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ABSTRACT 
 
 Varying surgical stimulation requires appropriate levels of anesthesia while preserving 

the patient’s hemodynamic stability and safety throughout the surgery. Certified Registered 

Nurse Anesthetists (CRNAs) must be able to maintain monitoring vigilance and alertness to 

anticipate both the patient and surgical needs. In order to identify the factors that maintain 

monitoring vigilance and alertness, an electronic survey was disseminated to the members of the 

American Association of Nurse Anesthetists (AANA). Two hundred fifty currently practicing 

CRNAs, both certified and re-certified participated. Results showed that focusing on patient care, 

having more than 6 hours of sleep, and providing Monitored Anesthesia Care (MAC) were 

helpful in maintaining alertness while providing anesthesia. Only 2 factors were identified as 

beneficial in maintaining monitoring vigilance: room temperature and patient medical history. In 

addition, a statistically significant relationship was found between experience and breaks ¾ 

CRNAs with more than 20 years of experience tend to agree that breaks impacted their ability to 

maintain monitoring vigilance (c2  = 11.5, p= 0.02); however, those with more than 20 years of 

experience were less likely to take a break when their vigilance was waning (c2 =8.18, p= 

0.017). This conflicting result was possibly due to the presentation of the survey question. 

Participants were not asked how breaks impacted their monitoring vigilance, rather if breaks had 

an impact on their vigilance. This merits investigation in future studies to determine the 

relationship between experience and breaks in maintaining vigilance among CRNAs. 
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CHAPTER 1. INTRODUCTION 

CRNAs keep the patients safe by remaining vigilant and alert so they can adjust 

anesthetic requirements based on the patient and surgical needs. Vigilance and alertness while 

delivering anesthesia are critical for rapid decisions so timely interventions can be performed 

should the patient status change. There are limited anesthesia related studies exploring the impact 

of vigilance and alertness on anesthesia practitioners.1-4 This project aimed to identify the factors 

that influence CRNAs’ vigilance and alertness during the delivery of anesthesia.  

Problem Statement 
 

Factors that affect vigilance and alertness in the operating room (OR) have been 

extensively studied.5-21 However, there is limited research regarding the factors that maintain 

CRNAs vigilance and alertness throughout  surgery.1-4 Identification of these factors is important 

in order to ensure patient safety through effective intervention and timely identification of 

potential complications during surgical procedures.  

Purpose of Study 
 

The purpose of this study is to explore factors related to monitoring vigilance to 

maintenance of alertness among CRNAs during surgical procedures. 

Research Questions 

Research questions that guided this study were: 

1. What are the factors related to CRNAs maintenance of monitoring vigilance?  

2. What are the factors that affect CRNAs maintenance of alertness? 
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Definitions 

The following definitions were used for the purpose of this study. 

Conceptual Definitions: 

1. Monitoring Vigilance -The ability to identify changes in the patient's physiological status, 

anesthetic needs, and surgical condition. Additionally, it is the ability to determine the 

cause of such change. 

2. Alertness - The ability to quickly perceive alarms, remain mentally and physically awake 

and remain on guard throughout the surgical case. 

3. Factors - Activities CRNAs engage in to remain alert and vigilant. 

Operational Definitions: 

1. Monitoring Vigilance- Vigilance was measured using a self-assessment questionnaire. 

Answers were measured using a Likert scale, with a score of 1 indicating "Strongly 

Agree" and 5 indicating "Strongly Disagree" with the statement. 

2. Alertness - Alertness was measured using a self-assessment questionnaire. Answers were 

measured using a Likert scale, with a score of 1 indicating "Strongly Agree" and 5 

indicating "Strongly Disagree" with the statement. 

3. Factors – A self-assessment questionnaire was used identify the factors that maintain 

vigilance during anesthesia delivery. Answers were measured using a Likert scale, with a 

score of 1 indicating "Strongly Agree" and 5 indicating "Strongly Disagree" with the 

statement. 
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CHAPTER 2. REVIEW OF LITERATURE 

This review summarizes the research related to the factors that affect monitoring 

vigilance and alertness. Currently, psychological, physical, and environmental factors that 

negatively impact monitoring vigilance and alertness have been identified in the literature and 

are discussed in this chapter.5-21 In addition, factors that maintain vigilance and alertness and 

their impact in the delivery of anesthesia are also explored.1-4  

Vigilance and Alertness 

Vigilance is the act of sustained attention over time.22 Attention is the ability to identify a 

specific detail from the environment for cognitive processing.22 Alertness, or have the ability to 

detect incoming environmental stimuli, is required to engage attention .23 Alertness also 

transitions the brain from a resting state to a state of increased stimuli receptivity.24  

Both vigilance and alertness depend on the individual’s capacity to identify and analyze 

sensory input.24 The difference in efficiency of vigilance and alertness networks make a person 

susceptible to factors that impact both.23-24 Additionally, vigilance and alertness require a certain 

degree of wakefulness and availability of mental resources to maintain a level of cognitive 

performance.25  

CRNAs providing anesthesia must constantly filter sensory input from an environment 

rich in stimuli. Some stimuli are critical while many are considered distractions and irrelevant. 

Maintaining a constant level of alertness and vigilance throughout all phases of anesthesia is 

essential in maintaining patient safety; therefore, identifying the factors that affect both are 

crucial. 
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Factors Affecting Monitoring Vigilance and Alertness 

Mental fatigue, boredom, experience, sleep deprivation, noise, and temperature and light 

are factors that have been identified by current literature to affect vigilance and alertness.5-21 

Only a handful of these studies were done in the field of anesthesia, suggesting a gap in current, 

anesthesia-specific knowledge. The non-anesthesia specific studies in this section used 

methodologies that simulated conditions similar to the perioperative environment; therefore, they 

were included to better understand the effects of these factors among CRNAs. 

Mental fatigue  

According to the cognitive resource theory, mental resources are finite in nature and 

require replenishment to sustain continuous tasks.25 The consumption of these resources for 

information processing and decision-making lead to a temporary depletion that eventually 

contributes to errors in sustained task performance.22,25 This phenomenon is called vigilance 

decrement.22  

Dual tasks and increased task workload contribute to vigilance decrement by accelerating 

the consumption of mental resources leading to impaired task performance.5-7 Situations that 

require increased task workload and dual tasks are common in the practice of anesthesia, making 

CRNAs susceptible to vigilance decrement. This is supported by one study (n=53) showing a 

higher word recall (mean=13 words) in single tasks with a faster reaction time (RT) (713 ms) 

compared to dual tasks (mean= 8 words, RT 743 ms).5  The decline in task performance among 

the volunteers with competing stimulation (dual task) is consistent with the cognitive resource 

theory, which suggests that mental resources are finite in nature and excessive use can lead to its 

depletion. 22,25 
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In the same study, dual tasks also have the highest subjective workload ratings (mean= 

66, measured out of 100) compared to single tasks including vigilance task (mean=60.11) and 

word-recall task (mean=42).5 The excessive use of mental resources while performing dual tasks 

resulted in increased perceived mental workload.5 In anesthesia practice, novice anesthesia 

providers are more susceptible to a greater impairment of task performance from increased  

mental workload and dual tasks compared to those with experience.6  

In a simulated study of resident anesthesiologists (RA, n=13) and attending 

anesthesiologists (CA, n=9), the RA group showed a steeper decline in correct answer rate 

(0.853 to 0.370) when performing dual tasks with an unexpected event compared to single tasks.6 

In this study, the single task was a basic induction (scenario A) while the dual task, scenario B, 

was a combination of scenario A and a mathematical addition.6 Scenario C was a combination of 

both scenario A and B with an unexpected arrythmia.6  The overall rate of correct mathematical 

answers affected not only the RA group but also the CA group; however, the correct answer rate 

was significantly higher in the CA group compared to the RA group (RA: 0.370 vs CA 0.736, 

p<0.01, 95% CI).6  

The decline in task performance as a result of increased mental workload and dual task 

was also observed during an airway simulation study conducted with volunteers comprised of 

paramedics, medical students, and anesthesiologists in all levels of training (n=150).7 The 

volunteers were asked to secure a mannequin’s airway using Laryngeal Mask Airway (LMA), a 

standard endotracheal tube (ETT), and video assisted ETT intubation with and without the Paced 

Auditory Serial Addition Test (PASAT).7 The PASAT consisted of a voice recording of an 

endless succession of single digits and served as a measure of attention, distraction, working 

memory, and dual-tasking.7  
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 Completion of single tasks were faster compared to completion of tasks with PASAT.7 

Despite the difference in baseline performance, the negative impact of distraction was present in 

all groups as evidenced by an increase in placement times for all three airway devices with 

PASAT: LMA 5.4 s to 7.5 s, ETT 14.1 to 21.6 s, and video assisted ETT 19.9 to 26.6 s (95% 

CI).7 Furthermore, an increase in mistakes (from 0 to 1) was found during the insertion of ETTs 

and video assisted ETTs during PASAT.7 

Although the studies mentioned above suggested the negative impact of dual task and 

increased task workload on the anesthesia provider’s performance, they were not lacking 

limitations. The first study was not related to anesthesia as it used word-recall and vigilance tasks 

to demonstrate vigilance decrement. The second study failed to mention the years of practice in 

both the RA and CA group which could affect their ability to handle emergency situations. 

Finally, the airway management simulation study used a diverse sample of medical students and 

paramedics with limited airway experience, which most likely affected the results, prolonging 

times for ETT insertion and increasing the number of LMA insertion mistakes.  

Boredom 

The presence of vigilance decrement was also observed in highly predictable and 

uneventful periods.8-9 As mentioned previously, anesthesia-related studies in this area are scarce 

and the majority of current research regarding monotony-induced decline in vigilance and 

alertness is from simulated driving tests. Nonetheless, the environment simulated in each study is 

similar to an uneventful maintenance phase of anesthesia, and this allows for comparison 

between the study results and anesthesia practice. 

In the absence of interesting and engaging tasks, vigilance decrement was observed in 

volunteers (n=25) with increased time on task and road design monotony (p<0.05).8 The 
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volunteers were exposed to 4 different driving scenarios and driver vigilance was measured 

using 3 methods: electroencephalogram (EEG) which recorded brain activity and microsleep; 

blink frequency which measured eye activity; and electrocardiogram (ECG) which tracked heart 

rate changes.8 In this study, high energy ratio periods seen on the EEG were associated with 

decreased alertness.8 Increased periods of microsleep (10 to 25%), blink frequency (0.12 to 

0.39), eyelid closure (0.05 to 0.16), and speed (0.22 to 0.27 sec.) all correlated with high energy 

periods on the EEG.8  

In another simulated driving study (n=31), listening to interesting material resulted in 

minimal variability in vehicle speed (mean= 4.44 mph) compared to boring material (mean=4.57 

mph) and no auditory material (mean=6.49 mph) (p=0.01, Cohen’s f2=0.01).9 Volunteers also 

showed increased unpredictability in lane keeping with no auditory material (M=0.16m) 

compared to both boring (M=0.11m) and interesting auditory material (M=0.10m) (p=0.001, 

f2=1.12).9 The only significant physiologic result was the lower concentration of cerebral oxygen 

while listening to interesting material (0.09) compared to boring material and no auditory 

material (0.56 and 0.59 respectively), suggesting increased brain activity and task engagement.9 

In an uneventful maintenance phase of anesthesia and during periods of low stimulation, 

monotony associated with routine can decrease task engagement and increase the possibility of 

engaging in non-patient care activities.1,4 

Experience  

As previously discussed, competing stimuli and increased mental workload can induce 

greater mental fatigue in novice providers than it does among those with experience.6 The RA 

and CA simulation study suggested that additional tasks greatly exceeded the mental capacity of 

residents compared to anesthesiologists.6 When a basic induction scenario was coupled with 
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mathematical addition and a PSVT, the RA group had a steeper decline in correct answers and 

were more likely to cancel the surgery even though the patient's blood pressure remained stable.6 

In addition, there was a significant delay in treating the PSVT among the RA group compared to 

the CA group (p=0.005).6  

Similarly, when inexperienced providers (group B, n=6, < 2-year experience) were 

exposed to 2 clinical scenarios – a normal induction sequence and an induction sequence with an 

anaphylactic shock, visual attention decreased from 19.7% to 14.1% with more time spent on 

monitoring tasks.10 On the other hand, experienced providers (group A, n=7, > 2-year 

experience) increased visual attention dedicated to manual tasks from 21.2% to 24. 9%.10 

Furthermore, group A had less variation with the administration of emergency drugs 

(epinephrine) compared group B (p<0.014).10  

Both studies reviewed here suggested that experienced providers were better able to 

handle unexpected OR events with efficient delivery of intervention and superior task 

management. However, experience does not make an anesthesia provider immune to missing 

important information.11 When 77 volunteer anesthesiologists (n=31) and medical students 

(n=46) were asked to watch a 5- minute simulated video of a bowel resection, anesthesiologists 

noticed common physiologic abnormalities such as HR, Sp02, hypotension, and low end tidal 

C02 but failed to notice head movement (p<0.01) and a leaky central line.11 This result highlights 

that experience can introduce attentional blindness in practitioners with their attention directed 

on certain areas while those with less experience may compensate by increasing vigilance and 

alertness globally depleting their mental resources faster.11 
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Sleep deprivation 

Sleep deprivation is another factor that can negatively impact alertness and vigilance.12-15 

Prolonged overnight shifts impact performance by reducing mental resources available for 

vigilance tasks.12-15 In a simulated driving study conducted after every overnight shift over a 

period of 22 shifts, anesthesiologists (n=11) and anesthesia residents (n=12) showed a significant 

increase in steering error after a disturbed night (p<0.035).12   

In another study of interns (n=137) and residents (n=87), alertness, psychomotor speed, 

and attentional lapses were significantly worse in interns the morning after a call-shift (p<0.001) 

compared to residents who worked regular shifts.13 In this study, interns averaged 6 hours of 

sleep (CI 95% 6.84-7.03 hours) over a 24-hour period.13 Higher excessive daytime sleepiness, 

longer self-reported duration of sleep and increased total errors during standardized testing 

(Wisconsin Card Sorting Test, Stanford Sleepiness Scale, Maintenance of Wakefulness Test, 

State-trait Anxiety Inventory, Symbol Sorting Test and Digit Symbol Substitution Test) were 

also observed in nurses (n=42) who worked 2 consecutive night shifts with only 24 hours of 

recovery time compared to nurses who were off duty (p<0.001).14 Further, out of the 325 CRNAs 

who worked call-shifts, 28% reported committing medical errors due to fatigue reflecting the 

attentional lapses caused by the lack of sleep.15   

Noise  

Music has become an integral part of the OR environment; however, it has also been 

reported to impair OR communication and served as a distraction to anesthesia providers.16  In a 

survey of anesthesiologists (n=200), 74% stated that music was played regularly in their 

workplace.16 Among the survey participants, 26% of the anesthetists felt that music reduced their 
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vigilance, 11.5% felt that music might distract their attention from alarms and 51% felt that 

music was distracting especially when there was a problem with the anesthetic.16 

In rooms with music playing, providers were 5 times more likely to repeat verbal 

requests, increasing frustration caused by ineffective communication.17 An observational study of 

16 laparoscopic and 7 open abdominal operations (general, upper GI, and bariatric surgeries) 

recorded request/response interaction over a 6-month period showed 69 repeated requests out of 

5,303 requests/responses in OR rooms with music playing in the background (p<0.001).17 Risk 

difference (1.4%, CI 0.008, 0.2) showed that this finding is highly unlikely to occur by chance.17 

In addition, an increased amount of time (4-8 seconds) per repeat request correlated with 

increasing frustration and tension.17  

Anesthesia residents’ (n=33) ability to detect pulse oximeter pitch changes (F=11.90, 

p<0.01) was also impacted not only with the presence of background noise (F=56.51, p<0.01) 

but also with the addition visual tasks (F=11.90, p<0.01).18 Both visual task and background 

noise had an additive effect (F=0.27, p=0.77) on the residents’ ability to detect the pitch 

changes.18 The presence of music and background noise made it difficult for providers to filter 

through important sensory input.16-18 Additional tasks led to increased mental workload resulting 

in performance decline and vigilance decrement.16-18 

Temperature and light 

Temperature changes can also worsen mental fatigue and in turn affect vigilance, 

performance, and alertness in sustained attention tasks.19-21 Volunteers (n=44) exposed to cold 

temperatures and induced hypothermic cold stress exhibited impaired dexterity and psychomotor 

vigilance.19 Driving safety became a concern as drivers in cold conditions increasingly pressed 

the brake pedal 20% later at stop signs and during the car-following task.19 In addition, cold 
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condition volunteers also followed the lead car 22% closer and gave less than 3 seconds of 

headway from the lead vehicle (M=2.98 s of headway, SD=0.80) compared to the room 

temperature drivers (M=3.80 s of headway, SD=1.64, p=0.040).19  

Volunteers in cold conditions also rated themselves as significantly colder (M=7.50, 

SD=0.51) and more uncomfortable compared to the volunteers in thermal neutral conditions 

(M=5.00, SD =1.34, p<0.001).19 Similarly, male volunteers (n=20) exposed in hyperthermic 

(50°C) conditions also showed a decline in RT during a PVT and an increase in subjective 

fatigue scores post heat exposure (F (3,32)=9.23 p=0.00).20 Participants’ physiological 

parameters did not show any changes in normothermic conditions (21°C) while HR increased 

(from 70.8±9.3 to 92.1±10.2), BP decreased (from 126.8±7.9/76.2±4.5mmHg to 

107.6±8.2/70.7±5 mmHg), and core temperature increased (from 37.2C±0.21C to 38.4±0.22C) at 

the end of hyperthemic exposure.20  

The effects of light intensity and temperature on vigilance and alertness only suggested 

increased sleepiness in warm temperature (32°C).21 When volunteers (n=19) were exposed to 

dim light (5 lux) and bright light (1200 lux) under 3 different ambient temperatures: cool at 

26°C, thermo-neutral at 29°C, and warm at 32°C, dim light exposure in warm temperature was 

associated with increased subjective sleepiness (p=0.038) and slower RT.21 Meanwhile cool 

temperature (26°C) exposure was associated with reduced subjective sleepiness regardless of the 

lighting condition.21 OR temperature for most surgeries are maintained between 20-23°C.26 

Results of these studies suggest that minimal sleepiness should occur in cooler temperatures 

(26°C) regardless of lighting conditions while warm temperature (32°C) with dim lighting and 

extremes in temperature start to impair vigilance and alertness as a result of blood redistribution 

in the areas of the brain that maintain homeostatic functions.20-21 
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Factors Maintaining Monitoring Vigilance and Alertness 

There have been numerous studies done regarding the factors that affect alertness and 

vigilance5-21 however, there is limited literature on activities that enhance and maintain both.1-4  

In the context of anesthesia, reading, breaks and use of  internet and PDA’s have been identified 

as factors that maintain vigilance.1-4 There were no research studies evaluating the effects of the 

patient’s medical history and the different types of anesthetics on provider vigilance and 

alertness;27-34 however, improved patient outcomes on selected anesthesia techniques and the 

possibility of an intraoperative emergency from co-morbidities may indirectly contribute to an 

anesthesia providers’ intraoperative alertness and vigilance. 

Reading 

An observational study of anesthesia providers’ (residents, CRNAs and anesthesiologists) 

behavior revealed that reading kept them from other distracting activities such as conversing 

with others and other manual tasks.1 The data was collected from 172 daytime OR cases lasting 

less than 6 hours with patient American Society of Anesthesiologists (ASA) status of 3 or less.1 

Observers evaluated a total of 60 reading cases and 112 non-reading cases; neither the observers 

nor the subjects were aware that reading was the target activity being studied.1 

 Results showed that the most commonly read materials were the current patient and the 

next patient’s chart.1 Most reading also occurred during the maintenance phase and during times 

of low workload.1 The reading group spent significantly less time performing manual tasks such 

as patient-related activities and social interactions (p<0.01).1 There was no significant difference 

in clinician RT to the light illumination task between the reading and non-reading group 

suggesting that reading may not affect intraoperative vigilance.1  
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Breaks 

Increased time on task, whether cognitively demanding or monotonous, has been shown 

to decrease task performance.5-9 Breaks interspersed between mentally demanding tasks showed 

improved performance on primary task in volunteers (n=160) who had a break either in the form 

of a car task or a full rest.2  Those who received a break was also observed to have a faster RT 

(RT 550 ms baseline vs 660 ms post break) when returning to finish the primary task compared 

to those who did not.2  

Volunteers who were assigned the car task as a form of break showed a significant 

decline in their ability to maintain the car in the center lane (p<0.02).2 The authors suggested that 

volunteers may have been treating the car task as a mental break, and therefore exerted little 

effort in this task.2 Increased time spent on the primary task without a break resulted in higher 

subjective ratings of mind wandering, boredom and decreased motivation.2 

A similar study used either a test of working memory (dot pattern recognition or word-

recall) or a rest break while performing a vigilance task to measure the effect of interruptions in 

continuous tasks.3 Results showed that volunteers’ (n=140) post-interruption performance was 

best after rest (mean difference=0.060) and worse in continuous vigilance task (mean difference -

0.057) without rest, suggesting that increased time on task without breaks results in a greater 

performance decline.3 Memory performance was also better at recalling recent words 

(mean=0.928)  in the word-recall format (M=0.869) compared to the dot pattern recognition 

(M=0.841) and recalling words after 3 turns have passed (mean=0.782).3 Tasks with increased 

complexity combined with the lack of breaks consumes mental resources faster eventually 

leading to vigilance decrement and decline in alertness.2-3 
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Personal electronic device (PDA) and internet  

The availability of internet and the utility of PDAs make both attractive to use in the OR, 

especially during times of lower workload.4  An observational study to examine self-initiated 

distraction observed residents, nurse anesthetists and anesthesiologists in 319 cases found that at 

least 1 nonclinical distraction occurred in 54% of the cases with each distraction lasting 2.3 s 

before the participant switched to another task.4 Almost half (49%) of the recorded distractions 

were personal in nature.4 The most prevalent type of distraction was internet use (37% 

occurrence in all cases observed) for personal (24% of case time, 95 s dwell time) or educational 

(9.3% of case time, 117.2 s dwell time) purposes: use of a PDA was only observed in 9.1% of all 

cases, where anesthesia providers used it for checking reminders or personal conversations via 

text messages.4  

Distractions occurred almost exclusively during the maintenance phase (99.6%) when 

there was significantly less workload.4  Interestingly, vigilance is better in cases with distractions 

than without distractions and both observer and participant workload ratings were significantly 

lower in cases with distractions (p<0.001).4 Self-reported workload ratings were 11% lower in 

periods with distractions compared to periods without distraction.4 Although internet and PDA 

use is not encouraged while providing anesthesia, and hospitals have not imposed policies 

restricting their use, this study presents evidence that vigilance and alertness were improved with 

distractions during periods of low workload.  

Types of anesthesia  

There is no current study analyzing whether the type of anesthesia performed affects 

vigilance and alertness; however, patient outcomes and known risk factors of certain anesthesia 

techniques may indirectly impact alertness and vigilance in anesthesia providers.27-29 Neuraxial 
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anesthesia is one type of anesthetic that has shown better post-operative outcomes compared to 

general anesthesia (GA) in orthopedic and endovascular procedures.27-29Results showed that 

spinal anesthesia alone was associated with lower odds ratio of death (p<0.001), clinically 

significant hypotension (p<0.001), and MI (p<0.001) compared to GA.27 Neuraxial anesthesia 

was also associated with less blood transfusions and lower 30-day mortality and complication 

rates compared to GA and combined GA with neuraxial (p<0.001) in simultaneous bilateral total 

knee arthroplasty.27  

Patients undergoing endovascular aneurysm repair treated with neuraxial anesthesia 

showed a decreased number of intraoperative blood transfusions, less crystalloid administration, 

shorter intensive care unit length of stay, and fewer postoperative pulmonary complications 

compared to GA.28 Thirty-day mortality rates were also lower in patients treated with neuraxial 

anesthesia (p<0.04).27-28 The POISE-2 trial showed that neuraxial block and post-operative 

epidural analgesia were not associated with the primary outcomes of death (p=0.48), myocardial 

infarction (MI) (p=0.36) or stroke (p=0.91) in patients undergoing non-cardiac surgeries with at 

least one of the following criteria: history of coronary artery disease, stroke, or planned major 

vascular surgery.29 

Another anesthesia technique commonly used in out of OR sites are MAC, sedation, and 

GA without an airway.30 These techniques were often associated with unexpected hazards such 

as electrosurgical fires especially when providing anesthesia in head and neck surgeries, and 

MAC cases with an open oxygen source.30-31 MAC in ERCP cases (n=200) was associated with 

higher Sedation Related Adverse Events (SRAE) compared to GA with ETT (51.5% vs. 9.9%, 

p<0.001).31 SRAEs included hypoxemia refractory to airway maneuvers that necessitated 

conversion to GA with ETT (10% occurrence).31   
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Anesthesia-related mortality, although rare, is a devastating event not only to the patient 

but also to the anesthesia provider. A longitudinal review of 785, 467 cases collected from the 

quality assurance database of a large community hospital showed an anesthesia-related mortality 

rate of 0.51 in 100,000, while anesthesia contributory mortality was 2.29 in 100, 000.32 In a study 

of 217, 365 anesthetic cases from 1999-2009, cardiac arrests attributable to anesthesia were 0.6 

per 100,000 and were usually caused by airway complications during induction and emergence.33 

The possibility anesthesia-related mortality combined with the possible negative outcomes of 

certain anesthesia techniques could have an indirect effect on alertness and vigilance on 

anesthesia providers in select patient populations and surgeries. 

Patient medical history 

Patient frailty was another factor that contributed to increased likelihood of complications 

during surgery.34 A retrospective cohort study of 140, 828 patients 59 and older undergoing 

ambulatory surgery from 2007-2010 revealed an odds ratio of 1.70 for any complication and 2.00 

for serious complications in patients with a moderate frailty index score (2-3 frailty traits) using 

the modified frailty index scoring system.34 The modified frailty index scoring system uses 11 

variables corresponding to frailty traits identified by the NSQIP.34 A high modified frailty index 

score with ³4 frailty traits was associated with an odds ratio of 3.35 for any complication and 

3.95 for serious complications.34  

Summary 

Dual tasks, increased time on task, increased subjective mental workload, boredom from 

monotony, inexperience, sleep deprivation, noise, and extremes in temperature all contribute to 

vigilance decrement and decline in alertness resulting in impaired in task performance.5-21 

Meanwhile, reading, breaks, and use of internet and PDA have been identified as helpful in 
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maintaining both alertness and vigilance.1-4 There is no current study analyzing the effect of a 

specific type of anesthesia or patient medical history to vigilance and alertness, but the favorable 

patient outcomes and the risk factors of specific anesthesia techniques as well as the possibility 

of intraoperative emergencies due to patient condition may have an indirect impact on anesthesia 

providers.27-34 
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CHAPTER 3. METHODOLOGY 

This chapter describes the methodology used to answer the following research questions: 1) 

What are the factors related to CRNAs’ maintenance of monitoring vigilance? 2) What are the 

factors that impact CRNAs’ maintenance of alertness? The research design, sample, procedure, 

instrumentation, data analysis and protection of human subjects are presented. 

Research Design 

 This study was conducted using an exploratory design to identify the factors that help 

maintain CRNA's monitoring vigilance and alertness. Data were collected to identify whether 

there is a relationship between CRNA gender, experience, hours work per shift, hours worked 

per week and type of surgery, and the known factors that affect vigilance and alertness. 

Sample 

 A random sample generated from the AANA's Research Department was used. Randomized 

sampling was carried out using a computer-generated number with a uniform distribution so that 

all random numbers had an equal probability of being selected.35 The sample size was 

determined using the Raosoft Sample Size Calculator (Appendix A).  

 The recommended sample size was 381, with a 5% margin of error and a response 

distribution of 50%. To achieve the sample size, a total survey distribution of 7,620 was needed; 

however, the number of surveys sent online via the AANA Research Department was limited to 

3,000, with an estimated response rate of 3%. This was an accepted limitation of this study. 

  The inclusion criteria used to select the sample were as follow: currently practicing 

CRNAs, both certified and re-certified who were members in the AANA, and had not opted out 

of the mass e-mail communication. For the purposes of the selection criteria, there was no 

distinction made between master's or Doctorate prepared CRNAs, nor between CRNAs working 
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part time or full time. The sample size was also not limited by state. Student Registered Nurse 

Anesthetists (SRNAs), CRNAs who were not members of the AANA, CRNAs who were not 

actively practicing, and those who opted out of mass e-mail communication were excluded in 

this study. The study used an online survey questionnaire that was developed by the author and 

reviewed by content experts.  

Instrumentation 

The author created a de novo data collection tool for use in this study. The Intraoperative 

Vigilance Assessment Tool (Appendix B) is 23-item questionnaire that addressed factors that 

may affect or improve CRNA's monitoring vigilance and alertness while providing anesthesia 

during a surgery. The questions were formulated based on the literature review conducted by the 

author. 

 Five experts evaluated the tool for validity and consistency with the research questions. 

The experts include: a Doctor of Nursing Practice (DNP) faculty of Nurse Anesthesia Program 

with 27 years of clinical experience; a Doctor of Philosophy (PhD) faculty and program director; 

a PhD Associate Professor with 25 years of experience in local, national, and international health 

and social policy research study and 8 years’ experience teaching research and ethics to SRNAs; 

a CRNA with a DNP, 6 years of experience who is an Assistant Professor; a CRNA with a PhD 

and 22 years of experience who serves as a Department Director. 

 The data collection tool was divided into 3 sections: demographics, alertness, and 

monitoring vigilance. The first section consisted of 5 questions about demographic information 

including gender, years of experience, hours worked per shift and per week, and the average 

length of surgical cases. The second section addressed alertness and included questions regarding 

the participant’s amount of sleep, environmental factors, personal routine, and patient care 
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activity. The last question of this section allowed participants to select all that apply regarding 

the types of anesthetic they are providing and its effect on alertness.  

 The third section focused on intraoperative vigilance. Based on the literature review, the 

first 6 questions addressed activities that CRNAs frequently engaged in during the maintenance 

phase of anesthesia. The remaining questions were about the type of surgery, co-workers, work 

and the type of patient. The last question allowed participants to select all that apply in activities 

that helped improve monitoring vigilance. In addition, the last question has one answer choice, 

which, if selected, allows for an open-ended response of up to 4,000 characters. 

 Other than the first section and the “select all that apply” answer choices, the questions 

used a 5-point Likert rating scale. Answer choice 1 corresponded to "Strongly Agree" and choice 

5 corresponded to "Strongly Disagree.” The number of questions was kept to a minimum to 

encourage survey completion. Estimated time for survey completion based on informal piloting 

was under than 15 minutes. 

Procedure 

The data collection tool was adapted to an online survey format using Survey Monkey®; 

once completed, Survey Monkey® generated a link. The link, including a cover letter (Appendix 

D), was e-mailed to participants meeting the selection criteria (see above). A survey order form 

(Appendix C) was submitted online to access the AANA Research Department's services. The 

application included the following documents: Endorsement letter from Research Director, copy 

of official International Review Board (IRB) approval, documentation of research methodology, 

copy of the Data Collection Tool/Survey (Appendix B), cover letter (Appendix D) and the 

author's AANA membership number. This online application to the AANA Research 

Department was submitted after receipt of study approval from Georgetown University's IRB. 
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 A link to the survey was sent via email to AANA members selected randomly by the 

AANA Research Department based on the selection criteria (see above). This email (Appendix 

D) contained an invitation to participate in the study and included an IRB-approved informed 

consent script that explained the type of survey, the time commitment, and the research questions 

to be answered. Furthermore, it stipulated that participation was voluntary, that there were no 

risks involved, that participants could withdraw at any time during the survey, and that the 

survey would take less than 15 minutes to complete. Additionally, it assured anonymity and 

privacy of participant information and survey responses. The researcher's contact information 

was also provided so that participants could reach out with additional questions.  

If the recipient of the email invitation chose to participate, he or she received access to 

the survey through the link in the email, having been informed that by clicking the link to the 

tool, participants gave their consent to participate. Once the participant submitted the survey, a 

thank you note was generated. After submission, there was no way to redact participation, as 

there was no identifying information linking any participant to their specific answers. The survey 

was available for 4 weeks. Seven days prior to the deadline, a reminder email was sent to all 

those who received the invitation email. 

  All responses, except for the “select all that apply” question and the open-ended 

response, were numerically coded by the AANA and sent to the researcher in an Excel 

spreadsheet. This information was delivered electronically via a secure e-mail to which only the 

researcher had access. The Excel spreadsheet did not contain any identifiable information about 

the participants. 
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 All data collected through Survey Monkey® was hosted inside Service Organization 

Control 2 (SOC 2) accredited data centers.36 Additionally, data transmitted via Survey Monkey®  

link is encrypted using a secure Transport Layer Security (TLS) cryptographic protocol.36 

Data Analysis 

After the AANA Research Department sent the results to the author via a secure email, 

the files were subsequently exported to RStudio and Statistical Package for Social Sciences 

(SPSS) version 26 for analysis. Participants’ demographic data was analyzed and descriptive 

statistics were used to determine the factors that participants identified as helpful in maintaining 

intraoperative vigilance and alertness.  Participants were allowed to skip questions to encourage 

survey participation and increase the number of responses; however, this resulted in partially 

completed surveys and statistical analysis only included completed surveys.  

Chi-square testing was performed between demographic variables and sections 2 and 3 of 

the survey tool in order to determine correlation. A p-value of 0.05 was considered significant 

for the purpose of this study. Mann Whitney tests were used to compare dichotomous 

demographic variables (gender and length of surgery) and Kruskal Wallis tests were used for 

demographic variables with more than 2 categories (experience, work hours per shift and work 

hours per week) in lieu of chi-square testing when the cell size assumption was not met.  

Protection of Human Rights 

Permission to conduct this study was obtained from Georgetown University's IRB. In 

fulfillment of the IRB requirements, the researcher completed the Collaborative Institutional 

Training Initiative (CITI) Human Resources Curriculum certification (Appendix E). In addition, 

the AANA Research Department reviewed and approved the SRNA's de novo data collection 

tool after submission of the survey application form online.  
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 No identifying information was released to the researcher or to Survey Monkey®. 

Participants were allowed to skip any question throughout the survey to preserve their right to 

withhold information. This information was included in the cover letter (Appendix D). 

Participants could also choose to terminate their participation at any point during the survey by 

closing the browser. To further protect participants’ privacy, an idle activity timeout was added if 

there was no activity detected after 25 minutes.  

 The information collected by Survey Monkey® via "Cookies" was restricted to the 

minimum information needed for functionality purposes to ensure that the survey service was 

operational. For example, this information might include the devise and browser data for 

troubleshooting purposes. Additionally, cookies are used to ensure website security and improve 

website services. All information is kept at an aggregated and anonymized level.36 

 The researcher's personal Survey Monkey® account was kept secure using multi-factor 

authentication with a specific password complexity requirement. Survey Monkey also has a 

dedicated Trust and Security organization that focuses on system and network security. Regular 

vulnerability and penetration scanning are done to ensure critical patches are applied to servers.36  

 Transmitted survey data is encrypted using TLS cryptographic protocol.36 No identifying 

information of any form is collected at any point throughout the data collection process. 

Response data from Survey Monkey® is exported from their secured data centers, which are 

equipped with 24/7 monitoring, cameras, visitor logs, and entry requirements.36  

 All data collected for research was stored in a password-protected computer in an 

encrypted file to which only the researcher has access. To prevent any form of online breach, this 

computer was not connected to the internet and kept in a combination locked container. The only 
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person who had access to all the data was the researcher. Once the research was complete, all 

data collected along with the Survey Monkey account was deleted without back up. 
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CHAPTER 4. RESULTS 

This chapter outlines the pertinent findings of the de-novo survey tool and addresses the 

following research questions: What are the factors related to CRNAs’ maintenance of monitoring 

vigilance? What are the factors that impact CRNAs’ maintenance of alertness? After the data 

collection phase of the study, statistical analyses using RStudio and SPSS version 26 were 

performed by the researcher on the collected data. Findings are presented and summarized in 

tables and figures. 

Sample 

The AANA Research Department launched the de novo survey tool to randomly selected 

2, 844 members who met the inclusion criteria and did not opt out of the AANA mass 

communication email. The survey was open for 1 month from February 7 until March 7, 2019. A 

total of 276 responses were received: 250 fully completed and 26 partially completed surveys 

(response rate of 9%). In order to maintain consistency in the sample size, only the completed 

surveys were included in the statistical analysis.  

The first section of the survey tool consisted of 5 questions and collected the following 

demographic information: gender, experience, hours worked per shift, hours worked per week 

and length of surgery. Gender analysis revealed that 57.6% of the 250 participants were female 

and 42.4% of them were male. This result is a close representation of the current AANA 

membership.37 Based on the last membership survey data collected on August 2016, the AANA 

has a total of 58% female and 42% male members.37 

Participants with >20 years of experience made up 34% of the sample; 46% worked 9-12 

hours per shift and 62.8% worked 37-50 hours per week. Most CRNAs provide anesthesia in 

surgical cases between 0- 2 hours (72.4%). Table 1 summarizes the demographic data findings. 
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         Table 1. Demographics 
  
 Number of Respondents  Percentage of Sample* 
Gender    

Male 106  42.4 
Female 144  57.6 

    
Practice Experience     

0-5 years 34  13.6 
6-10 years 53  21.2 
11-15 years 48  19.2 
16-20 years 30  12.0 
>20 years 85  34 

    
Work hours per shift    

0-3 hours 2  8 
4-8 hours 113  45.2 
9-12 hours 115  46 
12-16 hours 12  4.8 
>16 hours 8  3.2 

    
Work hours per week    

0-20 hours 15  6.0 
21-36 hours 50  20 
37-50 hours 157  62.8 
50-60 hours 25  10 
>60 hours 3  1.2 

    
Length of surgical case    

0-2 hours 181  72.4 
3-5 hours 68  27.2 
6-8 hours 1  0.4 

*American Association of Nurse Anesthetists (AANA) data taken from the March 2019 survey, n = 250. 

  

Research Question 1 

The second section of the survey tool explored the factors that maintain CRNAs’ 

intraoperative alertness. Alertness was defined as the ability to identify incoming sensory 

stimuli.23 This definition was included at the beginning of this section to guide the participants’ 

answer choices. Using a 5-point Likert scale, participants were asked if the following factors 

helped maintain their intraoperative alertness: focusing on patient care, following routine, 

turning the OR lights off, having more than 6 hours of sleep, and first case of the shift.  
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Results showed that the majority of participants “agreed” or “strongly agreed” that 

focusing on patient care (92.8%) and having more than 6 hours of sleep (88.0%) were helpful in 

maintaining alertness. Turning off the OR lights did not affect intraoperative alertness (52.8% 

disagreed or strongly disagreed). Table 2 depicts the frequencies and percentage of the 

participants’ answers in section 2 of the survey tool.  

 

        Table 2. Factors that maintain intraoperative alertness 

 
 
Strongly agree and Agree 

 
Neither agree nor disagree 

 
Disagree and Strongly disagree 

    
Focus on patient care 232 (92.8) 13 (5.2) 5(2.0) 
Following routine 110 (44.0) 57(22.8) 83 (33.2) 
OR lights off 77 (30.8) 41(16.4) 132 (52.8) 
>6 hours of sleep 220 (88.0) 23(9.2) 7 (2.8) 
First case of the shift 79 (31.6) 92(36.8) 79 (31.6)     
*American Association of Nurse Anesthetists (AANA) data taken from the March 2019 survey, n=250. 
*Data presented as “number of respondents” (percentage of sample)”. 
 

 

Chi-squared analysis examined the relationships between the demographic data collected 

in section 1 and the factors listed in Table 2. The cell size assumption for chi square testing was 

not met; therefore, Mann Whitney tests were used to compare dichotomous demographic 

variables (gender and length of surgery) and Kruskal Wallis tests were used for demographic 

variables with more than 2 categories (experience, work hours per shift, and work hours per 

week). The results did not reveal any statistically significant relationships between demographics 

data and the factors listed in Table 2.  

The last question in section 2 of the survey tool asked participants which type of 

anesthesia, when performed on a patient, makes them more alert. This question allowed 

participants to select multiple answers (select all that apply). Survey results showed that majority 
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of participants chose MAC (82.0%) as the type of anesthetic that had the most impact on their 

alertness while neuraxial anesthesia (32.0%) had the least impact.  

A separate chi-square test was performed to examine the statistical relationship between 

the demographic data in section 1, and the type of anesthesia question in this section. To ensure 

adequate cell size prior to running the test, experience was re-categorized to 0-10 years, 10-15 

years, and >20 years. The results did not reveal statistically significant relationship between the 

two (section 1 and “select all that apply” question in section 2). 

Research Question 2 

The third section of the survey tool consisted questions regarding intraoperative 

monitoring vigilance. Similar to section 2, the first set of questions used a 5-point Likert scale for 

answer choices, and the last question used a “select all that apply” format. Participants were 

asked if the following factors impacted their monitoring vigilance: cellphone use, internet, 

internal thoughts, music, reading, breaks, room temperature, co-worker, type of surgery and 

patient’s medical history. 

 The majority of participants identified room temperature (52.8%) and patient medical 

history (58.4%) as helpful in maintaining intraoperative monitoring vigilance. In contrast, the 

majority disagreed or strongly disagreed that breaks (50.4%) and co-workers (51.2%) helped 

maintain vigilance. Further, the use of cellphone (31.2% strongly agree or agree) and internet 

(27.6% strongly agree or agree) also did not impact vigilance in participants. 

Environmental factors such as music (23.6% strongly agree or agree) and conversation 

(33.2% strongly agree or agree) did not impact vigilance. Personal factors including internal 

thoughts (34.8% strongly agree or agree), co-worker (22.1% strongly agree or agree), and 

reading (45.6% strongly agree or agree) also did not impact monitoring vigilance. The type of 



 29 

surgery is one factor where participants have an almost equal distribution of answers (40.4% 

strongly agree and agree vs 40.0% strongly disagree and disagree) (see Table 3).  

         Table 3. Factors that maintain intraoperative vigilance 

  
Strongly agree and Agree 

 
Neither agree nor disagree 

 
Disagree and Strongly disagree 

    
 Cellphone 78 (31.2) 70 (28.1) 101 (40.6) 
 Internet 69 (27.6) 66 (26.4) 115 (46.0) 
 Internal thoughts 87 (34.8) 82 (32.8) 81 (32.4) 
 Music 59 (23.6) 70 (28.0) 121 (48.4) 
 Conversation 83 (33.2) 68 (27.2) 99 (39.6) 
 Reading 114 (45.6) 62 (24.8) 74 (29.6) 
 Break 72 (28.8) 52 (20.8) 126 (50.4) 
 Room temperature 132 (52.8) 45 (18.0) 73 (29.2) 
 Co-worker 55 (22.1) 66 (26.5) 128 (51.4) 
 Type of surgery 101 (40.4) 49 (19.6) 100 (40.0) 
 Patient history 146 (58.4) 33 (13.2) 71 (28.4) 
    
*American Association of Nurse Anesthetists (AANA) data taken from the March 2019 survey. 
*Data given as “number of respondents” (percentage of sample)”. 
 

 

Chi-squared analyses were performed between the demographic data in section 1 and the 

factors listed in Table 3 to examine relationships. The only significant relationship found was 

between years of experience and perceived effectiveness of breaks (c2  = 11.5, p= 0.02). Those 

with over 20 years of experience were much more likely to agree or strongly agree that breaks 

affected their monitoring vigilance than were those with 20 years’ or fewer of experience (Table 

4).  

Table 4. Breaks impact my monitoring vigilance 
 

 
Experience 

 
Strongly agree and Agree 

 
Neither agree nor disagree 

 
Disagree and Strongly disagree 

    
0-10 years 23 (26.4) 10 (11.5) 54 (62.1) 
11-20 years 21 (26.9) 18 (23.1) 39 (50) 
>20 years 28 (32.9) 24 (28.2) 33 (38.8) 
    
*This table shows participant responses categorized by experience when asked if breaks impact their monitoring vigilance. 
*American Association of Nurse Anesthetists (AANA) data taken from the March 2019 survey. 
*Data presented as “number of respondents” (percentage of sample)”. 
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The last question was another “select all that apply” asking participants which common 

actions they took when their vigilance was waning. Results showed that 88.4% selected stand up 

and move, 15.2% called for a break, and 15.2% started a conversation (see Figure 1).  

 

 
                           Figure 1. Common actions when vigilance was waning 
 
 

Using a chi-square to examine the relationship between the demographic data in section 1 and 

the common actions selection, taking a break and years of experience (c2 =8.18, p= 0.017) 

showed a statistically significant result. In comparison to Table 4, those with over 20 years of 

experience were much less likely to take a break when their vigilance was waning even though 

the same group indicated that breaks impacted their vigilance on the previous question (see Table 

5 for comparison). 
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Table 5. Comparison of results from Table 4 

 

Summary 

The results discussed in this chapter were derived from the de-novo survey tool deployed 

between February 7 and March 7, 2019. Chi-square analyses was performed between section 1: 

Demographic Data and section 2: Intraoperative Alertness. A separate chi-square testing was 

also done between section 1 and section 3: Monitoring Vigilance along with Mann Whitney and 

Kruskal-Wallis tests between section 1 and section 2 when the cell size assumption was not met 

for chi-square testing. 

Survey results in section 2: Intraoperative Alertness revealed that focusing on patient 

care, having more than 6 hours of sleep, and providing MAC were factors that helped maintain 

alertness. No other statistically significant results were found between section 1 and section 2 

with chi square, Mann Whitney and Kruskal-Wallis testing. Section 3: Monitoring Vigilance 

revealed that the following factors impact intraoperative monitoring vigilance: room temperature 

and patient medical history.  

A vast majority of respondents also chose standing up and moving as the most common 

action when vigilance is waning. Chi-square analysis revealed statistically significant 

relationship between experience and perceived effectiveness of breaks. Those with more than 20 

years of experience were more likely to say that breaks impacted their vigilance (c2 =8.18, p= 

 
Breaks impact my monitoring vigilance 

 
I take a break when my vigilance is waning 

Experience 
Strongly 
agree and 

Agree 

 
Neither agree nor 

disagree 
Disagree and 

Strongly disagree 

 
Yes 

 
No 

0-10 years 23 (26.4) 10 (11.5) 54 (62.1) 14 (16.1) 73 (83.9) 

11-20 years 21 (26.9) 18 (23.1) 39 (50) 18 (23.1) 60 (76.9) 

>20 years 28 (32.9) 24 (28.2) 33 (38.8) 6 (7.1) 79 (92.9) 

      

*This table compares results from Table 4 and answers to the select all that apply question in section 3. 
*American Association of Nurse Anesthetists (AANA) data taken from the March 2019 survey. 
*Data presented as “number of respondents” (percentage of sample)”. 
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0.017); however, the same group were significantly less likely to take a break as a way to 

increase their vigilance (c2 =8.18, p= 0.017).  
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CHAPTER 5. DISCUSSION 

Based on the survey results, the factors that helped maintain alertness were: focusing on 

patient care (92.8%), having more than 6 hours of sleep (88.0%) and providing MAC (82.0%). 

The author postulates that “focusing on patient care” may have occurred during periods of 

significantly lighter workload. Prior research has shown that the absence of engaging tasks 

during highly predictable and uneventful periods decreased task engagement and increased 

incidence of mind wandering resulting in vigilance decrement and decline in alertness.8-9  

Focusing on patient care activities must have acted as a distraction and kept CRNAs 

occupied. The presence of distractions, such as reading and internet use, has been suggested to 

maintain vigilance and improve perceived mental workload.1,4 Engagement in patient care 

activities may have had a similar impact in improving mental workload and preventing the 

decline in alertness. The author was unable to confirm if “focusing on patient care” occurred 

during maintenance phase due to the lack of follow-up question clarifying when this activity 

occurred. 

Sleep is another factor identified in the survey that helped maintain alertness. Alertness is 

an active process that requires a degree of wakefulness and availability of mental resources to 

engage attention and sustain an alert state.23-25 Lack of sleep impact performance by reducing 

mental resources available for alertness and vigilance tasks.12-15 Attentional lapses have caused 

medication errors while prolonged call-shifts have led to excessive daytime sleepiness 

compromising patient safety.12-15   

Providing MAC is a type of anesthetic technique that affected alertness the most amongst 

other types of anesthesia. MAC was associated with higher SRAEs compared to GA with ETT in 

ERCP cases.30 MAC cases in head and neck surgeries, and cases with open oxygen sources have 
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also been identified as increasing fire risk.31 These potential complications could be the reason 

why survey participants were more alert when performing MAC cases. Additionally, MAC and 

sedation cases also most commonly occur in non-OR locations where access to equipment, 

personnel, and space is limited.31   

 Although neuraxial anesthesia was not a factor that maintained alertness, it is noteworthy 

that the benefits of this anesthetic technique may have been the reason why CRNAs were most 

comfortable while providing this type of anesthesia. The survey results showed that only 32.0% 

of CRNAs consider neuraxial anesthesia as a factor that impacts their alertness. Multiple studies 

have established better patient outcomes such as decreased hospital stays, lower 30-day mortality 

rates, less transfusion requirements, crystalloid administration and postoperative pulmonary 

complications, and better pain control post-surgery when providing neuraxial anesthesia 

compared to GA.27-29  

Participants identified patient medical history (58.4%) and OR room temperature (52.8%) 

as the 2 factors that impacted monitoring vigilance. Compared to healthier patients (ASA 1 or 2), 

those classified as ASA 3 or 4 have a higher incidence of serious anesthesia-related or 

anesthesia-induced complications.34 Among incidences of anesthesia-related mortality, majority 

occurred when GA was provided to ASA 3 or 4 patients who experienced aspiration.33 

Additionally, current literature suggests that patients with a high frailty index score (³4 frailty 

traits) also have an odds ratio of 3.35 for serious complications.34   

OR room temperature was another factor affecting maintenance of monitoring vigilance. 

Subjective sleepiness was only increased in dim lighting with warm room temperature (32°C)19-

21 while cool temperatures (26°C) reduced subjective sleepiness scores and maintained alertness 

irrespective of the lighting conditions.14 OR room temperatures for most surgeries are maintained 
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at 20-23°C21 and since the survey question only asked if the OR temperature impacted CRNAs 

vigilance and not how it impacts their vigilance, the answers could mean either a positive or a 

negative impact.  

Current literature supports the positive effect of breaks in maintaining engagement, 

replenishing mental resources and preventing performance decline in sustained tasks.2-3 This 

survey encountered conflicting results on the impact of breaks in maintaining vigilance. Those 

with more than 20 years of experience agreed or strongly agreed that breaks impacted their 

vigilance compared to those with less experience. A following question asking participants to 

mark the common actions they took when their vigilance was waning revealed that CRNAs with 

20 years of experience were less likely to take a break. 

The author postulates that the phrasing of both survey questions may have been the 

reason of this conflicting result. Participants were initially asked if breaks impacted their 

monitoring vigilance. Those with more experience, who agreed that breaks impacted their 

vigilance in the earlier question, may have meant it in a negative way explaining why 

experienced CRNAs were less likely to take a break when their vigilance was waning. 

Limitations 

The first limitation in this study was the inadequate sample size. The initial Raosoft 

calculation (see Appendix A) required a sample size of 381 that would allow for a 5% margin of 

error and a 95% confidence interval. In order to achieve this, the survey would have to be 

distributed to 7,620 AANA members. This was not possible as the online survey’s maximum 

distribution limit is 3,000 with an estimated response rate of 3%; thus, this was an accepted 

limitation from the beginning. Alternate Raosoft calculation with the current sample size resulted 

in a 6.18% margin of error and a confidence interval of 90% (see Appendix F).  
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Second, the de novo survey tool required follow-up questions which were not addressed 

in the interest of keeping the questionnaire short. As this was the first deployment of the survey, 

some areas of the survey design could be modified. In section 1: Demographics, hours worked 

per week could have been further narrowed into call hours, regular shift hours, or both. 

Narrowing down the work hours could help identify which shifts have the greatest impact on 

alertness.  

In section 3: Intraoperative Monitoring Vigilance, the wording of the Likert rating 

questions lacked clarity. For these Likert scale questions, participants were asked whether a 

factor had an impact on monitoring vigilance, but not whether the impact was positive or 

negative. The survey questions were presented in a way to avoid negative or positive response 

bias; however, this generated conflicting results.  

The final limitation is the survey design. Majority of the current research identifying 

vigilance decrement and factors affecting alertness networks used an experimental study design. 

Survey research designs do not present a strong level of evidence compared to randomized 

controlled trials with definitive results; however, given the study’s timeline and budget, using a 

randomized controlled trial as research methodology is not feasible. Additionally, the study 

design was not able to completely eliminate bias, and this may have affected the study results. 

Clinical Implications 

CRNAs indicated that focusing on patient care, having more than 6 hours of sleep, and 

providing MAC affected their ability to remain alert. In the clinical setting, one factor that limits 

CRNAs ability to focus on patient care is the excessive charting requirement. While it is 

important that interventions are carefully documented, charting requirements could be modified 

in order to maximize focus on patient care. This can be a challenge because patient’s charts are 
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legal documents and, should any complications arise, failure to chart important interventions 

could be used against CRNAs in lawsuits. 

 Achieving the necessary amount of sleep in order to remain alert and avoid daytime 

sleepiness is a matter of personal choice, lifestyle, and work schedule. Avoiding call-shifts may 

not be possible in rural community hospitals where anesthesia coverage must be maximized and 

in anesthesia groups where call-shifts are part of the CRNAs work contract. Knowledge of this 

survey’s results could influence work and lifestyle changes. 

Participants in this survey disagreed that cellphone, internet use, internal thoughts, music, 

conversations in the OR, reading, co-workers, breaks, room temperature and types of surgery had 

impacted their vigilance. These results are contrary to the current literature. CRNAs may be 

reluctant to agree that cellphone and internet use affect their vigilance due to the possibility of 

banning cellphone use in the OR. Meanwhile while reading, conversations, co-workers, or types 

of surgery may have been viewed by CRNAs as part of their job and not necessarily a factor that 

affects monitoring vigilance.  

Future Recommendations 

 The importance of breaks and its impact on different providers based on experience 

could be explored in future studies to identify effective interventions that will help maintain 

vigilance and alertness. Providing MAC could also be studied to determine if the risk of adverse 

events indirectly affected CRNAs ability to remain vigilant and alert. Although current literature 

supports the use of internet and PDAs as a factor that maintains vigilance and alertness during 

times of low workload, it may be worth exploring the prevalence and the unintended 

consequences of cellphone use in the OR. 
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APPENDIX A: IDEAL SAMPLE SIZE POWER ANALYSIS 
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APPENDIX B: SURVEY QUESTIONNAIRE 

Intraoperative Vigilance Assessment Tool 

This research tool is to help identify the factors used by CRNAs to maintain monitoring 
vigilance and alertness in the operating room. We estimate that this will take less than 15 
minutes of your time. In order to be included in the study, you must complete the survey. Your 
information will remain anonymous. Please answer to the best your abilities.  
 
 
Demographics 
 
1. What is your gender? 
□ Male 
□ Female 
 
2. How many years have you been practicing as a CRNA? 
 
□ 0-5 years                   
□ 6-10 years    
□ 11-15 years  
□ 16-20 years  
□ >20 years  
  
3. How many hours per shift do you typically work as a CRNA at your primary place of 
employment? 
 
□ 0-3 hours                 
□ 4-8 hours              
□ 9-12 hours   
□ 12-16 hours               
□ >16 hours 
  
4. How many hours a week do you work as a CRNA? 
 
□ 0-20 hours                 
□ 21-36 hours              
□ 37-50 hours   
□ 50-60 hours               
□ >60 hours 
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5. On average, how long is the length of each surgical case for which you provide anesthesia?  
 
□ 0-2 hours              
□ 3-5 hours            
□ 6-8 hours  
□ 9-10 hours          
□ 10-12 hours 
□ >12 hours 
 
 
Intraoperative Alertness  
Alertness is defined as being awake and on guard 
 
For the following questions, please select the answer choice that you most agree with. 
 
6. I am more alert when I focus on patient care (i.e. titrating IV fluids, observing the field for 
blood loss, trending vital signs, checking patient position, matching anesthetic depth to the 
amount of surgical stimulation) during maintenance of anesthesia. 
 
1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
 
7. When I am unable to follow my routine, it affects my ability to remain alert during the case. 
 
1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
 
8. When the operating room lighting turned off, it affects my ability to remain alert. 
 
1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
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9. It is easier to remain alert when I have more than 6 hours of sleep before coming to work. 
 
1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
 
10. I feel most alert as an anesthesia provider when it is the first case of my shift. 
 
1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
 
11. I am more alert when I am providing (Select all that apply.) 
 
□   General anesthesia (GA) with endotracheal tube (ETT)  
□   GA with laryngeal mask airway (LMA)     
□   GA with spontaneous respiration 
□   Monitored Anesthesia Care (MAC) 
□   MAC with neuraxial anesthetic 
□   Neuraxial anesthetic 
 
Monitoring Vigilance 
Monitoring Vigilance is defined ability to identify changes in patient's physiological status, 
anesthetic needs, and surgical condition. 
 
For the following questions, please select the answer choice that you most agree with. 
 
12. The Cellphone impacts my ability to maintain monitoring vigilance during an anesthetic 
 
1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
  
13. The Internet impacts my ability to maintain monitoring vigilance during an anesthetic  
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1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
 
14. Internal thoughts impacts my ability to maintain monitoring vigilance during an anesthetic  
 
1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
 
15. Music in the OR impacts my ability to maintain monitoring vigilance during an anesthetic  
 
1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
  
16. Conversations in the OR impacts my ability to maintain monitoring vigilance during an 
anesthetic  
1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
 
17. Reading impacts my ability to maintain monitoring vigilance during an anesthetic  
 
1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
 
18. Breaks impacts my ability to maintain monitoring vigilance during an anesthetic  
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1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
 
19. The Room Temperature impacts my ability to maintain monitoring vigilance during an 
anesthetic  
 
1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
 
20. My monitoring vigilance level depends on whom I work with during a surgical case. 
 
1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
 
21. My level of monitoring vigilance depends on the type of surgery I am providing anesthesia 
for. 
 
1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
 
22. My level of monitoring vigilance depends on my patient's medical history. 
 
1   Strongly agree      
2   Agree       
3   Neither agree nor disagree 
4   Disagree   
5   Strongly disagree 
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23. What do you do when you notice that your vigilance is waning? (Select all that apply. If 
"Other" is selected, please provide a brief comment) 
 
□   Call for a break   
□   Start a conversation      
□   Stand up and move 
□   Other (please comment) 
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APPENDIX C: AANA SURVEY APPLICATION  
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APPENDIX D: COVER LETTER 

Subject: You are invited to participate in the Intraoperative Vigilance Assessment Tool Survey 

Dear CRNAs: 

You are invited to participate in a research study titled: "An Exploration of the Strategies 
Certified Registered Nurse Anesthetists Employ to Maintain Monitoring Vigilance During Long 
Surgical Procedures". This study is conducted by Maria Criselda Bui, BSN, and a DNAP student 
at Georgetown University. The purpose of this study is to explore factors related to maintenance 
of monitoring vigilance among CRNAs for surgical procedures of any length. In addition, this 
study also aims to answer the following research questions. 
 
1) What are the factors related to CRNA's maintenance of monitoring vigilance?  
2) What are the factors that impact CRNA's maintenance of alertness? 
 
In this study, you will be asked to complete a survey. Your participation is voluntary at all times. 
You can choose not participate at all, decline to answer any of the questions, discontinue 
participation at any time and not submit the online survey by closing your browser. Regardless of 
your decision, there will be no effect on your relationship with the researchers or any negative 
consequences.  
 
You will be asked to complete a survey on practices CRNA's employ to maintain vigilance 
during surgery. The types of questions will be Likert scale questions, select all that apply and a 
section for a brief comment. The survey is estimated to take less than 15 minutes to complete. It 
will be available for four weeks and a reminder e-mail will be sent after seven days. Once you 
submit your completed survey, there will be no way to withdraw from the study because the 
survey contains no identifying information. Clicking the link to the survey will mean that you 
have consented to participate. 
 
There are no risks associated with participating in this study. While you will not experience any 
direct benefits from participation information collected in this study may benefit the profession 
of anesthesia in the future by identifying practices that will keep the CRNA's monitoring 
vigilance throughout the surgical procedure. 
 
All responses to this survey are strictly anonymous and cannot be linked to you in any way. The 
AANA only releases the results of the survey to the researchers. There will be no personal 
information released to the researchers. This invitation does not imply any endorsement of the 
survey research and/or its findings by the AANA. The survey contents and findings are the sole 
responsibility of the individual conducting the survey. 
 
If you have any questions regarding this survey or this research project in general, please contact 
the research investigator, Maria Criselda Bui at mmb342@georgetown.edu or our faculty advisor 
Crystal O'Guin at co482@georgetown.edu. 
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APPENDIX E: CITI PROGRAM CERTIFICATE 
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APPENDIX F: CURRENT SAMPLE SIZE POWER ANALYSIS 
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