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			Abstract

			Background: While the relationship between staff nurse workload and patient outcomes is well documented, there is little research on Certified Registered Nurse Anesthetist (CRNA) perceived workload and the relationship to patient outcomes. The relationship between workload and patient outcomes has been well documented in staff nurses. To gain a better understanding of the domains which comprise CRNA workload, and in order to measure important relationships workload and patient outcomes in the future, it is necessary to develop a workload instrument. 

			Aim: The specific aim of this study was to develop an instrument that accurately measures CRNA perceived workload, based on two workload perception instruments which have been previously validated in non-CRNA staff nurses. 

			Methods: This was a two-phase exploratory sequential mixed methods study. Phase 1 included expert review of existing workload instruments. Phase 2 consisted of CRNA focus groups reviewing tool developed from Phase 1. Participants completed preliminary workload tool, discussed whether the new tool accurately captured perceived workload for CRNAs, and determined whether any aspects of perceived workload were missing from tool. Focus group data were audiotaped, transcribed and the results were analyzed by the research team using NVIVO software.

			Result: A new 12-item CRNA Workload Perception instrument was developed.

			Conclusion: It is imperative for departments of nursing and peri-anesthesia management to understand CRNA perceived workload as it relates to practice implications, financial attributes and educational efforts which promote safe anesthesia care in the perioperative area. The next step is to perform comprehensive psychometric testing of new instrument with a large sample of CRNAs.

			Keywords: Nurse anesthetist; Workload; Mixed methods; Instrument development

			Abbreviations: AANA=American Association of Nurse Anesthetists; CRNA=Certified Registered Nurse Anesthetist; I-CVI=Item Content Validity Index; IWPS-R = Revised Individual Workload Perception Scale; NASA-TLX= NASA Task-Load Index

		

		
			Introduction

			Since the landmark Institute of Medicine report “To Err Is Human: Building a Safer Health System” [1], Patient safety issues and the reduction of adverse events have been at the forefront of healthcare quality discussions. Providing over 40 million anesthetics each year [2], Certified Registered Nurse Anesthetists (CRNAs) work in various high-risk environments including but not limited to the operating room, remote locations (Endoscopy, Cardiac catheterization lab, Labor and delivery), and office-based settings. While anesthesia patient safety has improved tremendously in the past 30 years as a result of enhanced education and technology, there is still room to reduce morbidity and mortality rates and their associated costs [3]. Negative patient outcomes in the perioperative setting are often attributable to multiple factors, including contextual features of the work environment [4]. Therefore, the CRNA practice environment may be a good intervention point for patient safety because research has shown improved patient safety is associated with higher quality care and fewer adverse events. Perceived workload is considered part of that practice environment.

			Evaluating CRNA Perceived Workload

			Workload is conceptualized as a complex and non-linear construct that is affected by external task demands, environmental, organizational, and psychological factors, and perceptive and cognitive abilities [5,6]. The concept of workload varies from profession to profession; it can be defined in a variety of ways and is composed of several domains [7,8,9]. In the field of anesthesia, researchers report that accurate assessment of provider clinical workload may be an important identifier of issues within a complex health system, as psychological, procedural, and physiological workload varies throughout the intraoperative period [6]. This indicates that further research is needed to better understand the complex interaction of anesthesia workload, adverse effects, and patient safety [6].

			In nursing literature, workload is defined as “The amount of time and physical and/or cognitive effort…” required to provide both direct and indirect patient care, and activities that support care delivery [10]. Studies have consistently shown that high registered nurse-to-patient staffing ratios and reasonable workloads facilitate positive patient outcomes in hospitals [11,12]. These findings are consistent with research in clinics [13] and hospital settings [14] that revealed significant relationships between high workload scores and poor perceptions of patient safety culture. Research indicates high levels of subjective workload among CRNAs, using instruments developed for professionals other than CRNAs, are significantly associated with their perceptions of: 

			
					An unsafe work setting, 

					Fair to failing patient safety ratings, and 

					Higher incidence of adverse event reporting [15].However, the effects of provider workload on the actual outcomes of patients who receive anesthesia have received little or no attention in the medical or nursing literature.
In order to further evaluate how CRNA workload affects patient safety culture and, ultimately, patient safety, it is important to determine exactly what factors comprise CRNA perceived workload because it is unclear whether existing workload tools capture the domains of CRNA workload [15]. Additionally, the workload of a CRNA is vastly different from that of a staff nurse. Staff nurse workload typically is associated with the number and illness severity of patients they care for on a shift; anesthesia practitioners care for one patient at a time, but often function under extreme time pressure [16,17]. To date no workload tool has been validated in CRNAs or other anesthesia providers. The specific aim of this study was to develop an instrument to accurately measure CRNA perceived workload, based on two existing workload instruments that have been validated in inpatient staff nurses. 
Materials and Methods
This exploratory, two-phase sequential mixed method study was designed to collect the necessary data to develop a CRNA perceived workload instrument. Mixed methods research is chosen when it is necessary to collect, analyze, and integrate both qualitative and quantitative data into one study, or for long-term study of a research topic or question [18]. The benefit of using a mixed method design is that the integration of qualitative and quantitative approaches can enrich the data and improve the rigor of the study; in instrument development, the use of qualitative focus groups can add the participants’ view and may help explain differences between qualitative and quantitative findings [19].
Instrument Development
Two existing workload scales were used to develop the preliminary CRNA perceived workload instrument: the NASA Task-Load Index (NASA-TLX) and the Revised Individual Workload Perception Scale (IWPS-R). The NASA-TLX is a widely used, multi-dimensional scale designed to measure subjective workload [20]. The instrument is a self-report visual analogue scale. It consists of 6 subscales that represent independent variable clusters: Mental, Physical, and Temporal Demands, Frustration, Effort, and Performance. An overall workload score is derived based on a weighted average of ratings of the subscales [20]. The assumption is that overall workload is a combination or sum of these scales, and a higher score indicates an increased workload. 7 tested the internal consistency reliability of the NASA-TLX in 757 ICU nurses and reported a Cronbach’s alpha of 0.72 in this population. The Principal Investigator (PI) of the current study reported a Cronbach’s alpha of 0.62 in a study of 336 CRNAs [15]. 
The 6-item workload subscale of the IWPS-R [21] comprises a 5-point summated Likert-type rating scale for each item, ranging from strongly disagree to strongly agree. Scores can range from 6-30, with a higher score indicating a higher workload. Sample items include “my current workload is reasonable” and “I am able to take at least a 30-minute meal break during my shift.” This workload instrument has also demonstrated good reliability in nursing studies, with a Cronbach’s alpha of > 0.70 [22,23] and a Cronbach’s alpha of 0.76 in a sample of 336 CRNAs [15]. Although this instrument has internal consistency reliability, its validity in measuring CRNA workload is unknown.
Phase 1
Following IRB approval for Phase I of the study, a panel of 14 CRNA clinical practice experts were recruited by the PI through professional networking within the American Association of Nurse Anesthetists (AANA). Participants were asked to evaluate the items on the two existing workload instruments, the NASA-TLX and the IWPS-R (Table 1). These experts were recruited because each had more than 10 years of experience, and functioned in a clinical leadership role with at least 80% dedicated time to providing clinical anesthesia within their respective departments. To reflect the wide variety of practice settings in which CRNAs practice, 2 clinical experts were recruited from each of the following areas: academic medical center>300 beds, private practice urban hospital, free-standing surgical center, and community, VA, military (Department of Defense), and rural hospitals. Data were collected via an online survey. The experts rated each item of the instrument on a 4-point Likert scale as to 


			

			
					Relevance to CRNA workload, 

					Clarity and ease in understanding the context of CRNA workload, 

					Contribution to CRNA workload. Table 1: Phase 1 Expert Review of Instrument.
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1. Content Validity Index-Relevance to perceived workload
2. Content Validity Index-Contributes to perceived workload
The experts rated each item of the two instruments using the following ordinal scale: 1=Not at all, 2=Somewhat, 3=Quite, 4=Very. The experts were asked what, if any, domain was missing from the tool. 
The CVI is a widely used statistical index in the quantitative evaluation of a sample of items for the construct being measured [24]. If CVI is low, it is likely that the items are not proper operationalization of the construct, that the construct specifications are inadequate, or that experts are biased [25]. With five or fewer experts on the panel, the item content validity index (I-CVI) must be 1.00, which indicates all experts agree that the item is content valid; when there are more than five experts, there can be some disagreement [26]. For a scale item to be considered to have excellent content validity, recommend items have a minimum I-CVI of .78 or higher. The content validity index (I-CVI) was calculated for each survey item by computing the number of experts who rated each item a 3 or a 4. Items which did not have an I-CVI of .78 or greater in either relevance or contribution were evaluated for revision or removal [25].
Phase 2
Following IRB approval for Phase 2 of the study, CRNA focus groups were conducted to confirm the expert work on relevant instrument items from Phase I, and to discover if additional items should be added to examine the influence of CRNA workload. Following approval from AANA, a sample of 32 CRNAs were recruited from the 2016 Annual AANA Congress database. To meet inclusion criteria, the participants had to work full time and have a minimum of 2 years’ experience as a CRNA. Participants were contacted via email 2 weeks in advance of the Annual Congress; the invitation listed the date, times, and location of the focus group sessions, as well as a cell phone number and an email address to RSVP for one of the sessions. The email inviting participation contained information describing the IRB approval, purpose of the study, as well as the voluntary nature of participation; the email also stated that all data collected from the focus group would be deidentified, that audiotapes would be destroyed following transcription, and that no identifying information such as name or workplace should be written or would be recorded during the focus group. 
Focus group participants first completed the preliminary workload survey tool developed in Phase 1 of the study (Table 2). Then participants were asked questions about their overall impression of the instrument, ease of use, ease of completion, overall CRNA workload, length of the survey, missing aspects of the workload, and any other workload domains that the tool did not capture. Member checking was completed at the end of each focus group; feedback was solicited from participants until there was no further discussion. The PI verbally summarized the participants’ statements and questions about the instrument, and about the domains of CRNA workload, and asked if they were correct, and if anything had been missed. 
Table 2: Phase 1 Revised Instrument.
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Think about your typical daily workload over the past six months and answer the following questions
Once the focus groups were completed, each of the focus group audiotapes was professionally transcribed and reviewed by the PI for any discrepancies. Qualitative content analysis [27] was performed using NVivo 10 software. The original transcripts were systematically coded to identify the key points and recurring categories and themes that were central to the topics of discussion in the focus groups. The emergent codes and themes were reviewed and analyzed by the research team, which included an experienced qualitative researcher, to assure credibility of the generated findings. 
Result
Phase 1
Thirteen clinical expert CRNAs (93% response) provided the initial input into the survey. The participants were 54% Female and 46% Male; 84% were in clinical roles; all had greater than 10 years’ experience, with a range of 11-40 years in clinical practice; 69% were master’s prepared, and 31% were doctorally prepared. The clinical experts rated 2 items of the IWPS-R as not relevant nor contributing to CRNA workload; these items (Questions 4 and 5) had a low I-CVI (Table 1) and so these items were removed as per recommendations discussed in Methods [25,26]. Experts noted that a missing component of CRNA workload was related to the teaching environment in the perioperative period. They also did not like the wording of two questions: they felt the phrase “Meal Break” and the word “unit” should be changed in Questions 1 and 2, respectively. These two domains were added to the discussion during the focus group meetings in Phase 2 of the study. The instrument was revised into a 10-item instrument based on the expert feedback and calculated I-CVI (Table 2). 
Phase 2
In Phase 2 of the study, 18 CRNAs (56%) participated in 3 focus groups. The groups ranged in size from 5-7 participants. The characteristics of the focus group participants were: 61% Male, 39% Female; Years of experience ranged from 4 to>30 years. All participants completed the new survey (Table 2) in 2.5 minutes or less. Then each group was asked an identical series of questions about each of the 10 survey items. Survey items 8 and 10 received the most comments; Survey items 4, 6, and 9 received fewer comments (Table 3).
Three themes emerged from the discussion of the survey items: 


			

			
					Stress is part of CRNA workload

					Work environment requires description

					Workload and work environment are different conceptsTable 3: Phase 2 Summary of Focus Group Feedback.
	Item 
	Participant Feedback
	Suggested Changes

	1
	I am able to take at least a 30minute meal break during my shift
	100% agreement on relevance to CRNA workload. Wanted “meal” eliminated
	Retain item. Eliminate the word “meal.”

	2
	Individual assignments are fairy distributed within the unit given the available resources
	Preferred the word “department” rather than “unit.” Solo practitioners would answer NA
	Retain item. Change “unit” to “department.”

	3
	Most days I feel my workload is reasonable
	Agreed on contribution Change word to reflect a range (low, medium, high) of workload.
	Retain item. Change “reasonable” to “manageable.”

	4
	My current work environment makes me want to stay and work here
	100% agreement.
Discussion about the term “work environment.” Some respondents felt work environment encompassed more than workload.
	Retain item for further refinement; Add question re: work setting influences workload.

	 
	General
	Trouble with the 0-100 scale. Concluded Likert scale of 1-5 would be easier for them to use, similar to the one in Section 1.
	Change all scales to 5-point directional Likert scales.

	5
	Mental Demand. How much mental activity is required to perform your job (e.g., thinking, deciding, calculating, remembering, looking, searching, etc.)?
	Agreed mental demand contributed to workload. Did not like the descriptive words; “monitoring” was missing.
	Retain item. Delete the words “looking” and “searching”; add the word “monitoring.”

	6
	Physical Demand. How much physical activity is required to perform your job (e.g., pushing, pulling, turning, controlling, activating, etc.)?
	Agreed physical activity contributes to workload but was dependent upon location and policy. Agreed descriptive words like “pushing, pulling, turning, controlling, and activating” were relevant to CRNA workload.
	Retain item.

	7
	Temporal Demand. How much time pressure do you feel due to the rate or pace at which tasks or task elements occur?  
	100% Agreement. Found the word “temporal “confusing. Suggested word “time” instead liked “time pressure.” Objected to term “rate” and preferred “pace.”
	Retain item. Change the word “temporal” to “time”; change the word “rate” to “pace.”

	8
	Effort. How hard do you have to work (mentally and physically) to accomplish your level of performance?
	Felt phrasing too similar to 5 and 6. Felt word “effort” should be added and differentiated from mental plus physical demand. Preferred “work” to “job.”
	Retain item. Reword to include “effort”; change the word “job” to “work.”

	9
	Performance. How satisfied are you with your performance at your job?
	50% agreement. Felt performance at work was important but not sure it was part of workload. 100% agreement re: personal satisfaction with their work was important. Did not like “job” suggested the word “work,” as a better descriptor. 
	Retain item. Change the word “job” to “work.”

	10
	Frustration level. How insecure, discouraged, irritated, stressed, and annoyed versus secure gratified, content, relaxed, and complacent do you feel about your job?
	Generated the most conversation. Too many adjectives, adjectives had negative connotation describing 2 different domains: frustration and stress. Did not like the scale & items should be similar format. Agreed frustration and stress are separate items. Agreed frustration was part of workload. 
	Simplify question to ask only about frustration; remove the adjective “complacent.” Add question to ask about stress. 


The survey item summaries are found in Table 3. Overall, the focus group participants felt that stress was a domain of CRNA workload. Stress was not viewed negatively but as a component of a workload. The participants stated there was stress related to teaching others, the politics of the work environment, and patient acuity and time pressure demands. This supported the addition of a survey item about stress. The participants also believed that workload was related to the work setting, or as some described it, the work environment. Further description and differentiation of workload from work environment was deemed necessary by all focus groups. This supports the addition of an item about work environment.
Table 4: Final Revised CRNA Perceived Workload Instrument.
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Think about your typical daily workload over the past six months and answer the following questions.
The research team modified the original 10-question instrument to 12 questions; two additional items were added to the new instrument based on CRNA feedback. First, the rating scale for all items was changed to a 5-point Likert scale for ease of use and consistency of the tool. Each response on the Likert scale was directional, ranging from “Strongly Disagree to Strongly Agree,” “Low to High,” or “Not at All to Very.” As discussed above, wording was changed in several of the questions to reflect the focus group input, such as removing “Meal” from question 1 and changing the word “Unit” to “Department” in question 2. In question 3 the word “Reasonable” was changed to “Manageable,” and question 4 was added to reflect the focus group’s desire to include CRNA work setting as part of workload. The word “Monitoring” was added to question 6 about mental demand, and question 8 was changed from “Temporal Demand” to “Time Demand” and the word “Rate” was removed, leaving “Pace.” Question 10 was changed to ask about “Performance at Work” instead of “Job,” and question 11 was added to reflect the focus groups’ belief that stress is a domain of CRNA workload. Finally, question 12 about frustration was modified so all adjectives were removed (Table 4).
Discussion
Perceived workload for other nursing groups has been measured with a variety of instruments; however, these instruments may not adequately measure the domains of CRNA perceived workload, which are quite different from staff nurses’ workload. For example, because CRNAs take care of one patient at a time, they are not subject to traditional nurse-to-patient staffing ratios, average acuity, and admissions, discharges, and transfers, which are often used to calculate nursing workload [10]. Additionally, CRNAs are under extreme time pressure because of the nature of their work before, during, and immediately following surgical procedures [16,17]. Although bedside staff nurses may be under time pressure for certain activities (e.g., Administering Medications on Time), They generally have 8 to 12 hours with their patients in order to prioritize and accomplish all other expected aspects of care. Although not ideal, bedside staff nurses may defer to the next shift for certain care activities, or simply leave the care unfinished during periods of heavy workload [28,29]. Of course, deferring or not completing routine anesthetic care such as timely reversal of a muscle paralyzing medication, or appropriate airway management such as placement or removal of the breathing tube by a CRNA would result in devastating patient outcomes. 
Conclusion
To our knowledge, this is the first effort to develop an instrument to measure CRNA perceived workload. Following a meticulous mixed methods design, a new 12-item CRNA workload instrument was developed using 2 existing nursing workload tools. The mixed method technique provides for enriched data and rigor by combining quantitative and qualitative data; CRNA clinical experts and CRNA focus groups provided input into the tool development, such as the relevance, contribution, and clarity of all items included in the new instrument, and also helped to identify missing domains (Table 4). The limitations of this study may include that the focus group participants were small in number and were obtained from a sample of attendees at a national conference, possibly inducing bias; however, this method was the most efficient way of holding the focus groups to reach a nationally diverse group of CRNAs who practice across the country. The next step in instrument development is to pilot the newly developed tool in a large sample of CRNAs for a comprehensive psychometric analysis which would include exploratory factor analysis and individual item analysis using both item response theory and Mokken scale analyses [30].
It is imperative for CRNAs and the managers who employ them to have a better understanding of the concept of perceived workload in order to establish practice implications, as well as to be able to attach financial attributes and educational efforts to the importance of perceived workload to their anesthesia care [30]. Once perceived workload is measurable, it may then be used in research to correlate CRNA perceived workload with patient outcomes. 
The ability to accurately measure CRNA perceived workload can inform further research about the implications of workload on daily practice, patient safety culture, and adverse event reporting. Additionally, a valid and reliable instrument to measure CRNA workload may be used by other researchers to quantify this important concept. It is hoped this instrument may be used to improve patient safety in the perioperative care environment by establishing how CRNA perceived workload may contribute to patient safety culture. For nursing and anesthesia department managers this information may help drive staffing decisions that promote improved patient care in their perioperative departments. 
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