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Background: Although there are thousands of published recommendations
in anesthesiology clinical practice guidelines, the extent to which these are

= supported by high levels of evidence is not known. This study hypothesized that
Levels Of E‘"dence most recommendations in clinical practice guidelines are supported by a low

supporting the level of evidence.

Methods: A registered (Prospero CRD42020202932) systematic review was

N o rth Am eri c a n a n d conducted of anesthesia evidence-based recommendations from the major North

American and European anesthesiology societies between January 2010 and

Eu ropean Perioperative September 2020 in PubMed and EMBASE. The level of evidence A, B, or C and

the strength of recommendation (strong or weak) for each recommendation was %

H H mapped using the American College of Cardiology/American Heart Association &

care GUIdellnes for classification system or the Grading of Recommendations Assessment, %
= = Development, and Evaluation (GRADE) system. The outcome of interest was S
AﬂﬂSthESlOlOQlStS the proportion of recommendations supported by levels of evidence A, B, and 5

b t 201 0 d 2 02 0. C. Changes in the level of evidence over time were examined. Risk of bias was §

e Ween an [ assessed using Appraisal of Guidelines for Research and Evaluation (AGREE) II.
A svstem atic Review Results: In total, 60 guidelines comprising 2,280 recommendations were
reviewed. Level of evidence A supported 16% (363 of 2,280) of total recom- 3
) . mendations and 19% (288 of 1,506) of strong recommendations. Level of 3.
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¢ |n a systematic review of 2,280 recommendations in 60 guidelines

published by major North American and European societies, half of
the recommendations were supported by a low level of evidence.

e The proportion of recommendations supported by a high level of

avidence did not increase between 2010 and 2020. porary data report that anesthesia-related mortality has

dropped by nearly 99% to 8.2 deaths per million surgical

EDITOR’S PERSPECTIVE evidence A (relative risk ratio, 1.07; 95% Cl, 0.93 to 1.23; P = 0.340) org
level of evidence B (relative risk ratio, 1.05; 95% Cl, 0.96 to 1.15; P=0.283) %

What We Already Know about This Topic compared to level of evidence C. 8
e Anesthesia clinical practice guidelines make evidence-based rec- Conclusions: Half of the recommendations in anesthesiology clinical prac- §
ommendations intended to optimize patient outcomes. The extent tice guidelines are based on a low level of evidence, and this did not change &
to which these recommendations are supported by high-quality evi- over time. These findings highlight the need for additional efforts to increase
dence is not known. the quality of evidence used to guide decision-making in anesthesiology. %
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1 death per 1,560 operations.” Analyses based on contem-

discharges.> However, this contemporary analysis underes-

Perioperative mortality is the third leading cause of death  timates the impact of anesthetic care on outcomes because
in the United States after heart disease and cancer.' it only attributes deaths to anesthesia if they were caused
Over 60 years ago, Beecher reported that anesthesia caused by overdoses or adverse effects of anesthetics, malignant
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hyperthermia, or failed or difficult intubations.” This analy-
sis ignores the role that anesthesiologists play in optimizing
patient physiology to prevent complications such as myo-
cardial infarctions, kidney injury, and strokes.”

Reducing preventable deaths and complications after
surgery requires a better understanding of the gaps in the
evidence base currently used by anesthesiologists to make
clinical decisions. For nearly three decades, anesthesiol-
ogy societies have published clinical practice guidelines
on the perioperative management of patients undergoing
surgery and other procedures. Anesthesiologists rely on
these recommendations to guide decision-making because
clinical practice guidelines represent the “epitome” of evi-
dence-based medicine. These recommendations are based
on the best available evidence and serve as the frame-
work for best practices in perioperative care. However,
clinical practice guidelines are only valid if the scientific
basis for these guidelines is valid. In their landmark study
published in 2009, Tricoci et al.* reported that only 11%
of the American College of Cardiology/American Heart
Association guidelines were based on the highest level of
evidence, whereas nearly half were based only on expert
opinion or case studies. This reliance on expert opinion is
problematic because expert opinion, by definition, has not
been scientifically validated. Ten years later, the extent to
which cardiovascular guidelines rely on expert opinions
has not changed significantly.® Similar findings have been
reported for other medical and surgical subspecialties.”® To
date, the quality of the evidence supporting clinical practice
guidelines in anesthesiology has not been reported.

We report the results of our systematic review of anes-
thesiology evidence-based clinical practice guidelines
published by the major North American and European
societies and anesthesiology subspecialty societies. Our
primary objective is to evaluate the quality of the evi-
dence underlying anesthesiology clinical practice guide-
lines. Our second objective is to examine the change in
the quality of the evidence supporting these clinical prac-
tice guidelines over time. Our goal is to better understand
the evidence base for anesthesia practice and help inform
discussions on future steps needed to improve the quality
of evidence underlying the perioperative care of surgical
patients.

Materials and Methods

Protocol and Registration

We conducted our systematic review using the Cochrane
method. We expanded our analysis to include guidelines pub-
lished outside of the United States based on comments that
we received during the editorial process. Our revised protocol
was published in Prospero (CR1D42020202932, June 9,2020),
an international registry of systematic reviews, after the initial
peer review.” Our report adheres to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses statement. '’
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Eligibility Criteria

We reviewed perioperative clinical practice guide-
lines developed by the major anesthesiology societies in
North America and Europe between January 1, 2010, and
September 9, 2020. All documents that had a clear state-
ment of being a clinical practice guideline and that graded
the levels of evidence supporting their recommendations
were included. We excluded guidelines related to intensive
care and chronic pain. We excluded previous versions of
published guidelines in our main analyses. We also excluded
practice advisories because they represent a level of rec-
ommendation lower than that offered by clinical practice

guidelines."!

Search Strategy

A librarian (L.H.) built a specific and sensitive search strat-
egy, including the name of the major North American and
European anesthesiology societies and the names of the
leading subspecialty societies, followed by the names of the
anesthesiology journals with the 10 highest impact factors
(Scimago),'? and finally connected with terms related to clin-
ical practice guidelines and synonyms: ((‘American Society
of Anesthesiologists’ OR ‘American Society of Regional
Anesthesia and Pain Medicine’ OR ‘Society for Obstetric
Anesthesia and Perinatology’ OR ‘Society of Cardiovascular
Anesthesiologists’ OR ‘Society for Ambulatory Anesthesia’
OR ‘Society of Anesthesia and Sleep Medicine’ OR ‘Society
of Critical Care Anesthesiologists” OR ‘Society for Pediatric
Anesthesia” OR ‘Trauma Anesthesiology Society” OR
‘Society for Neuroscience in Anesthesiology and Critical
Care’ OR ‘Society for Airway Management’ OR ‘Society of
Academic Associations of Anesthesiology and Perioperative
Medicine’ OR ‘Society for the Advancement of Transplant
Anesthesia’ OR ‘American Society for Enhanced Recovery’
OR ‘American Pain Society” OR ‘European Society of
Anaesthesiology” OR ‘European Society of Regional
Anaesthesia and Pain Therapy” OR ‘European Society for
Paediatric Anaesthesiology’ OR ‘European Association of
Cardiothoracic  Anesthesiology” OR  ‘Neuroanaesthesia
and Critical Care Society” OR ‘Obstetric Anaesthetists
Association’ OR. ‘Difficult Airway Society” OR ‘ERAS
Society” OR ' ‘Association of Anaesthetists’ OR ‘Royal
College of Anaesthetists’ OR ‘Canadian Anesthesiologists
Society” OR ‘Regional Anesthesia and Pain Medicine’;jt
OR ‘Anesthesia and Analgesia’jt OR ‘Anesthesiology’:jt
OR ‘British Journal of Anaesthesia’;jt OR ‘Anaesthesia’:jt
OR ‘European Journal of Anaesthesiology’:jt OR ‘Canadian
Journal of Anesthesia’;jt OR ‘Paediatric Anaesthesia’;jt OR
‘Acta Anaesthesiologica Scandinavica’jt OR ‘Anaesthesia
Critical Care and Pain Medicine’;jt)) AND (‘practice
guideline’ OR ‘guideline*” OR ‘evidence based” OR ‘task
force’)

We used a time filter between January 1, 2010, and
September 9, 2020. The decision to include or exclude
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each society for the search strategy was determined by three
anesthesiologists (L.G.G.,].A.W.,, and M.R.W.).

Information Sources

We searched PubMed and EMBASE from January 1,
2010, to September 9, 2020, for clinical practice guidelines
developed by the major anesthesiology societies in North
America and Europe. No restriction on language was used.
We also searched the web pages of these societies.

Study Selection

Two investigators independently screened the titles and
abstracts of all references from the search results using the
systematic review software Abstrackr.” The full texts of the
relevant citations were reviewed and further screened for
eligibility. Finally, based on the recommendations of the
Cochrane Handbook for Systematic Reviews'*!® and the
PRISMA statement checklist,'” disagreements about the
references for data extraction were resolved by consensus.
The analytic sample consisted of 60 guidelines with 2,280
recommendations.

Data Collection Process

Two investigators independently collected data from
the
retrieved: guideline title, sponsor (e.g., American Society
of Anesthesiologists), year of publication, update status,
method used to grade evidence, funding source, popula-
tion or focus of guideline, and the anesthesia subspecialty

included guidelines. The following items were

(f applicable). The extracted results were compared for
concordance between reviewers, and disagreements were
resolved by consensus. If a guideline was intended for a
multidisciplinary audience (i.e., 2010 guideline for diagnosis
and management of patients with thoracic aortic disease'®
and 2011 guideline for coronary artery bypass graft sur-
gery'’), we only considered the recommendations directed
toward anesthesiologists.

Extraction of Level of Evidence

The reviewed guidelines used different methodologies
for evaluating the level of evidence. One third of the
recommendations (796) were graded using the Grading
of Recommendations Assessment, Development, and
Evaluation (GRADE) system. According to the GRADE
system, level of evidence A is defined as “consistent evi-
dence from well-performed randomized controlled tri-
als or overwhelming evidence of some other form”; level
of evidence B is defined as “evidence from randomized
controlled trials with important limitations or very strong
evidence of some other form”; and level of evidence C is
defined as “evidence from observational studies, unsystem-
atic clinical experience, or from randomized controlled tri-
als with serious flaws”!® (table 1). We categorized the other

Evidence Supporting Anesthesiology Guidelines

recommendations (1,484) using the American College of
Cardiology/American Heart Association classification sys-
tem: level of evidence A includes data from multiple ran-
domized controlled trials or meta-analyses, level of evidence
B represents data from a single randomized controlled study
or observational studies, and level of evidence C is lim-
ited to data from case reports and expert opinion* (table 1).
For those guidelines that did not explicitly classify the level
of evidence using the American College of Cardiology/
American Heart Association or GRADE classification sys-
tem, two investigators independently classified the recom-
mendations using the grading system (American College of
Cardiology/American Heart Association or GRADE) that
most closely approximated the grading system used in the
guideline (table 1). Agreement between the evaluators was
achieved by consensus as per the Cochrane Handbook for
Systematic Reviews."

Extraction of Strength of Recommendation

Recommendations (796) classified using the GRADE
system were classified as either strong recommendations
(benefits clearly outweigh risk and burdens or vice versa)
or weak recommendations (benefits closely balanced with
risks and burdens)'” within the body of the documents. All
other recommendations (1,484) were classified as strong or
weak recommendations based on the American College
of Cardiology/American Heart Association classifica-
tion system (table 1) by three investigators (A.L., D.A.R.,
J.E.B.-C.), who independently reviewed the wording and
categorized them as strong recommendations: class I (ben-
efit clearly outweighs risk) or class III (no benefit, not help-
ful, harmful); or weak recommendations: class II (benefit
closely balanced with risks).?” Figure A1 shows the phrases
used to map recommendations to the American College
of Cardiology/American Heart Association strength of
recommendations using either the GRADE or American
College of Cardiology/American Heart Association classi-
fication system. For example, class I recommendations are
those for which there is evidence and general agreement
that the treatment is useful or effective. These are pre-
sented with terms such as “should,” “is recommended,” “is
indicated,” and “is useful/effective/beneficial.” Agreement
between the evaluators was achieved by consensus as per
the Cochrane Handbook for Systematic Reviews.'*

Risk of Bias in Individual Studies

All documents included were assessed independently
by three reviewers using the Appraisal of Guidelines
for Research and Evaluation (AGREE) II instrument.?!
AGREE 11 is a framework for assessing the quality of guide-
lines that AGREE II defines “as the confidence the poten-
tial biases of guideline development have been addressed
adequately.”?'# Upon completing the 23 items of the
AGREE 1I instrument, the reviewers made a judgment

Anesthesiology 2021; 135:31-56
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Table 1. Definitions of Level of Evidence and Strength of Recommendations

American College of
Cardiology/American Heart Association

Grading of Recommendations Assessment,
Development, and Evaluation (GRADE)'®'°

Level of evidence
A Data derived from multiple randomized clinical trials or
meta-analysis

B Data derived from a single randomized clinical trial or nonran-
domized studies

C Only consensus opinion of experts, case studies or standard
of care
Strength
Strong Class | = benefit clearly outweighs risk; recommendations

use the terminology “should,” “is recommended,” “is
indicated,” “is useful,” “is effective,” or “is beneficial”
Class Il = no benefit, not helpful, or harmful; recommen-
dations use the terminology “is not recommended,” “is
not indicated,” should not be performed,” should not be
administered,” “is not useful,” “is not beneficial,” “is not
effective,” “potentially harmful,” or “causes harm”

Weak Class Il = benefit outweighs risk but additional studies with
focused objectives are needed; benefit closely balanced
with risks

Recommendations use the terminology “is reasonable,” “can
be useful,” “can be effective,” “can be beneficial,” “is prob-
ably recommended,” “is probably indicated,” “may/might
be considered,” “may/might be reasonable,” “usefulness/
effectiveness is unknown,” or “not well established”

about the quality of the guideline considering the criteria
in the assessment process. A threshold of 70% in the overall
assessment was used to identify highest quality guidelines
with lowest risk of bias. This threshold was decided by con-

sensus among the authors.*'*

Analysis

Descriptive Analysis. We first report the proportion of rec-
ommendations supported by levels of evidence A, B, and
C. We then report the proportion of recommendations
supported by levels of evidence A, B, and C stratified by
the strength of the recommendation (strong versus weak),
by classification system (GRADE, American College of
Cardiology/American Heart Association), and by specialty
(general, cardiovascular, obstetric, pediatric, acute pain,
regional, and neuroanesthesia). For simplicity of presenta-
tion, the term “general” is used to define nonspecialty care.
We used multinomial logistic regression modeling, only
including intercept terms, to compare the proportion of
recommendations supported by level of evidence A versus
level of evidence C and the number supported by level of
evidence B versus level of evidence C.

Statistical Analysis. Bivariate multinomial logistic regres-
sion was used to separately examine the association
between the quality of evidence supporting clinical

Anesthesiology 2021; 135:31-56

Well performed randomized controlled trials or overwhelming evidence of some
other form; further research unlikely to change our confidence in the estimate of
benefit and risk

Evidence from randomized controlled trials with important limitations (inconsistent
results, methodologic flaws, indirect, or imprecise) or very strong evidence of
some other form; further research (if performed) likely to have an impact on our
confidence in the estimate of benefit and risk and may change the estimate

Evidence from observational studies, unsystematic clinical experience, or from
randomized controlled trials with serious flaws; any estimate of effect uncertain

Benefits clearly outweigh risk and burdens or vice versa.
Should use the terminology “We recommend...” or “we do not recommend”

Benefits closely balanced with risks and burdens
Weak recommendations should use less definitive wording, such as “We sug-
gest...”

practice guidelines and (1) subspecialty, (2) strength of rec-
ommendation (strong versus weak), (3) region (the United
States, Europe, or multinational), (4) methodology used
for grading the quality of the evidence (American College
of Cardiology/American Heart Association or GRADE),
and (5) risk of bias (defined as an overall score of less than
70% or greater than or equal to 70% [where a higher score
indicates a lower risk of bias] on AGREE II). The depen-
dent variable was specified as a categorical indicator: level
of evidence A, B, or C.

We then examined whether the quality of evidence
supporting clinical practice guidelines changed over time
using multinomial logistic regression. The analytic sam-
ple included all general guidelines that were revised (519
previous recommendations and 590 revised recommenda-
tions). We excluded subspecialty guidelines because very
few subspecialty guidelines were updated. The dependent
variable was specified as a categorical indicator variable:
level of evidence A, B, or C. The key independent vari-
able indicated whether a recommendation was included
in the original guideline or the revised guideline. We esti-
mated an unadjusted model in the main analysis. We then
performed a sensitivity analysis in which we estimated a
nonparsimonious multivariable model adjusting for sub-
specialty, strength of recommendation (strong versus weak),
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region (the United States, Europe, or multinational), and
the methodology used for grading the quality of the evi-
dence (American College of Cardiology/American Heart
Association or GRADE). We did not adjust for AGREE 1I
because it did not have a clinically meaningful effect size
in the descriptive bivariate analyses. Next, we performed
a secondary analysis based on the complete set of recom-
mendations including previous versions of revised guide-
lines (2,280 recommendations from current guidelines and
580 recommendations from previous guidelines that had
been revised). The key independent variable was the year
in which a guideline was published, specified as a con-
tinuous variable. As above, we also performed a sensitivity
analysis which adjusted for subspecialty, strength of recom-
mendation (strong versus weak), region (the United States,
Europe, or multinational), and the methodology used for
grading the quality of the evidence (American College of
Cardiology/American Heart Association or GRADE).

The use of multinomial logistic regression was not pre-
specified in our published protocol. We chose this approach
instead of logistic regression to avoid the loss of information
that would occur if we collapsed the three levels of evi-
dence (levels of evidence A, B, and C) into two categories
(level of evidence A and B wversus level of evidence C). We
selected multinomial logistic regression instead of ordered
logistic regression because the parallel regression assump-
tion in ordered logistic regression is rarely met.*

All analyses were performed using STATA 16.1 (StataCorp,
USA). Because recommendations within the same guideline
may not be independent, we used cluster robust variance esti-
mators using the guideline as the unit of clustering.” Findings
are reported as relative risk ratios. Two-sided P values of less
than 0.05 are reported as statistically significant.

No statistical power calculation was conducted before
the study. The sample size was based on the available data.

Results

Study Selection and Characteristics

We found 7,808 citations, of which we reviewed 271 in full
text, and included 70 documents (60 guidelines with 2,280
recommendations) for data extraction (fig.A2; table 2). Overall,
29 guidelines were developed in the United States, 15 guide-
lines in Europe, and 16 in both. Sixteen of the guidelines were
developed by or in collaboration with the American Society of
Anesthesiologists (Schaumburg, llinois) and ten of the guide-
lines were developed by or in collaboration with the European
Society of Anesthesiology (Brussels, Belgium). Of the 2,280
recommendations, 60% were addressed toward general anes-
thesiology practice: 22% (511) to cardiovascular anesthesia, 6%
(140) to regional anesthesia and acute pain, 5% (123) to obstet-
ric anesthesia, 4% (93) to pediatric anesthesia, and 2% (51) to
neuroanesthesia.

Evidence Supporting Anesthesiology Guidelines

Level of Evidence Supporting Recommendations

We mapped the level of evidence in individual guidelines
to that used by the American College of Cardiology/
American Heart Association and GRADE systems (see
table 1 for definitions). Level of evidence A supported 16%
(363 of 2,280) of recommendations, level of evidence B
supported 33% (757 of 2,280), and level of evidence C sup-
ported 51% (1,160 of 2,280). When assessing only strong
recommendations, 19% (288 of 1,506) were supported by
level of evidence A, 31% by level of evidence B (462 of
1,506), and 50% (756 of 1,506) by level of evidence C evi-
dence (fig. 1). After stratifying this analysis by the classifying
system (GRADE versus American College of Cardiology/
American Heart Association), we found that the distribu-
tion of levels of evidence was qualitatively similar to the
above (fig. 1).

Risk of Bias within Clinical Practice Guidelines

The scores of the AGREE II domains for each of the clin-
ical practice guidelines are shown in table 2. Forty-four of
the clinical practice guidelines (73%) exceeded the thresh-
old score of 70% (table 3). Recommendations with a low
risk of bias (AGREE II score greater than or equal to 70%)
were not more likely to be supported by level of evidence
A versus level of evidence C compared to recommendations
with a higher risk of bias (relative risk ratio, 0.91; 95% CI,
0.32 to 2.57; P = 0.857; fig. 3a). Recommendations with a
low risk of bias were also not more likely to be supported by
level of evidence B versus level of evidence C compared to
recommendations with a higher risk of bias (incidence-rate
ratio, 1.05; 95% CI, 0.53 to 2.06; P = 0.897; fig. 3b).

Level of Evidence Supporting Recommendations
Stratified by Subspecialty

Figure 2 depicts the distribution of levels of evidence across
the different subspecialties stratified by the level of evidence
classification system (GRADE versus American College of
Cardiology/American Heart Association). Neuroanethesia
(relative risk ratio, 0.06; 95% CI, 0.02 to 0.21; P < 0.001)
and regional (relative risk ratio, 0.37; 95% CI, 0.20 to 0.68;
P = 0.001) were less likely to be associated with level of
evidence A versus level of evidence C compared to gen-
eral (fig. 3, a and b). Recommendations in clinical practice
guidelines for cardiovascular anesthesia were more likely to
be associated with level of evidence B wversus level of evi-
dence C (relative risk ratio, 1.87; 95% CI, 1.02 to 3.43;
P = 0.043) compared to general (fig. 3,a and b). Acute pain
(relative risk ratio, 0.32; 95% CI, 0.11 to 0.97; P = 0.044),
obstetrics (relative risk ratio, 0.29; 95% CI, 0.11 to 0.82;
P = 0.019), and regional (relative risk ratio, 0.33; 95% CI,
0.22 to 0.49; P < 0.001) were less likely to be associated
with level of evidence B versus level of evidence C com-
pared to general (fig. 3,2 and b).
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OMA, Obesity Medicine Association; SASM, Society of Anesthesia and Sleep Medicine; SCA, Society of Cardiovascular Anesthesiologists; SCAI, Society of Cardiovascular Angiography and Interventions; SIGN, Scottish intercollegiate Guidelines Network;

EACTS, European Association for Cardio-Thoracic Surgery; EACTA, European Association of Cardiothoracic Anaesthesiologists; EBA, European Board of Anesthesiology; EBCP, European Board of Cardiovascular Perfusion; ERAS, Enhanced Recovery after
Surgery; ESA, European Society of Anesthesiology; ESC, European Society of Cardiology; ESICM, European Society of Intensive Care Medicine; GRADE, Grading of Recommendations Assessment, Development, and Evaluation; HRS, Heart Rhythm Society;

AACE, American Association of Clinical Endocrinologists; AAOS, American Academy of Orthopaedic Surgeons; AAP, American Academy of Pediatrics; AATS, American Association for Thoracic Surgery; ACC, American College of Cardiology; ACR, American
College of Radiology; AHA, American Heart Association; AmSECT, American Society of Extracorporeal Technology; APAGBI, Association of Pediatric Anaesthetists of Great Britain and Ireland; ASA, American Society of Anesthesiologists; ASE, American Soci-
ety of Echocardiography; ASER, American Society for Enhanced Recovery; ASM&BS; American Society of Metabolic and Bariatric Surgery; ASNC, American Society of Nuclear Cardiology; ASRA, American Society of Regional Anesthesia and Pain Medicine;
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Evidence Supporting Anesthesiology Guidelines
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Fig. 1. Level of evidence for recommendations stratified by the grading system and strength of the recommendation. Each bar represents
the percentage of recommendations supported by levels of evidence A, B, or C. Because all percentages were rounded to whole numbers, the
sum of will not be exactly 100% in all cases. The P values for level of evidence A versus level of evidence C, and level of evidence B versus
level of evidence C are based on multinomial logistic regression with intercept term only. *P < 0.05; **P < 0.01; ***P < 0.001. N = number
of recommendations. In the American College of Cardiology/American Heart Association, level of evidence A includes evidence from multiple
randomized controlled trials or meta-analysis, level of evidence B includes evidence from a single randomized controlled trial or observational
studies, and level of evidence C includes evidence from case reports and expert opinion.*? In the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) system, level of evidence A includes well performed randomized controlled trials or overwhelming
evidence of some other form, level of evidence B includes evidence from randomized controlled trials with important limitations (inconsistent
results, methodologic flaws, indirect or imprecise) or very strong evidence of some other form, and level of evidence C includes evidence from
observational studies, unsystematic clinical experience, or randomized controlled trials with serious flaws.81

level of evidence C (relative risk ratio, 1.07; 95% CI, 0.93
to 1.23; P = 0.340) or level of evidence B versus level of
evidence C (relative risk ratio, 1.05;95% CI, 0.96 to 1.15;
P = 0.283).The results of the sensitivity analysis in which
we adjusted for recommendation strength, region, and
methodology are shown in figure A3 (a and b).

Discussion

In this systematic review of clinical practice guidelines
developed by anesthesiology societies from the United
States and Europe, only 16% of all recommendations were
supported by a high level of evidence (level of evidence
A). In total, 51% of recommendations were supported by
a low level of evidence (level of evidence C). More strik-
ingly, 50% of all strong recommendations were also only

supported by a low level of evidence. The proportion of
recommendations supported by level of evidence A or B
did not increase over time compared to level of evidence C.
Finally, recommendations in multinational guidelines were
four times more likely to be supported by level of evidence
A than recommendations in U.S. guidelines.

Previous studies have also evaluated the level of evi-
dence supporting recommendations in clinical practice
guidelines published by other medical organizations such
as the American Heart Association, the American College
of Cardiology, the European Society of Cardiology
(Sophia Antipolis, France), the Society for Critical Care
Medicine (Mount Prospect, Illinois), and the American
College of Obstetricians and Gynecologists (Washington,
D.C.).>#%% In common with anesthesiology, most of the
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Fig. 2. Level of evidence for recommendations stratified by subspecialty. Each bar represents the percentage of recommendations sup-
ported by levels of evidence A, B, or C. N = number of recommendations. The Pvalues for level of evidence A versus level of evidence C, and
level of evidence B versus level of evidence C are based on multinomial logistic regression with intercept term only.*P < 0.05; **P < 0.01;
***P < 0.001. In the American College of Cardiology/American Heart Association system, level of evidence A includes evidence from multiple
randomized controlled trials or meta-analysis, level of evidence B includes evidence from a single randomized controlled trial or observational
studies, and level of evidence C includes evidence from case reports and expert opinion.*? In the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) system, level of evidence A includes well performed randomized controlled trials or overwhelming
evidence of some other form, level of evidence B includes evidence from randomized controlled trials with important limitations (inconsistent
results, methodologic flaws, indirect or imprecise) or very strong evidence of some other form, and level of evidence C includes evidence
from observational studies, unsystematic clinical experience, or from randomized controlled trials with serious flaws.'®° All percentages were
rounded to whole numbers; therefore the addition of the individual percentages can give more or less than 100%.
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PERIOPERATIVE MEDICINE

recommendations from these medical specialties were also
based on a low level of evidence instead of high-quality evi-
dence. With the exception of the Infectious Disease Society
of America (Arlington, Virginia), the reliance on expert
opinion did not change over time.”

The large proportion of recommendations in anesthe-
sia clinical practice guidelines based on low-quality evi-
dence is a cause for concern. In the past, large clinical trials
in perioperative medicine were uncommon compared to
other fields such as cardiology.” However, the number
of high-quality large clinical trials in perioperative med-
icine has increased markedly over the past 10 years. In
particular, these clinical trials have focused on the use of
aspirin, clonidine, and B-blockers in patients undergoing
noncardiac surgery”™%; the safety of nitrous oxide'’'; the

avoidance of general anesthesia in patients undergoing
cancer surgery'®; the safety of lower versus higher depth
of anesthesia'®; the use of the Bispectral Index to reduce
awareness'™; the cardioprotective effects of volatile anes-
thetics'®; and transfusion triggers.'” Despite this, there
remain many important foundational questions that have
yet to be answered. For example, although observational
studies demonstrate a strong association between hypo-
tension and end-organ damage,''"” we still lack a high
level of evidence to support the specific mean arterial
pressure target recently proposed in the Perioperative
Quality Initiative consensus statement on intraoperative

blood pressure.'™

Our work and that of others demonstrate the extent to
which clinical practice guidelines are based primarily on a

A Level of Evidence A vs Level of Evidence C
N % RRR 95% C1 P

Specialty

General 1,362 59.7 L] 1.00

Acute Pain 82 36 M 0.55 (0.26,1.16) 0.118

Cardiovascular 511 24 0.61 (0.24,1.56) 0.297

Neuroanethesia 51 22 = 0.06 (0.02,0.21) <0.001

Obstetrics 123 54 H— 0.69 (0.31,1.55) 0.369

Pediatric 93 41 ——— 1.16 (0.33,4) 0.818

Regional 58 25 W 0.37 (0.2,0.68) 0.001
Strength

Weak 774 34.0 L] 1.00

Strong 1506 66.1 —— 2.05 (0.93,4.55) 0.077
Region

us 1,101 483 ] 1.00

Europe 936 411 W+ 0.49 (0.19,1.27) 0.143

US & Europe 243 10.7 b * 4.63 (2.09,10.25) <0.001
Methodology

ACC/AHA 1,484 65.1 L] 1.00

GRADE 796 349 e— 0.98 (0.41,2.36) 0.961
AGREE Il

<70% 419 184 * 100

>=T70% 1861 816 rHe— 091 (0.32,2.57) 0.857

01 3 5

7 9

Relative Risk Ratio

Fig. 3. (4) Results of bivariate analysis examining the association between recommendations supported by level of evidence A versus level
of evidence C and specialty, strength of recommendation, and Appraisal of Guidelines for Research and Evaluation (AGREE) Il score estimated
using multinomial logistic regression. (B) Results of bivariate analysis examining the association between recommendations supported by
level of evidence B versus level of evidence C and specialty, strength of recommendation, and AGREE Il score estimated using multinomial

logistic regression. (Continued)
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B Level of Evidence B vs Level of Evidence C
N % RRR 95% C1 P

Specialty

General 1,362 59.7 L ] 1.00

Acute Pain 82 36 w 0.32 (0.11,0.97) 0.044

Cardiovascular 511 24 —e— 1.87 {1.02,3.43) 0.043

Neuroanethesia 51 22 0.34 (0.12,1.02) 0.055

Obstetrics 123 54 0.29 (0.11,0.82) 0.019

Pediatric 93 41 —e— 0.92 (0.31,2.73) 0.878

Regional 58 25 = 033 (0.22,0.49) <0.001
Strength

Weak 774 34.0 L] 1.00

Strong 1506 66.1 HH 0.84 (0.54,1.29) 0.419
Region

us 1,10 483 L ] 1.00

Europe 936 411 - 1.02 (0.52,1.97) 0.964

US & Europe 243 10.7 —— 3.06 (1.57,5.96) 0.001
Methodology

ACC/AHA 1,484 65.1 [ ] 1.00

GRADE 796 349 —— 145 (0.79,2.65) 0.231
AGREE Il

<70% 419 18.4 L]

>=70% 1861 816 +9— 1.05 (0.53,2.06) 0.897

01 3 5 7 9

Relative Risk Ratio

Fig. 3. (Continued)

low level of evidence. However, despite the recent increase
in high-profile randomized clinical trials in perioperative
medicine, randomized controlled trials will never replace
lower levels of evidence because of cost considerations and
time constraints.'” Randomized controlled trials are expen-
sive, usually taking several years to complete, and may lack
external validity when study populations do not represent
the population at large. Although drawing causal inferences
from observational trials is generally discouraged because
nonrandomized trials may not control for unknown prog-
nostic factors,'” there is frequently a good correlation
between randomized and observational studies.''"!"?

In the absence of randomized clinical trials, many clin-
ical questions may be addressed using well performed
observational studies. Confounding bias, which is the main
limitation of observational studies, can be reduced by using
comprehensive databases that include most prognostic
factors and (in some cases) through the use of statistical

techniques such as propensity scoring, instrumental variable
analysis, and inverse probability weighting. Well performed
observational studies with very large effect sizes or large
effect sizes can serve as level of evidence A or B, respectively,
as defined by the GRADE methodology.'"” Our finding that
over half of recommendations in clinical practice guidelines
are based only on a low level of evidence should lead us to
increase our efforts to conduct both robust randomized and
observational studies. However, we should also recognize
that some anesthesia best practices, such as pulse oximetry
and capnography, are not supported by high levels of evi-
dence but are nonetheless considered to be the foundation
of anesthesia care. Finally, it 1s important to recognize that
expert opinion can help guide clinical practice until the
time when higher quality evidence becomes available.

Our study has several important limitations. First,
our findings on the level of evidence supporting recom-
mendations in anesthesiology clinical practice guidelines
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Comparison of Level of Evidence Between Original and Revised

Guidelines
LOEAvsC

Revision

Prior L ] 1.00

Current ——— 1.08 (0.24,4.88) 0.921
Strength

Weak L ] 1.00

Strong ' * 3.45 (1.23,9.71) 0.019
Region

us ] 1.00

Europe o 0.61 (0.16,2.31) 0.466

US & Europe L * 8.69 (1.83,41.28) 0.007
Methodology

ACCF/AHA L ] 1.00

GRADE = 0.53 (0.22,1.23) 0.139

LOEBvwsC

Revision

Prior L ] 1.00

Current —— 2.08 (0.92,4.69) 0.077
Strength

Weak L ] 1.00

Strong ——i 232 (1.41,3.82) 0.001
Region

us L ] 1.00

Europe —— 235 (1.19,4.64) 0.014

US & Europe —_— 8.09 (2.83,23.1) <0.001
Methodology

ACC/AHA L ] 1.00

GRADE - 0.53 (0.29,0.94) 0.031

01 3 5

7 9

Relative Risk Ratio

Fig. 4. Results of multivariable analysis of the level of evidence supporting recommendations in revised versus original guidelines con-
trolling for strength of recommendation, region, and grading methodology using multinomial logistic regression.

developed by major anesthesiology societies in North
America and Europe cannot be generalized to include all
of the evidence base for anesthesiology and perioperative
medicine. Second, anesthesiology clinical practice guide-
lines lacked a single uniform grading system for assigning
levels of evidence and the strength of their recommen-
dations. The American College of Cardiology/American
Heart Association and GRADE systems use different cri-
teria for the levels of evidence. For example, the American
College of Cardiology/American Heart Association clas-
sifies recommendations as level of evidence C if they are
based on expert opinion or case studies. GRADE, on the
other hand, classifies evidence from observational studies
or randomized controlled trials with serious flaws as level
of evidence C. However, despite using two different clas-
sification systems, we still found that most guidelines were
based on level of evidence C irrespective of which classi-
fication system was used. Third, for those guidelines that
used grading systems that were similar but not identical
to either the American College of Cardiology/American
Heart Association or GRADE systems, we mapped their
grading system to either American College of Cardiology/
American Heart Association or GRADE to provide a stan-
dardized framework for categorizing the strengths of the
recommendations and the levels of evidence. The risk of
introducing bias in the mapping process was minimized by

Anesthesiology 2021; 135:31-56

using multiple evaluators. Fourth, the American College
of Cardiology/American Heart Association definitions
for levels of evidence have changed slightly over time.
We used the American College of Cardiology/American
Heart Association level of evidence definitions presented
in the seminal article by Tricoci ef al.* because these defi-
nitions most closely approximated the approach used in
guidelines that used a grading methodology similar to
the American College of Cardiology/American Heart
Association classification system. Finally, we excluded
clinical practice guidelines that did not explicitly grade
the levels of evidence to minimize the risk of misclassifi-
cation of the levels of evidence. We also excluded consen-
sus statements based on expert opinion only. Excluding
the consensus statements may have led us to underestimate
the proportion of recommendations based on level of evi-
dence C.

Conclusions

In summary, less than one fifth of recommendations in
anesthesiology clinical practice guidelines are supported
by level of evidence A, and half of the recommendations
are supported by level of evidence C.The quality of the
evidence in anesthesiology clinical practice guidelines has
not improved in the last 10 years. Given that death after

Copyright © 2021, the American Society of Anesthesiologists. Unauthorized reproduction of this article is prohibited.

Laserna et al.

20z Iudy 01 uo 3senb Aq Jpd z1000-0'00L0120Z/€5L0LS/LE/LISE L 4PA-01o1E/ABOJOISBLISBUE/WOD JIBYIIBA|IS ZESE//:RY WOI) papeojumoq



Laserna et al.

surgery is a leading cause of death, our findings highlight
the need to increase the number of well performed ran-
domized and observational trials in perioperative medi-
cine to lessen the reliance on low levels of evidence in
anesthesia and perioperative medicine. To accomplish this,
we need to increase National Institutes of Health invest-
ment in perioperative medicine and create a comprehen-
sive research agenda to bring together anesthesiologists,
surgeons, public health experts, and patients to improve
perioperative outcomes.
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Appendix

‘ Strong Recommendations
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Fig. A1. Phrases used to map recommendations in guidelines to the American Heart Association Strength of Recommendation in guidelines
that did not explicitly classify recommendations using the GRADE or American Heart Association classification systems.
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Evidence Supporting Anesthesiology Guidelines

Search results
Medline/Pubmed =3494

EMBASE= 4160 > Duplicates = 3602
Society webpages = 154
Total= 7808
Excluded

Unique citations = 4052 ———| Not meeting basic inclusion criteria when
assessing title and abstract = 3781

Excluded =211

Editorial or commentary =53
Guideline without evidence-based
grading system = 52

-United Kingdom = 28
Y -Canada = 10
-Europe=7
[~ -United States= 7
Expert consensus = 20
Duplicated guidelines = 20
Checklist, Handbook, infografics= 20
Other regions =17
Previous versions=13
Reviews=9
Not perioperative guidelines= 7

Included and reviewed
in full text = 271

Included Clinical
Practice Guidelines= 60

United States=29
European=15*
Euroand US =16

Fig. A2. PRISMA flow diagram. *One guideline?® was published in 12 different articles. One of them was excluded because it was directed
to intensive care,?” and the remaining 11 documents were counted as a single guideline.
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PERIOPERATIVE MEDICINE
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Fig. A3. (A4) Results of multivariable analysis examining the association between recommendations supported by level of evidence A versus
level of evidence C and year of publication, controlling for specialty, strength of recommendation, region, and grading methodology using
multinomial logistic regression. This analysis included original and updated guidelines. (B) Results of multivariable analysis examining the
association between recommendations supported by level of evidence B versus level of evidence C and year of publication, controlling for
specialty, strength of recommendation, region, and grading methodology using multinomial logistic regression. This analysis included original
and updated guidelines.
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