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The National Board of Certification and Recertifica-
tion for Nurse Anesthetists (NBCRNA) references all 
questions on its examinations. Because examination 
questions should be clinically applicable, the NBCRNA 
is interested in knowing what reference resources cli-
nicians rely on in their work, so that questions can be 
based on those or similar resources. In October 2016, 
the NBCRNA sent an email blast for a survey on refer-
ence usage to a weighted random selection of 14,993 
student and Certified Registered Nurse Anesthetists 
from its database. 

The final response rate to the survey was 21.0% 
(3,155). Important findings included a greater percent-
age acknowledging usage of web-based references 
(90.7%, 95% CI = 89.6%-91.8%) than of textbooks 

(61.4%, 95% CI =59.7%-63.1%) or journals (62.3%, 95% 
CI = 60.5%-64.1%), as well as more frequent reported 
usage of web-based resources than textbooks. The 
survey also queried overall usage of journals, hand-
books, and mobile apps, and of specific subcategories 
and titles. Characteristics of references that respon-
dents reported as very important included easily 
accessible, portable, and reputable. Most findings indi-
cated that practicing nurse anesthetists prefer web-
based resources to printed textbooks or journals. With 
some exceptions, that preference held true across age 
groups and job duties. 
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T
he National Board of Certification and Recer-
tification for Nurse Anesthetists (NBCRNA) 
offers examinations for initial certification 
in nurse anesthesia and in the subspecialty 
of nonsurgical pain management, as well as 

the in-training Self-Evaluation Examination (SEE) and 
Continued Professional Certification (CPC) Examination 
practice questions. Beginning in 2020, the NBCRNA will 
also begin administering the CPC Examination to cur-
rently credentialed Certified Registered Nurse Anesthe-
tists (CRNAs). For all these examinations, it is imperative 
that each question be referenced to an approved resource, 
ensuring its accuracy, basis in the evidence, and defensibil-
ity as an element in certification decisions. The NBCRNA 
is thus interested in knowing what reference resources 
clinicians rely on in their work, so that questions can be 
based on those or similar resources. This is especially true 
of questions for the CPC Examination, which is designed 
to specifically focus on practice-oriented knowledge that 
clinician CRNAs in all areas of specialization should pos-
sess to safely perform their duties. 

The NBCRNA publishes reference lists used in exami-
nation development to maintain transparency and supple-
ment content outline information for examinees. The 
NBCRNA has, in the past, surveyed program coordinators 
about texts used in their programs to better understand 
what sources of information expert educators consider 
most authoritative. The textbook list for the National 
Certification Examination for Nurse Anesthetists and SEE 

currently comprises 16 titles. Although this list may reflect 
information that recent trainees have familiarity with, for 
an examination directed at practicing CRNAs, it is not 
clear that this list, especially given its breadth, would be 
helpful as direction for examination preparation. It would 
also be desirable to more narrowly target resources to be 
less onerous for CRNAs to acquire by having the list com-
prise fewer resources or resources that they currently use 
in their jobs. This might increase the perceived fairness of 
the CPC Examination and its face validity as an instrument 
based in real clinical information use. 

Thus, to better understand the resource usage of CRNAs 
from all areas of practice, the NBCRNA undertook a large-
scale survey of the reference resource usage habits of the 
profession as a whole. This method of data collection was 
selected as most likely to cover the broadest sampling of 
the profession and to yield the most reliable results. 

Review of Literature
Several studies over the past 2 decades have investigated 
reference usage patterns among healthcare professionals 
and trainees, but none seemingly focused on nurse anes-
thetists. Most recent studies have revealed a preference 
for web-based resources over print. In 2003, a univer-
sity health sciences library surveyed medical and nursing 
faculty, students, and residents.1 Of these, 71% expressed a 
general preference for online resources over print journals. 
Kitchin and Applegate2 surveyed radiology residents and 
found that 83% preferred to start a reference search with 
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the Internet during study, whereas only 15% preferred 
textbooks. Twenty-three percent confessed never reading 
radiology journals at all. More recently, Niederhauser 
et al3 also surveyed radiologist trainees and faculty. For 
general reference, faculty favored online journals (93.7%) 
and Google (92.8%), whereas trainees preferred Google 
(82%) and resident-generated materials. Use of hard-copy 
journals was almost absent among trainees. 

Some articles describe the historical transition to 
this preference for online reference usage. De Groote 
and Dorsch4 studied use of journals at a health sciences 
library from 1995 to 1999, finding a strong decline in all 
print journal usage starting in 1998, when online jour-
nals were introduced. Curtis et al5 likewise examined 
changes in reference usage, comparing surveys in 1991 
and 1995 of university healthcare faculty. In 1991, the 
print Index Medicus was the primary source used by both 
physicians (55.3%) and nurses (62.8%). In 1995, this had 
already changed, with more than 60% of both physicians 
and nurses preferring MEDLINE/PubMed (US National 
Library of Medicine). Researchers attributed the change 
to increased access and convenience of electronic search.

Coumou et al6 echoed these findings of increased 
availability of information in a review of literature 
from 1992 to 2005. However, they found that primary 
care physicians often cannot utilize resources because 
they lack time to search and synthesize information. 
Physicians usually could spend only a few minutes on 
a search, whereas successful searches took up to 45 
minutes. As a result, only some questions were pursued, 
and print sources and colleagues were preferred to 
online search. Graber et al7 found similar constraints 
on clinical use of references in an observational study 
of emergency physicians. Physicians needed to answer 
questions every shift but researched only 81% of them, 
with 87% success. Lack of time was a hindrance, with 
most physicians abandoning searches in less than 4 
minutes. Failing an answer, participants often consulted 
nonemergency medicine colleagues. One systematic 
review8 showed similar tendencies in online search be-
havior between 1995 and 2010. Researchers found that 
both physicians and nurses depended most heavily on 
colleagues as information resources. Nursing students’ 
online resource usage differed from that of practicing 
nurses, with 96% of the students using online resources 
vs 4% for time-constrained practicing nurses. Physicians 
also most often cited time as a barrier to online searches. 
No differences in online reference usage were noted 
between physicians and nurses.

Despite the increased convenience of online resources, 
some sources still support the value of textbooks to stu-
dents and practitioners. Broaddus and Grippi9 persuasive-
ly argue that textbooks, as authoritative, consensus-based 
resources that comprehensively synthesize information, 
are uniquely able to supply healthcare professionals with 

evidence for decisions. Textbooks, although they may 
now manifest themselves digitally, are perhaps increas-
ingly relevant, the authors contend. 

The quality of online resources, on the other hand, has 
been the subject of much study, with the most convenient 
information sources not always the most accurate. Egle et 
al10 obtained medical students’ and residents’ answers to 
254 clinical questions. Answers researched from UpToDate 
(Wolters Kluwer NV) and Epocrates (Athenahealth Inc) 
had the highest correct percentage (47%), but the highest 
percentage of wrong answers (30%) also went to Epocrates. 
The lowest percentage of wrong answers was sourced from 
Google. Users were unable to find answers on Wikipedia 
(Wikimedia Foundation), Google, and Medscape (WebMD 
LLC) more than 50% of the time. 

Several studies have attempted to assess the quality 
of online healthcare resources. Banzi et al11 focused on 
18 online evidence-based summary resources. UpToDate 
fell in the top quartile for both editorial quality and 
evidence-based methods, while eMedicine (Medscape) 
was in the top quartile for comprehensiveness and edito-
rial quality. Campbell et al12 closely followed this study 
design, reviewing 20 different online resources with a top 
quartile including UpToDate, Nursing Reference Center 
(EBSCO), and Mosby’s Nursing Consult (Elsevier). 
Prorok et al13 rated 10 UpToDate-type resources, finding 
6 high in information quality, including UpToDate, 
Micromedex (IBM Watson Health, formerly Truven 
Health), and First Consult (Clinical Key, Elsevier). 
UpToDate and Medscape had the broadest content cover-
age. Average days since update varied widely, from 106 
(DynaMed, EBSCO) to 888 days (First Consult).

Finally, Thiele et al14 investigated both quality and 
speed of resources. Medical trainees used Google, PubMed, 
Ovid (Wolters Kluwer), and UpToDate to find answers to 
clinical questions, rating their confidence in their answers. 
Significant speed differences existed, with UpToDate and 
Google the fastest. UpToDate users were also 2.76 times 
more likely than PubMed users to get a correct answer 

Table 1.  Survey Respondents’ Age Groups by Frequency

Age, y No. Percentage of total

25-29 127 5.3

30-34 336 13.9

35-39 347 14.4

40-44 345 14.3

45-49 283 11.7

50-54 310 12.8

55-59 308 12.7

60-64 252 10.4

65-69 94 3.9

70-79 15 0.6

Total 2,417 100.0
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with a high confidence rating, and Google and UpToDate 
users had more correct answers than PubMed.

Overall, the literature supports the need for nurse-
anesthetist-specific information on reference usage be-
havior. It also suggests differences in behavior according 
to age group and professional role that are explored in 
this survey. Findings of time constraints on reference 
use point to survey questions about frequency of usage 
of different reference types. Concerns in the literature 
about the quality and consistency of newer reference 
types are highly relevant to the NBCRNA and may be 
illuminated to a degree by surveying preferred reference 
characteristics. 

Methods
In October 2016, the NBCRNA sent an email blast invita-
tion to 14,993 randomly selected certificants and student 
registered nurse anesthetists from its database. The 
sample was weighted to include 9.2% students, which 
approximates the population proportion of students vs 
certificants in the NBCRNA database. Primary inclusion 
criteria for the sample were enrollment at a nurse anes-
thesia educational program or current certified status as 
a practicing CRNA. Institutional review board approval 
was not considered necessary for the survey because 
the potential for harm was virtually nonexistent. All 
NBCRNA contacts are enabled to opt out of emails from 
the NBCRNA, so presence on the opt-out list was the sole 
exclusion criterion for the survey. Consent was consid-
ered granted by response to the survey. Datasets used for 
analysis were stripped of identifying data to protect the 
anonymity of respondents. 

Staff members of the NBCRNA developed the survey for 

the specific, one-time purpose of querying the reference use 
of nurse anesthetists. Some CRNAs were consulted with 
early versions of the survey to ensure clarity, complete-
ness, and relevance of the questions for the professionals 
being surveyed. The NBCRNA envisioned no application 
of the resulting survey instrument beyond the nurse anes-
thesia field or the purpose at hand. Because of the limited 
purpose and the very large number of respondents, formal 
validity studies were not done. Immediately before the live 
email blast, responses were requested from all members of 
the NBCRNA Board of Directors, the Board of Directors of 
the American Association of Nurse Anesthetists (AANA), 
and the Continuing Education and Education committees 
of the AANA as a final check on appropriacy and complete-
ness of content. No changes were recommended from the 
32 respondents to this small presurvey. 

In the survey, skip logic was used to streamline 
survey completion for respondents, such that those who 
answered in the negative to using a given resource type 
would not receive further questions about that type. The 
use of skip logic results in the number of respondents 
for more specific questions being lower than for the cor-
responding overarching yes/no question about usage of a 
given resource type.

For cross-tabulations, respondents were classified accord-
ing to job duties based on the highest percentage entered 
across 7 job duty designations. For instance, a respondent 
who estimated spending 70% of her time as a clinician and 
30% as an educator would be classified as a clinician. Sixty-
eight responses with more than 1 highest percentage value 
were removed from cross-tabulations of job roles. 

The survey was open from October 25 through November 
7, 2016. The final response rate was 21% (N = 3,155). 

Table 2.  Practice Setting by Frequency
Abbreviations: CRNA, Certified Registered Nurse Anesthetist; MD, physician.
aDoes not total to 100% because of rounding.

Practice setting No. Percent

Employee of hospital 886 36.7

Employee of office/clinic 20 0.8

Employee of freestanding surgical center 83 3.4

Employee of university/college 68 2.8

Employee of physician group 363 15.1

Employee of CRNA-only group 62 2.6

CRNA/MD practice 377 15.6

Federal service 56 2.3

Independent contractor for locum tenens agency 39 1.6

Independent contractor for various arrangements 99 4.1

Solo contractor/self-employed 137 5.7

I am currently enrolled in a nurse anesthesia educational program 157 6.5

Other 65 2.7

Total 2,412 100.0a
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Results
• Demographics. Several survey questions collected de-
mographic data (Tables 1-4). Regarding age, 2,417 
people filled in their age in years, yielding a median of 
45 years (SD = 11.3 years). The range was 25 to 78 years. 
In terms of practice setting (n = 2,412), employees of 
hospitals made up the single biggest contingent, with 
36.7% of the sample (95% CI = 34.8%-38.6%), followed 
by CRNA/MD Practice and Employee of Physician Group 
each at around 15%. Respondents (N = 2,347) were asked 
to fill in a percentage number for a range of 7 job duties, 
with the total required to sum to 100%. The mean of 
all responses for Direct Clinical Patient Care was 80.2% 
(95% CI = 79.0%-81.4%). The Education job duty and 
the Management/Supervision/Administration category 
had averages of 10.9% (95% CI = 10.0%-11.8%) and 5.1% 
(95% CI = 4.5%-5.7%), respectively, indicating a strong 
clinical practice emphasis of the results.

• Reference Types. A key focus of the reference survey 
was to gather evidence about whether CRNAs used 
various types of resources in their daily work. For that 
reason, the survey began with yes/no questions regard-
ing the categories of textbooks, handbooks and pocket 
manuals, journals, web-based resources, and mobile 
healthcare apps. 

To the prompt, “I refer to textbooks in anesthesia 
and related fields as references at work,” 61.4% (95% 
CI = 59.7%-63.1%) agreed. Similar rates of agreement 
were observed for analogous questions about handbooks 
and pocket manuals (63.3%, 95% CI = 61.5%-65.1%) 
and journals (62.3%, 95% CI = 60.5%-64.1%). For web-
based resources, however, respondents reported strik-
ingly higher agreement, with 90.7% (95% CI = 89.6%-
91.8%) answering yes (Table 5). Mobile healthcare apps 
saw somewhat higher usage than textbooks and journals, 
but not to the extent of web-based resources in general, 
with 68.8% (95% CI = 67.0%-70.6%) agreeing that they 
used apps for reference at work. Greater proportions of 
respondents (n = 2,417) acknowledged usage of web-
based resources compared with textbooks for every age 
group except those in their 70s, for whom textbook and 
web usage were equal but only 15 responses were col-

lected (Figure 1). For clinicians (n = 2,041), educators 
(n = 154), and managers (n = 72), web resource usage 
was also consistently endorsed at rates 20 to 30 percent-
age points higher than textbook use (Figure 2, Table 6).  

• Frequency of Usage. For each major reference type, 
questions also presented a choice of 5 different frequen-
cies of usage: 4 or more times daily, 1 to 3 times daily, 
once or twice a week, once or twice a month, and less 
than once or twice a month. For textbooks, the mode 
was at less than once or twice a month (36.1%, 95% CI = 
33.7%-38.5%), with 69.5% of respondents answering that 
they used textbooks that infrequently (Figure 3). The 
distribution of usage frequencies was virtually identical 
for handbooks and pocket manuals. Professional journal 
articles yielded subtly different results, with the mode at 
once or twice a month (43.1%, 95% CI = 40.7%-45.5%). 
Web-based resources appeared to again differ markedly 
in terms of frequency of usage, with the mode at once 
or twice a week (42.48%, 95% CI = 40.5%-44.5%) and 
83.7% of respondents admitting usage in the middle 3 
categories of the distribution, between 1 and 3 times 
daily and once or twice a month. Mobile healthcare apps 
showed a nearly identical distribution of frequency of 
usage, with 80.6% of respondents in the middle 3 cat-
egories. Higher frequency of usage of web vs textbook 
resources was reported by all age groups (Figure 4). 
Clinicians and managers, on average, reported using web 
resources more frequently than textbook resources, but 

Table 3.  Job Duty by Mean Percentage 

 Mean percentage 
Job duty (N = 2,347)

Direct clinical patient care 80.2

Education (clinical or didactic) 10.9

Management, supervision, 5.1 
 or administration

Consulting with others 2.0

Biomedical equipment maintenance/repair 0.7

Research 0.5

Other 0.6

Table 4.  Highest Degree Attained by Frequency
aDoes not total to 100% because of rounding.

Degree No. Percent

Certificate 101 4.2

Bachelor’s degree 297 12.2

Master’s degree 1,764 72.7

Doctoral degree

 EdD 6 0.3

 PhD 26 1.1

 DNSc 4 0.2

 DNP 133 5.5

Other 96 4.0

Total 2,427 100.0a 

Table 5.  Percent Agreement of Usage of Various 
Resource Types

 Percent 
Resource type reporting use

Textbooks (n = 3,155) 61.4

Handbooks and pocket manuals (n = 2,776) 63.3

Mobile apps (n = 2,617) 68.8

Journals (n = 2,705) 62.3

Web-based resources (n = 2,646) 90.7
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for educators, both resource types were used an average 
of once or twice a week (Figure 5, Table 7).

• Specific References. Within the realm of textbooks, 
multiple-choice questions also queried usage of specific 
titles of textbooks in the following subtopics: general an-
esthesia, equipment, anatomy and physiology, pharma-
cology, airway, and review textbooks. Within journals, 
similarly, additional questions probed preferred titles for 
anesthesia, general healthcare, and nursing journals. On 
the digital front, questions asked for preferred healthcare 
reference websites and mobile healthcare apps. 

Broadly, for textbooks of all types, handbooks and 
pocket manuals, journals, and mobile healthcare apps, 
respondents keyed in on 1 or a very small group of 
resources (Tables 8-11). For instance, in general anes-
thesia, responses clustered on 4 main textbooks: Clinical 
Anesthesia, Miller’s Anesthesia, Stoelting’s Anesthesia and 
Coexisting Disease, and Nurse Anesthesia, with the first 
textbook endorsed by 57.5% (95% CI = 55.1%-60.0%) 
and the range extending to Stoelting’s Anesthesia at 35.9% 
(95% CI, 33.5%-38.2%). The “Other” category was over-
whelmingly occupied by write-ins of Morgan & Mikhail’s 
Clinical Anesthesiology, which actually appeared as a 
choice under a later question about review textbooks. 
The next most frequent textbook option drew only 10.5% 
(95% CI = 9.0%-12.0%) of respondents. 

Usage of specific anesthesia journals also clustered on 
4 main responses, with the AANA Journal the clear leader 
at 86.1% (95% CI = 84.4%-87.8%), and Anesthesiology, 
Anesthesia and Analgesia, and Journal of Clinical Anesthesia 
in a second tier at between 42.2% (95% CI = 39.8%-
44.6%) and 31.6% (95% CI = 29.3%-33.9%). 

Mobile healthcare apps likewise seemed to focus on 
3 major responses: Epocrates (52.1%, 95% CI = 49.7%-
54.5%), Other (34.8%, 95% CI = 32.5%-37.1%), and 
Medscape (28.7%, 95% CI = 26.5%-30.9%). The Other 
category is of interest because 296 of the 590 write-in 
responses contained Vargo Anesthesia (Vargo Anesthesia 
Apps), making up 17.5% of the total question sample of 
1,696; Vargo was, therefore, effectively the third most 
commonly selected response. 

With web-based resources (Table 12), a depar-
ture from the pattern was again observed, with results 
showing more omnivorous resource usage. To the ques-
tion “Which of the following healthcare reference web-
sites do you use at work?”, respondents endorsed a wide 
range of resources in middling numbers, with Epocrates 
coming in first with 45.3% (95% CI = 43.3%-47.3%). 
However, several other websites were close behind, 
including WebMD (43.8%, 95% CI = 41.8%-45.8%), 
Medscape (41.5%, 95% CI = 39.5%-43.5%), NYSORA.
com (37.9%, 95% CI = 35.9%-39.9%), PubMed (36.25%, 

Table 6.  Percent Using Textbooks and Web-Based Resources by Job Duty

  Percent Percent 
Job duties No. using textbooks using Web

Biomedical equipment maintenance 7 14.3 100.0

Clinician 2,041 55.1 91.4

Consultation 4 50.0 75.0

Educator 154 69.5 90.3

Manager 72 61.1 94.4

Researcher 1 100.0 100.0

Total 2,279 56.2 91.4

Figure 1.  Percentage Acknowledging Resource Use By 
Age (years)

Figure 2.  Percent Using Textbooks and Web By 
Highest Percentage Job Duty

Percent using WebPercent using Textbooks
Percent using WebPercent using Textbooks

Grand TotalClinician Educator Manager
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95% CI = 34.4%-38.2%), and AANA Clinical Practical 
Resources (32.2%, 95% CI = 39.5%-43.5%), all in the 
greater than 30% range. Perhaps importantly, these top 6 
websites all offer a large amount of information for free, 
while some in the lower ranges of the distribution, in-
cluding UpToDate and Medline, are associated with fees. 

• Reference Characteristics. The NBCRNA wanted to 
understand not only what specific reference resource types 
and titles CRNAs use but also some of the underlying char-
acteristics that they consider to be important in a reference 
resource. Respondents were asked to rate 12 characteristics 
by importance on a 1 to 4 scale, with 4 being very important 
and 1 being not important at all. Easily Accessible was the 
top-rated characteristic, with 90.7% (95% CI 89.6%-91.8%) 
rating it a 4 and an average rating of 3.90 (Table 13). Portable 
was the second highest rated characteristic at a mean of 3.73, 
and Good Reputation was third at 3.71. Most responses were 
rated as relatively important, with only 2 achieving worse 
than a 3.0 average: Used by Nurse Anesthesia Educational 
Programs (2.86) and Published with Study Materials (2.76). 

Figure 3.  Frequency of Usage of Various Resource 
Types

Figure 5.  Average Frequency of Textbook and Web 
Usage By Highest Percentage Job Dutya
aResponse: 5 = 4 or more times daily, 4 = 1 to 3 times daily, 3 = 
once or twice a week, 2 = once or twice a month, 1 = less than 
once or twice a month.

Figure 4.  Frequency of Use, Textbooks Versus Web-
Based By Age (years)a
aResponse: 5 = 4 or more times daily, 4 = 1 to 3 times daily, 3 = 
once or twice a week, 2 = once or twice a month, 1 = less than 
once or twice a month.
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Discussion
Most of the survey findings would tend to support the 
assertion that nurse anesthetists in general have a higher 

preference for usage of web-based resources at work than 
for textbooks, journals, and even mobile apps. The much 
higher reported usage of web-based resources, higher re-

Table 7.  Average Frequency of Textbook and Web-Based Resource Use by Job Dutya
aResponse: 5 = 4 or more times daily, 4 = 1 to 3 times daily, 3 = once or twice a week, 2 = once or twice a month, 1 = less than once 
or twice a month.

 No., Mean,  No., Mean, 
Job duty  textbook frequency textbook frequency  web frequency web frequency

Biomedical equipment 1 1.0 7 2.0 
 maintenance

Clinician 1,153 1.9 1,866 2.6

Consultation 2 3.0 3 3.0

Educator 108 3.0 139 3.0

Manager 44 2.0 68 2.5

Researcher 1 2.0 1 3.0

All duties 1,309 2.0 2,084 2.6

Table 8.  General Anesthesia Textbook Titles (n = 1,575)

Which of the following general anesthesia textbooks do you use at work? (Select all that apply)

Author/editor and title Percent

Barash PG, Cullen BF, Stoelting RK, et al. Clinical Anesthesia 57.5

Miller RD, Cohen NH, Eriksson LI, et al. Miller’s Anesthesia 46.2

Hines RL, Marschall KE. Stoelting’s Anesthesia and Co-existing Disease 41.1

Nagelhout JJ, Plaus KL. Nurse Anesthesia 35.9

Other  28.6

Fleisher LA. Anesthesia and Uncommon Diseases 10.5

Longnecker D, Brown DL, Newman MF, Zapol WM. Anesthesiology 2.8

Table 9.  Handbook and Pocket Manual Titles (n = 1,615)

Which of the following handbooks and pocket manuals of anesthesia do you use at work? (Select all that apply)

Author/editor and title Percent

Pino RM. Clinical Anesthesia Procedures of the Massachusetts General Hospital 44.8

Barash PG, Cullen BF, Stoelting RK, et al. Handbook of Clinical Anesthesia 29.7

Nagelhout JJ, Plaus KL. Handbook of Anesthesia 20.2

Urman RD, Ehrenfeld JM. Pocket Anesthesia 18.5

Stoelting R, Flood P, Rathmell JP, et al. Stoelting’s Handbook of Pharmacology and Physiology in Anesthetic Practice 16.7

Hines RL, Marschall KE. Handbook for Stoelting’s Anesthesia and Co-Existing Disease 13.8

Other (please specify) 13.4

Houck P, Hache M, Sun L. Handbook of Pediatric Anesthesia 9.2

Macksey LF. Surgical Procedures and Anesthetic Implications: A Handbook for Nurse Anesthesia Practice 5.1

Marcucci C, Cohen NA, Metro DG, et al. Avoiding Common Anesthesia Errors 1.9

Malamed SF. Handbook of Local Anesthesia 1.7

Newfield P, Cottrell JE. Handbook of Neuroanesthesia 1.6

Allman KG, Wilson IH. Oxford Handbook of Anaesthesia 1.5

Clark MS, Brunick AL. Handbook of Nitrous Oxide and Oxygen Sedation 0.1
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ported frequencies of usage for web-based resources and 
mobile apps, and larger number of web-based resources 
marked as used by at least 25% of respondents all tend to 

indicate fairly strongly that web-based resources are pre-
ferred reference touchstones for nurse anesthetists. This 
finding is not surprising in light of the existing literature 
or larger trends in the culture toward digital vs print infor-
mation consumption; indeed, the surprising element may 
be that mobile usage for reference purposes is not more 
widespread among nurse anesthetists since mobile apps 
are usually depicted as sweeping aside laptop- and desk-
top-based access to information in the culture in general. 

Furthermore, a look at the characteristics of resources 
valued by nurse anesthetists, with ease of access and 
portability taking the top 2 rankings, makes clear why 
web-based resource use would be reported by such large 
numbers of nurse anesthetists. Web-based resources 
are certainly much more portable and easier to access 
than some of the other resource types, weighty classic 
textbooks in particular. Referring again to the results for 
specific website preferences, with the top several web-
sites accessible for free, ease of access in the financial 
sense also may help explain higher usage of web-based 
resources. Textbooks and journals are frequently priced 
noneconomically for individual users, so CRNAs with 
less institutional support may question whether the dif-
ference in quality of information is really on par with 

Table 10.  Anesthesia Journal Titles (n = 1,606)

Which of the following anesthesia journals do you use at 
work? (Select all that apply)

Title Percent

AANA Journal 86.1

Anesthesiology 42.2

Anesthesia and Analgesia 41.1

Journal of Clinical Anesthesia 31.6

British Journal of Anesthesia 14.0

Other 10.7

Journal of Anesthesia and Clinical Research 7.9

European Journal of Anesthesiology 2.7

Table 11.  Mobile Healthcare Apps (n = 1,696)
Abbreviations: CRNA, Certified Registered Nurse Anesthetist; 
FDA, US Food and Drug Administration; MH, malignant 
hyperthermia; NEJM, New England Journal of Medicine; NLM, 
US National Library of Medicine; PK/PD, pharmacokinetics and 
pharmacodynamics; RN, registered nurse.

Which of the following mobile healthcare apps do you use 
at work? (Select all that apply)

Title Percent

Epocrates (Athenahealth) 52.1

Other (please specify) 34.8

Medscape (WebMD) 28.7

Anesthesia 13.2

Morgan & Mikhail’s Clinical 10.5 
Anesthesiology (McGraw-Hill)

Anesthesia CALC 9.8

Pocket Lab Values (Joefrey Kibuule) 8.7

Anesthesia Central (Unbound Medicine) 6.1

PubMed Mobile (NLM) 4.8

Lexi-Clinical Suite (Wolters Kluwer) 4.5

Anesthesia Infusion (AvivoNet Software) 4.3

iCRNA 3.2

Calculate by QxMD (QxMD) 3.0

Drug Shortages (FDA) 1.7

PreOpGuide (App Your Biz) 1.5

Figure 1 (Figure 1) 1.4

MHApp (Girard Development) 1.1

CodeRunner (Nikolai Krill) 1.1

NEJM This Week (NEJM) 0.8

AnestAssist PK/PD (Palma Healthcare Systems) 0.6

Informed RN Pocket Guide (Informed Publishing) 0.4

Eye Handbook (EHB Press) 0.4

Nursing Central (Unbound Medicine) 0.2

Table 12.  Healthcare Reference Websites (n = 2,345)
Abbreviations: AANA, American Association of Nurse 
Anesthetists; NYSORA, New York School of Regional Anesthesia. 

Which of the following healthcare reference websites do 
you use at work? (Select all that apply)

Name Percent

Epocrates 45.3

WebMD 43.8

Medscape 41.5

NYSORA 37.9

PubMed 36.3

AANA Clinical Practice Resources 32.2

UpToDate 26.9

Medline 22.6

Centers for Disease Control and Prevention 15.7

Other (please specify) 13.2

The Merck Manuals 9.2

MedNet 5.1

eMedicine (Medscape) 4.6

MedicineNet 4.1

MDconsult.com (now Clinical Key) 3.5

Healthline 3.1

Omni Medical Search 1.7

Merckmedicus 0.6

Athens 0.6

Hardin MD 0.2
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the difference in price. Nevertheless, affordability was 
cited as a very important characteristic by only 48.3% of 
respondents (95% CI = 46.3%-50.3%), with a somewhat 
lower average rating (3.33) than the other listed options. 
This statistic might be interpreted as more of a rela-
tive downgrading compared with other characteristics, 
however, because 88.5% did select affordability as at least 
somewhat important.

Although one might suspect that older nurse anes-
thetists would be less likely to use web-based resources 
or would use them less frequently than their younger 
counterparts, this does not appear to be true. Even in the 
smaller, 70-year-plus groups, yes-no responses to usage 
of web and textbook resources were at least equal, and 
frequency of web-based resource usage was higher for 
every age group. Interestingly, frequencies of usage for 
both types of resource do seem to decline gradually until 
age 35, which roughly corresponds with the completion 
of training and beginning of full-scale practice. 

Over the same period, the percent affirming textbook 
use for reference declines, but the percentage report-
ing web resource usage stays in the 85% to 90% range 
throughout the age distribution. This might indicate that 
the web is more of a standard workplace tool than text-
books, which might be associated more with training to 
practice than with practice itself. 

In an analysis of resource usage by highest percent-
age job duty, for the 3 duties selected in numbers large 
enough to permit generalization (clinician, educator, and 
manager), web-based resource usage was greater than 
textbook usage regardless of job duty. Notably, educa-
tors responded that they used textbooks in their work 
in greater proportions (69.5%, 95% CI = 62.2%-76.8%) 
than did managers (61.1%, 95% CI = 49.8%-72.4%) or 
clinicians (55.1%, 95% CI = 52.9%-57.3%). Although the 
manager designation’s confidence interval for the ques-
tion is too large for valid comparison of that group, the 
educator and clinician margins do not overlap. Educators 
alone showed equal frequency of usage of both resource 
types (3.0, or once or twice a week [95% CI ± 0.57 text-
books, ± 0.5 for web-based]). Web-based resources were 
more frequently used than textbooks for managers (2.5 
for web vs 2.0 for textbooks [95% CI ± 0.61 for both]) 
and clinicians (2.6 for web vs 1.9 for textbooks [95% 
CI ± 0.12 and 0.11]). Educators’ higher frequency of 
usage of both resource types (again with caveats for the 
small sample size of the manager designation) suggests 
that CRNAs who are primarily educators simply have to 
check resources more frequently to answer trainee ques-
tions and publish their own work. 

Limitations of this study include self-selection bias 
in responding to the survey and the fact that all results 
are self-reports of behavior. Individuals’ unreliability in 
reporting their own actions is well known, and percep-
tions of some respondents of the desirability of admitting 

to using reference materials at work may have influenced 
their responses in some cases. Also, in reviewing patterns 
of usage of specific resources, it is important to note that, 
mostly for economic reasons, there simply are fewer text-
book and journal options available to choose from than 
there are for websites or apps. This difference in range 
of options might tend to lead to the broader distribution 
of usage of specific titles of websites observed. Finally, it 
should be noted that, although the NBCRNA attempted 
to be as inclusive as possible in alternatives offered for 
specific title questions, some titles may not have arisen 
from online search and consultation of subject matter 
experts during survey development. A write-in “Other” 
option was included in all title-preference questions to 
compensate for any missed titles.

As the NBCRNA periodically revisits its reference text-
book lists for examinations, the information that this survey 
yielded of the field will be an important guide. While inves-
tigating the potential for innovative examination develop-
ments such as open-book testing, the NBCRNA will find 
these data important in studying what types of resources 
would be most appropriate and most useful to CRNAs for 
taking an examination. Because it is the time and efforts of 
the CRNAs and student registered nurse anesthetists who 
took the time to fill out the survey that enabled these find-
ings, the NBCRNA would like to sincerely thank the pro-
fession for once again providing the support for research 
that buttresses the value of the credential.
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