the water or
saline could be contaminated and the risk of a surgical site infection increases.

What could have been done in the OR environment to promote a more rapid
awareness of the active electrode pencil activation?

While the surgeon may enjoy hearing his music played during surgery, music
volumes must be low because the surgical team has a responsibility to assure safety
in the OR. The electrosurgery unit has an audible tone that indicates activation that
must be audible at all times.

The music volume should be low because, the team would have heard the activation
tone immediately and perhaps have prevented the fire.



Case Study 2—- Mr. LP

Mr. LP is an 80 year old male admitted to the outpatient clinic for excision of a lesion from
the left upper chest. The procedure is scheduled for local anesthetic with sedation. Mr. LP
is accompanied by his grandson, who comments to the nurses that he hopes the surgeon
does not use sticky tape on his grandfather because his skin is so thin that it might tear.
The nurse has assessed the frail skin integrity already and assures the grandson that
they will use caution dressing the surgical wound. Before the procedure begins, the
CRNA places a nasal cannula with oxygen running at 3L/min on Mr. LP’s face. As soon
as the nurse finishes prepping the left upper chest area with an iodine/alcohol-based
prep, the surgeon begins draping. He places towel drapes around the lesion he plans to
remove and then puts a disposable fenestrated drape over the site. The CRNA clips the
tops of the drape to the IV poles, creating a barrier between the patient’s face and the
surgical site. The surgeon begins by making a wide excision around the lesion. Bleeding
starts and he uses the electrosurgical pencil to begin hemostasis. As he activates the
pencil, a flame erupts. The surgeon tries to extinguish the flame with his hand, but pulls
back as the heat from the flame causes pain. The CRNA stands up, screaming, but does
not remove the oxygen. The scrub only has 4x4’s on the table, as this is a small lesion
and she did not expect much bleeding. There is no water or saline open or immediately
available. The surgeon pulls the drapes from the site and lays them over the flame, finally
putting the fire out. Mr. LP suffers severe burns to his upper chest and neck.

Points to Consider:

= What could the circulating nurse have done regarding the prep to reduce fire risk?
= Discuss the affect supplemental oxygen had on this situation.
= How did the use of towels and the draping technique add to the risk for fire?

= What tool(s) could the surgical team have used to help prevent this fire?

Discussion of Points to Consider:

= What could the circulating nurse have done regarding the prep to reduce fire risk?
The prep solution is alcohol-based. When using this type of prep it should be
completely dry before draping the area. In this situation, the circulating nurse
should have informed the surgeon that the prep needed drying time before
draping began. Another option is to use a different prep solution that is not
flammable.

= Discuss the affect supplemental oxygen had on this situation.
The use of the supplemental oxygen at 100% via a nasal cannula provides an
oxygen-enriched atmosphere. This is one side of the fire triangle that supports the
creation and maintenance of fire. When the fire started, the oxygen should have
been removed and turned off immediately.



= How did the use of towels and the draping technique add to the risk for fire?
The towels provided a fuel source, as they are flammable. The towels were
placed immediately after prepping, so the wet alcohol prep soaked into the
towels, increasing their flammability. By draping the disposable drape up over the
face, it allowed accumulation of the nasal oxygen, thus enhancing the oxidizer.
The fenestration allowed the accumulated oxygen to flow toward the incision site,
providing a continuous oxidizer to fuel the fire.

= What tool(s) could the surgical team have used to help prevent this fire?
The use of a fire risk assessment tool would have benefited this surgical team
immensely. Checking for fuel sources, oxidizers, and ignition sources would
have sent up the “red flag.” The prep solution should be dry prior to draping.
The necessity of the supplemental oxygen should have been evaluated. Could
the procedure have been performed without oxygen? If oxygen was needed,
the CRNA and surgeon should have planned the interventions so that if
electrosurgery was used, the oxygen could have been turned off for one minute
prior to activation of the cautery pencil to diminish the oxygen concentration in the
area and reduce the risk of ignition. Alternate forms of draping should have been
considered as well.

Finally, the room was not prepared for a surgical fire. The scrub did not have
anything available to extinguish the fire. The surgical team was taken by surprise
and the responses were not immediate and rapid enough to avoid significant
patient injury. Routine fire education with drills could have supported rapid,
appropriate responses from the surgical team and a more positive patient
outcome.
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GLOSSARY OF TERMS -

Electrocautery

Electrosurgery

Fire

Flammability

Fuel

Ignition

Laser

Methane

OR fire

Oxidizer-enriched atmosphere

Use of a conductor heated by an electric current
to cauterize tissue.

Use of an electric current passing through
tissue to cut, cauterize, or desiccate tissue. In
electrosurgery, unlike electrocautery, the patient
is part of the electric circuit.

Arapid, self-sustaining oxidation, accompanied
by varying intensities of heat and light.

The tendency of a material to burn with a flame;
many materials that are  nonflammable in air
become flammable if the oxygen content of the
gaseous medium is increased.

Any material that will maintain combustion under
specified environmental conditions.

Setting or catching on fire.

Acronym for Light Amplification by the Stimulated
Emission or Radiation; a device that transforms
light of various frequencies into an extremely
intense, small, and nearly nondivergent beam of
monochromatic radiation.

A colorless, flammable gas produced by
decomposition of organic matter.

Any fire that occurs in an operating room — not
necessarily one that involves the patient.

An atmosphere that enhances ignition and
combustion because of the presence of oxygen,
at or above atmospheric concentration, nitrous
oxide, or a combination of the two. The most
commonly encountered type of oxidizer-enriched
atmosphere is the oxygen-enriched atmosphere,
in which the oxygen concentration exceeds 21%
by volume.



Synthetic

Surgical fire

A compound formed through chemical process
by human agency, as opposed to those of natural
origin (i.e. synthetic fibers and polymers).

Burning of material on or in a surgical patient.
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