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Ke y Points
 1 Exposure to waste anesthetic gases can be reduced to levels 

below those recommended by the National Institute for 
Occupational Safety and Health (NIOSH) by using waste 
gas scavenging equipment, routinely maintaining anesthesia 
machines, and following appropriate work practices.

 2 Vigilance is one of the most critical tasks performed by 
anesthesiologists and may be adversely affected by several 
occupationally related issues including poor equipment 
engineering and design, excessive noise, interpersonal conlict-
related interactions, production pressures, and fatigue.

 3 Sleep deprivation and fatigue is common among anes-
thesiologists and can adversely affect patient safety. Sleep 
deprivation can have deleterious effects on the physician’s 
cognition, mood, and health.

 4 The risk of exposure to infectious pathogens can be reduced 
by the routine use of standard precautions, transmission-based 
precautions for infected patients, and safety devices designed 
to prevent needlestick injuries.

 5 Hepatitis B vaccine is recommended for all anesthesia personnel 
because of the increased risk for occupational transmission of 
this blood-borne pathogen.

 6 Many consider chemical dependency to be the primary 
occupational hazard among anesthesiologists. An incidence of 
controlled substance abuse of 1% to 2% has been repeatedly 
reported within anesthesia training programs.

 7 Physician wellness is a topic integral to occupational health and 
patient safety. There is an evolving professional commitment 
to optimizing physician work style and lifestyle, as well as 
physical health (e.g., through better nutrition, itness, and 
rest).

 8 Mindfulness is an emerging and complementary concept to 
wellness that has speciic relevance to vigilance. Functional 
imaging techniques as well as cognitive psychology are 
enhancing our understanding of this key component to 
anesthesia practice.
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The health-care industry has the dubious distinction of being 
one of the most hazardous places to work in the United States. 
According to the U.S. Bureau of Labor, health care is second only 
to manufacturing in the number of occupational illnesses and 
injuries sustained by their workers.1 Anesthesia personnel are at 
risk of acquiring a number of occupational illnesses and injuries 
that are speciic to the high-intensity environment of the operat-
ing room. Workplace hazards include exposure to toxic chemi-
cals and waste anesthetic gases, ionizing radiation, and infectious 
agents. They are vulnerable to injury from ires or explosions. In 
addition, anesthesia personnel are susceptible to emotional and 
psychological disorders, such as burnout and substance abuse, 
engendered at least in part by the high stress and other demands 
inherent in their work.

Only within the past few decades have comprehensive pro-
grams been developed to assess the health of anesthesia personnel 
and protect against and treat many of these occupational diseases. 
There are numerous potential health risks to anesthesia person-
nel, but with heightened awareness of the problems and the use of 
proper precautions, they are avoidable or manageable.

PHYSICAL HAZARDS

Anesthetic Gases

Concerns about possible toxic effects of occupational exposure 
to inhalation anesthetics have been expressed since their intro-
duction into clinical practice. Investigations have included cel-
lular research, in vitro and in vivo studies, and epidemiologic 
surveys. Speciic focuses of the research have been whether or 
not occupational exposure to waste anesthetic gases is associated 
with cytotoxic and genotoxic changes, organ toxicity, adverse 
reproductive outcomes, impairment of psychomotor skills, or 
premature death.

Evidence exists to show that cellular damage can result from 
chronic exposure of cells to high concentrations of anesthetic gases 
in the laboratory.2 However, it can be misleading to extrapolate 
data from studies in cellular cultures or experimental animals 
to the real-world experience of humans working in operating 
rooms. The reports regarding possible cellular injury from waste 
anesthetic gases are inconsistent. Several studies testing for chro-
mosomal aberrations, sister chromatid exchanges, or changes in 
peripheral lymphocytes have found no evidence of cellular dam-
age among clinicians exposed to the levels of anesthetic gases that 
are encountered in an adequately ventilated operating room.3 On 
the other hand, individuals who are exposed to high ambient con-
centrations of waste gases, such as in anesthetizing locations where 
there is inadequate ventilation or scavenging, may be subject to a 
dose-dependent increase in cytotoxic changes.4 Reports on cellular 
changes thought to result from waste anesthetic gas exposure are 
dificult to compare because of the inability to standardize other 
risk factors to which operating room personnel are exposed, such 
as radiation, long work hours, and stress. Most sources agree that 
occupational exposure to the low levels of anesthetics found in 
operating rooms with effective waste gas scavenging is not associ-
ated with signiicant cellular effects.5

Nitrous oxide exposure is a special situation.6 Nitrous oxide can 
irreversibly oxidize the cobalt atom of vitamin B12 to an inactive 
state. This inhibits methionine synthetase and prevents the con-
version of methyltetrahydrofolate to tetrahydrofolate, which is 
required for DNA synthesis, assembly of the myelin sheath, and 
methyl substitutions in neurotransmitters. At clinically utilized 

concentrations of nitrous oxide, this inhibition could result in ane-
mia and polyneuropathy. As with the halogenated hydrocarbon 
anesthetics, these effects with nitrous oxide have not been demon-
strated in operating rooms with effective waste gas scavenging.

Reproductive Outcomes

An adverse impact of waste anesthetic gases on reproductive out-
comes has been a persistent concern. The earliest reports suggested 
an association between long-term exposure to waste anesthetic 
agents among health-care personnel and infertility, spontaneous 
abortions, and congenital abnormalities.7 The American Society 
of Anesthesiologists (ASA) and the National Institute for Occupa-
tional Safety and Health (NIOSH) published a large retrospective 
study in 1974 in which 49,585 operating room personnel who had 
potential exposure to waste anesthetic gases were compared with 
a nonexposed group of 23,911 health-care professionals.8 Among 
the indings in this study was an increased risk of spontaneous 
abortion and congenital abnormalities in children of women who 
worked in the operating room and an increased risk of congenital 
abnormalities in offspring of unexposed wives of male operating 
room personnel.

In response to criticism of the methodology and data analy-
sis in this study, ASA commissioned a group of epidemiologists 
and biostatisticians to do a meta-analysis using data from this and 
16 other published epidemiologic surveys.9 They found only six 
studies on spontaneous abortion and congenital abnormalities in 
offspring of anesthesia personnel that they felt were free of errors 
in study design or statistical analysis. From these studies, they 
reported the relative risks of spontaneous abortion for female 
physicians and female nurses working in the operating room were 
1.4 and 1.3, respectively (a relative risk of 1.3 represents a 30% 
increase in risk when compared with the risk of the control popu-
lation). The increased relative risk for congenital abnormalities 
was of borderline statistical signiicance for exposed physicians 
only. Although they did ind a statistically signiicant relative risk 
of spontaneous abortion and congenital abnormalities in women 
working in the operating room, the relative risk was small com-
pared with other, better-documented maternal risk factors, such 
as cigarette smoking and long working hours. The reviewers also 
pointed out that duration and levels of anesthetic exposure were 
not measured in any of the studies and that other confounding 
factors were not adequately controlled.

Other medical specialties with occupational exposure to anes-
thetic gases have also conducted studies among their health-care 
professionals. Studies of female dental assistants have revealed a 
reduction in fecundability and an increased rate of spontaneous 
abortion among women who worked in ofices not using scav-
enging equipment.10,11 In ofices where scavenging devices were 
used to vent waste nitrous oxide, there was no evidence of an 
increased risk for adverse reproductive outcomes. Findings from 
both of these studies of dental assistants must be viewed with cau-
tion because the estimates of nitrous oxide exposure were based 
solely on respondents’ retrospective reports.

Veterinarians and others who work in animal hospitals are 
a third group of professionals who may have frequent exposure 
to waste anesthetic gases. In a study of 744 pregnant female vet-
erinarians in Australia, there was a 2.5-fold increase in the risk 
of preterm delivery in those exposed to unscavenged anesthetic 
gases for one or more hours per week as compared with unex-
posed workers.12 Data collected by the same group demonstrated 
no increased prevalence of birth defects as a result of maternal 
exposure to anesthetic gases.13

A meta-analysis in 1997, of 19 epidemiologic studies, which 
included hospital workers, dental assistants, veterinarians, and 
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veterinary assistants, demonstrated an increased risk of sponta-
neous abortion in women with occupational exposure to anes-
thetic gases (RR—1.48).14 Stratiication by job category indicated 
that the relative risk was greatest for veterinarians (RR—2.45), 
followed by dental assistants (RR—1.89) and hospital workers 
(RR—1.30). When the meta-analysis was conined to ive stud-
ies that controlled for several nonoccupational confounding 
variables, had appropriate control groups, and had a suficient 
response rate, the relative risk for spontaneous abortion was 1.90. 
The author noted that the routine use of scavenging devices had 
been implemented since the time that most of the studies in this 
meta-analysis were performed and that there was no increased 
risk of spontaneous abortion in studies of personnel who worked 
in environments where waste gases were scavenged.

It is likely that other job-associated conditions besides expo-
sure to trace anesthetic gases may account for many of the adverse 
reproductive outcomes reported among some health-care work-
ers (HCWs). These include stress, infections, long work hours, 
shift work, and radiation exposure. A survey of 3,985 Swedish 
midwives demonstrated that night work was signiicantly asso-
ciated with spontaneous abortions after the 12th week of preg-
nancy (odds ratio 3.33), while exposure to nitrous oxide appeared 
to have no effect.15 Preterm birth in obstetric and neonatal nurses 
was associated with increased work hours, hours worked while 
standing, and occupational fatigue.16 And in a study of female 
veterinarians, the risks of birth defects were highest among those 
exposed to radiation and to long working hours (>45 hours/week) 
but not to those exposed to waste anesthetic gases.12

Many of the epidemiologic studies suffer from important design 
laws. However, the evidence taken as a whole suggests that there 
is a slight increase in the relative risk of spontaneous abortion and 
congenital abnormalities in offspring of female health-care pro-
fessionals working in the operating room. This risk is minimized 
when appropriate waste gas scavenging technology is applied.

Cancer

A 1968 report on the health of anesthesiologists concluded that 
male anesthesiologists had an increased risk of malignancies of 
the lymphoid and reticuloendothelial tissues but a lower death 
rate from lung cancer.17 Data from a subsequent prospective 
study by the same group contradicted the original indings and 
found no evidence that lymphoid malignancies were an occupa-
tional hazard for anesthesiologists.18

The 1974 ASA-sponsored study (vide supra) found no dif-
ferences in cancer rates between men exposed and those not 
exposed to trace concentrations of anesthetic gases.8 There was 
a 1.3- to 2-fold increase in the occurrence of various forms of 
cancer among exposed women, predominantly from an increase 
in leukemia and lymphoma. The subsequent reanalysis of these 
data conirmed an increase in relative risk of cancer in exposed 
women (RR 1.4) but attributed the increase solely to cervical can-
cer (RR 2.8).9 These authors also noted that the original study 
did not assess the effect of confounding variables, such as sexual 
or smoking history, that may have contributed to the indings. It 
is doubtful that these purported carcinogenic effects of anesthet-
ics would be sex-related, and the conlicting results for men and 
women, especially in light of the low statistical signiicance of the 
data, cast doubt that anesthetics were the causative agents.

A subsequent ASA-sponsored study of anesthesiologists, cov-
ering the period from 1976 to 1995, used data on the cause of 
death from the National Death Index.19 The mortality risks of a 
cohort of 40,242 anesthesiologists were compared with a matched 
cohort of internists. There was no difference between the two 
groups in overall mortality risk or mortality from cancer.

1

Behavioral Effects

One of the principal reasons identiied by the NIOSH for limiting 
occupational exposure to waste anesthetic gases is to prevent “dec-
rements in performance, cognition, audiovisual ability and dexter-
ity”.20 The clearest evidence for behavioral effects from trace gas 
exposure comes from work with laboratory animals where con-
centration and duration of exposure can be precisely controlled. 
In a study of rats exposed for 30 days to 1/10 minimum alveolar 
concentration (MAC) of halothane, sevolurane, or deslurane, 
there were signiicant alterations of exploratory activity, curiosity, 
anxiety, learning, and memory functions in the exposed animals.21

The effect on psychomotor performance among human vol-
unteers varies considerably depending upon the concentration 
of anesthetic gas to which the subjects are exposed. Temporary 
lethargy and fatigue are the most common symptoms described 
after brief exposures to subanesthetic concentrations of anes-
thetic gases. Longer exposures and higher concentrations have 
been associated with changes such as headache, depression, anxi-
ety, loss of appetite, loss of memory, decreased reaction time, and 
decrements in cognitive function. Most of the measurable psy-
chomotor and cognitive impairments produced by brief expo-
sures are short-lived and disappear within 5 minutes of cessation 
of exposure.22

One of the most dramatic demonstrations of psychomo-
tor impairment resulting from chronic anesthetic gas exposure 
appeared as a case report in which two anesthesiologists in the 
same institution developed chronic toxic encephalopathy.23 Each 
of them had spent many years doing pediatric cases requiring 
induction and maintenance of anesthesia by mask in two operat-
ing rooms that were subsequently shown to have insuficient fresh 
air supply resulting in high ambient concentrations of anesthetic 
gases. In both cases, symptoms gradually improved after the indi-
viduals were removed from the offending environment.

Levels of Trace Anesthetic Gases

The irst report of occupational exposure to modern anesthetics 
was by Linde and Bruce24 in 1969 who noted an average concentra-
tion of halothane of 10 ppm and of nitrous oxide of 130 ppm in 
the air surrounding an active anesthesia machine. End-expired air 
samples taken from anesthesiologists after work were as high as 12 
ppm of halothane. It was later demonstrated that with appropri-
ate scavenging equipment and with adequate air exchange in the 
operating room, levels of waste anesthetic gases could be signii-
cantly reduced.25

Elevated levels of volatile anesthetics have also been iden-
tiied in the postanesthesia care unit (PACU). This typically 
occurs as a product of exhaled gases from recovering patients. 
In one study, the time-weighted average (TWA) concentrations 
for isolurane, deslurane, and nitrous oxide were 1.1, 2.1, and  
29 ppm, respectively, in the breathing zone of PACU nurses.26 
In this study, the tracheas of half of the patients were intubated 
on arrival in the PACU, suggesting that the patients were still 
partially anesthetized and were exhaling a greater concentration 
of anesthetic gases than if they had more completely recovered 
in the operating room. In contrast, in two institutions where 
nitrous oxide was discontinued at the end of surgery approxi-
mately 5 minutes before the patient left the operating room  
and adequate air exchanges were maintained in the PACU, the 
time-weighted nitrous oxide levels were less than 2.0 ppm.27 
Minimal levels of anesthetic gases can be obtained in the PACU 
by ensuring adequate room ventilation and fresh gas exchange 
and by discontinuing the anesthetic gases in suficient time 
before leaving the operating room.
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Recommendations of the National Institute  
of Occupational Safety and Health (NIOSH)  

and the Occupational Safety and Health 
Administration (OSHA)

In 1977, NIOSH issued a criteria document that included rec-
ommended exposure limits (RELs) for waste anesthetic gases of  
2 ppm (1-hour ceiling) for halogenated anesthetic agents when 
used alone or 0.5 ppm for halogenated agent and 25 ppm of 
nitrous oxide when used together (TWA during the period of 
anesthetic administration).20 In addition, it stated that operat-
ing room employees should be advised of the potential harm-
ful effects of anesthetics. The guidelines proposed that annual 
medical and occupational histories be obtained from all person-
nel and that any abnormal outcomes of pregnancies should be 
documented. The publication also included information on scav-
enging procedures and equipment and methods for monitoring 
concentrations of waste anesthetic gases in the air.

In a subsequent publication, NIOSH issued an alert to warn 
health-care personnel that exposure to nitrous oxide may pro-
duce “harmful effects”.28 In this document, NIOSH recommends 
the following to reduce nitrous oxide exposure: Monitoring the 
air in operating rooms, implementation of appropriate engineer-
ing controls, work practices, and equipment maintenance proce-
dures, and institution of a worker education program.

NIOSH has not yet developed RELs for the agents most 
commonly used in current practice (isolurane, sevolurane, 
and deslurane). These volatile agents have potencies, chemical 
characteristics, and rates and products of metabolism that differ  
signiicantly from older anesthetics.

Occupational Safety and Health Administration (OSHA), 
which is the federal agency that is responsible for enacting job 
health standards and investigating work site violations has never 
adopted the NIOSH criteria document and has not set a stan-
dard permissible exposure limit for waste anesthetic gases. How-
ever, most states have instituted regulations calling for routine 
measurement of ambient gases in operating rooms and have 
mandated that levels not exceed an arbitrary maximum. Other 
organizations, such as the American Conference of Governmen-
tal Industrial Hygienists (www.acgih.org), have established their 
own occupational exposure limits for waste anesthetic gases, in 
many cases greater than those recommended by NIOSH.

It is prudent to institute measures that reduce waste anesthetic 
levels in the operating room environment to as low as possible. 
To ensure reduced occupational exposure, facilities where anes-
thetics are administered should have procedures to monitor for 
detection of leaks in anesthesia machines and contamination as 
a result of faulty anesthetic techniques (e.g., poor mask it, leaks 
around endotracheal tube cuffs and laryngeal mask airways, and 
scavenging system malfunctions) (Table 3-1). When there have 
been leaks of anesthetic gases, dispersion and removal of the 
pollutants depends upon adequate room ventilation, at least 15 
to 21 air exchanges per hour with three bringing in outside air. 
Through the use of scavenging equipment, equipment mainte-
nance procedures, appropriate anesthetic work practices, and 
eficient operating room ventilation systems, the environmental 
anesthetic concentration can be reduced to minimal levels.

Chemicals

Methyl methacrylate is commonly used in various surgical pro-
cedures. Known cardiovascular complications of methyl methac-
rylate in surgical patients include hypotension, bradycardia, and 
cardiac arrest. Reported risks from repeated occupational exposure 

to methyl methacrylate include skin irritation and burns, allergic 
reactions and asthma, eye irritation including possible corneal 
ulceration, headache, and neurologic signs. Airborne concentra-
tions greater than 170 ppm have been associated with chronic lung, 
liver, and kidney damage. In one report, a HCW suffered signii-
cant lower limb neuropathy after repeated occupational exposure 
to methyl methacrylate.29 Concentrations as high as 280 ppm have 
been measured when methyl methacrylate is prepared for use in 
the operating room. OSHA recommends use of scavenging devices 
in order to maintain an 8-hour TWA exposure to methyl methac-
rylate of 100 ppm.

Allergic Reactions

Allergic reactions to volatile anesthetic agents and to some muscle 
relaxants have been associated with contact dermatitis, hepatitis, 
and anaphylaxis in individual anesthesiologists.30,31 Analyses of 
sera from pediatric anesthesiologists exposed to halothane demon-
strated an increased prevalence of autoantibodies to cytochrome 
P450 2E1 and hepatic endoplasmic reticulum protein (ERp58).32 

TAbLe 3-1.  SourceS of operating room 

contamination

Anesthetic Techniques 

• Failure to turn off gas low control valves at the end of an 
anesthetic

• Turning gas low on before placing mask on patient
• Poorly itting masks, especially with mask induction of 

anesthesia
• Flushing of the circuit
• Filling of anesthesia vaporizers
• Uncuffed or leaking tracheal tubes (e.g., pediatric) or 

poorly itting laryngeal mask airways
• Pediatric circuits (e.g., Jackson-Rees version of the 

Mapleson D system)
• Sidestream sampling carbon dioxide and anesthetic gas 

analyzers

Anesthesia Machine Delivery System and  

Scavenging System

• Open/closed system
• Occlusion/malfunction of hospital disposal system
• Maladjustment of hospital disposal system vacuum
• Leaks

 High-pressure hoses or connectors
 Nitrous oxide tank mounting
 O rings
 CO2 absorbent canisters
 Low-pressure circuit

Other Sources 

• Cryosurgery units
• Cardiopulmonary bypass circuits

Modiied from: Task Force on Trace Anesthetic Gases of the Committee on 
Occupational Health of Operating Room Personnel. Waste Anesthetic Gases: 
Information for Management in Anesthetizing Areas and the Postanesthesia Care 
Unit (PACU). Park Ridge, IL: American Society of Anesthesiologists; 1999, with 
permission from the American Society of Anesthesiologists. A copy of the full 
text can be obtained from the ASA, 520 N. Northwest Highway, Park Ridge, IL 
60068-2573.

http://www.acgih.org
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Despite the presence of these autoantibodies, only 1 of 105 anes-
thesiologists had indings of any hepatic injury. These data sug-
gest that although autoantibodies may occur in anesthesiologists 
frequently exposed to volatile anesthetics, they do not appear to 
commonly cause anesthetic-induced hepatitis.

Latex in surgical and examination gloves has become a com-
mon source of allergic reactions among operating room person-
nel. In many cases, HCWs who are allergic to latex experience 
their irst adverse reactions while they are patients undergoing 
surgery. The prevalence of latex sensitivity among anesthesiolo-
gists is approximately 12%.33

The latex found in medical products is actually a composite 
of many substances including proteins, polyisoprenes, lipids, and 
phospholipids combined with preservatives, accelerators, anti-
oxidants, vulcanizing compounds, and lubricating agents (such 
as cornstarch or talc). The protein content is responsible for most 
of the generalized allergic reactions to latex-containing surgical 
gloves. These reactions are exacerbated by the presence of powder 
that enhances the potential of latex particles to aerosolize and to 
spread to the respiratory system of personnel and to environmen-
tal surfaces during the donning or removal of gloves.

Irritant or contact dermatitis accounts for the majority of reac-
tions resulting from wearing latex-containing gloves (Table 3-2). 
True allergic reactions present as T-cell–mediated contact derma-
titis (type IV) or as an immunoglobulin E–mediated anaphylactic 
reaction.

Anesthesiologists who believe that they are allergic to latex 
must avoid all direct contact with latex-containing products. It 
is also important that coworkers wear non-latex or powderless, 
low latex-allergen gloves to limit the levels of ambient allergens.

Radiation

Anesthesia personnel are at risk of exposure from both direct and 
indirect sources of ionizing radiation. Direct sources of radiation 
include exposure from the primary x-ray beam and leakage from 
other sites within the x-ray equipment. Indirect exposure results 

from scattered radiation relected off surfaces such as tables, other 
equipment, and patient.

The biologic consequences of radiation exposure vary depend-
ing on age, gender, and speciic organ site of exposure. The deter-
ministic effects of radiation cause cell death and organ injury and 
are cumulative in a dose-related fashion. Common examples of 
deterministic injuries include skin damage, infertility, and certain 
types of cataracts. Stochastic effects of radiation are those that 
result in DNA injury and the development of cancer. There is no 
known threshold below which the risk of developing cancer com-
pletely disappears. And there can be a long latency period before 
the clinical presentation of an induced neoplasm.

OSHA has published occupational limits for workers exposed 
to ionizing radiation.34 The annual limit is 5 rem with an allow-
able long-term limit of (N – 18) × 5 rem where N is the age in 
years. The recommended maximum occupational exposure to a 
declared pregnant worker should not exceed a monthly limit of 
0.5 mrem or a total exposure of 5 mrem (excluding medical and 
natural background radiation).

Early studies found the exposure to radiation among anes-
thesia personnel to be safely below the OSHA limits.35 However, 
more recent studies, conducted subsequent to the increased utili-
zation of ionizing radiation in operating rooms, cardiac catheter-
ization, and other interventional radiology suites, have revealed 
a worrisome trend toward increased exposure among anesthesia 
personnel (although still well below OSHA limits).36–38 In one 
study, there was a doubling of the aggregate radiation exposure 
to members of a department of anesthesiology in the year fol-
lowing the introduction of an electrophysiology laboratory38 
(Fig. 3-1). Anesthesia personnel in this study increased their 
average exposure to almost 500 mrem on an annualized basis. 
Preventative strategies for anesthesiologists to minimize their 
risk of radiation-induced injury include limiting the intensity  
and exposure time, distancing oneself from the source of the 
radiation, and using maximal shielding from both primary and 
scattered sources of radiation.

A second form of radiation with potential health hazards comes 
in the form of chronic exposure to low-frequency electromagnetic 

TAbLe 3-2. typeS of reactionS to Latex gLoveS

Reaction Signs/Symptoms Cause Management

Irritant contact dermatitis Scaling, drying, cracking of skin Direct skin irritation by 
gloves, powder, soaps

Identify reaction, avoid irritant, possible 
use of glove liner, use of alternative 
product

Type IV—delayed 
hypersensitivity

Itching, blistering, crusting 
(delayed 6–72 h)

Chemical additives used in 
manufacturing (such as 
accelerators)

Identify offending chemical, possible 
use of alternative product without 
chemical additive, possible use of 
glove liner

Type I—immediate 
hypersensitivity

— Proteins found in latex Identify reaction; avoid latex-containing 
products; use of nonlatex or powder-
free, low-protein gloves by coworkers

A.  Localized contact 
urticaria

Itching, hives in area of contact 
with latex (immediate)

Antihistamines, topical/systemic steroids

B. Generalized reaction Runny nose, swollen eyes, 
generalized rash or hives, 
bronchospasm, anaphylaxis

Anaphylaxis protocol

Reproduced from: American Society of Anesthesiologists Task Force on Latex Sensitivity of the Committee on Occupational Health of Operating Room Personnel. Natu-
ral Rubber Latex Allergy: Considerations for Anesthesiologists. Park Ridge, IL: American Society of Anesthesiologist; 2005 (http://www.asahq.org/puhlicationsAndServices/
latexallergy.pdf), with permission from the American Society of Anesthesiologists. A copy of the full text can be obtained from the ASA, 520 N. Northwest Highway, 
Park Ridge, IL 60068-2573.

http://www.asahq.org/puhlicationsAndServices/latexallergy.pdf
http://www.asahq.org/puhlicationsAndServices/latexallergy.pdf
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ields such as those emitted by MRI equipment.39 It is often neces-
sary for the anesthesia care provider to remain in close proximity 
to the patient, and thus the magnet core, during MRI studies. Data 
are not yet available to determine the safety of long-term exposure 
to high-intensity magnetic ields. Therefore, until such time that 
safety thresholds have been determined for this type of exposure, 
anesthesiologists should obey the general admonition regarding 
all radiation exposure. That is, keep exposure as low as reasonably 
achievable.

Noise Pollution

Noise is quantiied by determining both the intensity of the 
sound and the duration of the exposure. OSHA has determined 
that the maximum level for safe noise exposure is 90 dB for  
8 hours.40 Each increase in noise of 5 dB halves the permissible 
exposure time, so that 100 dB is acceptable for just 2 hours per 
day. The maximum allowable exposure in an industrial setting 
is 115 dB.

Noise levels in a modern operating room frequently exceed 
OSHA limits and are a potential health hazard. Ventilators, suc-
tion equipment, music, and conversation produce background 
noise at a level of 75 to 90 dB. Superimposed on these are spo-
radic noises caused by dropped equipment, surgical saws and 
drills, and alarms. Resultant noise levels can exceed 100 dB over 
40% of the time with peak levels in excess of 120 dB, which is 
comparable to the clamor of a busy freeway or a rock and roll 
band 41 (Table 3-3).

Excessive levels of noise can adversely inluence an anesthesi-
ologist’s capacity to perform common clinical tasks. Mental efi-
ciency, short-term memory, and ability to multitask and perform 
complex psychomotor tasks are all diminished by exposure to 
excess noise.

Noise also interferes with the ability to hear alarms. This is 
especially apparent in the magnetic resonance imaging suite 
where noise from the scanner can mask many anesthesia alarms. 
Similarly, excessive noise can interfere with crucial verbal com-
munication. Voice levels must be at least 20 dB above background 
noise to be heard and understood.

There are also chronic health ramiications of long-term expo-
sure to excessive noise. Chronic exposure has been associated with 

elevated levels of endogenous catecholamines and heightened lev-
els of stress, increased irritability, and elevated blood pressure.

Ultimately, exposure to excessive noise levels will result in 
hearing loss. Although no direct connection has been established 
with excess noise experienced in the operating room, it is inter-
esting to note that more than 50% of anesthesiologists have a 
substantial hearing deicit and 7% have deicits that potentially 
interfere with their ability to hear operating room alarms.42

One form of background noise, music, can provide a num-
ber of beneicial effects. Music has proved advantageous as a 
supplement to sedation and analgesia for surgical patients.43 Self-
selected background music can contribute to reducing autonomic 
responses in surgeons and improving their performance.44 The 
beneicial effects are less pronounced when a third party chooses 
the music. The selection of music, and the volume at which it is 
played, should be determined by mutual agreement of all parties 
present in the operating room.

Ergonomics/Human Factors

Human factor analysis, also called ergonomics, is the study of 
the interaction between humans and machines and the impact 
of equipment design on their use. It is a multidisciplinary science 
that applies diverse disciplines such as anthropometry, ethnog-
raphy, biomechanics, industrial and social psychology, architec-
ture, education, and information technology, toward developing 
user-friendly equipment and a safer workplace.

Human factor analysis has been most widely employed in 
industries such as aviation, nuclear power, and oil exploration 
where human error frequently has contributed signiicantly to 
catastrophic accidents. The work performed by an anesthesiolo-
gist shares many of the characteristics found in these industries, 
including the intricacy of the tasks, a narrow margin of error, and 
the vulnerability to human error.

A number of human factor dificulties exist in the anesthesi-
ologist’s workplace. For example, anesthesia equipment is often 
poorly designed or positioned. Anesthesia monitors are fre-
quently placed so that the anesthesiologist’s attention is directed 
away from the patient and surgical ield. This was well demon-
strated by observations that the insertion and monitoring of a 
transesophageal echocardiograph probe added signiicantly to 
the anesthesiologist’s workload and diverted attention away from 
other patient-speciic tasks.45

TAbLe 3-3.  noiSe LeveLS in a modern 
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EPA recommendation 4.5 dB

Continuous suction 75–85 dB
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Average OR noise 77 dB

OSHA limit (8 h) 90 dB

Subway 100 dB
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FIguRe 3-1. Radiation exposure in an electrophysiology lab. Aggre-
gate radiation exposure to anesthesia personnel doubled after (“Post”) 
as compared to before (“Pre”) introduction of an electrophysiology ser-
vice. *P=0.017, paired Student’s t test.
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The ability to sustain complex monitoring tasks, such as main-
taining vigilance,a and to respond to critical incidents are among 
those tasks that are most vulnerable to the distractions created by 
poor equipment design or placement. The critical importance of 
the vigilance task to the practice of anesthesiology is evidenced by 
the fact that the seal of the ASA bears as its only motto “Vigilance” 
(Fig. 3-2).

Vigilance tasks are generally performed at the level of 90% 
accuracy. In a setting where the stakes are high, such as during 
anesthesia and surgery, this leaves an unacceptable margin of 
error. Human error, in part resulting from lapses in attention, 
accounts for a large proportion of the preventable deaths and 
serious injuries resulting from anesthetic mishaps in the United 
States annually.

A number of other work place factors conspire to interfere 
with anesthesiologists’ ability to perform their complex tasks. 
Even seemingly trivial aspects of an anesthesiologist’s work that 
require the expenditure of excessive energy produce a decrement 
in performance over the course of time. For example, if the anes-
thesiologist must make frequent rapid changes in observation 
from a dim, distant screen to a bright, nearby one, the continuous 
muscular activity required for pupil dilation and constriction and 
lens accommodation promotes fatigue and hinders performance.

The detrimental effects of unnecessary energy expendi-
ture can be mental as well as physical. As a result of the ever-
increasing number of monitors to be observed and amounts of 
data to be processed during the course of a surgical procedure, 
larger amounts of mental work must be expended. The cognitive 
burden varies directly with the dificulty encountered in extract-
ing information from the monitors and displays that compete for 
the anesthesiologist’s attention. Poor engineering of the moni-
tor displays, so that mode of presentation, signal frequency, or 
strength is suboptimal, can adversely inluence the operator’s 
performance.

Even the alarms that have been developed with the speciic 
goal of augmenting the task of vigilance can have considerable 
drawbacks. In general, alarms are nonspeciic (the same alarm 

2

2

signaling as many as 12 different deviations from “normal”) and 
can be a source of frustration and confusion. They are suscep-
tible to many artifacts and false positives that can cause “alarm 
fatigue” and distract the observer from more clinically signiicant 
information. It is not unusual for distractive alarms to be ignored 
or inactivated.46 A positive trend that is emerging in alarm tech-
nology is the development of “knowledge-based alarms” that can 
integrate information from more than one monitor and suggest a 
list of diagnostic and therapeutic possibilities.

Organizational issues, such as failed communication among 
team members, can adversely impact an anesthesiologist’s perfor-
mance. The potential for disaster as a result of poor communica-
tion has been well illustrated in a number of airline catastrophes. 
The possibility for miscommunication and resultant accident is 
heightened in the operating room where, in contrast to the struc-
ture inherent in an airline crew, there is absence of a well-deined 
hierarchical organization with overlaps in areas of expertise and 
responsibility. Poor communication can lead to conlict and com-
promised patient safety and has been identiied as a root cause of 
many anesthesia-related sentinel events.

Effective conlict resolution is an important element of the 
teamwork necessary for successful surgical outcomes. Conlict 
and unpleasant interpersonal interactions among team members 
are among the most stressful aspects of the job of an anesthesiol-
ogist and can hinder safe anesthetic care. Some degree of conlict 
occurs during the management of as many as 78% of patients 
in high-intensity areas such as operating rooms or critical care 
units.47

Successful resolution of conlict is a skill that can be learned.48 
Mutual respect is required among team members along with a 
willingness to carefully listen and recognize differences of opin-
ion. Intervention by a neutral third party is frequently helpful 
in inding an innovative solution. The airline industry has suc-
cessfully implemented crew resource management programs to 
improve the performance of cockpit teams.49

“Production pressure” is an organizational concern that has 
the potential to create an environment in which issues of produc-
tivity supersede those of safety.50 Production pressure has been 
associated with the commission of errors resulting from haste 
and/or deliberate deviations from known safe practices.

The application of simulation technology is gaining accep-
tance as a tool to study and teach human performance issues in 
anesthesiology. It appears to be particularly suited to training 
nontechnical skills such as resource management, teamwork, and 
communication.51

Work Hours, Night Call, and Fatigue

A circadian pattern of alertness and sleep is a fundamental ele-
ment of healthy human physiology. Inadequate sleep caused by 
any number of factors, including obstructive sleep apnea or dis-
ruptive work schedules, can contribute to adverse health effects 
including cardiovascular disease and psychological illness such 
as irritability, displaced anger, depression, and anxiety. Individu-
als who suffer from sleep deprivation also think and move more 
slowly and make more mistakes.

Sleep loss and fatigue can have deleterious effects upon work 
practices. In general, workers who are sleep deprived suffer a 
decrement in performance and are at greater risk of committing 
workplace errors. Fatigued individuals are more susceptible to 
“microsleeps” which are brief, uncontrolled, and spontaneous 
episodes of physiologic sleep that may last as little as a few sec-
onds. Fatigued workers also incur more work-related accidents.52 
The susceptibility to accident is not limited to work hours and 
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FIguRe 3-2. Official seal of the American Society of Anesthesiolo-
gists. The official seal of the ASA bears the inscription “Vigilance.” 
Used with permission from the American Society of Anesthesiologists.

aVigilance is the ability to detect changes in a stimulus during prolonged 
monitoring tasks when the subject has no prior knowledge of whether or 
when any changes might occur.

3



68 SECTION I Introduction to Anesthesiology

extends to other activities of daily living, such as driving. The 
changes resulting from sleep deprivation bear a striking similar-
ity to that seen with alcohol intoxication.53 Signiicant individual 
variations in impairment due to fatigue have been identiied.54

The contribution of sleep loss and fatigue to accidents has been 
well documented in many well-publicized industrial catastrophes. 
Sleep deprivation was a contributing factor to industrial accidents 
such as those that occurred at Chernobyl, Three Mile Island, 
Exxon-Valdez, and the Challenger space shuttle catastrophe.

A number of reports have also identiied sleep deprivation as 
a causative factor in errors occurring in the health-care indus-
try.55 As early as 1971, Friedman et al. reported that interns made 
almost twice as many errors reading electrocardiograms after an 
extended work shift than after a night of sleep.56 Intubation skills 
were reduced among emergency room physicians working night 
shifts when compared with other staff members working days.57 
Physicians in both groups were more likely to commit errors dur-
ing a simulated triage test toward the end of their work shifts. And 
in a study that examined the management by medical interns of 
medical admissions, 35.9% more medical errors were committed 
while on a “traditional” schedule (24 hours plus work shifts) than 
when they worked a schedule that eliminated extended work shifts 
and reduced the number of hours worked per week.58 Mistakes 
committed by these interns included 20.8% more medication 
errors and 5.6 times as many diagnostic errors.

Anesthesiologists who take night call commonly suffer from 
each of the three well-deined classes of sleep deprivation: Total, 
partial, and selective sleep deprivation. Interruption of sleep dur-
ing call commonly occurs between the hours of 2 am and 4 am 
when humans are most vulnerable to fatigue-induced errors.

A number of speciic consequences of sleep deprivation have 
the potential to adversely impact the conduct of a safe anesthetic, 
including impaired cognition, short-term memory and clinical 
decision making, prolonged reaction time, and reduced atten-
tion, vigilance, and performance. In a report by Howard et al.,59 
sleep-deprived residents managing a 4-hour simulated anesthetic 
demonstrated progressive impairment of alertness, mood, and 
performance and had longer response latency to vigilance probes.

Performance after sleep deprivation does not return to nor-
mal levels until 24 hours of rest and recovery has occurred after a 
period of sleep deprivation. Residents in their routine, non-post 
call state continue to suffer from chronic sleep deprivation and 
have the same degree of sleepiness as measured in residents in-
ishing 24 hours of in-house call.60

An interesting phenomenon is the “end-spurt,” in which  
previously deteriorated performance shows improvement when 
the subject expects that the task is nearly completed. However, 
if the procedure is unexpectedly prolonged, a “let-down” occurs 
with additional deterioration in performance.

Despite adequate evidence of performance impairment due to 
fatigue, the precise role of sleep deprivation on the speciic end 
point of clinical outcomes remains unclear. A number of studies 
have reported a detrimental effect on patient outcomes of sleep 
deprivation among providers. In two studies of American anes-
thesia caregivers, more than 50% reported having committed 
an error in medical judgment that they attributed to fatigue.50,61 
And 58% of New Zealand anesthesiologists reported that they had 
exceeded their self-deined limit for safe continuous administra-
tion of anesthesia and 86% reported that they had committed a 
fatigue-related error.62 Similar reports of fatigue-related complica-
tions appear in the surgical literature with as many as 16% of pre-
ventable adverse surgical events attributed to surgeon fatigue.63,64 
However, others have reported no evidence of suboptimal clinical 
management or poor outcomes from sleep-deprived clinicians. 
Chu et al. found no increase in mortality or major complications 

in 4,000 consecutive cardiac surgical procedures performed by 
surgeons who had varying degrees of sleep (ranging from 0 to >6 
hours) the night before surgery.65 Other studies of surgeons and 
critical care specialists have agreed with these indings.66,67

Several factors help to explain the apparent disparity between 
reports of fatigue-related performance impairment and the fail-
ure to conclusively link these with medical errors or adverse out-
comes. The distinction between sleep deprived and well rested 
is often arbitrarily deined with varying deinitions of the non-
rested state. For example, in one study the general conclusion 
was that there were no overall difference in complication rates 
between surgeons who had operated during the previous night 
(“post-nighttime”) and rested surgeons.68 However, when sleep 
patterns were stratiied, there was a substantially elevated rate 
of complication (6.2% vs. 3.4%) if the surgeon had less than  
6 hours sleep during the on-call night. Also, there is great dif-
iculty in eliminating confounding variables such as the impact 
of loss of continuity of care, errors that can occur during “hand-
offs” of critically ill patients, and the reallocation of many medical 
tasks from physicians to nonphysician providers. Finally, it can 
be dificult to extrapolate indings from simulation studies of vol-
unteers in a laboratory to clinicians in real-life work conditions.

Medicine remains signiicantly behind other industries, most 
notably the transport and airline industries, in identifying and 
regulating work practices that permit excessively long shifts. It 
was not until the well-publicized Libby Zion case in 1984 (in 
which it was charged that fatal, avoidable mistakes were made by 
exhausted, unsupervised residents) that medical organizations 
and state legislatures took action to limit excessive work hours 
among residents. In 2000 the Accreditation Council for Gradu-
ate Medical Education (ACGME) established the irst set of stan-
dards to limit resident duty hours. These standards were revised 
by the ACGME in 2011.69 Policies established by the ACGME 
include the following:

 1. Work hours must be limited to 80 hours per week, averaged 
over a 4-week period inclusive of all in-house call activities 
and all moonlighting.

 2. Duty periods of PGY-1 residents must not exceed 16 hours in 
duration.

 3. Duty hours of PGY-2 residents and above may be scheduled 
to a maximum of 24 hours of continuous duty in the hospital.

 4. Strategic napping, especially after 16 hours of continuous  
duty and between the hours of 10:00 pm and 8:00 am, is 
strongly suggested.

 5. Residents should have 10 hours and must have 8 hours, free 
of duty between scheduled duty periods and at least 14 hours 
free of duty after 24 hours of in-house duty.

Somewhat ironically, at the end of a long list of duty hours 
restrictions, item VI.G.5.a-c states, “Residents in the inal years 
of education (as deined by the Review Committee) must be pre-
pared to enter the unsupervised practice of medicine and care for 
patients over irregular or extended periods.” This statement rec-
ognizes that these restrictions on duty periods apply only to train-
ees and that work hours in medical practice remain unregulated.

Prolonged work hours and sleep deprivation are a ubiquitous 
component of many anesthesiologists’ professional lives. Many 
academic faculty members now work longer hours than they did 
prior to house staff work hour limitations because of the shift of 
work from residents to faculty. Attending anesthesiologists and 
nurse anesthetists commonly work 10- to 12-hour workdays and 
24-hour on-call shifts. Gravenstein et al. reported that the average 
anesthesiologist’s work week was 56 hours and that 74% of the 
respondents had worked without a break for longer periods than 
they personally thought was safe.61
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Several strategies have been devised to reduce fatigue and limit 
the adverse effects of sleep deprivation when long work periods 
are necessary. Recommendations include minimizing sleep debt 
by maximizing sleep before on-call shifts and utilizing maneu-
vers to overcome sleep inertia such as increasing ambient light 
levels and stretching, taking frequent breaks, and napping when 
possible. A number of pharmaceutical aids, such as caffeine and 
modainil (a schedule IV drug), have been approved for military 
use and, if used under supervision and carefully monitored, argu-
ably may be helpful for clinicians with shift-work sleep disorder.70

INFeCTIOuS HAZARDS

Anesthesia personnel are at risk for acquiring infections from 
patients and from other personnel. This risk is likely to increase 
because as antimicrobial agents become more effective, the patho-
gens develop resistance and new survival strategies. In addition, 
increasingly immune-compromised patients become vectors for 
these resistant, opportunistic organisms. Furthermore, globaliza-
tion brings with it increasing spread of organisms from less devel-
oped areas in the world, such as the 1999 outbreak in New York 
of West Nile Virus encephalitis and in 2003 of the epidemic of 
severe acute respiratory syndrome (SARS) in Hong Kong. More-
over, diseases that were once thought to be noninfectious, such as 
peptic ulcer disease (Helicobacter pylori), invasive cervical cancer 
(human papillomavirus), Kaposi’s sarcoma (human herpesvirus 
type 8), and certain lymphomas (Epstein–Barr virus [EBV]) are 
now better understood as a long-term consequence of infection, 
making occupational health precautions even more important.

Viral infections are the most signiicant threat to HCWs. 
Most commonly, these are spread through the respiratory route. 
Other infections are spread by hand-to-hand transmission, and 
hand washing is the single most important protection strategy.71 
Immunity against some viral pathogens, such as hepatitis B, can be 
provided through vaccination.72 Transmission of blood-borne 
pathogens such as hepatitis (HBV, HCV) and human immuno-
deiciency virus (HIV) can be prevented with mechanical barri-
ers blocking portals of entry.73 Current recommendations from 
the Centers for Disease Control and Prevention (CDC) for pre-
employment screening, infection control practices, vaccination, 
postexposure treatment, and work restrictions for infected per-
sonnel should be consulted for speciic information related to 
each pathogen.74–76

OSHA Standards, Standard Precautions,  
and Transmission-Based Precautions

In the late 1980s the CDC formulated recommendations (“univer-
sal precautions”) for preventing transmission of blood-borne infec-
tions to HCWs. The guidelines were based on the epidemiology of 
Hepatitis B Virus (HBV) as a worst-case model for transmission of 
blood-borne infections and available knowledge of the epidemiol-
ogy of HIV and Hepatitis C Virus (HCV). Since asymptomatic car-
riers of many blood-borne viruses cannot be identiied, universal 
precautions were recommended for use during all patient contact. 
Although exposure to blood carries the greatest risk of occupa-
tionally related transmission of pathogens, it was recognized that 
universal precautions should also be applied to semen, vaginal 
secretions, human tissues, and cerebrospinal, synovial, pleural, peri-
toneal, pericardial, and amniotic luids. Subsequently, the CDC syn-
thesized the major features of universal precautions into “standard 
precautions” that should be applied to all patients77 (Table 3-4).

4

Standard precautions include the appropriate application 
and use of hand washing, personal protective equipment (PPE), 
and respiratory hygiene/cough etiquette. The selection of spe-
ciic barriers or PPE should be commensurate with the task being  
performed. Gloves may be all that is necessary during many pro-
cedures that involve contact with mucous membranes or oral 
luids, such as during routine endotracheal intubation or during 
insertion of a peripheral intravenous catheter. However, addi-
tional personal protection, such as gown, mask, and face shield, 
may be required during endotracheal intubation when the patient 
has hematemesis or during bronchoscopy or endotracheal suc-
tioning. Respiratory hygiene/cough etiquette has been added to 
standard precautions to prevent droplet transmission of respira-
tory pathogens, especially during seasonal outbreaks.

OSHA has promulgated standards to protect employees from 
occupational exposure to blood-borne pathogens.78 These stan-
dards require that there must be an exposure control plan spe-
ciically detailing the methods that the employer is providing to 
reduce employees’ risk of exposure to blood-borne pathogens. 
Among other requirements, the employer must encourage strat-
egies to reduce blood exposures, furnish appropriate PPE (e.g., 
gloves, gowns), offer the HBV vaccine at no charge to personnel, 
and provide an annual educational program to inform employees 
of their risk for blood-borne infection.

Implementation of standard precautions and OSHA regulations 
has been effective in decreasing the number of exposure incidents 
that result in HCW contact with patient blood and body luids.

The institution’s employee health service is required to obtain 
and record a contagious disease history from new employees and 
provide immunizations and annual puriied protein derivative 
(PPD) skin testing. In addition, the employee health service must 
have protocols for dealing with workers exposed to contagious 
diseases and those percutaneously or mucosally exposed to the 
blood of patients infected with HIV or hepatitis B or C virus. Free 
consultation is available from the CDC Postexposure Prophylaxis 
Hotline (PEPline) at 1-888-HIV-4911. Protocols are also needed 
for dealing with caregivers who have common contagious diseases 
and for those who have less common but high-visibility public 
health problems.

Respiratory Viruses

Respiratory viruses account for half or more of all acute illnesses 
and are usually transmitted by one of two routes. First, small-
particle aerosols from viruses such as inluenza and measles are 
produced by coughing, sneezing, or talking and can be propelled 
over large distances. Second, large droplets that have been pro-
duced by coughing or sneezing can contaminate the donor’s 
hands or an inanimate surface. The virus is then transferred to the 
oral, nasal, or conjunctival mucous membranes of a susceptible 
person by self-inoculation. Rhinovirus and human respiratory 
syncytial virus (HRSV) are spread by this process.

Influenza Viruses

Inluenza viruses, members of the Orthomyxoviridae family, 
are designated as type A, B, or C based on characteristics of the 
nucleoprotein (NP) and matrix (M) protein antigens. Inluenza 
A viruses are further subtyped on the basis of the surface hemag-
glutinin (H) and neuraminidase (N) antigens. Individual strains 
are designated according to the site of origin, isolate number, year 
of isolation, and subtype, for example, inluenza A/California/ 
07/2009 (the infamous H1N1). Inluenza A has 16 H subtypes 
and 9 N subtypes, of which only H1, H2, H3, N1, and N2 have 
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TAbLe 3-4. Standard precautionS

Transmission-Based Precautions

Modes of transmission

Direct contact transmission Transmission of an infectious agent directly from one person to another; may occur via contact of 
blood or secretions with mucous membranes, open cuts, or mites.

Indirect contact transmission When an infectious agent is transmitted via an intermediate object (fomite) that has been previously 
contaminated. This may include (but is not limited to) patient-care devices, environmental 
surfaces, and clothing.

The particle size of emitted respiratory secretions is a continuum from aerosol size particles (≤5 µm) to droplets (>5 µm).

Droplet transmission (>5 µm) remain suspended for short periods of time and tend to be deposited within 3 feet of 
where they are generated. The distance that a droplet travels may be affected by such things as 
temperature, humidity, and air currents. Droplets are preferentially deposited in the upper airways, 
whereas aerosols penetrate deeper into the lower respiratory tract.

Airborne transmission Organisms that can remain infectious when disseminated over distance and time as the droplet nuclei 
(<5 µm particles) are dispersed on air currents.

Standard precautions Reduce the risk of transmission of infectious agents from patient to patient, patient to health-care 
worker (HCW), HCW to patient.

Apply to all patients, as anyone may be infected or colonized with a transmissible disease.

Wear gloves for all contact with blood, body luids (except sweat), non-intact skin, and mucous 
membranes. Change gloves when they become soiled or when contact with a clean body 
part follows that with a contaminated part. Remove gloves after patient contact. Minimize 
environmental contamination.

Perform hand hygiene before patient contact and upon removal of gloves. See section on hand 
hygiene.

Gown, face, and eye protection should be worn if there is a risk of splash or spray.

Environmental cleaning after contamination by body substances.

Use a standard surgical mask when inserting a central line or performing neuraxial anesthesia.

Needle and sharp safety—avoid recapping (when necessary, use one-handed technique), bending, 
or breaking used sharps. Dispose sharps in appropriate puncture-resistant container. See safe 
injection practices section.

Practice and encourage respiratory hygiene/cough etiquette.

Contact precautions (in addition to standard precautions)

Private patient room or cohort patients. Spatial separation of 3 feet between patients  
recommended.

Signage outside room to indicate level of precautions.

Gown and glove upon entering room and with any patient or environmental contact.

Face and eye protection if there is a risk of splash or spray.

Remove gloves and gown before exiting room. Care must be used to avoid self-contamination when 
removing personal protective equipment (PPE).

Perform hand hygiene after removal of PPE.

Dedicated patient equipment whenever possible. Appropriately clean equipment prior to its use with 
other patients. See disinfection of equipment.

Appropriate cleaning of room when vacated.

Maintain contact precautions during transport and entire perioperative period.

Communicate precaution level to those that will receive patient postoperatively.

Droplet precautions (in addition to standard precautions)

Single-patient room optimal. May cohort or keep patient with existing roommate when necessary.

Spatial separation of patients 3 feet. If curtain present, keep drawn.

Signage outside room to indicate level of precautions.

HCWs should wear standard surgical mask, gloves, gown, and eye protection as required under 
standard precautions.

Patient should wear standard mask (if tolerated) when transport outside room required.

Respiratory hygiene/cough etiquette.

Maintain precautions throughout perioperative period.

Communicate precaution level to those that will receive patient postoperatively.
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been associated with epidemics of disease in humans. Because 
inluenza viruses are easily transmitted and are highly infectious, 
large outbreaks occur annually. Acutely ill patients shed virus for 
as long as 5 days after the onset of symptoms via small-particle 
aerosols. Because of their contact with nasopharyngeal secretions, 
anesthesiologists can easily become vectors in the spread of inlu-
enza virus in hospitals.

Anesthesia personnel who routinely care for patients in high-
risk groups should be immunized annually (October or Novem-
ber) with the inactivated (killed virus) inluenza virus vaccine.76 
There is evolving precedent to make this a condition of employ-
ment and medical staff credentialing.79 Available inactivated vac-
cines have been highly puriied and are associated with few reac-
tions. Since the vaccine used in the United States and many other 
countries is produced in eggs, individuals with true hypersensitiv-
ity to egg products either should be desensitized or should not be 
vaccinated. A live attenuated inluenza vaccine, approved for use 
in healthy nonpregnant persons 2 to 49 years of age and adminis-
tered by intranasal spray, is now available.

Influenza Pandemics

Inluenza outbreaks occur almost every year, although their 
extent and severity vary widely. In the past century, there have 
been three inluenza pandemics (1918, 1957, and 1968) with 
the “Great Inluenza” in 1918 killing between 40 and 50 million 
people worldwide. The most recent pandemic emerged in March 
2009 and was caused by an inluenza A/H1N1 virus that rapidly 
spread worldwide over several months. The large number of 
infected patients strained local and global resources, such as a 
large requirement for respirators for personnel and ventilators for 
patients. Containment to prevent spread requires early identiica-
tion and isolation of infected individuals to limit disease transmis-

sion. For patients requiring hospitalization, speciic wards should 
be established with dedicated staff. NIOSH-certiied respirators 
(N95 or higher) should be used by personnel during activities or 
procedures likely to generate infectious respiratory aerosols.

Avian Influenza A

In 1997, human cases of inluenza caused by avian inluenza 
viruses (A/H5N1) were detected in Hong Kong during an exten-
sive outbreak of inluenza in poultry. Between that time and 
February 2010, 478 cases of avian inluenza in humans were 
reported in Asia and the Middle East. Nearly all of these cases 
were associated with contact with infected poultry. Eficient 
person-to-person transmission was not observed. Mortality rates 
have been high (60%). Because of the absence of widespread 
immunity to the H5, H7, and H9 viruses, concern persists that 
avian-to-human transmission might also contribute to the emer-
gence of a pandemic strain.80 A vaccine for prophylaxis against 
avian inluenza H5N1 was approved for use in the United States  
in 2007.

Human Respiratory Syncytial Virus

HRSV is the most common cause of serious bronchiolitis and 
lower respiratory tract disease in infants and young children 
worldwide. During periods when HRSV is prevalent in the com-
munity (usually late November through May in the United 
States), many hospitalized infants and children may carry the 
virus. Large amounts of virus are present in respiratory secretions 
of infected children, and although viable virus can be recovered 
for up to 6 hours on contaminated environmental surfaces, it is 
readily inactivated with soap and water and disinfectants. Infec-
tion of susceptible people occurs by self-inoculation when HRSV 

Transmission-Based Precautions

Airborne precautions (in addition to standard precautions)

Place patient in an airborne isolation room (AIIR). See glossary.

Signage outside room to indicate level of precautions.

N95 respirator or greater protection should be used when in the same room as the patient.

Patient should remain in AIIR with door closed at all times, except for medically necessary procedures.

Elective procedures should be postponed until patient no longer requires respiratory isolation.

Patients should wear a standard surgical mask when transported outside the AIIR. The purpose of 
the mask is to prevent respiratory droplets from being expelled into the environment where they 
can become droplet nuclei.

Operating rooms (ORs) are designed to be positive pressure in relation to the environment. Therefore, 
it is important to choose the most appropriate OR to minimize the risk of contaminating the OR 
suite. Options include the OR that is most remote from others, one with an antechamber, install a 
portable negative pressure isolation chamber at the OR door.

The surgical procedure should be scheduled at a time when it will minimize exposure of other 
patients and medical staff to the airborne infectious disease.

Postanesthesia recovery must take place with the same level of respiratory precautions.

Communicate precaution level to receiving personnel.

Room should remain vacant after the patient leaves until adequate time has elapsed to result in a 
99.9% air turnover (duration dependent on number of air exchanges per hour in room). http://
www.cdc.gov/mmwr/preview/mmwrhtml/rr5417a1.htm?s_cid=rr5417a1_e

TAbLe 3-4. Standard precautionS (continued)

From Task Force on Infection Control of the Committee on Occupational Health of Operating Room Personnel. Recommendations for Infection Control for the Practice 
of Anesthesiology, 3rd ed. Park Ridge, IL: American Society of Anesthesiologists; 2011.

http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5417a1.htm?s_cid=rr5417a1_e
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5417a1.htm?s_cid=rr5417a1_e
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in secretions is transferred to the hands, which then contact the 
mucous membranes of the eyes or nose.81 Although most chil-
dren have been exposed to HRSV early in life, immunity is not 
permanent and reinfection is common.

HRSV may also be a signiicant cause of illness in healthy 
elderly patients and those with chronic cardiac or pulmonary 
disease.82 HRSV is shed for approximately 7 days after infection. 
Hospitalized patients with the virus should be isolated, but dur-
ing seasonal outbreaks large numbers of patients may make isola-
tion impractical.77 Careful hand washing and the use of standard 
precautions have been shown to reduce HRSV infection in hos-
pital personnel.

Severe Acute Respiratory Syndrome (SARS)

SARS is a respiratory tract infection produced by SARS-associated 
coronavirus (SARS-CoV). SARS typically presents with a fever 
greater than 38.0°C followed by symptoms of headache, general-
ized aches, and cough. Severe pneumonia may lead to acute respi-
ratory distress syndrome and death. The mechanisms of transmis-
sion of SARS are incompletely understood. Spread may occur by 
both large and small aerosols and perhaps by the fecal–oral route, 
as well as close person-to-person contact. Some ill individuals 
(“super-spreaders”) appear to be hyperinfectious and are capable 
of transmitting infection to as many as 40 contacts.83 The virus 
can also be spread when an individual touches a contaminated 
object and then inoculates the mouth, nose, or eyes. Aerosoliza-
tion of respiratory secretions during coughing or endotracheal 
suctioning has been associated with transmission of the disease to 
HCWs, including anesthesiologists and critical care nurses.

After the irst cases were reported from Asia in late 2002, the 
disease quickly spread globally in 2003 before being controlled. 
In most cases the infection was transmitted from human to 
human. The overall case fatality rate was 9.5%. Cases appeared 
to be somewhat milder in the United States with less severity 
among children. Since then, global surveillance for SARS-CoV 
has detected no conirmed cases.

Enteric Infections

Diarrheal disease is second only to lower respiratory infection as 
the most common infectious cause of death worldwide. Infec-
tious agents include viruses, bacteria, and parasites, acting via 
noninlammatory (enterotoxin), inlammatory (cytotoxin), or 
penetrating mechanisms. Traveler’s diarrhea is the most common 
travel-related infectious illness (20% to 50%), with Escherichia 
coli the most common organism. Rotavirus is most common 
among children less than 2 years of age, especially children in day 
care. Rotavirus can spread rapidly in day care centers and pedi-
atric wards. Giardia lamblia is more common in older children, 
as is norovirus, and there is a high rate of secondary cases among 
family members.

Clostridium dificile is the main cause of nosocomial diarrhea 
among adult inpatients in the United States. One-third of elderly 
patients in nursing homes develop a signiicant diarrheal illness 
each year, and more than half of these are caused by C. dificile, 
especially following antibiotic therapy. Personal hygiene on the 
part of clinicians is directed to limiting secondary fecal–oral 
spread.

DNA Viruses

Herpes simplex viruses (HSV-1, HSV-2; Herpesvirus hominis) 
produce a variety of infections involving mucocutaneous sur-

faces, central nervous system (CNS), and sometimes visceral 
organs. Exposure to HSV at mucosal surfaces or abraded skin 
allows entry of the virus and initiation of viral replication. The 
primary infection with HSV type 1 is usually clinically unappar-
ent but may involve severe oral lesions, fever, and adenopathy. 
After the primary infection subsides, the latent virus persists 
within the sensory nerve ganglion, awaiting reactivation. Gin-
givostomatitis and pharyngitis are the most common clinical 
manifestations of irst-episode HSV-1 infection, while recur-
rent herpes labialis is the most common clinical manifestation 
of reactivation HSV-2. Herpetic whitlow—HSV infection of the 
inger—may occur as a complication of primary oral or genital 
herpes by inoculation of virus through a break in the epidermal 
surface or by direct introduction of virus into the hand, a par-
ticularly important point for HCWs. Additional organ systems 
affected include HSV infection of the eye, which is the most 
common cause of corneal blindness in the United States. Of all 
HSV-infected populations, infants younger than 6 weeks have 
the highest frequency of visceral and/or CNS infection. Without 
therapy, the overall rate of death from neonatal herpes is 65% 
in the United States. Of note especially for obstetrical anesthesia 
practice, antibody to HSV-2 has been detected in 32% of preg-
nant women with no history of genital herpes. Asymptomatic 
HSV shedding was detected in 0.43% of women in late preg-
nancy and during delivery, and a irst episode of clinical geni-
tal herpes was recognized by 16% of women during their preg-
nancy.84 HCWs may be inoculated by direct contact with body 
luids laden with either HSV type 1 or 2.

Varicella-zoster virus (VZV) causes two distinct clinical dis-
eases: Varicella (chickenpox) and zoster (shingles). Chickenpox, 
ubiquitous and extremely contagious, is usually a benign illness 
of childhood with transmission by the respiratory route. With 
reactivation of latent VZV, most common after the sixth decade 
of life, herpes zoster presents as a dermatomal vesicular rash, usu-
ally associated with severe pain. Infection during pregnancy may 
result in fetal death or (rarely) congenital defects. Patients and 
medical personnel with active VZV infection can transmit the 
virus to others. Anesthesiologists working in pain clinics may be 
exposed to VZV when caring for patients who have discomfort 
from herpes zoster.

Communicability begins 1 to 2 days before the onset of the 
rash and ends when all the lesions are crusted, usually 4 to 6 days 
after the rash appears.85 Respiratory isolation should be used for 
patients with chickenpox or disseminated herpes zoster.77 Use of 
gloves to avoid contact with vesicular luid is adequate to prevent 
VZV spread from patients with localized herpes zoster.

Most adults in the United States have protective antibodies to 
VZV. Since there have been many reports of nosocomial transmis-
sion of VZV, it is recommended that all HCWs have immunity to 
the virus. Anesthesia personnel should be questioned about prior 
VZV infection, and those with a negative or unknown history of 
infection should be serologically tested.85 All employees with nega-
tive titers should be restricted from caring for patients with active 
VZV infection and should be offered immunization with two doses 
of the live, attenuated varicella vaccine.

Susceptible personnel with a signiicant exposure to an indi-
vidual with VZV infection are potentially infective from 10 to  
21 days after exposure and should not contact patients during this 
period. They should be offered vaccination within 3 to 5 days of 
the exposure since it might modify the severity as well as the dura-
tion of the disease. Varicella-zoster immune globulin can also 
be considered but it is most effective when administered within  
96 hours after exposure.85 Personnel without VZV immunity 
should be reassigned to alternative locations so that they do not 
care for patients who have active VZV infections.
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EBV, also a member of the family Herpesviridae, is the cause 
of heterophile-positive infectious mononucleosis, characterized 
by fever, sore throat, lymphadenopathy, and atypical lymphocy-
tosis. About 15% of cases of Burkitt’s lymphoma in the United 
States and 90% of those in Africa are associated with EBV. Ana-
plastic nasopharyngeal carcinoma is common in southern China 
and is uniformly associated with EBV. EBV has also been associ-
ated with Hodgkin’s disease, especially the mixed-cellularity type.

EBV is spread by contact with oral secretions. The virus is 
frequently transmitted from asymptomatic adults to infants and 
among young adults by transfer of saliva during kissing. Trans-
mission by less intimate contact is rare. EBV has been transmit-
ted by blood transfusion and bone marrow transplantation. More 
than 90% of asymptomatic seropositive individuals shed the virus 
in oropharyngeal secretions. While B cells may become infected 
after contact with epithelial cells, studies suggest that lympho-
cytes in the tonsillar crypts can be infected directly.

Cytomegalovirus (CMV) infects between 50% and 85% of 
individuals in the United States before age 40, with most infec-
tions producing minimal symptoms. After the primary infection, 
the virus remains dormant, and recurrent disease only occurs 
with compromise of the individual’s immune system. CMV is 
not readily spread by casual contact but rather by repeated or 
prolonged intimate exposure. It is unlikely that aerosols or small 
droplets play a role in CMV transmission.

Primary or recurrent CMV infection during pregnancy results 
in fetal infection in up to 2.5% of occurrences. Congenital CMV 
syndrome may be found in up to 10% of infected infants. Thus, 
although CMV infection usually does not result in morbidity 
in healthy adults, it may have signiicant sequelae in pregnant 
women, and therefore becomes an occupational health concern.

The two major populations with CMV infection in the hospi-
tal include infected infants and immunocompromised patients. 
Routine infection control procedures (standard precautions) 
are suficient to prevent CMV infection in health-care personnel 
(Tables 3-4 and 3-5).75 Pregnant personnel should be made aware 

of the risks associated with CMV infection during pregnancy and 
of appropriate infection control precautions to be used when 
caring for high-risk patients. There is no evidence to indicate 
that it is necessary to reassign pregnant women from patient-
care areas in which they may have contact with CMV-positive  
patients.

Rubella

Outbreaks of rubella, or German measles, in hospital person-
nel have resulted in signiicant loss of employee working time, 
employee morbidity, and cost to the hospital. Although most 
adults in the United States are immune to rubella, up to 20% 
of women of childbearing age are still susceptible, allowing the 
potential for viral replication in the placenta and infection of 
fetal organs (congenital rubella syndrome [CRS]). The infection 
is persistent throughout fetal development and for up to 1 year 
after birth. Therefore, only individuals immune to rubella should 
have contact with infants who have CRS or who are congenitally 
infected with rubella virus but are not showing signs of CRS.

Rubella is transmitted by contact with nasopharyngeal drop-
lets spread by infected individuals coughing or sneezing. Patients 
are most contagious while the rash is erupting but can transmit 
the virus from 1 week before to 5 to 7 days after the onset of the 
rash. Droplet precautions should be used to prevent transmission 
(Table 3-5).77

History is a poor indicator of immunity. Therefore, ensuring 
immunity at the time of employment (evidence of prior vaccina-
tion with live rubella vaccine or serologic conirmation) should 
prevent nosocomial transmission of rubella to personnel. A live, 
attenuated rubella virus vaccine (measles, mumps, rubella 
[MMR]) is available to produce immunity in susceptible per-
sonnel.86,87 Many state or local health departments mandate 
rubella immunity for all HCWs, and local regulations should be 
consulted.

TAbLe 3-5. prevention of occupationaLLy acquired infectionS

Infection/Condition Precautions Comments

Abscess  

 Draining/major Contact

 Draining/minor Standard

Acquired immune deiciency 
virus (HIV)

Standard Postexposure prophylaxis (PEP) for some exposures

Avian inluenza Droplet Enhanced precautions (i.e., airborne may be recommended)

Bronchiolitis Contact

Clostridium

 Botulinum Standard Not transmitted person to person

 Dificile Contact

 Perfringens Standard Not transmitted person to person

Conjunctivitis

 Bacterial Standard

 Viral Contact Most commonly: adenovirus, enterovirus, coxsackievirus A24

Creutzfeldt–Jakob disease Standard Single-use equipment preferred, special cleaning (NaOH, heat, and time 
requirements) for contaminated instruments and environment

Diphtheria pharyngeal Droplet Until two cultures >24 h apart are negative

Escherichia coli Standard Contact precautions if patient incontinent

Haemophilus inluenza

 Seasonal Droplet Single-patient room or cohort, gown, and glove

 Pandemic Droplet Enhanced precautions (airborne may be recommended)

(continued)
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Infection/Condition Precautions Comments

Hepatitis, viral

 A Standard Contact precautions for incontinent patients

 B Standard

 C Standard

 E Standard Contact precautions for incontinent patients

Herpes, zoster (varicella-zoster)

 Disseminated Airborne, contact Health-care workers (HCW) without immunity should not care for patient if 
immune HCW available

 Localized Standard

Impetigo Contact

Legionnaires’ disease Standard Not transmitted person to person

Lice  

 Head Contact

 Body Standard

 Pubic Standard

Lyme disease Standard

Malaria Standard

Measles Airborne Susceptible HCW should not care for patient if immune HCW available. 
Maintain precautions for 4 days after onset of rash. Nonimmune exposed 
individuals may be infectious from days 5 to 21 after exposure. PEP 
available (vaccine, immune globulin)

Meningitis

 Bacterial Standard

 Fungal Standard

 Neisseria Droplet

 Streptococcus Standard PEP available

Multidrug-resistant organisms 
(MDROs: MRSA, VRE, VISA/ 
VRSA, ESBLs, resistant 
Streptococcus pneumoniae)

Standard/contact

Mumps Droplet Susceptible HCWs should not care for patient if immune HCW available

Mycoplasma Droplet

Mycobacterium tuberculosis Airborne

Parainluenza Contact

Pertussis Droplet Single-patient room or cohort. PEP available. Tdap recommended

Poliomyelitis Contact

Rabies Standard

Respiratory syncytial virus Contact Standard mask should be worn

Rhinovirus Droplet

Rubella Droplet Susceptible HCW should not care for patient if immune HCW available. 
Vaccine available. Nonimmune exposed individuals may be contagious 
from days 5 to 21 after exposure

Salmonella Standard Contact precautions for incontinent patients

SARS-CoV Airborne, droplet, 
contact

Maintain precautions until 10 days after resolution of fever

Shigella Standard Contact precautions for incontinent patients

Smallpox Airborne, contact Maintain precautions until all scabs have crusted and separated (3–4 weeks). 
Non-vaccinated HCW should not care for patient if immune HCW available

Staphylococcal  

 Major, wound Contact

Streptococcal  

 Major, wound Contact, droplet

TAbLe 3-5. prevention of occupationaLLy acquired infectionS (continued)

MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant enterococci; VISA/VRSA, vancomycin-intermediate/resistant Staphylococcus aureus; 
ESBL, extended-spectrum beta-lactamase–producing organisms; SARS-CoV, severe acute respiratory syndrome-associated corona virus.
Adapted from CDC Guideline for Isolation Precautions: Preventing Transmission of Infectious Agents in Healthcare Settings, 2007.
For a complete list of organisms, see Appendix A. Type and duration of precautions recommended for selected infections and conditions. http://www.cdc.gov/ncidod/
dhqp/pdf/guidelines/Isolation2007.pdf

http://www.cdc.gov/ncidod/
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Measles virus is highly transmissible by large droplets and by the 
airborne route. The virus is found in the mucus of the nose and 
pharynx of the infected individual and is spread by coughing and 
sneezing. The disease can be transmitted from 4 days prior to the 
onset of the rash to 4 days after its onset. Airborne precautions 
should be used for infected patients (Table 3-5).75,77 Secondary 
attack rates in susceptible household and institutional contacts 
generally exceed 90%. Introduction of the measles vaccine in the 
United States has successfully eliminated endemic cases of mea-
sles but importation of measles from other countries continues 
to occur.

Medical settings are well-recognized sites of measles virus 
transmission. Children may present to health-care facilities dur-
ing the prodrome, when the diagnosis is not obvious although 
the child is infectious and is likely to infect susceptible contacts. 
Personnel are at increased risk for acquiring measles and trans-
mitting the virus to susceptible coworkers and patients. The CDC 
recommends that medical personnel have adequate immunity to 
measles, as documented by one of the following: Evidence of two 
doses of live measles vaccine, a record of physician-diagnosed 
measles, or serologic evidence of measles immunity (Table 3-5).86 
Susceptible personnel born in or after 1957 should receive two 
doses of the live measles vaccine at the time of employment.

Viral Hepatitis

Many viruses produce hepatitis. The most common are type A 
(infectious hepatitis), type B (HBV, serum hepatitis), and type C 
(HCV and non-A, non-B hepatitis [NANBH]), which is respon-
sible for most cases of parenterally transmitted hepatitis in the 
United States. Delta hepatitis (HDV), caused by an incomplete 
virus, occurs only in people infected with HBV. HEV, previously 
labeled epidemic or enterically transmitted NANBH, is an enteri-
cally transmitted virus that occurs primarily in India, Asia, Africa, 
and Central America. In these locations, HEV is the most com-
mon cause of acute hepatitis. All types of viral hepatitis produce 
clinically similar illnesses. These range from asymptomatic and 

inapparent to fulminant and fatal infections, as well as subclinical 
to chronic persistent liver disease with cirrhosis and hepatocellular 
carcinoma, common to the blood-borne types (HBV, HCV, and 
HDV). The greatest risks of occupational transmission to anes-
thesia personnel are associated with HBV and HCV (Table 3-6).

Hepatitis A virus is the cause of about 20% to 40% of viral 
hepatitis in adults in the United States. Hepatitis A is usually a 
self-limited illness, and no chronic carrier state exists. Spread is 
predominantly by the fecal–oral route, either by person-to-person 
contact or by ingestion of contaminated food or water. Outbreaks 
are usually found in institutions or other closed groups where 
there has been a breakdown in normal sanitary conditions. Inacti-
vation of viral activity can be achieved by boiling water for 1 min-
ute, by contact with formaldehyde and chlorine, or by ultraviolet 
irradiation. Hospital personnel do not appear to be at increased 
risk for hepatitis A and nosocomial transmission is rare. Person-
nel exposed to patients with hepatitis A should receive immune 
globulin intramuscularly as soon as possible but not more than 2 
weeks after the exposure to reduce the likelihood of infection.88 
Immune globulin provides protection against hepatitis A through 
passive transfer of antibodies and is used for postexposure pro-
phylaxis. Hepatitis A vaccine is not routinely recommended for 
health-care personnel except for those who may be working in 
countries where hepatitis A is endemic.86,88

Hepatitis B virus is a signiicant occupational hazard for non-
immune anesthesiologists and other medical personnel who have 
frequent contact with blood and blood products. The prevalence 
of hepatitis B in the United States during 1999 to 2006 (anti-HBc 
= 4.7% and hepatitis B surface antigen [HBsAg] = 0.27%) was not 
statistically different from what it was during 1988 to 1994 (5.4% 
and 0.38%, respectively). The prevalence of anti-HBc decreased 
among persons 6 to 19 years of age (from 1.9% to 0.6%; P < 0.01) 
and 20 to 49 years of age (from 5.9% to 4.6%; P < 0.01) but not 
among persons 50 years of age (7.2% vs. 7.7%).89 The incidence 
of acute hepatitis B in the United States declined as much as 80% 
between 1987 and 2004, attributable to effective vaccination pro-
grams as well as universal precautions in needle use and in health 
care in general. Before the widespread administration of hepatitis 
B vaccine the prevalence of hepatitis B serologic markers in anes-
thesia personnel ranged from 19% to 49% and relected the preva-
lence of HBV carriers in the referral population for the area.

TAbLe 3-6. riSk of occupationaL infection With BLood-Borne pathogenS

1. The greatest risk of transmission of blood-borne infections with HIV, HBV, and HCV is from a blood-contaminated percutaneous 
injury.

2. The risk depends on the type of pathogen involved and increases when the source patient has higher viral titers (for HIV, HBV, HCV, 
respectively: Acute or terminal HIV illness; hepatitis B e antigen–positive source; increased HCV RNA titers) and with increased 
quantity of inoculum volume transferred from the patient source.

Average risk after an accidental parenteral exposure (needlestick or cut):

Known HIV-infected patient 0.3%a

Clinical hepatitis risk Seroconversion risk

Known hepatitis B surface antigen (HBsAg) positive/hepatitis B e antigen  
(HBeAg) negative

1–6% 23–37%

Known hepatitis B surface antigen (HBsAg) positive/hepatitis B e antigen  
(HBeAg) positive

22–31% 37–62%

Known hepatitis C positive 0.3–0.74%b

aExceeds 0.3% for an exposure involving a greater infectious dose resulting from transfer of a larger blood volume, a higher HIV titer in the source patient’s blood, 
or both. (Updated U.S. Public Health Service Guidelines for the Management of Occupational Exposures to HBV, HCV, and HIV and Recommendations for Post-
exposure Prophylaxis.)
bJagger J, et al. Occupational transmission of hepatitis C virus. JAMA. 2002;288:1469.
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Acute HBV infection may be asymptomatic and usually 
resolves without signiicant hepatic damage. Less than 1% of 
acutely infected patients develop fulminant hepatitis. Approxi-
mately 10% become chronic carriers of HBV (serologic evidence 
for >6 months). Within 2 years, half of the chronic carriers resolve 
their infection without signiicant hepatic impairment. Chronic 
active hepatitis, which may progress to cirrhosis and is linked to 
hepatocellular carcinoma, is found most commonly in individu-
als with chronic viral infection for >2 years.

The diagnosis and staging of HBV infection is made on the 
basis of serologic testing. The irst marker detectable in serum 
within 1 to 12 weeks (usually between 8 and 12 weeks) is HBsAg. 
Circulating HBsAg precedes elevations of serum aminotransfer-
ase activity and clinical symptoms by 2 to 6 weeks and remains 
detectable during the entire icteric or symptomatic phase of 
acute hepatitis B and beyond. HBsAg becomes undetectable 1 to  
2 months after the onset of jaundice and rarely persists beyond  
6 months. After HBsAg disappears, antibody to HBsAg (anti-HBs) 
becomes detectable in serum and remains detectable indeinitely. 
Antibody to the surface antigen (anti-HBs) appears with resolu-
tion of the acute infection and confers lasting immunity against 
subsequent HBV infections. Chronic HBV carriers are likely to 
have HBsAg and antibody to the core antigen (anti-HBc) present 
in serum samples. The presence of hepatitis B e antigen (HBeAg) 
in serum is indicative of active viral replication in hepatocytes.

Anesthesia personnel are at risk for occupationally acquired 
HBV infection as a result of accidental percutaneous or mucosal 
contact with blood or body luids from infected patients. Patient 
groups with a high prevalence of HBV include immigrants from 
endemic areas, users of illicit parenteral drugs, homosexual 
men, and patients on hemodialysis.74 Carriers are frequently 
not identiied during hospitalization because the clinical history 
and routine preoperative laboratory tests may be insuficient for 
diagnosis. The risk for infection after an HBV-contaminated per-
cutaneous exposure, such as an accidental needlestick, is 37% to 
62% if the source patient is HBeAg-positive and 23% to 37% if 
HBeAg-negative (Table 3-6). HBV can be found in saliva, but 
the rate of transmission is signiicantly less after mucosal contact 
with infected oral secretions than after percutaneous exposures to 
blood. HBV is a hardy virus that may be infectious for at least 1 
week in dried blood on environmental surfaces.

Hepatitis B is now a preventable and treatable disease. The 
implementation of routine vaccination has dramatically reduced 
the incidence of new cases in the US population. In addition to 
vaccination, the use of standard precautions, safety devices, and 
postexposure prophylaxis have signiicantly reduced the risk of 
occupationally acquired HBV infection and its sequelae in health-
care personnel.

Hepatitis B vaccine is the primary strategy to prevent occupa-
tional transmission of HBV to anesthesia personnel and other 
health personnel at increased risk. Administration of three doses 
of vaccine into the deltoid muscle results in the production of 
protective antibodies (anti-HBs) in >90% of healthy personnel. 
Hospitals or anesthesia departments should have policies for 
educating, screening, and counseling personnel about their risk 
of acquiring HBV infection and should make vaccination avail-
able for susceptible personnel.

To ensure adequate postvaccination immunity, serologic test-
ing for anti-HBs should take place within 1 to 2 months after the 
third dose of vaccine.74 Protective antibodies develop in 30% to 
50% of nonresponders (i.e., anti-HBs <10 mIU/mL) with a sec-
ond three-dose vaccine series. Nonresponders to vaccination 
remain at risk for HBV infection and should be counseled on 
strategies to prevent infections and the need for postexposure 
prophylaxis.

5

Vaccine-induced antibodies decline over time, with maxi-
mum titers after vaccination correlating directly with duration of 
antibody persistence. The CDC states that for vaccinated adults 
with normal immune status, routine booster doses are not neces-
sary and periodic monitoring of antibody concentration is not 
recommended.74

Hepatitis C virus causes most cases of parenterally transmit-
ted NANBH and is a leading cause of chronic liver disease in the 
United States. Although antibody to HCV (anti-HCV) can be 
detected in most patients with hepatitis C, its presence does not 
correlate with resolution of the acute infection or progression of 
hepatitis, and it does not confer immunity against HCV infec-
tion.90 Seropositivity for HCV RNA is a marker of chronic infec-
tion and continued viral presence (Table 3-6). After HCV sero-
conversion, only 15% to 25% will clear the virus spontaneously. 
Of those that develop chronic hepatitis, 20% will develop cirrho-
sis over the following 20 to 30 years and 1% to 2% of those will be 
diagnosed with hepatocellular carcinoma.91 Six major genotypes 
of HCV have been identiied with the speciic genotype being pre-
dictive for the response to and the needed duration of antiviral 
therapy. Combination therapy with interferon alpha (standard 
or pegylated) and ribavirin has been effective in the treatment of 
some cases of acute and chronic hepatitis C.92

Like HBV, HCV is transmitted through blood, but the rate 
of occupational HCV infection is less than for HBV. Although 
HCV transmission has been documented in health-care settings, 
the prevalence of anti-HCV in HCW in the United States is not 
greater than that found in the general population (1.6%). The 
greatest risk of occupational HCV transmission is associated with 
exposure to blood from an HCV-positive source. HCV has been 
transmitted through blood splashes to the eye and with expo-
sure via non-intact skin. HCV in dried blood on environmental 
surfaces may remain infectious for up to 16 hours, but environ-
mental contamination does not appear to be a common route of 
transmission. HCV can be found in the saliva of infected indi-
viduals, but it is not believed to represent a great risk for occupa-
tional transmission.74

There is no vaccine or effective postexposure prophylaxis 
available to prevent HCV infection, and the use of immune 
globulin is no longer recommended after a known exposure.74 
Prevention of exposure remains the primary strategy for protec-
tion against HCV infection. Personnel who have had a percuta-
neous or mucosal exposure to HCV-positive blood should have 
serologic testing for anti-HCV and alanine aminotransferase and 
counseling at the time of the exposure and at 6 months. Absence 
of detectable HCV RNA 6 months after completion of treatment 
with combined interferon and ribavirin for 48 months shows 
some promise for the treatment of seroconversion.74

Pathogenic Human Retroviruses

The family Retroviridae includes seven subfamilies, two of which 
produce disease in humans—human T lymphotropic viruses 
(HTLV)-I and HTLV-II, which are transforming retroviruses, 
and the HIV-1 and HIV-2, which cause cytopathic effects either 
directly or indirectly. Tissue destruction may result directly from 
the viral infection or indirectly from malignant transformation 
of infected cells and an immune-deicient state in response to the 
virus, leading to neoplastic and infectious disease. HTLV-I infec-
tion is transmitted in at least three ways: From mother to child, 
especially via breast milk; through sexual activity; and through the 
blood via contaminated transfusions or contaminated needles. 
HIV infection/AIDS is a global pandemic, with cases reported 
from virtually every country. At the end of 2010, an estimated  
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33.3 million individuals were living with HIV infection accord-
ing to the Joint United Nations Programme on HIV/AIDS 
(UNAIDS).93 The global prevalence has increased approximately 
fourfold since 1990, relecting the combined effects of contin-
ued high rates of new HIV infections and the beneicial (life-
prolonging) impact of antiretroviral therapy. In 2009, there were 
an estimated 2.6 million new cases of HIV infection worldwide, 
including 370,000 in children <15 years. As of January 1, 2010, 
an estimated 1,108,611 cases of AIDS had been diagnosed in 
the United States. Approximately 1.1 million individuals in the 
United States were living with HIV infection, 21% of whom are 
unaware of their infection.

The initial infection with HIV begins as a mononucleosis-like 
syndrome with lymphadenopathy and rash. Although the patient 
then enters an asymptomatic period, monocyte-macrophage cells 
serve as a viral reservoir and CD4+ T cells harbor the virus in 
the blood. Within a few weeks, an antibody may be detected by 
an enzyme immunoassay or rapid HIV antibody test, but a posi-
tive result must be conirmed using Western blot or immuno-
luorescent assay. After a variable length period of asymptomatic 
HIV infection, there is an increase in viral titer and impaired host 
immunity, resulting in opportunistic infections and malignancies 
characteristic of AIDS.

HIV is spread by sexual contact (especially homosexual males), 
perinatally from infected mother to neonate, and through infected 
blood (transfusion or shared needles) and blood products. Trans-
fusions of whole blood, packed red blood cells, platelets, leuko-
cytes, and plasma are all capable of transmitting HIV infection. 
The risk of infection with HIV in the United States via transfused 
screened blood currently is approximately 1:1.5 million units. 
Although the virus can be found in saliva, tears, and urine, these 
body luids have a low risk for viral transmission.

Risk of Occupational HIV Infection

There is a small but deinite occupational risk of HIV transmission 
to HCWs, laboratory personnel, and others who work with HIV-
containing materials. An estimated 600,000 to 800,000 HCWs 
are stuck with needles or other sharp medical instruments in the 
United States each year. Exposures that place personnel at poten-
tial risk of HIV infection are percutaneous injuries (a needlestick 
or cut with a sharp object) or contact of mucous membrane or 
non-intact skin with blood, tissue, or other potentially infectious 
body luids. The risk of HIV transmission following skin punc-
ture from a contaminated needle or a sharp object is 0.3% and 
after a mucous membrane exposure it is 0.09% if the injured and/
or exposed person is not treated within 24 hours with antiretro-
viral drugs.94,95 HIV transmission after non-intact skin exposure 
has been documented, but the average risk for transmission by 
this route has not been precisely determined. Transmission of 
HIV through intact skin has not been documented. Currently, 
virtually all puncture wounds and mucous membrane exposures 
in HCWs involving blood from a patient with documented HIV 
infection are treated prophylactically with combination antiret-
roviral therapy (cART). This practice has dramatically reduced 
the occurrence of puncture-related transmissions of HIV.

In the United States between 1981 and 2006, 57 HCWs for 
whom case investigations were completed had documented 
seroconversions to HIV following occupational exposures. The 
routes of exposure were 48 percutaneous (puncture/cut injury), 
5 mucocutaneous (mucous membrane and/or skin), 2 both per-
cutaneous and mucocutaneous, and 2 unknown route. Of the 57 
people studied, 49 were exposed to HIV-infected blood, 3 to con-
centrated virus in a laboratory, 1 to visibly bloody luid, and 4 to 
an unspeciied luid. The individuals with documented serocon-

versions included 19 laboratory workers (16 of whom were clini-
cal laboratory workers), 24 nurses, 6 physicians, 2 surgical techni-
cians, 1 dialysis technician, 1 respiratory therapist, 1 health aide, 
1 embalmer/morgue technician, and 2 housekeeper/maintenance 
workers.

An increased risk for HIV infection following percutaneous 
exposures to HIV-infected blood is associated with exposures 
involving a relatively large quantity of blood, as in the case of a 
device visibly contaminated with the patient’s blood, a proce-
dure that involves a hollow-bore needle placed directly in a vein 
or artery, or a deep injury. Factors that might be associated with 
mucocutaneous transmission of HIV include exposure to an 
unusually large volume of blood, prolonged contact, and a poten-
tial portal of entry. The risk increases for exposures to blood from 
patients with advanced-stage disease or those patients in the acute 
stage of HIV infection because of higher levels of HIV in the blood.

Anesthesia personnel are frequently exposed to blood and 
body luids during invasive procedures such as insertion of vascu-
lar catheters, arterial punctures, and endotracheal intubation.96–98 
Although many exposures are mucocutaneous and can be pre-
vented by the use of gloves and protective clothing, these barri-
ers do not prevent percutaneous exposures such as needlestick 
injuries, which carry a greater risk for pathogen transmission. 
Because of the tasks they perform, anesthesia personnel are likely 
to use and be injured by large-bore, hollow needles such as intra-
venous catheter stylets and needles on syringes.93,98 Needleless or 
protected needle safety devices can be used to replace standard 
devices to reduce the risk of needlestick injuries. Safety devices 
usually are more expensive than a comparable non-safety item 
but may be more cost-effective when the cost of needlestick injury 
investigation and medical care for infected personnel is consid-
ered.

The occupational risk of HIV infection is a function of the 
annual number of blood exposures, the rate of HIV transmission 
with each exposure to infected blood, and the prevalence of HIV 
infection in the speciic patient population. Greene et al. prospec-
tively collected data on 138 contaminated percutaneous injuries 
to anesthesia personnel.96 The rate of contaminated percutaneous 
injuries per year per full-time equivalent anesthesia worker was 
0.42, and the average annual risk of HIV and HCV infection was 
estimated to be 0.0016% (0.16:10,000) and 0.015% (1.5:10,000), 
respectively.

Although HIV can be recovered in low titers from saliva in a 
small number of infected subjects, there is no convincing evidence 
that saliva can transmit HIV infection, either through kissing or 
through other exposures, such as those that occur occupationally. 
Saliva contains several antiviral factors including HIV-speciic 
immunoglobulins (IgA, IgG, and IgM isotypes). Moreover, there 
is no evidence that HIV transmission can occur as a result of expo-
sure to tears, sweat, or urine. However, there have been isolated 
cases of transmission of HIV infection by body luids that may or 
may not have been contaminated with blood.

Since the beginning of the HIV epidemic, there have been 
rare instances where transmission of infection from a HCW to 
patients seemed highly probable. An HIV-infected dentist in 
Florida may have infected as many as six of his patients, putatively 
through contaminated instruments.99,100 Nevertheless, the risk of 
HIV transmission from medical personnel to patient is extremely 
low. Several epidemiologic studies have been performed tracing 
thousands of patients of HIV-infected dentists, physicians, sur-
geons, obstetricians, and gynecologists, and no other cases of HIV 
transmission that could be linked to the health-care providers 
were identiied.

Breaches in infection control and the reuse of contaminated 
syringes have also resulted in the transmission of HIV from 
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patient to patient in hospitals, nursing homes, and outpatient set-
tings. For example, in the only report of HIV transmission from 
patient to patient during a surgical procedure, several patients 
in Australia apparently were infected by an HIV-negative gen-
eral surgeon during routine outpatient surgery.101 Although the 
mechanism of transmission was not deinitively identiied, a fail-
ure on the part of the surgeon to sterilize instruments properly 
following prior surgery on an HIV-infected patient was consid-
ered a likely explanation for this outbreak.

Postexposure Treatment and Prophylactic 
Antiretroviral Therapy

When personnel have been exposed to patients’ blood or body lu-
ids, the incident should immediately be reported to the employee 
health service or the designated individual within the institution. 
Based on the nature of the injury, the exposed worker and the 
source individual should be tested for serologic evidence of HIV, 
HBV, and HCV infection.102 Current local laws must be consulted 
to determine policies for testing the source patient, and coniden-
tiality must be maintained. If the source patient is found to be 
HIV-positive, the employee should be retested for HIV antibodies 
at 6 and 12 weeks and at 6 months after exposure, although most 
infected people are expected to undergo seroconversion within 
the irst 6 to 12 weeks. During this period, the exposed employee 
should follow CDC recommendations for preventing transmission 
of HIV to family members and patients.102 If the source patient 
is found to be HIV-negative, no additional treatment is required.

Clinicians should consider potential occupational exposures to 
HIV as an urgent situation to ensure timely postexposure manage-
ment and possible administration of postexposure antiretroviral 
prophylaxis (PEP). The wound should be immediately cleansed 
and antiseptic applied. Recommendations regarding PEP must 
take into account that a variety of circumstances determine the 
risk of transmission of HIV following occupational exposure. 
Increased risk for occupational transmission includes a deep 
injury, visible blood on the instrument causing the exposure, 
injury with a device that had been placed in the vein or artery 
of the source patient, terminal illness in the source patient, and 
lack of postexposure cART in the exposed HCW. Other impor-
tant considerations when contemplating PEP in the HCW include 
known or suspected pregnancy or breast-feeding, the possibility of 
exposure to drug-resistant virus, and toxicities of PEP regimens.

If a decision is made to offer PEP, U.S. Public Health Service 
guidelines recommend either a combination of two nucleoside 
analogue reverse transcriptase inhibitors given for 4 weeks for less 
severe exposures or a combination of two nucleoside analogue 
reverse transcriptase inhibitors plus a third drug given for 4 weeks 
for more severe exposures. Most clinicians administer the latter 
regimen in all cases in which a decision is made to treat.102 Fail-
ure of PEP has been attributed to a large viral inoculum, use of a 
single antiviral agent, drug resistance in the virus from the source 
patient, and delayed initiation or short duration of PEP therapy. 
For consultation on the treatment of occupational exposures to 
HIV and other blood-borne pathogens, the clinician managing the 
exposed patient can call the National Clinicians’ Post-Exposure 
Prophylaxis Hotline (PEPline) at 1-888-448-4911.

Prion Diseases

Prions (from protein + infection) are composed of misfolded pro-
tein without nucleic acid. They are responsible for the transmissible 
spongiform encephalopathies: Bovine spongiform encephalopathy 
or “mad cow disease” in cattle and Creutzfeldt–Jakob disease (CJD) 

in humans. All are untreatable and fatal. When a prion enters a 
healthy organism, it provides a template to guide the misfolding of 
normal protein into the extremely stable prion form, highly resis-
tant to denaturation by chemical and physical agents. This makes 
disinfection and sterilization of medical instruments a unique chal-
lenge in the health-care environment. Effective prion decontami-
nation relies upon protein hydrolysis or reduction or destruction 
of protein tertiary structure.

Prions cause neurodegenerative disease by aggregating extra-
cellularly within the CNS to form amyloid plaques resulting in 
the histologically characteristic spongy architecture. CJD, caused 
by an infectious protein or prion, may be unsuspected in patients 
presenting with dementia.103 There are speciic guidelines for the 
disinfection and sterilization of prion-contaminated medical 
instruments.104

Tuberculosis

Tuberculosis (TB), one of the oldest diseases known to man, is a 
major cause of death worldwide and, if properly treated, almost 
always curable. When untreated, TB can be fatal within 5 years in 
50% to 65% of cases. More than 5.8 million new cases of TB were 
reported to the World Health Organization in 2009; 95% of cases 
were reported from developing countries, which represent about 
63% (range 60% to 67%) of total estimated cases. In 2009, 11,545 
cases of TB (0.38:10,000) were reported to the CDC.

Mycobacterium tuberculosis is most commonly transmitted 
from a person with infectious pulmonary TB to others by aero-
solized droplet nuclei via coughing, sneezing, or speaking. As 
many as 3,000 infectious nuclei per cough can remain suspended 
in the air for several hours and can reach the terminal air passages 
when inhaled. The most infectious patients have cavitary pulmo-
nary disease or, much less commonly, laryngeal TB and produce 
sputum containing as many as 105 to 107 acid-fast bacilli (AFB)/
mL. Other routes of transmission are uncommon. Clinical illness  
directly following infection is classiied as primary TB and is 
common among children in the irst few years of life and among 
immune-compromised persons.

The best way to prevent TB is to diagnose and isolate infec-
tious cases rapidly and to administer appropriate treatment until 
patients are noninfectious, usually 2 to 4 weeks after the start of 
proper treatment. Treatment also beneits the community by 
preventing spread of the infection.105 In low-prevalence countries 
with adequate resources, screening of high-risk groups such as 
immigrants from high-prevalence countries, migratory workers, 
prisoners, homeless individuals, substance abusers, and HIV-
seropositive persons is recommended.

Outbreaks of TB in health-care facilities have been attributed 
to delayed diagnosis of TB in the source patient, delayed initia-
tion or inadequate deployment of airborne precautions, lapses 
in precautions during aerosol-generating procedures, and lack of 
adequate respiratory protection in health-care personnel.

Effective prevention of spread to medical personnel requires 
early identiication of infected patients and immediate initiation of 
airborne infection isolation (Table 3-4).106 Patients must remain in 
isolation until adequate treatment is documented. If patients with 
TB must leave their rooms, they should wear face masks to prevent 
spread of organisms into the air. Personnel should wear it-tested 
respiratory protective devices when they enter an isolation room 
or when performing procedures that may induce coughing, such 
as endotracheal intubation or tracheal suctioning.106 The CDC 
recommends that respiratory protective devices worn to protect 
against TB should be able to ilter 95% of particles 1 mm in size 
at low rates of 50 L/min and should it the face with a leak rate 
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of <10% around the seal, documented by it testing.106 High-
eficiency particulate air (HEPA) respirators (classiied as N95) are 
NIOSH-approved devices that meet the CDC criteria for respira-
tory protective devices against TB.107 Elective surgery should be 
postponed until infected patients have had an adequate course of 
chemotherapy. If surgery is required, bacterial ilters (HEPA il-
ters) should be used on the anesthetic breathing circuit for patients 
with TB.107 Patients must be recovered in a room that meets all the 
requirements for airborne precautions.

Routine periodic screening of employees for TB should be 
included as part of a hospital’s employee health policy with the 
frequency of screening dependent on the prevalence of infected 
patients in the hospitalized population. When a new conversion 
is detected by skin testing, a history of exposure should be sought 
to determine the source patient. Treatment or preventive therapy 
is based on the drug-susceptibility pattern of the TB in the source 
patient, if known.

Viruses in Smoke Plumes

The use of lasers and electrosurgical devices is associated with 
several hazards to patients and to operating room personnel. 
Physical hazards include thermal burns, eye injuries, electrical 
hazards, ires, and explosions. Plume content consists of water 
and organic vapors, carbonized cell fragments, formaldehyde, 
acrolein, benzene, polyaromatic hydrocarbons, and carbon mon-
oxide. While airborne cancer cells have not been detected in laser 
plumes, potentially harmful particles varying from 0.5 to 5.0 mm 
have been detected (for comparison, a red blood cell = 7.5 mm). 
Intact and infectious viral DNA can be detected with laser treat-
ment of verrucae. Viable viruses can be found in plumes pro-
duced by both carbon dioxide and argon laser vaporization of a 
virus-loaded culture plate, but viable viruses are carried on larger 
particles that travel <100 mm from the site being vaporized.108 A 
case report describes laryngeal papillomatosis in a surgeon who 
had used a laser to remove anogenital condylomas from several 
patients.109 Although DNA analysis of the surgeon’s papillomas 
revealed a viral type similar to that of the condylomas, proof of 
transmission was lacking.

Smoke does not qualify as blood or “other potentially infec-
tious materials” according to OSHA (Bloodborne Pathogens) 
Standard 29 CFR 1910.1030. Smoke-vacuuming systems as well 
as PPE should be utilized when personnel are in proximity to sur-
gical smoke.110 The smoke-vacuuming systems should be held as 
close as 1 cm to within the target because at 2 cm there is a 50% 
loss of the evacuation ratio. HEPA or ultra-low penetration air 
ilters should be used, and charcoal ilters should be used for odor 
and gas absorption. Venting should be to the outdoors, if pos-
sible, and venting systems should have the ability to detect ilter 
overloading (i.e., pressure drop). These iltration guidelines do 
not address luid aspiration, which must be carried out indepen-
dently. In addition, operating room personnel working in the 
vicinity of the laser plume should wear gloves, goggles, and high-
eficiency ilter masks (N95 respirators).110

eMOTIONAL CONSIDeRATIONS

Stress

Occupational stress occurs when the demands of a job exceed the 
capabilities or resources of the worker. This can result in poor 
mental and physical health, industrial accidents, and injury. There 

are three identiiable components of the stress syndrome: The ini-
tiating stressors, the psychological ilters that process and evaluate 
the stressors, and the coping mechanisms that are recruited in an 
attempt to control the stressful situation. The ultimate response 
to stress is very individualistic; what is unpleasant to one indi-
vidual can be stimulating and pleasant to another, or even to the 
same individual under different circumstances.

Mild, brief, and controllable episodes of occupational stress 
are unavoidable and can serve as an impetus to personal achieve-
ment. As succinctly stated by Hans Selye, a pioneer in the modern 
study of stress, “The absence of stress is death”.111 On the other 
hand, extreme degrees of chronic stress are harmful and can 
result in a number of symptoms and diseases. Common stress-
related illnesses include mood and sleep disturbances, disrupted 
relationships with family and friends, and various types of gas-
trointestinal, musculoskeletal, and cardiovascular diseases. Work-
place stress-related outcomes include physical injuries at work, 
absenteeism, decreased productivity, and increased disability. 
Occupational stress costs organizations as much as $75 billion 
per year.

By any deinition, anesthesiology is a stressful occupation.112 
The operating room imposes a background of chronic, low-level 
stress that is frequently interrupted by acute episodes of extreme 
stress. The demands are externally paced and usually out of the 
individual anesthesiologist’s control. Random disturbances are 
intermittently and unpredictably inserted into the environment. 
Finally, failure to meet the demands imposed by the workplace 
can result in serious consequences.

Certain speciic stressors are commonly reported by anesthesi-
ologists. These include the unpredictability of the work, need for 
sustained vigilance during long intervals, production pressure, 
fear of litigation, dificult interpersonal relations, and economic 
uncertainties.

The process of inducing anesthesia can be among the most 
profound sources of acute stress for anesthesiologists. Tachycar-
dia and dysrhythmia, elevation in blood pressure, and myocardial 
ischemia have all been observed among anesthesiologists during 
an anesthetic induction, especially those with the fewest years of 
experience.113

To many anesthesiologists, interpersonal relationships are the 
greatest source of workplace stress. Conlict and its constructive 
resolution have received less attention in the health-care indus-
try than in many other industrial settings. Conlict can easily 
occur where the established hierarchy of command is blurred and 
overlapping areas of professional responsibility exist. The oper-
ating room, where surgeon and anesthesiologist simultaneously 
share responsibility but may have conlicting priorities, holds 
the potential of providing these conditions.48 Recent work has 
focused upon applying the principles of crisis resource manage-
ment, irst developed in the aerospace industry, to improve com-
munication and team work in the operating room.114

Exactly how an individual responds to stress is the product 
of a number of factors, including age, gender, experience, pre-
existing personality style, available defense and coping mecha-
nisms, support systems, and concomitant events (such as sleep 
deprivation). Several personality traits can be predictive of mal-
adaptive responses to stress, such as the obsessive-compulsive, 
dependent character structure. Individuals who have these per-
sonality characteristics typically manifest pessimism, passivity, 
self-doubt, and feelings of insecurity. They commonly respond 
to stress by internalization and becoming hypochondriacal and 
depressed. Undergraduate students who demonstrate these 
characteristics are more likely to have their medical careers 
disrupted by alcoholism or drug abuse, psychiatric illness, and 
marital disturbances.115,116
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When appropriate defense mechanisms become overwhelmed, 
maladaptive behaviors begin to emerge such as personal and pro-
fessional deterioration, burnout, drug addiction, and suicide.

Burnout

Burnout is a clinical syndrome that is characterized by physical 
and emotional exhaustion, poor judgment, cynicism, guilt, feel-
ings of ineffectiveness, and a sense of depersonalization in rela-
tionships with coworkers or patients. Burnout primarily affects 
workers such as physicians and nurses whose job requires intense 
interactions with individuals who have great physical and emo-
tional needs. Unfortunately, many of the characteristics that are 
found among the best health-care providers, such as idealism, 
perfectionism, and a heightened sense of responsibility, can also 
render these individuals at greater risk for feelings of inadequacy 
and burnout if their high standards are unmet.

Commonly cited causes of burnout among health-care pro-
viders are increased production requirements, excessive bureau-
cracy and regulation, long hours of work, lack of control of one’s 
schedule, decreasing reimbursement, a rapidly expanding base of 
medical knowledge, and dificulty balancing personal and profes-
sional lives.

Physician burnout results in important personal and profes-
sional consequences. The quality of care provided by these phy-
sicians suffers and they are more prone to medical errors and 
malpractice lawsuits.117,118 Their patients are more likely to be 
dissatisied with their medical care and to be noncompliant with 
their medical treatment plans.119 Burnout has also been shown 
to be a contributor to various illnesses, including cardiovascular 
disease120 and substance abuse.121

Signiicant degrees of burnout have been identiied in a num-
ber of medical specialties, including anesthesiology.122,123 In one 
study approximately 40% of practicing anesthesiologists were 
reported to be at risk for burnout.124 Although recovery from 
burnout is possible, prevention is the best strategy (see Wellness, 
vide infra).

Substance Use, Abuse, and Addiction

Illicit drug use remains one of our society’s unresolved problems. 
It is estimated that 20 million Americans abuse substances and  
5 million are addicted. Substance abuse is characterized by repeated 
use of a substance despite signiicant adverse consequences. The 
addicted individual continues to use the substance in spite of unsuc-
cessful attempts to control its use, the need for larger amounts of 
the substance, symptoms of withdrawal, and the need to spend 
increasing amounts of time seeking the substance. The term chemi-
cal dependence is sometimes used interchangeably with addiction.

Approximately 10% to 12% of physicians will develop some 
form of substance abuse disorder during their careers.125 The 
prevalence of alcoholism and overall substance abuse is approxi-
mately equal to that found in the general population.126 However, 
physicians tend to abuse different substances than the general 
public and are less likely to abuse tobacco or illicit drugs and more 
likely to self-medicate with prescription drugs.

There is some debate whether there is an excess of substance 
abuse among anesthesiologists as compared to other physicians. 
Several older studies reported no increased prevalence of sub-
stance abuse among training125,127 or attending anesthesiolo-
gists.128 On the other hand, the majority of recent studies report 
a disproportionately high prevalence of substance abuse among 
both resident and practicing anesthesiologists.129–131 These stud-
ies have reported an overrepresentation of anesthesiologists in  

substance abuse treatment centers that specialize in the treatment 
of addicted physicians and in state-run health programs that mon-
itor physicians after treatment for substance abuse.131,132

Regardless of whether or not the specialty of anesthesiology 
has a disproportionate percentage of substance abusers, all agree 
that the disease is unacceptably high among anesthesiologists. In 
fact, substance abuse is considered by many authorities to be the 
number one occupational hazard of anesthesiology. For example, 
in a retrospective survey conducted among 260 graduates of one 
anesthesia training program, 32% had used illicit drugs to “get 
high” and 15.8% had been self-admitted problematic substance 
abusers.133 Twenty percent of the respondents had observed their 
faculty members using alcohol and/or other drugs to the detri-
ment of their teaching. A different survey found the incidence of 
known drug abuse to be 1.6% among anesthesiology residents 
and 1.0% among faculty members.134

One very troubling aspect of this problem is the persistently 
high incidence of substance abuse that is reported among anes-
thesiology residents. In a report from the Medical Association 
of Georgia Disabled Doctors’ Program, anesthesiology residents 
constituted 33.7% of the resident population of the treatment 
group, despite representing only 4.6% of the resident popula-
tion.131 The incidence of controlled substance abuse within anes-
thesiology training programs continues to run close to 2% despite 
increased residency requirements for educational programs and 
more stringent accounting of controlled substances.134,135

In addition to a high prevalence, the disease appears in a par-
ticularly virulent form among anesthesiologists because their 
drugs of choice tend toward the most addictive and harmful. 
Anesthesiologists are more likely than other physicians to develop 
an intravenous habit and to become addicted to potent drugs 
such as opioids or propofol that are potentially lethal.130,136

There is no single answer for the question of why there is a high 
prevalence of substance abuse and addiction among anesthesiolo-
gists. The disease occurs when a susceptible host is exposed to a 
“favorable” environment. Vulnerability in the host is an impor-
tant factor and may account for a majority of the risk for addic-
tion. What constitutes an instigating exposure to a drug in one 
person may have absolutely no effect on another. Other etiologic 
factors thought to be speciic to certain anesthesiologists include a 
susceptible personality with low self-esteem, lack of external rec-
ognition, an orientation toward self-medication, and a stressful 
workplace. Unfortunately, there is no predictive tool to identify 
the susceptible individual until he or she gets the disease.

A prior history of recreational drug use and other high-risk 
behaviors may play a prominent role in the subsequent devel-
opment of chemical dependency.137 Self-prescription of drugs 
frequently precedes more extensive substance abuse and depen-
dency. Of concern is the increasing recreational use among 
younger physicians and medical students of drugs, such as pro-
pofol, with enhanced potential for addiction.138 It has been sug-
gested that a drug-seeking individual may choose a career in anes-
thesiology motivated in part because of the known availability of 
powerful drugs.135,139

Other authors have focused upon the ease of access and 
chronic exposure to potent anesthetic drugs as a primary expla-
nation for a high prevalence of substance abuse among anes-
thesiologists.128 Anesthesiologists are unique among physicians 
because they frequently prescribe as well as personally administer 
these highly addictive psychoactive drugs. In contrast, physicians 
in most other specialties prescribe medications while other per-
sonnel administer them.

There is an apparent association between speciic specialties 
and the preferred substance of abuse. The drugs of choice among 
most addicted anesthesiologists are anesthetic drugs. Early reports 
identiied meperidine, diazepam, and barbiturates abuse among 
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addicted anesthesiologists.126 Subsequently, fentanyl and other 
synthetic narcotics and inhalation anesthetics became the most 
commonly abused substances.134 Propofol is now emerging as the 
most commonly abused drug among anesthesia care providers. 
For example, in a survey of academic anesthesiology departments, 
18% reported cases of abuse of propofol, as opposed to an inci-
dence of about 10% for fentanyl addiction.138

Addiction is a chronic disease that produces a constellation 
of speciic anatomic and physiologic changes and characteristic 
signs and symptoms. There is a predictable deterioration in pro-
fessional, family, and social relationships (Table 3-7). The sub-
stance abuser becomes increasingly withdrawn and isolated in his 
or her personal as well as professional lives. Every attempt is made 
to maintain a facade of normality at work in order to preserve 

TAbLe 3-7. SignS of SuBStance aBuSe and dependence

What to Look for Outside the Hospital 

 1. Addiction is a disease of loneliness and isolation. Addicts quickly withdraw from family, friends, and leisure activities.
 2. Addicts have unusual changes in behavior, including wide mood swings and periods of depression, anger, and irritability alternating 

with periods of euphoria.
 3. Unexplained overspending, legal problems, gambling, extramarital affairs, and increased problems at work are commonly seen in 

addicts.
 4. An obvious physical sign of alcoholism is the frequent smell of alcohol on the breath.
 5. Domestic strife, ights, and arguments may increase in number and intensity.
 6. Sexual drive may signiicantly decrease.
 7. Children may develop behavioral problems.
 8. Some addicts frequently change jobs over a period of several years in an attempt to ind a “geographic cure” for their disease or to 

hide it from coworkers.
 9. Addicts need to be near their drug source. For a health-care professional, this means long hours at the hospital, even when off duty. 

For alcoholics, it means calling in sick to work. Alcoholics may disappear without any explanation to bars or hiding places to drink 
secretly.

10. Addicts may suddenly develop the habit of locking themselves in the bathroom or other rooms while they are using drugs.
11. Addicts frequently hide pills, syringes, or alcohol bottles around the house.
12. Persons who inject drugs may leave bloody swabs and syringes containing blood-tinged liquid in conspicuous places.
13. Addicts may display evidence of withdrawal, especially diaphoresis (sweating) and tremors.
14. Narcotic addicts often have pinpoint pupils.
15. Weight loss and pale skin are also common signs of addiction.
16. Addicts may be seen injecting drugs.
17. Tragically, some addicts are found comatose or dead before any of these signs have been recognized by others.

What to Look for Inside the Hospital 

 1. Addicts sign out ever-increasing quantities of narcotics.
 2. Addicts frequently have unusual changes in behavior, such as wide mood swings and periods of depression, anger, and irritability 

alternating with periods of euphoria.
 3. Charting becomes increasingly sloppy and unreadable.
 4. Addicts often sign out narcotics in inappropriately high doses for the operation being performed.
 5. They refuse lunch and coffee relief.
 6. Addicts like to work alone in order to use anesthetic techniques without narcotics, falsify records, and divert drugs for personal use.
 7. They volunteer for extra cases, often where large amounts of narcotics are available (e.g., cardiac cases).
 8. They frequently relieve others.
 9. They are often at the hospital when off duty, staying close to their drug supply to prevent withdrawal.
10. They volunteer frequently for extra call.
11. They are often dificult to ind between cases, taking short naps after using.
12. Addicted anesthesia personnel may insist on personally administering narcotics in the recovery room.
13. Addicts make frequent requests for bathroom relief. This is usually where they use drugs.
14. Addicts may wear long-sleeved gowns to hide needle tracks and also to combat the subjective feeling of cold they experience when 

using narcotics.
15. Narcotic addicts often have pinpoint pupils.
16. An addict’s patients may come into the recovery room complaining of pain out of proportion to the amount of narcotic charted on 

the anesthesia records.
17. Weight loss and pale skin are also common signs of addiction.
18. Addicts may be seen injecting drugs.
19. Untreated addicts are found comatose.
20. Undetected addicts are found dead.

Adapted from: Farley WJ, Arnold WP. Videotape: Unmasking addiction: Chemical dependency in anesthesiology. Produced by Davids Production, Parsippany, NJ, 
funded by Janssen Pharmaceutica, Piscataway, NJ, 1991.
Reprinted with permission from: American Society of Anesthesiologists: Task Force on Chemical Dependence of the Committee on Occupational Health of Operating 
Room Personnel. Chemical Dependence in Anesthesiologists: What You Need to Know When You Need to Know It. Park Ridge, IL: American Society of Anesthesiologists; 1998.
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access to the abused drugs. The disease is entering its end stage by 
the time that professional conduct is suficiently impaired that it 
is apparent to the physician’s colleagues.

If left untreated, addiction among physicians is frequently 
fatal. Alexander et al. calculated a relative risk of 2.79 for drug-
related deaths among anesthesiologists compared to a matched 
cohort of internists.19 Menk et al. found 14 drug-related deaths 
among the 79 drug abusers who had been reenrolled in anes-
thesiology residencies after treatment.140 A more recent survey 
reported that there were 9 deaths in 100 residents who returned 
to and remained in anesthesiology training programs after treat-
ment for chemical dependence.135

In addition to health hazards, addiction among physicians 
raises important legal considerations. State laws and regulations 
detail the necessary steps for handling the drug-abusing physi-
cian. In many states disciplinary action and criminal penalties 
can be imposed on physicians who knowingly fail to report an 
impaired colleague. Disciplinary action taken against an impaired 
physician must also be reported to the National Practitioner Data 
Bank to be in compliance with federal law. Most state medical 
societies have physicians’ health programs. When chemically 
dependent physicians voluntarily seek treatment through this 
venue, the legal impact may be mitigated.

Physicians as a group are less likely than the general population 
to self-identify and seek professional assistance if a drug-related 
problem develops. Denial plays a major role in this reluctance to 
undergo counseling or therapy. Denial is learned early in a physi-
cian’s professional life in order to endure the sleepless nights and 
the personal shortcomings that inevitably accompany the practice 
of medicine. A well-developed denial defense mechanism enables 
many physician-addicts to conclude that his or her problem is 
minor and that self-treatment is possible. Physicians typically 
enter programs for treatment only after they have reached the end 
stages of their illness.

Debate continues regarding the issue of compulsory random 
drug testing of anesthesiologists.141 Preemployment and/or ran-
dom drug screening is already well established in various indus-
tries, especially those with high public proiles (nuclear, aviation, 
military). Many chairs of academic anesthesiology programs have 
indicated a willingness to initiate a program of random drug 
screening of their staff.133 Although random drug testing is an 
established element of most reentry contracts for recovering anes-
thesiologists, serious questions remain about the legality of this 
approach and its effectiveness in preventing substance abuse.

There is also controversy about the ultimate career path of the 
anesthesiologist in recovery.142 The recidivism rate among the 
general population approaches 60% for patients who have been 
treated for addiction. Physicians are highly motivated and in gen-
eral the prognosis for doctors’ recovery exceeds that of the gen-
eral public.143 Reports have ranged from very optimistic to more 
pessimistic regarding predictions for successful rehabilitation and 
return to practice for addicted anesthesiologists. In one study, the 
rate of relapse among anesthesiologists was 40% and that of con-
trol physicians was 44%.132 Sustained recovery for longer than 2 
years occurred in 81% and 86%, respectively. A different study 
reported less favorable results, with a 66% failure rate for success-
ful rehabilitation and return to practice among 79 opioid-depen-
dent anesthesiology residents.140 Even more alarming, there were 
14 suicide or overdose deaths among the 79 returning trainees. 
A more recent study reported similar indings with only 46% of 
addicted anesthesia residents able to successfully complete their 
anesthesiology training.135 Thirty-four percent entered a train-
ing program in another medical specialty, and 16% left medicine. 
There were 9 deaths among the 100 anesthesia residents that con-
tinued in anesthesia training programs after treatment.

Three factors have been closely associated with relapse among 
health-care professionals after completion of treatment for 
chemical dependency.144 The risk of relapse is increased if there 
is a family history of substance abuse, when a major opioid is the 
abused drug, and when the individual has a coexisting psychiatric 
disorder (dual diagnosis). The risk of relapse is greatest when all 
three factors are present.

In order to reenter practice, the recovering physician must 
qualify for a valid license to practice medicine and must be re-
credentialed at his/ her medical facility. This must be done in 
compliance with the state laws and regulations regarding return 
to practice for recovering physicians. Federal laws, such as the 
Americans with Disabilities Act, impose additional consider-
ations. Finally, a carefully worded contract is an important step in 
the reentry process to deine the obligations of the physician and 
the department.145 The contract should include details on moni-
toring in a rehabilitation program and by a departmental supervi-
sor and include an agreement to refrain from self-prescription of 
medication. It is frequently recommended that the returning anes-
thesiologist not take night or weekend call or handle opioids with-
out direct supervision for at least the irst 3 months. Despite all of 
these precautions, the potential for relapse must be anticipated.

Guidelines from physician treatment centers may be help-
ful to assist in the decisions surrounding reentry.146 Individuals 
who, in most situations, can successfully return to the practice 
of anesthesiology immediately after treatment (category I) accept 
and understand their disease and have no evidence of accom-
panying psychiatric disorders. They have strong support from 
their family, demonstrate a balanced lifestyle, are committed to 
their recovery contract, and bond with Alcoholics Anonymous 
(AA; http://www.aa.org/) or Narcotics Anonymous (NA; http://
www.na.org/). Their anesthesiology department and hospital 
must be supportive of their return, and the individual must have 
a sponsor that supports the return to anesthesiology. Category 
II includes those individuals who could possibly return to anes-
thesiology within a few years. They must have no or minimal 
denial regarding their disease and have no other psychiatric diag-
noses. Their recovery skills are continually improving and they 
are involved, but not necessarily bonded, with AA/NA. Although 
their family situation may be characterized as dysfunctional, there 
should be tangible evidence of improvement. Individuals who 
should not return to anesthesiology and would best be redirected 
into another medical specialty are included in category III. These 
individuals may have had a history of prolonged intravenous sub-
stance use and have experienced relapses and prior treatment fail-
ures. Their disease remains active, and they have coexisting severe 
psychiatric diagnoses.

Because availability of drugs plays a role in the onset of this 
disease, attention has been directed toward programs to enforce 
increased accountability and regulation of controlled sub-
stances.147 However, despite widespread application of protocols 
to enforce greater accountability, such as satellite pharmacies for 
operating suites, the frequency of substance abuse has changed 
little, if at all, in recent years.

Impairment and Disability

Impairmentb and disabilityc can arise from physical, mental, 
emotional, sensory, or developmental causes. The onset can be 

bImpairment is any loss of use of any body part, organ system, or organ 
function.
cDisability is an impairment that substantially limits one or more major life 
activities.

http://www.aa.org/
http://www.na.org/
http://www.na.org/
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sudden, as occurs with injury or acute illness, or more gradual, as 
is the case with many chronic diseases.

Data regarding the number of impaired physiciansd are difi-
cult to obtain. Many cases of physician impairment are the result 
of substance-related disorders. Other factors that may result in 
physician impairment include physical or mental illness. Unwill-
ingness or inability to keep up with current literature and tech-
niques can be considered a form of impairment.

Depression is a prominent inding among impaired physicians. 
Unfortunately, many of the personality traits that ensure success 
as a physician, such as self-sacriice, competitiveness, achievement 
orientation, denial of feelings, and intellectualization of emotions, 
may also serve as risk factors for depression. Observations of alco-
holic physicians have provided some insight into the association 
of achievement orientation and emotional disturbance. In one 
study, more than half of the alcoholic physicians graduated in the 
upper one-third of their medical school class, 23% were in the 
upper one-tenth of their class, and only 5% were in the lower one-
third of their class148. Similarly, a report on alcohol use in medical 
school demonstrated better irst-year grades and higher scores on 
Part I National Board of Medical Examiners tests among those 
students identiied as alcohol abusers.149

It can be very challenging to appropriately respond to all of 
the problems imposed by the impaired or unsafe anesthesiolo-
gist.150 Management protocols for dealing with the impaired 
physician are covered in a series of articles by Canavan and  
Baxter.151

The Aging Anesthesiologist

Little attention has been given to the unique challenges faced by 
older anesthesiologists.152 This is in contrast to the situation in 
many other industries where considerable attention is directed 
toward the well-being and competence of older workers. For 
example, older commercial airline pilots are required to take reg-
ular medical and competency examinations and adhere to strict 
policies on work hours.

Physiologic changes are routinely observed in many organ sys-
tems as a direct consequence of aging. Most notable for the safe 
practice of anesthesiology are the physical changes that appear in 
the CNS, such as decreases in neuronal density and brain weight, 
training-dependent plasticity, and ability of neurons to reorga-
nize in response to training. Commonly observed physiologic 
changes include impairments in hearing, vision, short-term 
memory, creative thinking, and problem-solving abilities. Intel-
lectual quickness, on-the-spot reasoning, learning, and reaction 
time all slow. These changes have the potential to limit the older 
anesthesiologist’s ability to assimilate and apply new knowledge 
and to instantaneously process information, rapidly make com-
plex decisions, and initiate the proper response.153 These poten-
tial deiciencies are especially exposed in a stressful environment 
such as an operating room.

There are also important age-related changes in the cardio-
vascular and musculoskeletal systems. Older anesthesiologists 
often lack the stamina necessary to sustain the long, demanding 
work shifts common in anesthetic practice. Older individuals are 
particularly sensitive to disturbances of the sleep–wake cycle and 
are better suited to phase advances (morning work) than phase 
delays (nocturnal work). Demands associated with night call have 

been identiied as the most stressful aspect of practice and most 
frequently cited impetus toward retirement.152,154

The physiologic changes that might impose a handicap on the 
older anesthesiologist are often compensated by advantages that 
accompany the normal aging process. These include wisdom, 
judgment, and the experience acquired by a lifelong practice of 
the specialty. There is a strong positive correlation between expe-
rience and performance.155 However, this correlation does not 
necessarily exist between experience and complex cognitive skills. 
As pointed out by Weinger, experience is not synonymous with 
expertise.156

Aging among anesthesiologists raises complex legal and ethi-
cal issues. Neither state licensure nor hospital privileges are spe-
ciically limited by the chronologic age of the practitioner. In 
many cases, the decision to limit or retire from practice remains 
at the discretion of the individual anesthesiologist. A number of 
federal laws impact the aging anesthesiologist’s rights and respon-
sibilities regarding continuation of work. These include the Age 
Discrimination Act, Title VII of the Civil Rights Act, the Medi-
cal and Family Leave Act, the Fair Labor Standards Act, and the 
Employee Retirement Income Security Act.

Anesthesiology, similar to other high-stress professions, is 
often regarded as a young person’s profession. This, in part, 
accounts for the observation that, on average, anesthesiologists 
retire at a younger age than many other physicians.157 The deci-
sion to retire from anesthesiology is frequently precipitated by 
concerns about deteriorating clinical skills and the growing bur-
dens of night call. In many cases, the retiring anesthesiologist just 
“felt it was time”.157

As a result of a number of demographic factors, including 
the smaller residency class sizes observed during the mid-1990s, 
the mean age of the anesthesiology workforce is increasing. The 
greatest number (30%) of anesthesiologists are between 45 and  
54 years of age, and 56% are 45 years of age and older (up from 
49% 10 years ago).158

Mortality Among Anesthesiologists

There have been a number of conlicting reports regarding the 
average longevity of anesthesiologists. Employing different data-
bases and methods, these studies have found a shortened19,159 an 
average,158,160 or a prolonged161,162 life expectancy. A 2006 study 
reported a signiicant increase in life expectancy among anes-
thesiologists who had died in the period 1992 to 2001, such that 
the average age at death in the last year of the study was 78 years, 
the same as the national average for all Americans.163

The cause of death among anesthesiologists has also been 
extensively studied. Earlier work found an increased incidence 
of certain types of cancer, including leukemia and lymphoma.8,17 
More recent reports have failed to ind any increase in cancer risk 
among anesthesiologists, but a consistent inding of increased 
numbers of drug-related deaths and suicide.19

Suicide

There is a disproportionately high incidence of suicide among 
both male164 and female165 physicians. Several reports have sin-
gled out anesthesiologists as being particularly vulnerable.19,162,166 
However, this conclusion has been questioned as a result of the 
methodologic dificulties in collecting accurate data on suicide 
and the frequent failure to adequately correct for confounding 
variables in the study populations.167

dAn impaired physician is one whose performance as a professional person 
and as a practitioner of the healing arts is impaired because of alcoholism, 
drug abuse, mental illness, senility, or disabling disease.
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A partial explanation for this alarming observation lies with 
the high degree of stress that is an integral part of the job. There 
is a close association in many individuals between stressful life 
events and major depressive disorders which can give way to 
despair and suicidal ideation.168 Personality proiles collected 
from a number of suicide-susceptible individuals indicate com-
mon characteristics such as high anxiety, insecurity, low self-
esteem, impulsiveness, and poor self-control. It is disturbing to 
note that in a study of personality traits of anesthesiologists, 20% 
manifested psychological proiles that relected a predisposition 
to behavioral disintegration and attempted suicide when placed 
under extremes of stress.169 This study raises the discomforting 
notion that “premorbid” personality characteristics exist before 
entering specialty training and are not being identiied in the 
admission process.

One speciic type of stress, that resulting from a malpractice 
lawsuit, may have a direct causative association with suicide. 
Newspaper reports have described the emotional deterioration 
and ultimate suicide of experienced physicians who have become 
involved in a malpractice suit. One study reported that 4 of 185 
anesthesiologists being sued for medical malpractice attempted 
or committed suicide.166

Substance abuse among anesthesia personnel is another poten-
tial contributor to the increased suicide rate. Individuals with 
chemical dependence, who are not identiied and are in the end 
stages of the disease, may die of drug overdose, a cause of death 
that can be dificult to distinguish from suicide. Drug abuse is 
among the highest causes of death and the most frequent method 
of suicide among anesthesiologists.19 Drug overdose and death was 
the initial relapse symptom in 16% (13 of 79) of the parenteral opi-
oid abusers who had reentered their residency in anesthesiology.140 

Physicians who are impaired from chemical dependence and 
whose privileges to practice medicine have been revoked are also 
at heightened risk for attempting suicide. Crawshaw et al. reported  
8 successful and 2 near-miss suicide attempts among 43 physicians 
placed on probation for drug-related disability.170

WeLLNeSS

According to ethical guidelines of the ASA, anesthesiologists are 
obliged to maintain their “physical and mental health and special 
sensory capabilities.”171 Unfortunately, the emphasis on impair-
ment labeling, intervention, and post-intervention monitoring of 
state medical boards’ physician health committees provides little 
guidance and support for developing and sustaining a healthier 
lifestyle and no infrastructure for research and education. Hence, 
the formal incorporation of aspects of wellness as an integral 
component of ASA’s focus upon anesthesiologists’ occupational 
health concerns is designed to address this emerging area.

The ability to balance normal occupational stress with the 
time necessary for maintenance of wellness occurs within the 
context of telescoped and overlapping life cycle events (Fig. 3-3). 
Compounded stresses at concurrent transition points can lead 
to maladaptive coping patterns and wellness choices. Stresses 
may occur when one or more cycles halt or move backward, 
when substantial overlap occurs, or when multiple stressful 
events occur, especially at transition points. External stressors 
such as disease, disability, divorce, death, malpractice actions 
or inancial distress may have devastating short- or long-term 
effects.112

7

FIguRe 3-3. Life events. Life cycle events portrayed as multiple cycles moving through time. Because life plans are often 
deferred for long periods of education and training, many formative events are “shifted to the right,” telescoping their concur-
rence and impact.
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It has been estimated that half of the mortality in the United 
States is premature, and these deaths could be “deferred” with 
the modiication of just 10 behaviors: Tobacco use, dietary pat-
tern, physical activity level, alcohol consumption, exposure to 
microbial agents, exposure to toxic agents, use of irearms, sexual 
behavior, motor vehicle crashes, and illicit use of drugs. The irst 
three accounted for nearly 800,000 deaths in 1990172 and again 
in 2004.173 It is a particular challenge for busy professionals to 
become informed about and adopt lifestyle changes related to diet 
and itness.

Nutrition and Diet

Obesity is an evolving pandemic, with 380 million cases world-
wide projected by 2025.174 It is especially challenging for those 
with a more sedentary occupation coupled with a sedentary 
lifestyle. Adipose tissue is an endocrinologically active organ, 
releasing a large number of adipokines that affect food intake, 
peripheral insulin sensitivity, muscle glucose uptake, and 
hepatic glucose production.175 Caloric restriction as an antiaging 
strategy has been recognized for a long time.176 Putative mech-
anisms include increased DNA repair capacity, altered gene 
expression, decreased metabolic rate, and reduced oxidative 
stress.177,178 Needless to say, anesthesiologists should not only 
have concern about obesity in their patients, but in themselves as  
well.

Fitness

Because skeletal muscle is the major site of whole-body fat and 
carbohydrate utilization, exercise, along with diet, plays a major 
role in wellness. Of 17,549 men who entered Harvard College 
between 1916 and 1950 and were reevaluated when aged 55 to 
84 years (including a 16-year follow-up), a signiicant association 
was revealed between lower death rates and higher levels of walk-
ing, stair climbing, sports play, and various activity combinations. 
Compared to the one-third of men least active, the middle third 
experienced a 23% reduction in death rate during follow-up and 
the one-third of men most active, a 32% reduction. Light activi-
ties (<4 MET),e moderate activities (4 to 5 MET), and vigorous 
activities (>6 MET) each predicted lower death rates.179

At a molecular level, cell membrane substrate transporter 
genes GLUT4 (circulating glucose) and FAT/CD36 (fatty acid) are 
affected by various glycemic loads as well as exercise. After 60 min-
utes of cycling at 75% maximal oxygen consumption (VO2max), 
subjects fed a high-glycemic index (HGI) or low-glycemic index 
(LGI) isocaloric meal demonstrated greater glucose and insulin 
responses following an HGI compared to an LGI diet.180 Acute 
and chronic exercise also increases nitric oxide (NO) in seden-
tary and active men, but chronic exercise, especially in active men, 
results in a signiicantly greater level at baseline.181 In addition, 
physical exercise has been shown in a rodent model to improve 
learning by modulating hippocampal mossy iber sprouting and 
enhancing gamma-aminobutyric acid receptor A-alpha3 and 
cholescytokinin elaboration.182

Implementing Lifestyle Interventions  
for Lifestyle-Related Diseases

Weight loss requires a decrease in calories consumed and an 
increase in calories burned. A Cochrane review of 32 longitudi-
nal analyses and 17 randomized controlled trials (RCTs) showed 
that intensive counseling strategies incorporating behavioral, 
dietary, and exercise components resulted in a weight loss of 3 
to 4 kg over 1 to 3.3 years.183 A meta-analysis of 32 RCTs involv-
ing obese patients showed that moderate and well-balanced 
calorie restriction is more effective than any other diet, resulting  
in an average weight loss of about 5 kg after 1 year.184 A caloric 
deicit of about 500 kcals per day is the optimal goal for 
most.185,186

Strategies to reduce energy intake include consuming 
reduced portion sizes, a lower energy density diet, a Mediter-
ranean diet, whole grains, fruits and vegetables, a low glycemic 
load, and decreased fat intake. These dietary changes can pro-
duce sustained weight loss and improvements in risk factors, 
as well as prevention of type 2 diabetes and improved control 
of hypertension.187 Exercise is more important when trying to 
maintain weight loss than it is as an isolated weight loss strat-
egy. Most RCTs show only modest weight loss with exercise 
alone, and slight increases in weight loss when exercise is added 
to dietary restriction.188 A Cochrane review concluded that diet 
combined with exercise produced a 20% greater initial weight 
loss than diet alone and a greater likelihood that the weight loss 
would be sustained.189 At least 10 MET of aerobic exercise (brisk 
walking, light jogging, or stationary cycling) is required for vis-
ceral fat reduction.

Mindfulness

Vigilance, referred to earlier as among the most important of an 
anesthesiologist’s tasks, is closely tied to concentration and atten-
tiveness. An emerging area of interest is mindfulness,f especially 
in complex, dynamic environments like the operating room and 
ICU. The nuanced difference is that concentration is exclusive; 
mindfulness is inclusive and the opposite of multitasking,190 
which is often the perceived requirement of the data-laden criti-
cal care environment.

One reason multitasking (or task-switching) is so dificult is 
that it calls upon working memory (WM)—a brain resource that 
is extremely limited. High WM capacity is essential for the abil-
ity to differentiate between relevant and irrelevant information. 
In order to retain information during a delay, it is necessary to 
ignore interfering stimuli from the surroundings. Dual reaction 
time tasks engage additional cortical regions that are not acti-
vated by the component tasks, had they been performed as single 
tasks.191 When attention needs to be divided between two concur-
rent processes there is a cost in performance. Most of the subjects 
during these studies reported using “chunking” of information as 
a strategy.192,193 It is a point of professional pride that anesthesi-
ologists can point to one of the best graphic displays of “chunked” 
information—the anesthesia record.

Mindful practice requires mentoring and guidance through 
progressive phases from denial to generalizations, insight, new 
behaviors, compassion, and presence190 (Table 3-8).

8

eA metabolic equivalent (MET) expresses the energy cost of physical activities 
as multiples of resting metabolic rate (RMR) and is deined as the ratio of 
metabolic rate during a speciic physical activity to a basal metabolic rate of 
3.5 mL O2/kg/min or 1 kcal/kg/h or 4.184 kJ/kg/h. One MET is considered 
as the RMR obtained during quiet sitting. MET values of physical activities 
range from 0.9 (sleeping) to 18 (running at 17.5 km/h).

fAs used in cognitive psychology by Langer EJ. Mindfulness. Cambridge, 
MA: Da Capo Press; 1989.
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CONCLuSION

The perioperative and critical care environments challenge anes-
thesiologists in unique ways, from physical hazards such as expo-
sure to toxic chemicals and waste anesthetic gases, to various 
forms of ionizing and nonionizing energies and numerous infec-
tious agents, as well as risks of ire or explosion. In addition, the 
sustained cognitive, emotional, and psychological demands have 
signiicant bearing on performance and professional deportment. 
This chapter has reviewed some of the ongoing as well as emerg-
ing areas related to occupational illness and wellness of anesthesia 
personnel in these settings.
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TAbLe 3-8.  mindfuLneSS StageS. 

characteriSticS of mindfuL 

practice, With a deScriptive 

hierarchy

Mindful Practice

characteristics

Active observation of oneself, the patient, and the problem

Peripheral vision

Preattentive processing

Critical curiosity

Courage to see the world as it is rather than as one would 
have it be

Willingness to examine and set aside categories and 
prejudices

Adoption of a beginner’s mind

Humility to tolerate awareness of one’s areas of 
incompetence

Connection between the knower and the known

Compassion based on insight

Presence

Levels Description

0 Denial and externalization

1 Imitation: Behavioral modeling

2 Curiosity: Cognitive understanding

3 Curiosity: Emotions and attitudes

4 Insight

5 Generalization, incorporation, and 
presence

Source: Epstein RM. Mindful practice. JAMA. 1999;282(9):833–839.
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