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INTRODUCTION
While patient safety is an established field of 

study, little attention has been directed to clini-
cian safety. According to the Occupational 
Health Safety Network, 1 in 5 nonfatal occupa-
tional injuries occurs in the health care and 
social assistance industry, and health care 
workers experience seven times the national 
rate of musculoskeletal disorders.1 The most 
frequently documented causes of injury were 
patient transport and “slips, trips, and falls.”1

Occupational hazards of working in non-
operating room anesthesia (NORA) locations, 
such as interventional radiology suites, electro-
physiology and catheterization labs, endos-
copy suites, and magnetic resonance imaging 
suites, have not been studied. Musculoskeletal 
pain is more common in health care workers 
working in interventional laboratories and is 
highest among nonphysician employees.2 This 
article highlights key occupational hazards 
anesthesia professionals face in NORA loca-
tions and provides suggestions to create a 
safer working environment.

ROOM SET-UP
Many NORA suites are retrofitted and have 

insufficient floor area to comfortably accommo-
date anesthesia machines, automated medica-
tion dispensers, and other equipment. 
Cramped and nonstandard positioning of anes-
thesia equipment may make clinician move-
ments to access the patient, airway, and 
injection ports awkward and nonergonomic. 
The dimmed ambient lighting necessary for 
fluoroscopic imaging and lack of pathway light-
ing increases the risk of tripping or sustaining a 
concussion from a head strike on radiology 
screens or booms.

Procedures may require the proceduralist 
and anesthesia professional to change loca-
tions often, depending on imaging modality 
and anatomic site being treated. The anesthe-
sia machine and the drug dispensing system 
may need to be moved frequently from one 
side of the room to the other, which poses two 
specific hazards to anesthesia professionals.

First, anesthesia machines can weigh 
between 100 and 165 kilograms. While the 
machines are on wheels, persons moving them 
need to pay attention to proper body mechan-

ics as well as the presence of cords or other 
floor obstacles obstructing the wheels. The 
undue physical strain may be multiplied when 
different physical layouts increase the fre-
quency of anesthesia machine movement.

The second hazard that arises from variable 
placement of the anesthesia machine is from 
the associated cables, hoses, and lines. Anes-
thesia machines will have at least three hoses 
(oxygen, air, and scavenger waste gas) and a 
power cord. Additional connections can include 
a vacuum hose for suction, nitrous oxide, com-
puter cords, and data cables (Figure 1). At MD 
Anderson, at least two anesthesia professionals 
in the last ten years reported falling after trip-
ping over such cables (Figure 2). There are vari-
ous solutions to mitigate the risk of falls, 
including commercially available cable 
“sleeves” and specially designed mats (Figure 
3). These have their own challenges, however, 
such as the potential for increased bacterial 
contamination and the mat itself slipping on 
procedure room floors. One strategy is to place 
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Figure 1. Gas lines, data cable, power cord, suction 
tubing from anesthesia machine causing trip hazard.

Figure 3: Commercial mat covering hoses.

Figure 4: Braiding gas lines mitigates the trip hazard.

Figure 2: Anesthesia provider injuries to face after trip-
ping over exposed cables. Permission to use from pro-
vider granted.

See “NORA Clinician Safety,” Next Page

“anti-fatigue” mats over the cables, but this 
solution relies on having conscientious team 
members place them at the beginning of every 
case. Another mitigation strategy is to braid the 
gas lines (Figure 4). The best solution would be 
to design procedure rooms with gas and elec-
trical outlets arising from mobile overhead 
booms so that gas lines can be stored behind 
the anesthesia machine (Figure 5).

ROOM DESIGN
Anesthesia professionals need to be 

involved in the design, planning, and construc-
tion of new procedure suites. A well-designed 
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Shielding with skirts fixed to the procedural 
table, rolling lead shields, or protective aprons 
worn by individual clinicians are essential to 
reduce exposure area for each person in the 
room. Eye protection decreases the incidence 
of cataracts.10 If lead glasses are not available, 
glass or plastic lenses do provide some reduc-
tion of exposure. A circumferential lead apron 
with thyroid shield protection is essential for 
anesthesia professionals as they frequently 
need to turn their backs to the X-ray tube.10 

These aprons and thyroid shields should be 
provided by the institution for the use of clini-
cians working in a particular procedure suite.

Annual limits of radiation exposure are delin-
eated by the National and/or International 
Council on Radiation Protection (NRCP, IRCP). 
Radiation dosimeters should be worn by all cli-
nicians who have occupational exposure. Any 
individual who is pregnant or has greater than 
10% of the recommended annual exposure 
should have monthly dosimeter assessments.11 

Institutions need to distribute dosimeters and 
monitor results, as well as assess the integrity of 
all lead shields annually.11 Regular dosimeter 
assessment can be challenging given the large 
size of anesthesia departments and the multi-
ple sites that are covered.9

Fortunately, multiple studies have confirmed 
that radiation exposure for anesthesia provid-
ers is generally well below established limits.9 

However, when the X-ray tube is adjacent to the 
anesthesia professional, the clinician’s expo-
sure can be three times greater than the opera-
tor due to the anesthesia professional needing 
to move beyond any rolling shield to administer 
medications or attend to the patient.12 In addi-
tion, the use of novel equipment or techniques 

lines are not legally binding, this is a consensus 
standard referenced by the Joint Commission.6

In addition to the procedure room, anesthe-
sia professionals should advocate for appropri-
ate preprocedure and postprocedure recovery 
locations close to the procedure room, and 
have an expeditious pathway for patient trans-
fer to the intensive care unit. Too often not 
enough space or thought is given to these 
important aspects of patient care that can sig-
nificantly impact safety and efficiency.

PATIENT TRANSFERS
Patient transfers can be particularly awkward 

in NORA locations due to cramped workspace 
and lack of equipment to assist in patient trans-
fers, since these areas may have been 
designed for nonanesthetized patients to move 
themselves. There are several patient reposi-
tioning systems, such as AirTap (Prevalon 
AirTap, Sage Stryker, Cary, IL) or HoverMatt 
(HoverTech International, Allentown, PA), 
designed to help transfer patients who cannot 
move themselves. While they were designed to 
enhance patient safety, they also improve clini-
cian safety by limiting musculoskeletal strain.7

INVISIBLE HAZARDS
Chemical hazards such as solvents, adhe-

sives, paints, toxic dust, or, more commonly, 
waste anesthetic gas are potential dangers to 
clinicians. However, identifying such exposures 
might not always be easy since some of the 
hazards might not be visible (gases) or have an 
odor. Techniques such as infrared spectropho-
tometry can be used to identify and quantify a 
gas leak. Long-term exposure to waste anes-
thetic gas may affect the antioxidant defense 
system and likely vital organ function.8 Preven-
tative measures such as daily machine checks, 
effective scavenging and ventilation systems, 
proper vaporizer filling, and prompt cleanup of 
spills should be employed routinely. 	

In addition, the use of intraprocedural fluo-
roscopy has increased in both operating rooms 
and NORA sites. Radiation safety training for 
anesthesia professionals may be limited. The 
primary tenet of radiation safety is that expo-
sure dose varies proportionally to the unpro-
tected area of the person and inversely with the 
square of the distance.9 The small size of many 
NORA procedure rooms prohibits the anesthe-
sia professional from positioning themselves at 
sufficient distance from the X-ray tube. Small 
room size also makes it challenging to add a 
rolling shield between the anesthesia profes-
sional and the radiation source.

From “NORA Clinician Safety,” Preceding Page

room for patient care decreases both floor trip 
hazards and hanging obstacles like gas lines or 
electrical cords. This reduces physical strain on 
clinicians as they reach for needed equipment 
for patient care.

The proper placement of anesthesia equip-
ment should be prioritized, with related place-
ment of gas lines, suction, electrical outlets, 
and internet ports. Adequate space needs to 
be allotted for anesthesia equipment in the cor-
rect configuration to the right of the patient’s 
head (at least for induction and emergence) 
and for the clinician to have unimpeded access 
to the patient.3 The ASA Statement on NORA 
Locations states, “There should be in each 
location, sufficient space to accommodate nec-
essary equipment and personnel and to allow 
expeditious access to the patient, anesthesia 
machine (when present), and monitoring 
equipment.”3 Weill Cornell Medicine’s Depart-
ment of Anesthesiology has designated that 
the minimum space for anesthesia services 
planned in all new procedure or operating 
room designs should be 12 feet by 7 feet. This 
84-square-foot area should be reserved for the 
anesthesia machine, medication and equip-
ment cart, IV pole, and chair as a minimum to 
ensure the anesthesia professional’s ability to 
safely move around the workspace.4 Many 
imaging suites are designed solely to accom-
modate the large imaging equipment and 
moving patients in and out of the room, with 
little attention paid to workflow for the technol-
ogists, nurses, advanced practice providers, 
and physicians who care for the patient. Space 
for patient beds and accessibility for easy 
transfer of both mobile and immobile patients 
should be ensured.

Based on the authors’ experience, whenever 
possible, patients should enter on the side of 
the room opposite from the anesthesia 
machine, gas lines, and cords. Rooms should 
have two doors to allow for easy access of 
equipment and personnel for regular workflow 
and in case of emergency. In rooms with only 
one door, the anesthesia professional and 
patient’s head should be closest to the door so 
that personnel arriving to help in an emergency 
can immediately assist. Gas lines should be 
piped in close to and behind the anesthesia 
machine with a dedicated line for waste anes-
thesia gas disposal (WAGD). The National Fire 
Protection Agency (NFPA) states that any loca-
tion where nitrous oxide or halogenated anes-
thetic gas is intended to be administered 
should have a WAGD inlet.5 While NFPA guide-

See “NORA Clinician Safety,” Next Page 

Figure 5: Gas outlets on a mobile boom attached to the 
ceiling.
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in newer NORA procedures may result in inad-
vertently high radiation exposure, for example 
those that utilize continuous high-resolution 
imaging in the neurointerventional and cardiac 
interventional suites.12

CONCLUSION
As the number of nonoperating room proce-

dures requiring anesthesia increases, anesthe-
sia professionals are exposed to more hazards 
than in typical operating rooms. While many 
improvise ad hoc safety measures to avoid 
injury, there is a role for an organized, multidisci-
plinary effort to improve clinician safety. This 
includes being involved in room design, arrang-
ing equipment and associated cords/lines in 
the least obtrusive way, and following a safety 
checklist that accounts for appropriate equip-
ment and removal or mitigation of physical haz-
ards. Each anesthesia leader can work within 
their institution’s system to reduce such risks.
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