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ABSTRACT 

 
There is a lack of current literature focused on the occupational hazards that pregnant anesthesia 
providers are exposed to in the workplace. In the 1960s evidence indicated that pregnant nurse 
anesthetists are exposed to occupational hazards in the form of waste anesthetic gases while 
providing anesthesia. Since then, other hazards have been identified and researched, including 
ionizing radiation, methyl-methacrylate, antineoplastic agents, physically demanding workload, 
infection, and noise. Some risks have been minimized by developments in personal protective 
equipment, modern facility systems, regulations, and education; however, an assessment of 
Certified Registered Nurse Anesthetists’ perceptions of the hazards has not been researched. This 
study was done to better understand the CRNAs concerns regarding occupational hazards during 
pregnancy and the strategies used to minimize risk.  After completing a thorough literature review, 
a survey was sent to AANA members.  The results showed that the perceived occupational risks 
associated with waste anesthetic gases (WAGs) and ionizing radiation aligned with the actual risk, 
while the perception of risk regarding methyl-methacrylate may be excessive in light of the 
evidence, and the occupational risk associated with loud noise appeared underappreciated.   
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CHAPTER 1 

 

Introduction 

 

Several occupational risks have been identified for the pregnant Certified Registered 

Nurse Anesthetist (CRNA) that could impact the health of the CRNA or of the developing fetus 

including exposure to waste anesthetic gases1, ionizing radiation2, methyl-methacrylate3, 

antineoplastic agents4, infection5, physically demanding work6, and noise7 These risks are 

encountered frequently by pregnant CRNAs but it is not well known how the CRNAs perceive 

these risks or manage them. 

 

Problem Statement 

 

There is a high degree of variability in the level of evidence supporting the potential 

occupational risks for the pregnant CRNA and her developing fetus. Furthermore, most research 

focusing on anesthesia provider occupational health during pregnancy is several decades old and 

may lack relevance to current anesthetic practice.  Currently, it is unknown what perceptions 

CRNAs have of these risks or what practices they use to minimize the risk to themselves or their 

colleagues. 
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Research Purpose 

 

The purpose of this study is to evaluate the perceptions that Certified Registered Nurse 

Anesthetists have of the perioperative occupational hazards during pregnancy and to explore 

what, if any, strategies are used to minimize these risks.  

 

Research Question 

 

The research questions for this study are: 

1. What are the perceptions of Certified Registered Nurse Anesthetists regarding the 

perioperative occupational hazards during pregnancy? 

2.  What strategies, if any, are used to minimize the risk of perioperative 

occupational hazards for pregnant CRNAs? 

  

Definitions 
 

For the purpose of this study, the following terms and definitions were used. 

Conceptual/Theoretical definitions: 

1. Perceptions: Perceptions are defined as how the Certified Registered Nurse 

Anesthetist regards and interprets the occupational hazards during pregnancy.  

2. Occupational hazards:  The primary occupational hazards to be included in this study 

will be waste anesthetic gases, ionizing radiation, methyl-methacrylate, antineoplastic 

agents, physically demanding work, infection, and noise. 
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a. Waste anesthetic gases:  Waste anesthetic gases is defined as the small 

amounts of anesthesia gas that leak out of the patient circuit and pollute the air 

of the operating room. 

b. Radiation: Radiation is defined as the types of ionizing radiation that are most 

commonly encountered in healthcare, such as X-ray, fluoroscopy, and 

computed tomography scan (CT scan).8  

c. Methyl-methacrylate:  Methyl-methacrylate is defined as an acrylic resin that 

is used during orthopedic and dental procedures.9  

d. Antineoplastic agents:  Antineoplastic agents are defined as medications that 

affect cell division and are used to treat many cancers.10  

e. Infection:  Infection is defined as being infected by a pathogen encountered in 

the workplace. 

f. Physically demanding work:  Physically demanding work is defined as lifting 

more than 26 pounds (11.8 kg), pushing a stretcher with a patient over 300 

pounds (136 kg), or long periods of standing.11  

g. Noise:  Noise is defined by comparing with common sounds that are 

categorized as moderate, loud, and very loud.12  

i.  Moderate noise (60-75 dB): moderate noise is any sound that is louder 

than a conversation. 

ii. Loud noise (76-95 dB): Loud noise is any sound that is louder than a 

vacuum. 

iii. Very loud (>96 dB): Very loud noise is any sound that is louder than a 

hair dryer. 
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3. Strategies:  Strategy is defined as a method or adaptation used to decrease the risk of 

exposure to the occupational hazards during pregnancy. 

 

Operational definitions: 

1.  Perceptions:  Perceptions of the occupational hazards encountered during pregnancy 

will be measured using a Likert scale on a self-assessment questionnaire to determine 

if the CRNA considers each hazard to be a risk and how significant they consider that 

risk. 

2. Occupational hazards: Each will be assessed by using a four-point Likert scale (rating 

from “not a risk” to “severe risk”) to measure the CRNA’s perception of the risk and 

a select the best answer question to measure how the risk was minimized. 

3. Strategies:  Strategies will be measured using select the best answer questions to 

explore what common methods are used to minimize exposure risks. 
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CHAPTER 2 

 

Review of Literature 

 

In the workplace, pregnant Certified Registered Nurse Anesthetists (CRNAs) are exposed 

to several occupational hazards that can affect their health or the health of their developing fetus. 

For example, anesthetic gases, radiation, methyl-methacrylate, antineoplastic agents, infectious 

diseases, physically demanding work, and noise have been identified as potentially problematic 

by researchers. Many of these risks were identified several decades ago and may not be as 

relevant to current practice given advances in technology and occupational health standards. It is 

not well known today, however, how CRNAs perceive the occupational hazards and what they 

do to minimize the risks for themselves and their pregnant colleagues.  

 

Waste Anesthetic Gas 

 

 CRNAs are exposed to anesthetic gases frequently because they are an integral part of 

providing general anesthesia.  It is unclear what, if any, practice changes pregnant CRNAs are 

making to decrease the amount of gas they are exposed to while providing care.  Waste 

anesthetic gases (WAGs) are the small amounts of anesthesia gas that leak out of the patient 

circuit and pollute the air of the operating room.  The amount of anesthetic gas that is in the air 

depends on how the operating room (OR) is ventilated, if the anesthesia machine has a working 

scavenging system, if there are any leaks in the equipment, and the technique used when 

administering the anesthesia.13   In 1977 the National Institute for Occupational Safety and 
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Health (NIOSH) established recommendations regarding the concentration of WAGs that can be 

in the air of the OR.  Nitrous Oxide should remain below 25 ppm and the volatile agents, such as 

sevoflurane, desflurane, and isoflurane should be below 2 ppm.13  

Studies dating back to the 1960s have shown strong association between frequent 

exposure to anesthetic gases and congenital anomalies in animals.14   In 1971, Cohen et al. 

surveyed operating room nurses and doctors looking at pregnancies, miscarriages, contraceptive 

techniques, and birth defects.15   This study included 290 participants, the first part interviewed 

operating room nurses (n = 67) and general duty nurses (n = 92).  The second part of the study 

distributed a questionnaire to anesthetists (n=50) and general physicians (n=81).  Within the 

group of nurses, the only demographical difference between the OR nurses and the general duty 

nurses was the slightly higher age of the OR nurses.  The authors found a rate of 29.7% 

miscarriage in OR nurses compared to 8.8% in general nurses (p=0.045).  Among the OR 

physicians and anesthetists, the authors found 37.8% miscarriage compared to 10.3% in a 

physician control group (p=0.0035).15 Other than this difference in miscarriage rate, the authors 

found the two groups to be demographically comparable.  In both groups, the professionals 

working in the OR experienced statistically significantly higher rates of adverse birth 

outcomes.15  More recently in 2010, Teschke et al. conducted a retrospective study that linked 

birth records with the British Columbia Health Status Registry of infants born with congenital 

anomalies to registered nurses and assessed exposure to anesthetic gas with a telephone survey of 

the hospitals.1   The authors acquired measurements of anesthetic gases taken from many of the 

hospitals from the Workers’ Compensation Board. They found a correlation between 

occupational exposure to anesthetic gases and nitrous oxide and infants born with congenital 

anomalies.  This study had a large cohort of all the nurses registered with the College of 
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Registered Nurses of BC for at least 1 year between 1974 and 2000, which was 56,213 nurses.  

This starting cohort was then restricted to females and then linked to the BC birth records to 

create the cohort of offspring.  The offspring were then linked to the BC Health Status Registry 

to assess for congenital anomalies.   Of the mothers that had been exposed to halogenated agents, 

there were 339 born with no anomalies and 38 born with anomalies for an odds ratio of 1.49 with 

a 95% confidence level of 1.04-2.13.  Of the mothers that had been exposed to Nitrous oxide, 

there were 467 children born without anomalies and 50 born with anomalies for an odds ratio of 

1.42 and 95% confidence ratio of 1.05-1.94. The methods used to measure the nurse’s exposure 

was done by surveying the anesthetic gas used in all hospitals and the records of which 

departments the nurses’ worked in and was computed using algorithms.  Therefore, the exposure 

was not measured on an individual basis, so it is uncertain how much WAG each nurse was 

exposed to.1    

 Anesthetizing equipment and technique can affect the concentration of WAGs in the OR.  

When working with pediatric patients, it is common to use anesthetic gas to induce general 

anesthesia. This method utilizes a mask which may permit anesthetic gas to escape into the OR 

environment when not held tightly against a patient’s face.  Historically, non-cuffed endotracheal 

tubes (ETTs) may be used in pediatric cases and can increase the amount of gas polluting the 

OR.16   More recently providers are starting to use cuffed ETTs even in pediatric patients since 

the development of safer cuffed tubes.  Studies have found cuffed ETTs to have multiple benefits 

including a reduced need to reintubate the patient for a more appropriate size, decreased risk of 

aspiration, and ability to provide anesthesia with low gas flows with no increase in post-

extubation stridor.17  This information has allowed practice to change in recent years, with more 

anesthesia providers using cuffed ETTs in their pediatric patients. Even so, in 2003 Gauger et al. 
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compared questionnaires sent to members of the Society for Pediatric Anesthesia and the 

American Society of Anesthesiologists and found the pediatric anesthesiologists to have a 

significantly higher rate of spontaneous abortion than the anesthesiologists who work 

predominantly with adults (p<0.05).18 The survey was completed by 824 participants and found 

no other significant differences between the groups.  In 1997, Hoerauf et al. conducted a study 

measuring the amount of WAGs at the anesthetist position in the OR during induction of 

pediatric patients. The National Institute for Health and Safety (NIOSH) recommends that the 

exposure levels of nitrous oxide in the OR to maintain a time-weighted average below 25ppm.19  

The authors found a median level of 95.2 ppm of nitrous oxide with the measured levels ranging 

from 89.5 ppm all the way up to 1219 ppm during mask inductions.  These high levels of WAGs 

were found to be short lived and normalized to acceptable levels within OSHA restrictions 

shortly after the patients were intubated with nitrous oxide levels averaging 16.6 ppm over the 

total anesthesia time.16  

 Environmental strategies such as scavenging systems and hospital ventilation systems 

have been required in the United States for many years.  Scavenging systems can decrease 

WAGs up to 95%.20  Using a different anesthetic technique, referred to as total intravenous 

anesthesia (TIVA), can reduce a provider’s exposure to waste gases further.  TIVA uses 

medications administered through an IV to achieve general anesthesia and does not require the 

use of any gas.  The advantages of TIVA include decreased post-operative nausea and vomiting 

(PONV), less frequent emergence delirium, and reduced OR pollution.21  The disadvantages of 

using TIVA include the need for extra equipment (programmable pumps), increased risk of  

awareness21, and increased cost.22  
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Ionizing Radiation 

 

 Today’s surgical techniques can require the use of x-ray and fluoroscopy intraoperatively.  

Because the CRNA must be with the patient throughout the entire case, they are exposed to the 

ionizing radiation that these tools create.  Ionizing radiation is radiation with enough energy to 

move electrons out of orbit from their atom.  With an electron missing, this atom carries a 

charge, or is considered ionized.8  This can affect the structure of proteins, DNA, and other 

molecules and possibly lead to spontaneous abortion, congenital malformations, and fetal growth 

restriction.23  Research has been conducted to try to determine the various health effects ionizing 

radiation can have on pregnant women.   A prospective study of 183 participants published in 

Germany in 2016 by Weisel et al. used dosimeters to measure the amount of radiation women 

working in healthcare were exposed to and the occurrence of congenital anomalies and compared 

it to a control group.  The authors found that women exposed to ionizing radiation had a 30% 

occurrence of congenital anomalies compared to the control group that had 6.2%.  These results 

should be interpreted with caution as no statistical analysis was provided by the authors.  The 

most common congenital anomalies noted were urogenital, cardiovascular, and muscular-

skeletal.2  

 The Code of Federal Regulations set occupational exposure limits of 0.5 REM or 5 mSv 

for women who have declared a pregnancy.24 These regulations are from 1991.  In 2012 the U.S. 

Nuclear Regulatory Commission reassessed the risk to the fetus and recommended that future 

research should be done and stated it would be reasonable to decrease the exposure limit to an 

embryo or fetus to 1 mSv.25 At the time of this research, no official change has been made. 
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 It is necessary to understand how much radiation pregnant CRNAs are exposed to.  

Ismail et al. published a study in 2010 measuring how much ionizing radiation an anesthesia 

provider is exposed to during electroscopic retrograde cholangiopancreatography (ERCP) and 

cardiac catheterization procedures.  The authors used multiple dosimeters, including one above 

the collar lead and one underneath the waist lead.  Over 6 months the authors had 39 ERCP cases 

that required an anesthetist present with a total exposure of 0.28 mSv.  During the 6 months, the 

authors also had 89 cardiac catheterization cases that required an anesthetist present with 

radiation exposure totaling 2.32 mSv.26   This level of exposure is below the current 

recommendation limit if one CRNA was present for all these cases, however it is not below the 

limit of 1 mSv the U.S. Nuclear Regulatory Commission suggests. 

A review of literature published in 2011 claimed that the doses of radiation experienced 

by anesthesia providers do not cause risk for the fetus if the correct preventative practices are 

followed.27 Adherence to preventative practices can be done by maintaining distance from the 

fluoroscope.  Exposure is minimal when more than 36 inches away.15 The strength of the 

radiation can be calculated using the inverse square law, which means it is inversely proportional 

to the distance from the source squared (𝐼𝐼2 = 𝐼𝐼1[𝑑𝑑1 𝑑𝑑2⁄ ]2).27,28  Wearing an adequate lead layer is 

another way to minimize risk of exposure and is also a requirement for anybody who is 

occupationally exposed to radiation.  A standard lead apron is a single layer of lead (0.25 mm) 

which will reduce exposure by 96% and a double layer (0.5 mm) will reduce exposure by 99%.29 

Lastly, to avoid radiation exposure, a pregnant CRNA can try to avoid the cases with the highest 

use of radiation. 
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Methyl-methacrylate 

 

 Methyl-methacrylate is a highly volatile, colorless liquid that is used to mix the cement 

often used in orthopedic surgeries.9   It was associated with congenital anomalies when Nicholas 

et al. exposed pregnant rats to high inhalational doses (>1000 ppm) with results significant for 

fetal toxicity and growth retardation.30   Another study exposed pregnant rats to concentrations of 

1,330 ppm of methyl-methacrylate for up to four hours per day and compared the rats to a 

control group and found the only difference between the groups was the exposed group had 

increased fetal weight.3  

 There are studies which have measured concentrations of methyl-methacrylate in the 

breathing space of the orthopedic surgeons that can be used to approximate how much a CRNA 

is exposed to.  Darre et al. found the highest concentrations experienced near the surgeon to be 

50-100 ppm.31 Additionally, a study was conducted by Linehan et al. to measure the serum and 

breast milk levels of methyl-methacrylate in lactating orthopedic surgeons after exposure during 

total joint arthroplasty surgeries.  The authors measured levels at intervals after eight surgeries, 

however they only had two women participating in this study.  The authors found the levels of 

methyl-methacrylate to be undetectable at test sensitivity levels of 0.5 ppm in both the serum and 

blood samples.32    

 NIOSH recommends exposure limits to methyl-methacrylate to be a time weighted 

average of 100 ppm over a 10-hour shift within a 40-hour work week.  This is not specific to 

expectant mothers.33  Evidence shows that elevated levels of methyl-methacrylate are required 

for adverse effects and these levels are not routinely reached in the OR, so the risk for pregnant 

CRNAs is low.9,31,32 Injury to the fetus and acute toxicity causing symptoms such as irritation of 
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the skin, eyes, and mucous membranes can occur with exposures greater than 1,000 ppm.9   Extra 

precautions exist to reduce exposure such as wearing a personal protective helmet system.31   

 

Antineoplastic Agents 

 

  CRNAs may encounter risks associated with antineoplastic agents by handling the bodily 

fluids of a patient receiving these drugs including oral secretions, gastric secretions, blood, and 

urine.  A CRNA may encounter this risk if taking care of a patient who has received 

chemotherapies prior to having a cancer removed surgically or post-chemo anesthesia for 

additional diagnostic, therapeutic, or palliative procedures.  There is no research available to 

determine if pregnant CRNAs take extra precautions when working with these patients.  

Antineoplastic drugs are used to treat cancer by inhibiting cell division and therefore slowing the 

growth of the cancer.  They do not work selectively on cancer cells so there is the risk that 

normal cells can be harmed with exposure.10   Antineoplastic agents target cells that are dividing 

rapidly, and fetuses have quick cell division because they are growing so fast. The effects of 

these cytotoxic drugs will depend on the stage of the pregnancy that the fetus is exposed.  If 

exposure occurs during embryogenesis (the two weeks following fertilization) the effects can be 

as severe as spontaneous abortion.  Later in the pregnancy, these drugs can lead to congenital 

malformations and decrease in mental and physical development.34,35  

 Lawson et al. conducted a retrospective study using the Nurse’ Health Study II data and 

found that nurses, including OR personnel, that work with antineoplastic agents have a 

statistically increased risk for spontaneous abortion.  Of the participants in the Nurse’ Health 

Study II, 7,482 were eligible for analysis for their study.  The nurses who reported exposure to 
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antineoplastic agents had a 94% increased risk of spontaneous abortion.  The odds ratio was 1.97 

and 95% confidence interval 1.41-2.76.36 Alternatively, Ratner et al. conducted a large historical 

prospective cohort study that measured exposure to antineoplastic drugs and compared that 

cohort to the Canadian cancer registry, the British Columbia Vital Statistics Agency, and the 

British Columbia Birth and Health Status Registry.  The researchers examined how many nurses 

exposed to antineoplastic drugs were then diagnosed with cancer, had a spontaneous abortion, or 

a child with a congenital anomaly.  They concluded that the occupational exposure to 

antineoplastic agents was not associated with higher risk of spontaneous abortion or congenital 

anomalies.37   

 With contradicting evidence, it is prudent to treat antineoplastic agents and patients who 

have received them with extra precautions including following all guidelines for personal 

protective equipment (PPE) when taking care of these patients.  According to NIOSH, the 

recommended PPE is double layer of gloves, a disposable gown, and a face/eye shield.  These 

items should be worn when handling hazardous drugs or body fluids from a person who has 

received hazardous drugs.38   

 

Physically Demanding Work 

 

 The work a CRNA does daily can be physically demanding.  For instance, pushing a 

stretcher, transferring a patient from the OR table to the stretcher, and long hours of standing on 

a busy day can take a toll on a pregnant CRNA.  Waters, et al. measured the amount of force 

required to move items found commonly in the OR.  They found that to move an unoccupied OR 

stretcher requires an initial mean force of 68 Newtons or 15.3 pounds.  If that stretcher is 
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occupied by a 300-pound (136 kg) patient, the force requirements increase to 119 Newtons or 

26.8 pounds.  If the wheels are initially turned perpendicular to the direction of travel, the force 

increases to 196 Newtons and 43.8 pounds of force.11 In 2014, Waters, et al. assessed the safe 

lifting recommendations established by NIOSH for the public and applied it to pregnant women.  

They did an extensive literature review that built on the thorough work of MacDonald et al., and 

found literature associating occupational lifting with maternal and fetal health. They used an 

evidence-based approach to determine vertical lifting zones and anatomical changes to 

abdominal depth that occur during pregnancy and used this information to adapt the Revised 

NIOSH Lifting Equation (RNLE). They recommend that a pregnant woman doing infrequent 

lifting at waist height 15-20 inches in front of them should lift no more than 26 pounds.39  

 According to Snijder et al. in 2012, performed a population-based prospective study with 

9,778 pregnant women that used physical examinations, questionnaires, and interviews to look 

for the effects of physically demanding work on fetal growth and adverse birth outcomes.  They 

found that long periods of standing and working more than 25 hours per week correlates with 

lower fetal weight and smaller head circumference, but found no correlations to low birth weight 

or preterm delivery.40   Bonde et al. conducted a meta-analysis of previous research related to 

shift work, including long hours standing and heavy lifting, looking for effects this can have on 

fetal outcomes.  The authors concluded that the current information does not imply formal 

restrictions should be made, however it is reasonable to take precautions by limiting heavy lifting 

and long hours standing.41 
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Infection 

 

 Blood borne pathogens and nosocomial viruses are risks to all healthcare workers. 

Percutaneous needle injuries happen most frequently in the OR and in patient rooms.42,43  These 

injuries can be avoided by not recapping needles, having sharps containers easily located, and 

following universal precautions.  Preventing these injuries is the first step to prevent acquiring 

blood borne pathogens such as hepatitis B virus (HBV), hepatitis C virus (HCV), and human 

immunodeficiency virus (HIV).44  

 In 2017, Nwaiwu et al did a retrospective data analysis of HIV transmission in healthcare 

workers after an occupational injury with an infected patient.  Over the 13 years there were 266 

included healthcare workers who experienced percutaneous or mucocutaneous exposure to 

infected blood or other bodily fluids.  Only 21.2% of these healthcare workers received HIV 

postexposure prophylaxis.  Out of the 266 included healthcare workers, zero seroconverted.45 

 
Table 1. Risk of maternal seroconversion and vertical transmission after percutaneous needle stick. 

Blood borne pathogen Risk of maternal 
seroconversion from 
needlestick 

Risk of vertical transmission 
to fetus 

HIV 0-0.3%45-47   25% without treatment 
1-2% with treatment48  

Hepatitis C 0-7%49  5%50,51  
Hepatitis B 6-30% (depending on 

vaccination status)52  
10%53  

 

 Cytomegalovirus (CMV) is an intrauterine infection that is spread through contact with 

bodily secretions and can cross the placenta and infect the fetus.  In developed countries 60% of 

women of child-bearing age are infected with CMV and 90% are infected in developing 
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countries.54,55 The CMV infection can remain latent for years or can become reactivated.  

Transmission from mother to baby usually occurs if the mother experiences a primary, or new, 

infection.  The women who are not already infected with CMV and therefore do not possess 

antibodies are at risk of becoming infected during pregnancy, which can be dangerous for the 

fetus.56  It is associated with infant death and hearing, visual, or cognitive impairments in the 

child.5   Kenneson et al. did a meta-analysis of CMV research and found that 11% of infants born 

with congenital CMV were symptomatic with either jaundice, hepatomegaly, small for 

gestational age, failure to thrive, intracerebral calcifications, microcephaly, and/or congenital 

anomalies.57  A CRNA is exposed to a patient’s secretions while inserting and removing the 

airway and may also encounter the virus via the urine and blood.  Universal precautions are 

always indicated and are the best defense against CMV currently available.  Creating a CMV 

vaccine has been identified as a top priority by the Institute of Medicine and there are currently 

multiple vaccines going through clinical trials.58   

 

Noise 

 

 ORs can become noisy with the combination of multiple conversations, moving of 

equipment, procedural noise, monitors with alarms, and often music.  The CRNA is close to the 

alarms and procedure and is present for the entire case.  Noise is measured by sound pressure in 

decibels (dB) and that is weighted to the way a human hears (dBA). NIOSH recommends an 

exposure limit of a time weighted average of 85 dBA over an eight-hour shift.  They also state 

that no worker should be exposed to more than 129 dBA for even as short as one second in 

duration.12 The OSHA requirement is slightly more lenient with a time weighted average of 90 
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dBA in order to allow for the times during the workday when the person is not exposed to the 

noise hazards.  According to OSHA, hearing loss caused by noise is one of the leading 

occupational illnesses.7   

 A study done by Krecht et al. at Johns Hopkins hospital measured the noise levels in the 

operating rooms before, during, and after operations.  They found neurosurgery and orthopedic 

surgery to have the highest noise levels, averaging 66 dBA, with noise levels peaking at 120 dB 

and remaining higher than 100 dB for over 40% of the time.59   OR equipment noise was 

measured by Fritsch, et al. and found that noise levels of 130 dB occurred every time a nitrogen 

or oxygen hose was disconnected, a task that is done by the anesthesia provider daily.60  

 The fetus responds to sounds after the 20th week gestation, however the cochlea remains 

immature which puts it at risk for damage from loud noises.61 Selander et al. did a cohort study 

in Sweden by collecting data on occupational noise exposures and diagnosed hearing 

dysfunction.  They found that the children of mothers exposed to greater occupational noise (>75 

dBA) were more likely to have hearing problems.62 These are levels that are encountered by 

pregnant women in the OR.  This warrants further research to determine if the same correlation 

would be seen in the children of CRNAs who are exposed to OR noise during pregnancy.    

 

Conclusion 

 

 The occupational risks to pregnant CRNAs and their fetuses are primarily informed by 

research dating back up to 50 years.  Since the original studies indicating that waste anesthetic 

gases and methyl-methacrylate may be teratogenic, many changes have occurred in the operating 

room environment.  For example, the introduction of scavenging systems, hospital-wide 
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ventilation standards, a more technologically advanced anesthesia machine, changes in airway 

management practice, and increased availability of TIVA anesthetics have all helped to reduce 

the amount of waste anesthetic gases that the CRNA is exposed to.   

The literature shows that methyl-methacrylate requires exposure to high concentrations to 

cause risk to the fetus.  These levels may not be routinely encountered in the OR, but additional 

research on this topic would be useful to account for modern changes in hospitals and ORs. 

While NIOSH has exposure limit recommendations for the general public, limits specific to 

exposure during pregnancy were not found.   Evaluating the perceptions CRNAs have regarding 

what is safe and assessing their knowledge of hospital policies will help to determine if further 

research would be useful. 

Ionizing radiation is being used more frequently as surgical practices change, increasing 

the opportunity for occupational exposure.  Fortunately, the literature supports that by following 

the current guidelines, a pregnant CRNA can effectively protect themselves from the radiation, 

thereby minimizing risk to the fetus.   

The physically demanding nature of patient care delivery by a CRNA is difficult to 

measure.  Data is available to show the amount of effort required to move an OR stretcher, but a 

thorough search of the literature did not reveal the weight of managing the patients head during a 

lateral transfer from OR table to stretcher.  Additionally, as more anesthesia equipment has been 

added to routine care, it would be worthwhile for future studies to look at the ergonomics of the 

anesthesia workspace.  While it seems more research may be required before official guidelines 

or regulations can be made, it is important that individual workplaces show flexibility based on 

the needs of the pregnant CRNAs. 
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Infectious disease is prevalent in all aspects of healthcare and many providers are 

exposed.  Universal precautions have been developed to protect against infection.  CMV can be 

transmitted via secretion from the infected patient to the CRNA. The virus can then cross the 

placenta and infect the fetus, potentially causing health impairments to the fetus. It is prudent for 

a pregnant CRNA to utilize universal precautions at all times and perhaps avoid providing care 

for a patient with a known CMV infection.  

The literature indicates that high levels of noise can be damaging to the development of 

the fetus’ hearing.  Exposure to noise may not be something most people associate as a risk to 

their baby.  It would be valuable to assess CRNAs to determine if this issue is a concern to them.  

This could help determine if additional research or education would be beneficial. 

Because much of the research regarding occupational hazards to pregnant CRNAs was 

done years ago, it may not account for recent changes in practice.  It is important to understand 

how current CRNAs perceive these risks and what they do to minimize them in order to guide 

future research.   Additionally, assessing whether or not CRNAs who are pregnant are 

comfortable with the amount of exposure and their ability to acquire necessary equipment or 

alternative assignments to protect themselves and their fetus will indicate if there is need for 

improved policies or standards of practice.   Lastly, evaluating the burden of making these 

accommodations perceived by the colleagues of pregnant CRNAs will help to determine the 

need and the value of future research on this topic. 
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CHAPTER 3 

 

Methodology 

 

This chapter will discuss the methodology used to conduct this research.  The research 

design, the sample of participants, the data collection tool used, the procedures, and the data 

analysis will be discussed in detail.  These methods were used to understand the perceptions that 

CRNAs have of the occupational hazards of providing anesthesia while pregnant.  The two 

research questions this effort was designed to answer are: (1) What are the perceptions of 

Certified Registered Nurse Anesthetists regarding the perioperative occupational hazards during 

pregnancy and (2) What strategies, if any, do pregnant anesthetists and their colleagues use to 

minimize risk? 

Research Design 

 

 This study utilized an exploratory, descriptive design.  This methodology was used to 

understand the perceptions that CRNAs have of the occupational hazards of providing anesthesia 

while pregnant and to explore the strategies that CRNAs might employ to minimize the risk for 

themselves and their expecting colleagues. 
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Sample 

 

 The target for this study was a random sample of currently practicing CRNAs.  The 

survey was be sent to 2,861 CRNAs through the American Association of Nurse Anesthetists 

(AANA) research department.  They used a computer number generator with uniform 

distribution to select a population of CRNAs that was sent a survey over email.  All 44,611 

active certified or re-certified members of the AANA had an equal chance to be included in this 

study.  

 To be eligible to participate, the CRNAs must have been actively certified and members 

of AANA who have not opted out of any mass e-mail communications.  Exclusion criteria 

included: student registered nurse anesthetists (SRNAs) and CRNAs that no longer maintain an 

active certification. 

 According to the Raosoft Sample Size Calculator, to achieve 95% confidence with a 5% 

margin of error, a sample size of 381 CRNAs was required (Appendix A).  To achieve a 

confidence interval of 90% with a 5% margin of error the sample size would need to be 269.  

According to the AANA, the response rate for email surveys is 5-7%, which suggests survey 

distribution to 7,620.  The AANA limits the distribution of surveys to 3,000 members per survey.  

This is a known limitation of the study. 

 

Instrumentation 

 

The research tool was comprised of 25 questions divided into three sections: 

demographics, perception of occupational hazards, and minimizing risk during pregnancy.  
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Based on informal testing of the data tool, the questionnaire took approximately 5 minutes to 

complete. 

Section one, “Demographics” consisted of five questions asking the participant’s age, 

gender, years of experience, type of clinical practice setting, and state where they practice.  Age 

was asked using a fill in the blank with the option to choose “prefer not to say.”  Gender, years of 

experience, and type of clinical practice setting were asked using a select-one-answer multiple 

choice format.  The state/location of clinical practice was asked using a drop-down menu to 

select from all the states of the United States.   

 Section two, “Perceptions of occupational hazards during pregnancy,” was composed of 

12 questions to assess the presence of relevant hospital policies, the perceived need for additional 

education in this area, perceptions of specific occupational hazards during pregnancy, the 

number of pregnancies the survey taker has had (if any), and accommodations from colleagues 

and the facility for pregnant CRNAs. The question asking which occupational hazards the 

subject perceived to be a risk to a pregnant CRNA was asked as a select-all-that-apply question 

with the opportunity to add an additional risk in the “other” option.  Each of the included 

occupational hazards will be measured for how much of a risk the survey taker considers them to 

be using a Likert scale.  The remaining questions in this section are select-one-answer multiple 

choice questions.  All participants taking the survey will be requested to answer all questions 

through number 12.  The participants who have previously been pregnant while working full 

time as a CRNA will continue with the survey and those who have not been pregnant while 

working as a CRNA have completed their portion of the survey at question 12.   

 Section 3, “Minimizing risk,” includes 8 questions to measure the strategies the subject 

has used to minimize the risk of the occupational hazards while they were working as a CRNA 
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while pregnant.  Each question was a select-one-answer multiple choice question with the option 

to enter in an additional strategy with the “other” option.  The final question for this section was 

an opened ended question allowing the survey taker to submit any general comments.  

 Five experts reviewed and approved the data collection tool for content and quality.  The 

first expert holds a PhD in Pharmacology and has been a CRNA for 14 years and CRNA 

educator for 13 years.  The second expert holds a PhD in Nursing Research, has over 25 years of 

experience as a CRNA and CRNA educator, and is the founder of a nationally ranked CRNA 

program.  The third expert holds an MD, an MS in public health, is a Professor of Family 

Medicine and has over 30 years of experience in the field of occupational and environmental 

medicine and public health.  The fourth expert holds a PhD in Quantitative Biomedical Data 

Science, is trained in epidemiology, biostatistics, and bioinformatics with extensive experience in 

clinical data analysis.  The fifth expert holds an MD and is a Family Physician with a focus on 

full-spectrum family medicine with obstetrics.  The sixth expert holds a PhD in Psychology with 

expertise in Health Psychology and Educational Assessment. 

 

Procedures 

 

 After receiving approval from the Georgetown University Institutional Review Board 

(IRB), the research tool and consent letter (Appendix C) were submitted to the AANA.  The 

consent letter included a comprehensive explanation of the purpose of the study, inclusion 

criteria for participation, the researcher’s contact information, and the efforts taken to ensure the 

participant’s confidentiality.  This letter also explained that participation is voluntary and that the 

participant may withdraw at any time without consequence.   
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A data collection tool composed of 25 questions was submitted to the AANA in word 

document format to be converted into an online survey by the AANA through the “Full Service” 

option of their electronic survey deployment service.  “Full Service” includes set up of the 

survey, instrument input, two emails (one invitation email and one reminder email), and the data 

results returned to the researcher in excel format with no participant identifiers.   

In the consent letter, it was explained to the participant that the data from the survey will 

be stored in a secure hosting facility with both physical and software-based security systems.  

Additionally, the survey website provides SSL encryption for survey participants.  The consent 

letter also explained that the researcher would not have access to AANA member email 

addresses or identifiable information.  The data collection tool was sent as a link in an email by 

the AANA to the CRNA members selected through the computer number generator.  The only 

way to participate in the study is to be randomly selected by the AANA to receive an invitation 

to participate in the study and to complete the online survey by the deadline. 

 

Data Analysis 

 

 Upon closure of the survey, data was received in Excel format and was analyzed using R.  

Demographics were analyzed using Student t-test or Kruskal Wallis Chi Square test.  Results 

were stratified by gender and Kruskal Wallis Chi Square was used to analyze knowledge of 

policies in the workplace and desire for additional education regarding the occupational hazards 

of providing anesthesia during pregnancy.  The questions addressing how the CRNAs altered 

their practice during pregnancy were discussed qualitatively.   

 



 25 

Protection of Human Subjects 

 

 Following IRB approval through Georgetown University, an email was sent by the 

AANA which included a cover letter and link to the survey.  The cover letter included a detailed 

explanation of the purpose of the study, inclusion criteria for participation, the researcher’s 

contact information, and the efforts taken to ensure the participant’s confidentiality.  The 

participants are invited to contact the researcher with any questions about the survey or their 

human rights.  The participants were given the opportunity to follow a link to complete the 

survey or another link to decline.  The survey deployed on February 6, 2019 and the deadline to 

submit the survey was March 6, 2019.   All the electronic data will be discarded after one year by 

the AANA and within three years by the researcher.  There are no hardcopies of the data or the 

surveys.  The results that will be sent to the researcher had no identifiable information, are 

password protected, and accessible only by the researchers.  The researchers have completed the 

Collaborative Institutional Training Initiative (CITI) course on human rights (Appendix D). 
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CHAPTER 4 

 

Findings 

 

 This chapter will summarize the results of the distributed survey.  The demographics of 

the survey respondents will be presented as well as the results of the survey questions.   

 

Sample 

 

Email invites went out to 2,861 AANA members.  During the 4 weeks the survey was 

available, it had 240 visits with 10 surveys partially filled out and 230 complete.  The number of 

completed surveys make the response rate 8%.  The partially filled surveys were excluded from 

all analysis by removing the 10 surveys with no answer to question number 6, “To your 

knowledge, does your facility have policies regarding safe practice for anesthesia providers 

while pregnant?” and question number 7, “Do you or your colleagues need more education 

regarding the occupational hazards of providing anesthesia during pregnancy?” 

 Demographic characteristics are presented in Table 1. Of the respondents, 182 were 

female (79.13%) and 48 were male (20.90%).  This is inconsistent with the overall demographics 

on CRNAs in the United States.  According to Data USA, 62.9% of CRNAs in the United States 

are female, with 37.1% being male.63   Of the survey respondents, 15 people (6.25%) preferred 

not to state their age; of the 225 people who did state their age, the mean respondent age was 41 

with a standard deviation of 11 years.  The mean age for men was 48 with a standard deviation of 

12.3 and the mean age for women was 39.4 with a standard deviation of 9.8 years.  The average 
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age of subjects was significantly different between genders (p<0.01).  For years of experience, 

70 (30.4%) respondents had less than 5 years, 70 (30.4%) respondents had 5-10 years, 47 

(20.4%) had 11-20 years, 24 (10.5%) had 21-31 years, and 19 (8.3%) respondents had 31 or 

more years of experience as a CRNA.  The years of experience between males and females was 

significantly different (p<0.01) and can be seen in Table 2.  The regional demographic 

differences between men and women was insignificant, of the men 22 (45.8%) were from the 

South and of the women, the largest portion, 52 (28.6%) were from the Midwest. 

 
Table 2.  Demographics of survey respondents (n = 240).  P value represents the significance of the 

difference between genders. 

 Men % (n = 48) Women (n = 182) P Value 
Age 
     Mean (SD) 
     Median (min-max) 

 
48.0 (12.3) 
36 (29-73) 

 
39.4 (9.8) 
36 (27-73) 

 
p < 0.01 

Years of Experience  
     <5 
     5-10 
     11-20 
     21-30 
     31+ 

 
20.8% 
20.8 
18.8 
20.8 
18.8 

 
33.0% 
33.0 
20.9 
7.6 
5.5 

 
p < 0.01 

 

Type of practice 
     Teaching  
     Non-Teaching 
     Military 
     Office Based 
     Surgery Center 
     Not practicing 

 
39.6% 
47.9 

0 
6.2 
2.1 
4.2 

 
57.7% 
29.7 
1.1 
2.2 
8.2 
1.1 

 
p = 0.23 

Region 
     Northeast 
     South 
     Midwest 
     West 
     Missing data 

 
10.4% 
45.8 
29.2 
12.5 
2.1 

 
16.5% 
41.2 
28.6 
13.2 
0.5 

 
P=0.22 

Pregnant as a CRNA? 
     Yes 
     No 

 
N/A 
N/A 

 
127 (69.78%) 
55 (30.2%) 
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Prevalent Concerns 

 

The first research question that this project addressed was “What are the perceptions of 

Certified Registered Nurse Anesthetists regarding the perioperative occupational hazards during 

pregnancy?”  Respondents were first asked to select all the risks they consider hazardous.    

Respondents were able to select as many hazards that they felt applied. The null hypothesis was 

that CRNAs do not consider these potential hazards to be risks to CRNA pregnancies.   There 

were two respondents who did not consider any of the listed hazards as being potentially 

dangerous to an expectant CRNA or her fetus.  Of the total respondents, 94.3% considered 

ionizing radiation to be hazardous.   The other risks addressed were considered hazards as 

follows: WAGs (84.3%), methyl-methacrylate (81.7%), antineoplastic agents (67.4%), infection 

(56.5%), physically demanding work (48.7%), and noise (6.9%). The results are shown in 

Figure 1.  

 

Figure 1. Percent of CRNAs surveyed that consider each risk a hazard. 
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Table 3. What occupational hazards CRNAs consider potentially dangerous to an expectant CRNA 
or her fetus. n (% of total responses). P values reflect the difference in responses between genders. 

 Female (n = 182) Men (n = 48) P Value 
Gas 
     Yes 
     No 

 
152 (83.53%) 
30 (16.48%) 

 
42 (87.5%) 
6 (12.5%) 

 
p = 0.65 

Ionizing Radiation 
     Yes 
     No 

 
175 (96.15%) 

7 (3.85%) 

 
42 (87.5%) 
6 (12.5%) 

 
p = 0.05 

Methyl-methacrylate 
     Yes 
     No 

 
155 (85.14%) 
27 (14.84%) 

 
33 (68.76%) 
15 (31.25%) 

 
p = 0.016 

Antineoplastic Agents 
     Yes 
     No 

 
131 (71.99%) 
57 (28.02%) 

 
24 (50%) 
24 (50%) 

 
p = 0.01 

Infection 
     Yes 
     No 

 
111 (60.99%) 
71 (39.01%) 

 
19 (39.58%) 
29 (60.42%) 

 
p = 0.01 

Physically Demanding Work 
     Yes 
     No 

 
91 (50%) 
91 (50%) 

 
21 (43.75%) 
27 (56.25%) 

 
p = 0.54 

Noise 
     Yes 
     No 

 
11 (6.04%) 

171 (93.96%) 

 
5 (10.42%) 
43 (89.58%) 

 
p = 0.46 

 

Additionally, the respondents were asked how serious they perceive each risk to be.  This 

question was asked using a Likert scale.  The selection options were: not a risk (1), somewhat of 

a risk (2), moderate risk (3), or severe risk (4).  Not all respondents selected an answer for each 

risk.   

Ionizing Radiation was ranked the highest risk by the CRNAs with an average of 3.22.  

Noise was ranked the lowest with an average of 1.39.  The results are as follows in Table 4.   
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Table 4. How much of a risk CRNAs consider these potential hazards to an expectant CRNA or her 
fetus. n (% of total responses) 

 Not a Risk 
(1) 

Somewhat 
of a Risk 
(2) 

Moderate 
Risk (3) 

Severe 
Risk (4) 

n Average 

WAGs 12 (5.19) 90 (38.96) 91 (39.39) 38 (16.45) 231 2.67 
Ionizing 
Radiation 

5 (2.16) 37 (16.02) 91 (39.39) 98 (42.42) 231 3.22 

Methyl-
methacrylate 

16 (6.96) 37 (16.09) 92 (40.0) 85 (36.96) 230 3.07 

Antineoplastic 
agents 

14 (6.19) 49 (21.68) 69 (30.53) 94 (41.59) 226 3.08 

Infection 29 (12.89) 96 (42.67) 70 (31.11) 30 (13.33) 225 2.45 
Physically 
demanding 
work 

52 (22.51) 105 
(45.45) 

60 (25.97) 14 (6.06) 231 2.16 

Noise 157 
(68.56) 

61 (26.64) 5 (2.18) 6 (2.62) 229 1.39 

 

 

Strategies to Minimize Hazard 

 

 The second research question asked, “What strategies, if any, are used to minimize the 

risk of perioperative occupational hazards for pregnant CRNAs?” The null hypothesis was that 

CRNAs did not use any strategies or make changes to their practice to reduce the occupational 

hazards of providing anesthesia while pregnant.  Of the respondents, 61% of CRNAs confirmed 

they altered their anesthetic technique while pregnant.  

Each risk was addressed in this survey with a multiple-choice question that offered 

expected changes CRNAs may make to their practice. The respondents had the opportunity to 

select that they made no changes or to select “other” and write in specifically what they did.  

They were able to select as many options they felt applied.  Concerning anesthetic gases, 75.95% 

responded that they avoided certain anesthetic gases, such as Nitrous Oxide, but still used other 
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anesthetic gases, 59.49% avoided providing mask anesthesia with anesthetic gases but felt 

comfortable administering the gas through an endotracheal tube or a laryngeal mask airway.  

Only 8.86% used total intravenous anesthetic (TIVA) more frequently to reduce exposure to 

WAGs and 5.06% of CRNAs did not make any changes to minimize exposure to anesthetic 

gases.  

 To minimize the risk of ionizing radiation, 85.9% of CRNAs stated they wore more 

protective lead or stood behind additional barriers by comparison to what their practice is when 

not pregnant; 83.33% said they avoided certain cases to decrease the risk, while only 2.56% said 

they made no changes to their practice to minimize the risk of ionizing radiation. 

 In an effort to minimize the risk of exposure to methyl-methacrylate, 88.46% of CRNAs 

surveyed said they avoided certain cases while only 7.69% wore an alternative mask, such as an 

N95 to reduce exposure.  Two respondents stated that they wore a non-rebreathing mask with 

high oxygen concentration over their surgical mask while the cement was being mixed and 

applied.   

 Regarding exposure to antineoplastic agents, 58.97% stated that they avoided certain 

cases to decrease the risk of antineoplastic agents while 17.95% made more of an effort to follow 

the standard protocol than they normally do when they are not pregnant.  This standard protocol 

refers to wearing double gloves, a gown, and an eye shield when handling the antineoplastic 

agent or any affected bodily fluid.  To minimize the risk of infection 61.54% said they increased 

their vigilance in following universal precautions and their institutions infection control policies 

while 44.87% avoided certain cases to reduce the risk of infection. 

 In order to minimize the risk to a pregnancy caused by a physically demanding workload, 

53.85% or respondents said they asked for assistance more frequently when required to lift a 
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patient or push a stretcher.  Only 5.13% avoided certain cases to reduce the physical demands 

while 47.44% said they made no changes to their practice.  Most of the survey takers, 96.15%, 

made no changes to their practice to decrease the risk of noise to their fetus.  Only one 

respondent (1.28%) requested a quieter atmosphere from her colleagues and two respondents 

(2.56%) avoided certain cases to decrease exposure to loud noise.  

Table 5. How did you alter your practice to reduce occupational hazards while pregnant? 

 N (%) 
WAGs 
Avoided certain anesthetic gases, such as nitrous oxide, but still used other 
anesthetic gases 

60 (75.95) 

Avoided mask anesthesia but administered anesthesia through an ETT or 
LMA 

47 (59.49) 

Used TIVA more often 7 (8.86) 
Made no changes to practice 4 (5.06) 
Ionizing radiation 
Wore more protective lead or stood behind additional barriers. 67 (85.9) 
Avoided certain cases 65 (83.33) 
Made no changes to practice 2 (2.56) 
Methyl-methacrylate 
Wore an alternative mask (N95) or personal protective helmet system. 6 (7.69) 
Avoided certain cases 69 (88.46) 
Made no changes to practice 1 (1.28) 
Antineoplastic agents 
Made more of an effort to follow standard protocol 14 (17.95) 
Avoided certain cases 46 (58.97) 
Made no changes to practice 14 (17.95) 
Infection 
Increased vigilance in following universal precautions 48 (61.54) 
Avoided certain cases 35 (44.87) 
Made no changes to practice 14 (17.95) 
Physically demanding workload 
Asked for assistance more frequently when required to lift patient or push a 
stretcher 

42 (53.85) 

Avoided certain cases 4 (5.13) 
Made no changes to practice 37 (47.44) 
Noise 
Asked my colleagues to maintain a quieter atmosphere more frequently 1 (1.28%) 
Avoided certain cases 2 (2.56) 
Made no changes to my practice 75 (96.15) 
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Policy and Educational Needs 

 

The results for CRNA’s knowledge about their facility having policies regarding safe 

practice for anesthesia providers while pregnant is seen in Table 6.  Of the females, 22 (12.1%) 

stated their facility has policies, 92 (50.55%) stated their facility does not have policies, and 68 

(35.36%) stated they are unaware of policies regarding safe practice for anesthesia providers 

while pregnant.  Of the males, 10 respondents (20.83%) stated their facility has policies, 16 

(33.33%) stated their facility does not have policies, and 22 (45.83%) stated they were unaware 

of any policies at their facility.  No significance in responses between genders was found using 

the Kruskal Wallis Chi Square test (p = 0.07).   

Table 6.  Do facilities have policies regarding safe practice for anesthesia providers while pregnant? 

 Yes, there are policies No, there are not policies Unaware of policies 
Female (n = 182) 22 (12.1%) 92 (50.55%) 68 (35.36%) 

Male (n = 48) 10 (20.83%) 16 (33.33%) 22 (45.83%) 
  

There were 127 (69.80%) female respondents who answered that they or their colleagues 

need more education regarding the occupational hazards of providing anesthesia during 

pregnancy (Table 6). Out of the male respondents, 27 (56.25%) felt that more education was 

needed. No significant difference in responses was found between genders using the Kruskal 

Wallis chi square test (p = 0.11). 

Table 7. Do you or your colleagues need more education regarding the occupational 
hazards of providing anesthesia during pregnancy? 

 Yes, I need more education No, I do not need more education 
Female (n = 182) 127 (69.80%) 55 (30.22%) 

Male (n = 48) 29 (56.25%) 21 (43.75%) 
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Workplace Accommodations 

   

Of the 182 female respondents, 127 (69.78%) have been pregnant while working full 

time as a CRNA.  Most of these women (113, 89%) did not decrease the hours they worked 

during their pregnancy due to their concern for the occupational hazards they encounter at work. 

When asked if the CRNAs were satisfied with the accommodations they received from their 

workplace while pregnant, 13 (10.16%) were unsatisfied, 44 (34.38%) were moderately satisfied, 

40 (31.25%) were satisfied and 31 (24.22%) were very satisfied as shown in Figure 1. 

 
Figure 2. How satisfied CRNAs who had been pregnant as a full time CRNA were with the level of 

accommodations from their workplace during pregnancy. 
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CHAPTER 5 

 

Discussion 

  

 Since the 1960’s, there has been research indicating there are various occupational risks 

to pregnant anesthesia providers.  The relevance of many of these identified risks has evolved 

over time based on advances in engineering and technology. In addition, our understanding of 

many of these occupational risks is based on inconclusive evidence and research with significant 

methodological limitations. This study sought to answer two research questions about these 

risks: (1) what are the perceptions of Certified Registered Nurse Anesthetists regarding the 

perioperative occupational hazards during pregnancy? and (2) what strategies, if any, are used to 

minimize the risk of perioperative occupational hazards for pregnant CRNAs? Understanding 

how the known risks are perceived by CRNAs will help to establish if the perceived occupational 

risks during pregnancy are consistent with the evidence of risk and if further education and 

institutional policies are warranted.  Also, because our understanding of many of the 

occupational risks to CRNAs during pregnancy is incomplete, an understanding of what CRNAs 

perceive to be most problematic may help determine research priorities in this field.  

The results of this study were somewhat mixed; for example, the perceived occupational 

risks associated with waste anesthetic gases (WAGs) and ionizing radiation aligned with the 

actual risk, while the perception of risk regarding methyl-methacrylate may be excessive in light 

of the evidence, and the occupational risk associated with loud noise appeared underappreciated.   

In the following sections we will discuss the major occupational risks studied and the 

implications of our results.  
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Occupational Hazards: How They Are Perceived and Minimized 

 

Many studies over the years have indicated that exposure to WAGs can cause adverse 

birth defects.1,15,18 Today, there are systems in place to reduce the concentration of WAGs that 

CRNAs are exposed to.  Even with modern strategies to reduce exposure, such as scavenging 

systems and hospital ventilation, a retrospective survey of 824 pediatric anesthetists in 2003 

reported an increased incidence of adverse birth outcomes.18   Pediatric mask inductions are 

associated with higher concentrations of WAGs in the operating room, but the overall time-

weighted exposure remains under the limits recommended by NIOSH.16,18,19  It remains unclear 

if time-weighted or total exposure is more reflective of risk than brief high concentration 

exposures associated with pediatric inhalation induction.  In the current study, the level of 

concern reported by the CRNA respondents regarding WAGs was proportional to the risk of 

exposure.  For example, 84% of female respondents and 87% of male respondents considered 

this exposure hazardous, and when asked to quantify the level of risk of WAG to an expectant 

CRNA or her fetus, the average response was 2.67, which falls between “somewhat of a risk” (2) 

and “moderate risk” (3).  Furthermore, 96% of respondents with a history of pregnancy during 

their CRNA career reported that they altered their practice, with 76% avoiding specific 

anesthetic agents, 59% avoiding inhalation inductions, and 7% avoiding inhalation anesthetics by 

providing TIVA more often.  This perception of WAG as an occupational risk during pregnancy 

and the behaviors aimed at risk reduction are consistent with the current state of the science.  

Furthermore, based on the high number of CRNAs altering their practice in response to this 

concern and reports of increased adverse outcomes in pediatric anesthetists, further research in 

this area is warranted.  Important research questions include 1) are adverse birth outcomes 
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associated with WAG exposure typical in an operating room equipped with modern scavenging 

systems? 2) what is the risk of brief high concentration volatile anesthetic exposure during 

pediatric inhalational induction?  

The results of this research will help determine if the current NIOSH recommendations 

for exposure are appropriate.  The current recommendations are based on a 1974 study by Bruce 

et al which exposed 40 participants to 500 ppm nitrous oxide with or without 15 ppm of 

halothane for 4 hours before testing cognitive and motor function.  The authors found a 

statistically significant decrease in both cognitive and motor function at these levels of 

exposure.64  The study was later redacted due to sampling bias.65   Furthermore, the NIOSH 

recommendations were not based on studies that investigated adverse health effects or risks to 

pregnant providers. 

 Ionizing radiation has been shown to cause adverse birth outcomes when a woman is 

exposed occupationally during pregnancy.2  However, it has also been noted that the amount of 

exposure an anesthetist encounters in the workplace is likely below the recommended limits.26  

In this study, IR was considered the highest concern among the CRNAs surveyed with 96.15% 

of females and 87.5% of males considering it hazardous. The average IR risk quantified by 

respondents using a Likert scale was 3.22 which is between “moderate risk” (3) and “severe risk” 

(4).  Much of the literature indicates that with the appropriate precautions, the CRNA will remain 

under the maximum allowable safe exposure limit.26,27,29  This study found that 85.90% of the 

respondents wear more protective lead or use additional barriers while pregnant compared to 

their normal practice when not pregnant.  Additionally, 83.33% stated that they avoided certain 

cases to decrease the risk while only 2.56% said they made no changes to their practice.  

Although the proper protective equipment can keep the provider and her fetus safe from radiation 
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exposure, it is important to consider the physical load of wearing thick lead during pregnancy, 

which often weighs ten pounds or more.27,29  At this time, we are unaware of any research that 

has addressed the consequences of wearing lead during pregnancy on ergonomics or spinal and 

orthopedic health.  Also, assessing how the facilities monitor and maintain protective equipment 

such as lead and other barriers could identify unknown problems that could be dangerous to all 

providers.  

 Studies have shown that exposure to extremely high concentrations of methyl-

methacrylate during pregnancy is associated with adverse birth outcomes in animals.  Nicholas et 

al. exposed pregnant rats to high inhalational doses (>1000 ppm) with results significant for fetal 

toxicity and growth retardation.30  Another study exposed pregnant rats to concentrations of 

1,330 ppm of methyl-methacrylate and compared the rats to a control group and found the only 

difference between the groups was the exposed group had increased fetal weight.3  However, the 

concentrations required to cause these adverse birth outcomes are not likely to be achieved in the 

OR, as noted by Darre et al. who measured the levels of methyl-methacrylate to be between 50-

100 ppm where the surgeon stands.3,31  Even so, this study indicated that many CRNAs perceive 

exposure to be hazardous and ranked it the third highest concern with an average of 3.07 on the 

Likert scale which falls between moderate risk (3) and severe risk (4).  Of the females, 85.14% 

consider methyl-methacrylate a risk while only 68.76% of the males do.  Many respondents 

(88.46%) tried to avoid cases with methyl-methacrylate while pregnant.  This indicates that 

providers are deeply concerned about the level of risk they encounter in the workplace even 

though there is a lack of evidence to validate these concerns.  Further research to confirm the 

safety of exposure to the levels of methyl-methacrylate that are commonly encountered in the 
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OR could indicate if it is necessary for CRNAs to refuse cases or seek alternative protective 

measures such as wearing an N95 mask or wearing oxygen during exposure. 

 Regarding exposure to antineoplastic agents, previous studies have contradicting results, 

with one showing increased risk of spontaneous abortion to those exposed occupationally36 and 

another concluding that the occupational exposure to antineoplastic agents was not associated 

with higher risk of spontaneous abortion or congenital anomalies.37  These risks seemed to be 

associated with more direct exposure than CRNAs would encounter, such as handling or mixing 

the antineoplastic agents.36   This study showed that 67% of CRNAs surveyed consider 

antineoplastic agents to be hazardous; 71.99% of females and 50% of males.  The respondents 

gave antineoplastic agents a 3.08 on the Likert scale used to quantify the amount of risk which 

puts it just above “moderate risk” (3) and below “severe risk” (4).  Some of the respondents 

(17.95%) stated that they made more of an effort to follow standard protocol while pregnant. 

Additionally, 58.97% avoided certain cases to reduce exposure while 17.95% made no changes 

to their practice.  It is unclear from this study if those who made no changes to their practice 

during pregnancy were merely uninterested in doing so or already followed the standard protocol 

appropriately.  Additional research is needed to determine if pregnant CRNAs caring for patients 

receiving antineoplastic agents have an increased risk of adverse outcomes.  Providers should 

continue to take all appropriate precautions, such as double gloves, a disposable gown, and a face 

shield, when handling the drugs or caring for a patient who has received them. 

 We were unable to find research indicating how many CRNAs may have acquired 

infections in the workplace while pregnant or not pregnant.  Some infections are well known to 

be passed from mother to baby and in the case of CMV, can cause adverse birth outcomes.54-57 

The average ranking for infection risk for CRNAs participating in this study was 2.45 on the 
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Likert scale between “somewhat of a risk (2) and “moderate risk” (3).  While there is limited 

research in this area, this level of concern appears consistent with the level of risk.  For example, 

studies have shown seroconversion after a needlestick injury with a needle contaminated with 

HIV positive patient blood to be as low as 0-0.3%.45-47  Additional research is warranted to 

determine how many CRNAs have encountered needlestick injuries in the workplace or acquired 

infections thought to be from the workplace.  

 Currently, research was not found to determine if the physically demanding nature of 

anesthesia care results in negative outcomes during pregnancy for anesthesia providers.  Also, 

we were not able to identify evidenced based guidelines for lifting, pushing, hours standing, or 

long workdays during pregnancy.  This study indicated that 48% of CRNAs surveyed (females 

50%, males 43.75%) perceive the physical demand of the profession to be an occupational 

hazard and quantified it at an average of 2.16 on the Likert scale between “somewhat of a 

hazard” (2) and “moderate hazard” (3).  Of the respondents, 53.85% asked for assistance more 

frequently when required to lift a patient or push a stretcher and 47.44% made no changes to 

their practice.  Because this survey covered a variety of occupational hazards, the questionnaire 

was not designed to delve into the specific reasons the CRNAs felt their work to be physically 

demanding.  Based on the lack of research in this area, it would be prudent for the pregnant 

CRNA to consult with her healthcare provider regarding physical activity recommendations and 

for her to observe ergonomic best practices including seeking assistance for lifting and 

transporting patients as appropriate.  Further research assessing the ergonomics of anesthesia 

providers during pregnancy could indicate if there are any types of cases that a pregnant provider 

should avoid as well as best practices for physical activity during anesthesia care. 
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 Several lines of evidence suggest that the noise levels in the OR can be louder than the 

maximum safe levels established by NIOSH and OSHA.7,12,59,60  Furthermore, a large population 

based cohort study in Sweden found that mothers exposed to high occupational noise were more 

likely to have children diagnosed with hearing problems.62  Additional research is necessary to 

determine if the association between fetal exposure to noise and hearing deficits reflects a cause 

and effect relationship. Until this data becomes available, it is prudent to consider the possibility 

that noise level could impact fetal hearing, Unlike waste anesthetic gases and ionizing radiation, 

where the perception of risk was commensurate with the level of risk, the CRNAs in this survey 

did not report an appreciation for the potential risk from noise exposure.  This study found noise 

to be the lowest ranked concern for the CRNAs surveyed with 6.04% of females and 10.42% of 

males considering it a risk and rated it an average of 1.39 on the Likert scale between “not a risk” 

(1) and “somewhat of a risk” (2).  Only one CRNA (1.28%) responded that they asked their 

colleagues to maintain a quieter atmosphere while they were pregnant while most others 

(96.15%) made to changes to their practice to reduce the risk of noise.  This lack of appreciation 

for the risk indicates a great need for additional research and education.  Research could include: 

rigorous investigation of noise levels encountered in the OR, determination of the incidence of 

hearing problems in children whose mothers worked as CRNAs during their pregnancy, and 

research to determine effective methods to protect the fetus from noise exposure.  Education that 

could help prevent injury includes: educating providers regarding the risk of noise to their fetus, 

education to all providers regarding the occupational hazard of noise in the OR, and education to 

all providers regarding methods of how to mitigate the risk of occupational noise in the OR. 
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Facility Policies and Education Needs 

 

According to this study, only 12.1% of female providers and 20.8% of male providers 

were aware of policies to protect pregnant CRNAs at their primary place of employment.  

Workplace policies may promote consistency in CRNA work assignments during pregnancy, 

limit harmful exposures to pregnant CRNAs, and help administrators anticipate conflicts that 

could lead to disruptions in anesthesia staffing in the operating room.  However, additional 

research is needed to determine the real-world impact of such policies. In addition to policies, 

providing education to all CRNAs could help improve awareness among colleagues and assist 

decision-making around anesthesia assignments for pregnant CRNAs.  Of the females who 

participated in this study, 69.8% stated they need more education compared with 56.25% of male 

participants.   

 

Workplace Accommodations 

 

This study determined that 10.6% of CRNAs surveyed were unsatisfied by the 

accommodations that were made by their workplace in order to increase occupational safety 

while pregnant. This, along with the fact that 34.38% were only moderately satisfied with the 

accommodations made by their facility indicates that there is room for improvement. 

Unfortunately, this study did not investigate what CRNAs felt the shortcomings were or where 

improvements could be made.  Further research should be designed to focus on these aspects and 

the reasons for the lack of accommodation. For example, it may be possible to improve 
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satisfaction levels by improving education and creating policies to protect the pregnant CRNA 

and her fetus.   

 

Secondary Analysis: The Impact of Gender 

 

More females participated in this study (79.13%) when compared to the percentage of 

females in the profession (62.9%).63  Likely this is because they are most directly affected by the 

issues addressed.  The women were statistically more concerned with ionizing radiation 

(p=0.05), methyl-methacrylate (p= 0.016), antineoplastic agents (p=0.01), and infection (p=0.01) 

than their male colleagues.  Additionally, the women were more likely to want additional 

education regarding the topic.  The mean age of the female respondents was 39.4 (+/- 9.8), which 

indicates that many of the women who participated are of child-bearing age.  These differences 

between genders should be validated with further research.  Furthermore, hospital administrators 

and anesthesia groups should be aware of the potential differences in levels of concern between 

genders as they make policies and educational material related to occupational health during 

pregnancy. 

 

Limitations 

 

 The first limitation of this study was the sample size.  The goal of 381 surveys for a 95% 

confidence level was not achieved as only 230 surveys were completed.  The response rate was 

8% of the 2,861 AANA members who received the survey, which is similar to other surveys as 

the AANA has a typical response rate of 5-7% for the surveys they send out.  Although the 



 44 

survey was sent randomly to members of the AANA, surveys inherently have a selection bias.  

Those who participated may have chosen to do so based on personal experience, and others may 

have declined due to the sensitive nature of the topic.  Of the total respondents, 79.13% were 

female and 20.9% were male which is inconsistent with the overall demographics of CRNAs in 

the United states.  According to Data USA, 62.9% of CRNAs in the United States are female 

while 37.1% are male.63  

 When looking at how CRNAs perceive the various risks, this question was asked on a 

Likert scale.  The fact that not all respondents answered this question for each risk indicates that 

some may have left it blank if they perceived it to be no risk.  This could falsely skew the results 

to make the average for those questions higher than it would have been had they selected “Not a 

risk.” 

 This survey addressed many different hazards that could be dangerous during pregnancy.  

In an effort to keep the survey questionnaire short to increase the number of completed surveys, 

each hazard was only given one or two questions.  With so few questions, this survey was unable 

to cover every possible hazard and did not do have the capacity to explore the nuances of the 

CRNAs perceptions of the hazards covered. 

 

Conclusion 

 

This study aimed to determine how CRNAs perceive the occupational hazards 

encountered while providing anesthesia while pregnant.  Their perceptions regarding WAGs and 

ionizing radiation, was congruent with the amount of actual risk indicated by the literature.  This 

study found that there was a higher perceived risk regarding methyl-methacrylate than is 
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demonstrated in the literature while the perceived risk of noise is far lower than the research 

supports.   

This study also strived to assess how CRNAs minimize the risks they encounter during 

pregnancy.   Due to the multiple-choice nature of these questions, the responses were mostly 

limited to the options included.  Most notable was that many CRNAs avoid cases with exposure 

to WAGs, ionizing radiation, methyl-methacrylate, and infection while very few made any 

adjustments to their practice regarding noise.   

It is important that the level of concern among CRNAs correlates to the actual level of 

risk in order to avoid unnecessarily limiting the scope of a CRNAs practice during pregnancy or 

exposing the CRNA or her fetus to anything harmful.  Implementation of clear policies reflecting 

the best available evidence has the potential to streamline patient care and protect the health of 

pregnant anesthetists.  In addition, more concise and accurate educational materials may help 

pregnant CRNAs and their colleagues when assigning the pregnant CRNA to limit any danger 

and avoid disruption in the flow of the OR schedule, which ultimately may improve efficiency.   

Many different stakeholders can use the information provided here to protect themselves and the 

people they work with, maintain scope of practice, improve efficiency of care, and most 

importantly to design future research. 
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APPENDIX A 

 
Source for Raosoft Power Analysis Calculation 
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APPENDIX B 

 
Occupational Hazards During Pregnancy Assessment Tool 

 
This is a research tool to explore CRNAs perceptions of occupational hazards to themselves 
and/or their colleagues during pregnancy.  Please select the best answer for each question. Your 
information will remain anonymous. Thank you for taking the time to participate in this research. 
 
Demographics 
 

1. What is your age? 
a. ______ 
b. Prefer not to say 

 
2. What is your gender? 

a. Male 
b. Female 
c. Prefer not to say 

 
3. How many years of experience do you have as a CRNA? 

a. Less than 5 years of experience 
b. 5-10 years of experience 
c. 11-20 years of experience 
d. 21-30 years of experience 
e. 31+ years of experience 

 
4. Which best describes your current PRIMARY CLINICAL practice setting? 

a. Teaching hospital in urban or suburban setting 
b. Teaching hospital in rural setting 
c. Non-Teaching hospital in urban or suburban setting 
d. Non-Teaching hospital in rural setting 
e. Military Facility 
f. Office-based practice  
g. Surgery center 
h. I do not currently practice clinically  

 
 

5. In what state do you practice? 
a. Drop down selection of all states. 

 
Perception of occupational hazards during pregnancy 
 

6. To your knowledge, does your facility have policies regarding safe practice for anesthesia 
providers while pregnant? 

a. Yes, there are policies for anesthesia providers  
b. No, there are no policies 
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c. I do not know if there are any policies  
 

7. Do you or your colleagues need more education regarding the occupational hazards of 
providing anesthesia during pregnancy? 

a. Yes 
b. No 

 
8. How have concerns for occupational hazard exposures, during the pregnancy of a female 

CRNA colleague or yourself, impacted your practice? 
a. No noticeable change 
b. Rare redistribution of specific tasks to non-pregnant group members 
c. Occasional redistribution of specific tasks to non-pregnant group members 
d. Frequent redistribution of specific tasks to non-pregnant group members 

 
9. When asked to accommodate a CRNA colleague due to a pregnancy-related occupational 

hazard, have you considered this a burden? 
a. Never 
b. Rarely 
c. Sometimes 
d. Often 
e. Always 

 
10. What occupational hazards do you consider potentially dangerous to an expectant CRNA 

or her unborn baby? (Select all that apply) 
a. Waste anesthetic gas 
b. Ionizing radiation 
c. Methyl-methacrylate 
d. Antineoplastic agents 
e. Infection 
f. Physically demanding work 
g. Noise 
h. Other: __________ 

 
11. How much of a risk do you consider the following occupational hazards to be for an 

expectant CRNA or her unborn baby? 
 

a. Waste Anesthetic Gases:   
Not a risk Somewhat of a risk Moderate risk    Severe risk 
  

b. Ionizing radiation: 
Not a risk Somewhat of a risk Moderate risk    Severe risk 
 

c. Methyl-methacrylate: 
Not a risk Somewhat of a risk Moderate risk    Severe risk 
 

d. Antineoplastic agents: 
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Not a risk Somewhat of a risk Moderate risk    Severe risk 
 

e. Infection: 
Not a risk Somewhat of a risk Moderate risk    Severe risk 
 

f. Physically demanding work: 
Not a risk Somewhat of a risk Moderate risk    Severe risk 
 

g. Noise: 
Not a risk Somewhat of a risk Moderate risk    Severe risk 

  
 

12. Have you ever been pregnant while working full time as a CRNA? If yes, answer 
questions 13-25, if no, you have completed the survey, please submit now. 

a. Yes 
b. No 

 
13. How many pregnancies have you had? 

 
a. 1 
b. 2 
c. 3 
d. 4 
e. >4 

 
14. If you have had more than one pregnancy, did your concern for the occupational hazards 

of providing anesthesia change with subsequent pregnancies? 
a. Yes, I became more concerned with the occupational hazards. 
b. Yes, I became less concerned with the occupational hazards. 
c. No, my level of concern did not change. 
d. I have only had one pregnancy  
 

 
15. Has your concern regarding the occupational hazards of providing anesthesia during 

pregnancy ever led you to decrease your work hours? 
a. Yes 
b. No 

 
16. How satisfied were you with the level of accommodations you received from your 

workplace during your pregnancy? 
a. Not satisfied 
b. Moderately satisfied 
c. Satisfied 
d. Very satisfied 

17. Did you alter your practice or anesthetic technique while pregnant?  If yes, please 
answer questions 18-25. If no, you have completed the survey, please submit now. 
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a. Yes 
b. No 

 
Minimizing Risk:  If you answered yes to question 17, please continue with the survey to 
answer questions 18-25. Choose all that apply 
 
 

18. How did you alter your anesthetic technique to minimize the risk of waste anesthetic 
gases?  

a. I avoided certain anesthetic gases, such as Nitrous Oxide, but still used other 
anesthetic gases 

b. I avoided providing mask anesthesia with anesthetic gases, but felt comfortable 
administering anesthesia through an endotracheal tube or laryngeal mask airway.  

c. I used a total intravenous anesthetic technique (TIVA) more often to decrease 
exposure to waste anesthetic gases. 

d. I avoided certain cases to decrease exposure to anesthetic gases. 
e. I made no changes to my anesthetic technique to minimize exposure to waste 

anesthetic gases. 
f. Other: _________ 

 
19. How did you alter your practice to minimize the risk of ionizing radiation? 

a. I wore more protective lead or stood behind additional barriers compared with my 
normal practice to decrease the risk of ionizing radiation. 

b. I avoided certain cases to decrease the risk of ionizing radiation. 
c. I made no changes to my practice to decrease the risk of ionizing radiation. 
d. Other: __________ 

 
20. How did you alter your practice to minimize the risk of methyl-methacrylate? 

a. I wore an alternative mask, such as an N95 mask or a personal protective helmet 
system to decrease the risk of methyl-methacrylate exposure.  

b. I avoided certain cases to decrease the risk of methyl-methacrylate exposure.  
c. I made no changes to my practice to decrease the risk of methyl-methacrylate 

exposure.  
d. Other: __________ 

 
21. How did you alter your practice to minimize the risk of antineoplastic agents? 

a. I made more of an effort to follow standard protocol, such as wearing double 
gloves, gown, and eye shield, when handling antineoplastic agents or affected 
bodily fluids than I normally do in my practice. 

b. I avoided certain cases to decrease the risk of antineoplastic agents. 
c. I made no changes to my practice to decrease the risk of antineoplastic agents. 
d. Other: __________ 

 
22. How did you alter your practice to minimize the risk of infection? 

a. I increased my vigilance in following universal precautions and my institution’s  
infection control policies. 



 51 

b. I avoided certain cases to decrease the risk of infection 
c. I made no changes to my practice to decrease the risk of infection. 
d. Other: __________ 

 
23. How did you alter your practice to minimize the risk of a physically demanding 

workload? 
a. I asked for assistance more frequently when required to lift a patient or push a 

stretcher. 
b. I avoided certain cases to decrease the risk of a physically demanding workload. 
c. I made no changes to my practice to decrease the risk of a physically demanding 

workload. 
d. Other: __________ 

 
24. How did you alter your practice to minimize the risk of noise? 

a. I asked my colleagues to maintain a quieter atmosphere more frequently. 
b. I avoided certain cases to decrease exposure to noise. 
c. I made no changes to my practice to decrease the risk of noise. 
d. Other: __________ 

 
25. You are welcome to make general comments regarding the potential perioperative 

occupational hazards that pregnant CRNAs are exposed to and/or your experiences with 
formal institutional policies and/or informal standard practices.  Thank you for 
completing this survey. 

 
______________________________________________________________________________
______________________________________________________________________________
_____________________________________________________________________________. 
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APPENDIX C 

 
Consent Letter 

 

You are invited to participate in a research study titled “Certified Registered Nurse 
Anesthetists’ perceptions of perioperative occupational hazards during pregnancy and strategies 
to minimize risk”. This study is being conducted by Margaret McDonell, RN, SRNA at 
Georgetown University to understand the perceptions CRNAs have regarding the occupational 
hazards present when providing anesthesia while pregnant and the strategies, if any, used to 
minimize the risks.  
Participation in this study is entirely voluntary at all times. You can choose not to participate at 
all or to leave the study at any time. Regardless of your decision, there will be no effect on your 
relationship with the researcher or any other consequences.  
You are being asked to take part in this study because you are an active certified or re-certified 
member of the AANA.  
If you agree to participate, you will be asked to fill out one survey about your perception of the 
different occupational hazards CRNAs are exposed to and the level of risk you perceive them to 
be during pregnancy. This survey should take around 10 minutes to complete.   

All of your responses to this survey will remain anonymous and cannot be linked to you in any 
way. No identifying information about you will be collected at any point during the study, and 
your survey will be identified only with a random number. Once you submit your completed 
survey, there will be no way to withdraw your responses from the study because the survey 
contains no identifying information. 

Study data will be kept in digital format in a secure hosting facility with both physical and 
software-based security systems.  The survey site provides SSL encryption for survey 
participants.  Access to digital data will be protected by password as well as database and 
network firewalls. Only authorized personnel from AANA in charge of the survey will have 
access to the data. 
There are no risks associated with this study. While you will not experience any direct benefits 
from participation, information collected in this study may benefit others in the future by helping 
to better understand CRNA perceptions of occupational hazards during pregnancy and assess 
need for additional education or need for implementation of facility policy and procedure.  
This study is funded by Margaret McDonell who has no financial interest in the outcome.  
Additionally, Georgetown University does not have any financial interest in the outcome.  
If you have any questions regarding the survey or this research project in general, please contact 
the principal investigator, Margaret McDonell, at (206) 245-0700 or via email at 
mdm298@georgetown.edu or her faculty advisor, Dr. Carrie Bowman-Dalley, at (202) 687-3912 
or via email at ccb23@georgetown.edu. If you have any questions about your rights as a research 
participant, please contact the Georgetown University IRB at (202) 687-1506 or 
irboard@georgetown.edu. 

mailto:mdm298@georgetown.edu
mailto:irboard@georgetown.edu
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By completing and submitting this survey, you are indicating your consent to participate in this 
study. 
 
Margaret McDonell, RN 
Student Registered Nurse Anesthetist  
Georgetown University 
206-245-0700 
mdm298@georgetown.edu 
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CITI Certificate 
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