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Updating Practice Guidelines
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In this issue of JAMA, Neuman et al1 assessed the proportion
of class I clinical practice guideline recommendations from the
American College of Cardiology/American Heart Association
(ACC/AHA) that changed their level of support or were omitted
from subsequent versions of
the guideline. This is a signifiRelated article page 2092
cant topic as practice guidelines have become important
tools to improve the quality of medical care. Practice guidelines are used by clinicians to help determine what care patients will receive, are used by patients to understand what their
treatment options may be, are used to create performance measures to benchmark clinician care quality, and are used to help
set payment policies (for example, the recommendations from
the US Preventive Services Task Force and insurance coverage
under the Affordable Care Act). Reflecting this increasing importance, the Institute of Medicine (IOM) recently released standards for developing clinical practice guidelines.2
For practice guidelines to be most effective, they need to
be kept up-to-date. The IOM recommendations state that
guidelines should be updated when new evidence suggests the
need for modification of clinically important recommendations. But what does this mean, and how is it best accomplished? At least 3 important questions should be considered.
(1) When is there sufficient new evidence to “trigger” an update? (2) Once a trigger has been met, what methods can be
used to expeditiously produce the update? (3) Once the update is completed, how is the information best communicated to relevant stakeholders?
There is the most research evidence about how to detect triggers for the need for an update in practice guidelines and in the
related topic of triggers to update systematic reviews. A number of organizations have implemented systems of regular surveillance of practice guidelines and systematic reviews.3-9 Even
though the details of these surveillance programs may differ, all
of them are based on a focused or limited search of the literature combined with expert clinician input to reach a judgment
about whether or not a signal or trigger is present. Triggers usually occur between 2 and 5 years after publication.3-5,10,11 Factors that some studies have found that are associated with the
occurrence of a trigger include the number of new randomized
clinical trials; the release of new drugs; and, reflecting the pace
of discovery, certain clinical topics such as cardiovascular disease and others.3-5,11 The study by Neuman and colleagues1 adds
a new feature, namely the strength of the evidence, that may influence the durability of guideline recommendations, with recommendations based on stronger evidence lasting longer.
To these considerations about whether the evidence for the
existing recommendations has changed, it also may be important
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to explicitly reconsider at regular intervals whether other changes
may have occurred that might warrant an update, in particular
changes in the outcomes that are considered important and
changes in the values placed on those outcomes.12 For example,
the current reassessments of recommendations for screening
mammography are in large part due to the increased recognition
of overdiagnosis as an outcome of interest. Less likely, but still
worth considering as criteria that might warrant an update, are
whether there are changes in the evidence that current practice
is optimal or in the resources available for health care.
Second, after having determined there is a trigger warranting an update, less research is available to guide the next
steps. If an update is needed, then ideally the time delay between the trigger and the process of actually updating the
guideline recommendation should be kept as short as possible to avoid suboptimal care from use of an out-of-date practice guideline. However, the current model used by many organizations for updating a guideline is to recreate the entire
guideline using the standard (eg, IOM) methods, including completing a systematic review. Yet this process typically takes at
least 2 years from the beginning of work to release of the guidelines and can take much longer (eg, the median time in the
study by Neuman et al1 was 6 years, although these updates
may not have been all initiated by a surveillance trigger).
Moving forward, such delays are not acceptable, but there
are practical and methodological challenges to try to reduce this
time frame while maintaining the rigor and confidence in the
guideline process. For example, it is unclear whether the results of an exhaustive update of a systematic review are different from those of the more focused, targeted search performed
as part of the surveillance about whether a guideline recommendation should be changed. Conceptually it seems there are
circumstances in which certain kinds of evidence are prima facie able to support changes in a recommendation, for example,
action by the US Food and Drug Administration to withdraw a
drug from the market due to a previously unrecognized adverse event. How many other guideline situations are like this?
Finding ways of building on the evidence produced as part of
the surveillance process, rather than starting each guideline update from scratch, is a promising area for reducing the time frame
to produce updates. Another approach is the use of machine
learning techniques for more efficient searches, a technique that
may be particularly useful in the context of updating.13,14
Further constraining the ability to produce updates in a timelier manner is the current reliance on treating the entire guideline as the entity of assessment. Although guidelines are a collection of individual recommendations, each recommendation, or
set of related recommendations, could be considered as its own
unit for updating. It would be easier to update individual recom-
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mendations, which then shortens the time to translate this information into practice, compared with waiting to recreate the entire guideline. In the study by Neuman et al,1 80% of class I recommendations were unchanged at a median of 6 years spent
between updates. Could those recommendations that did change
have been changed sooner if resources had been focused more
on surveillance and updating individual recommendations than
on the guideline as a whole? This issue is worth studying. For example, if a regular surveillance system reveals no trigger indicating an update is needed, then it is unlikely that the evidence for
that recommendation is out-of-date.15 Such recommendations
could then be left as is, and resources could instead be devoted
tomoreexpeditiouslyupdatingthoserecommendationsforwhich
surveillance does indicate the need for an update.
Third, after completing the update, how can the results best
be communicated to stakeholders? According to the findings of
Neuman et al,1 more than 10% of the class I ACC/AHA guideline
recommendations were omitted from subsequent guideline versions, and these omissions were usually unexplained: the recommendations simply “disappeared.” In the future, guideline
authors have to do better at explaining what and why recommendations have changed or been eliminated. Practitioners and
policy makers have an interest to know “what’s new?” and
“what’s different?”16 Guideline updates should have a section
where interested stakeholders can quickly get such information, such as summary tables that list the prior recommendation, the new recommendation, and a short notation explaining the reason for any difference. Such a table would indicate why
a recommendation in the prior guideline was not being carried
forward to the new guideline and might also help clinicians unARTICLE INFORMATION
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derstand when a change is really a change. For example, in the
study by Neuman and colleagues,1 what is the clinical significance of the downgrading of the recommendation regarding ACE
inhibitors between the 2006 and 2011 guidelines for secondary
prevention, from a class I recommendation to “consider” ACE
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“it is reasonable to use” an ACE inhibitor for those same patients? This “difference” is not clear, but if the authors of the 2011
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Print versions of guidelines will likely exist for the intermediate future, but print versions are a “one-size-fits-all” solution to a problem that needs to be customizable. As the preferred method of accessing information moves increasingly to
the internet, guideline developers ought to be able to produce electronic versions of guidelines that have hypertext links
to take users directly to the information they are most interested in, and one of these links should be to a table outlining
“what’s new?” and “what’s different?”
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IMPORTANCE Little is known regarding the durability of clinical practice guideline

recommendations over time.
OBJECTIVE To characterize variations in the durability of class I (“procedure/treatment should

be performed/administered”) American College of Cardiology/American Heart Association
(ACC/AHA) guideline recommendations.
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DESIGN, SETTING, AND PARTICIPANTS Textual analysis by 4 independent reviewers of 11
guidelines published between 1998 and 2007 and revised between 2006 and 2013.
MAIN OUTCOMES AND MEASURES We abstracted all class I recommendations from the first of
the 2 most recent versions of each guideline and identified corresponding recommendations
in the subsequent version. We classified recommendations replaced by less determinate or
contrary recommendations as having been downgraded or reversed; we classified
recommendations for which no corresponding item could be identified as having been
omitted. We tested for differences in the durability of recommendations according to
guideline topic and underlying level of evidence using bivariable hypothesis tests and
conditional logistic regression.
RESULTS Of 619 index recommendations, 495 (80.0%; 95% CI, 76.6%-83.1%) were retained
in the subsequent guideline version, 57 (9.2%; 95% CI, 7.0%-11.8%) were downgraded or
reversed, and 67 (10.8%; 95% CI, 8.4%-13.3%) were omitted. The percentage of
recommendations retained varied across guidelines from 15.4% (95% CI, 1.9%-45.4%) to
94.1% (95% CI, 80.3%-99.3%; P < .001). Among recommendations with available
information on level of evidence, 90.5% (95% CI, 83.2%-95.3%) of recommendations
supported by multiple randomized studies were retained, vs 81.0% (95% CI, 74.8%-86.3%)
of recommendations supported by 1 randomized trial or observational data and 73.7% (95%
CI, 65.8%-80.5%) of recommendations supported by opinion (P = .001). After accounting for
guideline-level factors, the probability of being downgraded, reversed, or omitted was
greater for recommendations based on opinion (odds ratio, 3.14; 95% CI, 1.69-5.85; P < .001)
or on 1 trial or observational data (odds ratio, 3.49; 95% CI, 1.45-8.41; P = .005) vs
recommendations based on multiple trials.
CONCLUSIONS AND RELEVANCE The durability of class I cardiology guideline
recommendations for procedures and treatments promulgated by the ACC/AHA varied
across individual guidelines and levels of evidence. Downgrades, reversals, and omissions
were most common among recommendations not supported by multiple randomized
studies.
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C

linical practice guidelines are ubiquitous in medical
care.1 As adherence to recommended practices increasingly is used to measure performance, guidelines play
a major role in policy efforts to improve the quality and costeffectiveness of care.2,3
In this context, understanding the durability of individual guideline recommendations over time is of importance to clinical practice and health policy. Past research has
established the importance of revising guidelines over time to
address advances in research and population-level changes in
health risks.4,5 Nonetheless, unwarranted variability across
guidelines can reduce trust in guideline processes6 and complicate efforts to promote consistent use of evidence-based
practices.7,8 Moreover, policies based on recommendations that
prematurely endorse practices subsequently found to be ineffective can lead to waste and potential harm.9-11
Although the US Institute of Medicine12 and others13 have
made recommendations for improving guideline development processes, little is known regarding the degree to which
individual guideline recommendations endure or change over
time. We studied the durability of class I (“procedure/
treatment should be performed/administered”) recommendations across serial versions of selected American College of
Cardiology/American Heart Association (ACC/AHA) guidelines. We measured how often class I recommendations were
downgraded to a less determinate status, reversed to recommend against a previously endorsed treatment, or omitted altogether from the subsequent guideline version. Next, we assessed the degree to which a recommendation’s likelihood of
being downgraded, reversed, or omitted varied across guidelines and across recommendations supported by different levels of evidence. Finally, we conducted additional analyses to
explore the extent to which downgrades in recommendations may have been related to the emergence of new research findings vs other factors.

Methods
The ACC and AHA have jointly produced guidelines since
1984.14 ACC/AHA guidelines are reviewed annually and periodically revised; however, before 2014 there was no specified
interval after which revision of an ACC/AHA guideline was required. Since 1996,15 all ACC/AHA recommendations have been
assigned to 1 of 4 classes, which have undergone only minor
changes over time: class I, “procedure/treatment should be performed/administered”; class IIa, “it is reasonable to perform
procedure/administer treatment”; class IIb, “procedure/
treatment may be considered”; class III, “procedure/
treatment should not be performed.”16
We reviewed ACC/AHA guidelines that were current as of
September 1, 2013, and for which there was at least 1 prior
version. To be consistent with past research,17 we excluded
“focused updates” that are occasionally released between
ACC/AHA guideline revisions to highlight interval changes to
a limited number of recommendations. Our sample included
11 guidelines addressing atrial fibrillation18,19; perioperative cardiovascular evaluation20,21; cardiac pacemakers and antiar-

rhythmia devices22,23; secondary prevention of coronary artery disease24,25; coronary artery bypass graft surgery16,26;
cardiovascular disease prevention in women 27,28 ; heart
failure29,30; percutaneous coronary intervention31,32; chronic
stable angina33,34; unstable angina and non–ST-segment elevation myocardial infarction 35,36 ; and valvular heart
disease.37,38 A 12th guideline, on ST-segment elevation myocardial infarction,39,40 was excluded because of differences in
the topics addressed between versions.
We obtained the full text of the 2 most recent complete versions of each guideline from past issues of Circulation and the
Journal of the American College of Cardiology; when neither
journal published the full guideline, we obtained it from another journal or via the web.

Data Abstraction and Coding

For each guideline, we considered the version immediately preceding the current one to be the index; this approach was chosen over other designs that would have incorporated earlier
guideline versions for analytic simplicity and to focus our analysis on topics of relevance to current practice.
We abstracted all class I recommendations from each index guideline. We focused on class I recommendations because they are among the most definitive statements regarding practice in ACC/AHA guidelines. While the ACC/AHA does
not consider all class I recommendations to be appropriate for
use as quality measures, class I recommendations are considered to be more appropriate than class IIa or IIb recommendations as a potential basis for such measures.3,41 Recommendations appeared in each guideline as boldface, numbered
items. Statements that had distinct levels of evidence assigned to them were classified as discrete recommendations.
Next, we reviewed the subsequent (current) guideline version for recommendations whose text corresponded to that of
an index recommendation or used alternate language to address the same content. While we avoided extrapolations beyond the literal meaning of the guideline text, we did not require a one-to-one relationship between items in the index
guideline and the subsequent version. When the content of 2
index recommendations was subsumed by 1 recommendation in the subsequent version, we considered both index recommendations to correspond to the same revised recommendation. Conversely, when 1 index recommendation appeared
to have been split into 2 recommendations in the subsequent
version, we considered both items to correspond to the same
index recommendation.
We next assigned each index recommendation to 1 of 4 outcome categories based on the text of the revised guideline. We
categorized a recommendation as having been “retained” if the
revised guideline contained 1 or more class I recommendations that addressed the full content of the index recommendation, allowing for wording changes and changes in cutoffs
based on physiologic parameters or laboratory values. We categorized a recommendation as having been “downgraded” if
part or all of its content was replaced by a class IIa or class IIb
recommendation. We categorized a recommendation as having been “reversed” if part or all of its content was replaced
by a class III recommendation. In cases where a recommenJAMA May 28, 2014 Volume 311, Number 20
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dation appeared to have been reassigned from class III to class
I for purely stylistic reasons (ie, without any change in its implications for practice), we considered that recommendation
to have been retained. We categorized a recommendation as
having been “omitted” if we were not able to locate any corresponding recommendation in the revised guideline.
Two reviewers (M.D.N., M.A.C.) independently coded all
study outcomes; initial agreement on the classification of items
was 94% (κ = 83.6). Next, 2 additional reviewers (J.N.G., J.S.S.)
independently evaluated all outcomes. Reviewers were not
blinded as to which guideline version was being analyzed. We
resolved disagreements by consensus; a formal consensus
methodology was not used.

Independent Variables

Prior to 2008, ACC/AHA guidelines did not routinely map individual recommendations to references in the medical literature. As such, we relied on the ACC/AHA’s levels-of-evidence
designations, which were introduced gradually into ACC/
AHA guidelines beginning in 1998, to summarize the type of
scientific evidence underlying individual index recommendations. Level of evidence A includes data derived from multiple randomized clinical trials or meta-analyses; level of evidence B includes data derived from a single randomized trial
or nonrandomized studies; level of evidence C includes consensus opinion, case studies, or “standard of care” as defined
by the guideline committee.30

Statistical Analyses

We calculated the proportions of recommendations that were
retained, downgraded, reversed, or omitted out of all index recommendations in our sample and within individual guidelines. We calculated exact confidence intervals for all proportions and used the χ 2 test to compare the proportions of
recommendations that were retained, downgraded or reversed, or omitted across individual guidelines.
For those recommendations that had available data for
level of evidence, we used the Fisher exact test to compare the
proportion of index recommendations within each level of evidence that were retained, downgraded or reversed, or omitted; recommendations that had missing level-of-evidence data
were excluded from these analyses. Among recommendations that had available (ie, nonmissing) level-of-evidence data,
we also conducted a stratified, “within-guideline” analysis to
test the association of a recommendation’s level of evidence
with the probability of a downgrade, reversal, or omission while
holding constant all guideline-level factors. This analysis used
Stata’s clogit command to fit a conditional logistic regression
model, grouped by the individual guideline, to predict a binary outcome that equaled 0 for all retained recommendations and 1 for all recommendations that were downgraded,
reversed, or omitted, based on each index recommendation’s
own listed level of evidence. This model used robust standard errors that adjusted for clustering at the guideline level.
Lastly, we explored potential reasons related to recommendation downgrades and reversals by using descriptive statistics to characterize changes in the reported level of evidence over
time for all downgraded or reversed recommendations whose
2094

initial level of evidence was B or C. A downgrade or reversal that
was accompanied by a transition to a higher level of evidence
(ie, a transition from C to B or A or from B to A) could potentially have been prompted by the emergence of more definitive evidence. In contrast, a downgrade or reversal not accompanied by such a transition could potentially have been
prompted by factors other than the emergence of more definitive evidence. We used a value of P < .05 to indicate statistical
significance. All hypothesis tests were 2-sided. Analyses used
Stata version 10.0 (StataCorp).

Results
We identified 619 class I recommendations in 11 index guidelines published between 1998 and 2007 (Table 1). The median
number of years between the index guideline and the next full
revision was 6 (range, 4-10). The number of listed writing committee members for index guidelines ranged from 11 to 33 (median, 14), and the percentage of members retained between versions ranged from 0% to 75.0% (median, 30.8%). The median
number of class I recommendations per guideline was 41
(range, 13-136). Out of 619 index recommendations, 495 (80.0%;
95% CI, 76.6%-83.1%) were retained in the subsequent version; 57 (9.2%; 95% CI, 7.0%-11.8%) were downgraded (55 recommendations, 8.9%; 95% CI, 6.8%-11.4%) or reversed (2 recommendations, 0.3%; 95% CI, 0.04%-1.2%). Table 2 includes
selected examples; all downgraded or reversed recommendations appear in eTable 1 in the Supplement. Sixty-seven recommendations (10.8%; 95% CI, 8.4%-13.3%) were omitted
across guideline versions; Table 3 includes selected examples; all omitted recommendations appear in eTable 2 in the
Supplement. Within individual guidelines, the median percentage retained was 82.6% (range, 15.4%-94.1%); the median percentage downgraded or reversed was 9.8% (range,
2.9%-15.4%) and the median percentage omitted was 4.2%
(range, 0%-69.2%; P < .001).
Level-of-evidence data were available for 448 of 619 index recommendations (72.4%). These data were not provided for recommendations in the 1998 valvular heart disease guideline 37 or the 2002 perioperative evaluation
guideline.20 These guidelines accounted for 169 of the 171 recommendations for which level-of-evidence data were unavailable; the remaining 2 came from the 2005 heart failure
guideline.29
The durability of individual recommendations varied according to their underlying level of evidence (Table 4). Among
the 448 index class I recommendations for which level-ofevidence data were available, 90.5% (95% CI, 83.2%-95.3%; 95/
105) of recommendations that were supported by multiple trials
(ie, level of evidence A) were retained in the subsequent version vs 81.0% (95% CI, 74.8%-86.3%; 158/195) of those supported by a single trial or observational data (level of evidence B) and 73.7% (95% CI, 65.8%-80.5%; 109/148) of those
supported by expert opinion (level of evidence C; P = .001).
Downgrades or reversals were most common among level B
recommendations, occurring in 12.8% (95% CI, 8.5%-18.3%; 25/
195); omissions were most common among level C recommen-
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Table 1. Durability of 619 Class I Recommendations Abstracted From 11 ACC/AHA Guidelines Across 2 Guideline Versions
Status of Recommendation in Revised (Current) Guidelinea

Index Guideline
Guideline Topic

Year

Class I Recommendations,
No.

Atrial fibrillation

200118

46

200619

38 (82.6)

7 (15.2)

1 (2.2)

Preoperative cardiovascular evaluation

20

2002

13

200721

2 (15.4)

2 (15.4)

9 (69.2)

Pacemakers and implantable
rhythm-management devices

200223

34

200822

32 (94.1)

1 (2.9)

1 (2.9)

Chronic stable angina

34

2002

79

33

2012

59 (74.7)

10 (12.7)

10 (12.7)

Secondary prevention of ischemic
heart disease

200624

38

201125

35 (92.1)

3 (7.9)

0

Coronary artery bypass graft
procedures

200416

39

201126

32 (82.1)

4 (10.3)

3 (7.7)

Percutaneous coronary intervention

32

2005

41

31

2011

36 (87.8)

4 (9.8)

1 (2.4)

Management of coronary artery
disease in women

200727

24

201128

20 (79.2)

3 (12.5)

1 (4.2)

Unstable angina/non–ST-segment
elevation myocardial infarction

200236

83

200735

75 (90.4)

6 (7.2)

2 (2.4)

Congestive heart failure

200529

66

201330

36 (54.6)

5 (7.6)

25 (37.9)

Valvular heart disease

199837

156

200638

130 (86.3)

12 (7.7)

14 (9.0)

495 (80.0)

57 (9.2)

67 (10.8)

All topics

Year

Retained,
No. (%)

619

Downgraded or Reversed,
No. (%)

Omitted,
No. (%)

Abbreviations: ACC/AHA, American College of Cardiology/American Heart Association.
a

P < .001 for difference in percentages retained, downgraded/reversed, or omitted across guidelines.

dations, occurring in 16.9% (95% CI, 11.2%-23.9%; 25/148). After accounting for guideline-level factors, the combined odds
of being downgraded, reversed, or omitted was greater among
level B recommendations (odds ratio, 3.14; 95% CI, 1.69-5.85;
P < .001) and level C recommendations (odds ratio, 3.49; 95%
CI, 1.45-8.41; P = .005) compared with level A recommendations (Table 5).
Finally, we assessed changes over time in the level of evidence of each downgraded or reversed recommendation whose
initial level of evidence was B or C. Among the 39 recommendations that met these criteria, the level of evidence increased across versions for 8 (20.5%) and decreased or stayed
the same for 31 (79.5%).

Discussion
The durability of class I ACC/AHA guideline recommendations
for procedures and treatments varied significantly across individual guidelines and levels of evidence, with recommendations that were based on multiple clinical trials being the most
likely to endure over time. Of 619 recommendations drawn from
11 ACC/AHA guidelines published between 1998 and 2007, 80%
of recommendations were retained at the time of the next guideline revision; while less than 1% were reversed, 9% were downgraded to a less determinate status, and 11% were omitted. After accounting for guideline-level factors, the odds of a
downgrade, reversal, or omission were more than 3 times greater
for recommendations based on a single trial, observational data,
consensus opinion, or standard of care than for recommendations based on multiple randomized trials.
Increases in the level of evidence were uncommon among
recommendations that were downgraded or reversed. We hypothesize that the classification of many of these recommendations may have changed in response to the reevaluation of

available research; alternately, these recommendations may
have been downgraded in response to new research that was
insufficient by itself to alter the reported level of evidence. As
the membership of many guideline committees changed substantially over time, our results also may reflect variability in
the grading of evidence between different groups of experts.
To our knowledge, this is the first study to empirically
evaluate the durability over time of individual guideline recommendations. Past work has suggested that guidelines should
be reassessed for validity every three4 to five42 years to incorporate new clinical evidence; our study extends this prior work
by systematically quantifying how individual recommendations drawn from a sample of prominent cardiovascular disease guidelines actually changed over time. As such, our findings offer a novel quantitative validation of contemporary
emphases on making randomized trial evidence the primary
basis for guideline recommendations.12,13,17 Further, they provide a basis for future efforts to understand the relative effect
of emergent clinical evidence vs social and organizational factors on changes in guidelines over time.
Our findings also offer practical insights related to the application of guideline recommendations to clinical care and
health policy. While our results highlight the overall durability of cardiovascular disease guideline recommendations, they
also emphasize that particular subsets of recommendations
may be more fragile than others as a basis for changes in practice and policy. For example, 1 of 8 recommendations that was
based on a single trial or observational data was either downgraded or reversed in the subsequent guideline version, vs 1
of 26 recommendations based on 2 or more randomized trials.
Such variations in durability might relate to differences in the
actual validity of recommendations across levels of evidence, differences in the availability of new research over time,
or both. Nonetheless, such information may aid clinicians and
policy makers in quantifying the potential risks of measuring
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Table 2. Selected Examples of Downgraded Class I Recommendations From ACC/AHA Clinical Practice Guidelinesa
Class and
LOE

Revised (Current)
Guideline

Corresponding Revised (Current)
Recommendations

Class and
LOE

Screening for the presence of
thrombus in the left atrium or left
atrial appendage by transesophageal
echocardiography is an alternative
to routine preanticoagulation… for
cardioversion of [AF].

Class I,
LOE B

2006: Guidelines for the
management of patients
with atrial
fibrillation19(pe314)

As an alternative to anticoagulation
prior to cardioversion of AF, it is
reasonable to perform
transesophageal echocardiography
in search of thrombus in the left
atrium or left atrial appendage.

Class IIa,
LOE B

2002: Guideline update
on perioperative
cardiovascular evaluation
for noncardiac
surgery20(p19)

Preoperative noninvasive evaluation
of LV function: patients with current
or poorly controlled HF. (If previous
evaluation has documented severe
left ventricular dysfunction, repeat
preoperative testing may not be
necessary.)

Class I,
LOE not
provided

2007 Guidelines on
perioperative
cardiovascular evaluation
and care for noncardiac
surgery21(pe437)

Preoperative noninvasive evaluation
of LV function: …is reasonable for
patients with current or prior HF
with worsening dyspnea or other
change in clinical status… if not
performed within 12 mo.

Class IIa,
LOE C

2002: Guideline update
for implantation of
cardiac pacemakers and
antiarrhythmia
devices23(p30)

Implantable cardioverterdefibrillator therapy: spontaneous
sustained VT in patients without
structural heart disease not
amenable to other treatments.

Class I,
LOE C

2008: Guidelines for
device-based therapy of
cardiac rhythm
abnormalities22(pe384)

Implantable cardioverter
-defibrillators: ICD implantation is
reasonable for patients with
sustained VT and normal or near
-normal ventricular function.

Class IIa,
LOE C

2006: Guidelines for
secondary prevention for
patients with coronary
and other atherosclerotic
vascular disease24(p2365)

ACE inhibitors: consider for all other
patients [those without left
ventricular ejection fraction <40%
and those without hypertension,
diabetes, or chronic kidney disease].

Class I,
LOE B

2011: Secondary
prevention and risk
reduction therapy for
patients with coronary and
other atherosclerotic
vascular disease25(p2461)

ACE inhibitors: it is reasonable to
use ACE inhibitors in all other
patients [those without left
ventricular ejection fraction
<40% and those without
hypertension, diabetes, or chronic
kidney disease].

Class IIa,
LOE B

2004: Guideline update
for coronary artery
bypass graft
surgery16(pe407)

CABG is recommended in patients
with stable angina who have
2-vessel disease with significant
proximal LAD stenosis and either EF
less than 0.50 or demonstrable
ischemia on noninvasive testing.

Class I,
LOE A

2011: Guideline for
coronary artery bypass
graft surgery26(pe670)

CABG to improve survival is
reasonable in patients with mildmoderate LV systolic dysfunction
(EF 35% to 50%) and significant…
multivessel CAD or proximal LAD
coronary artery stenosis, when
viable myocardium is present….

Class IIa,
LOE B

2007: Evidence-based
guidelines for
cardiovascular disease
prevention in
women27(p1486)

Lifestyle and pharmacotherapy
should be used as indicated in
women with diabetes to achieve an
HbA1c <7% if this can be
accomplished without significant
hypoglycemia.

Class I,
LOE C

2011: Evidence-based
guidelines for
cardiovascular disease
prevention in
women28(p1253)

Lifestyle and pharmacotherapy can
be useful in women with diabetes
mellitus to achieve an HbA1c <7% if
this can be accomplished without
significant hypoglycemia.

Class IIa,
LOE B

2005: Guideline update
for the diagnosis and
management of chronic
heart failure in the
adult29(pe162)

Coronary arteriography should be
performed in patients presenting
with HF who have angina or
significant ischemia unless the
patient is not eligible for
revascularization….

Class I,
LOE B

2013: Guideline for the
management of heart
failure30(pe259)

When ischemia may be contributing
to HF, coronary arteriography is
reasonable for patients eligible for
revascularization.

Class IIa,
LOE C

2005: Guidelines on
percutaneous coronary
intervention32(pe218)

PCI after successful fibrinolysis:
in patients whose anatomy is
suitable, PCI should be performed
when there is objective evidence of
recurrent MI.

Class I,
LOE C

2011: Guideline for
percutaneous coronary
intervention31(pe599)

PCI is reasonable in patients with
STEMI and clinical evidence for
fibrinolytic failure or infarct artery
reocclusion.

Class IIa,
LOE B

2002: Guideline update
for the management of
patients with chronic
stable angina34(p91)

Stress radionuclide imaging or stress
echocardiography… [is
recommended for follow-up] for
patients who have a significant
change in clinical status and
required a stress imaging procedure
on their initial evaluation….

Class I,
LOE C

2012: Guideline for the
diagnosis and management
of patients with stable
ischemic heart
disease33(pe429)

Exercise with nuclear MPI or
echocardiography is reasonable in
patients with known SIHD who have
new or worsening symptoms not
consistent with UA and who
…previously required imaging with
exercise stress....

Class IIa,
LOE B

2002: Guideline update
for the management of
patients with unstable
angina and non–STsegment myocardial
infarction36(p24)

Morphine sulfate intravenously [is
recommended] when symptoms are
not immediately relieved with
nitroglycerin or when acute
pulmonary congestion and/or severe
agitation is present.

Class I,
LOE C

2007: Guidelines for the
management of patients
with unstable angina/
non–ST-elevation
myocardial
infarction35(pe183)

In the absence of contradictions to
its use, it is reasonable to administer
morphine sulfate intravenously to
UA/NSTEMI patients if there is
uncontrolled ischemic chest
discomfort despite nitroglycerin….

Class IIa,
LOE B

1998: Guidelines for the
management of patients
with valvular heart
disease37(p1957)

Exercise testing in chronic aortic
regurgitation: assessment of
functional capacity and
symptomatic responses in patients
with a history of equivocal
symptoms.

Class I,
LOE not
provided

2006: Guidelines for the
management of patients
with valvular heart
disease38(pe115)

Exercise stress testing for chronic
AR is reasonable for assessment of
functional capacity and
symptomatic response in patients
with a history of equivocal
symptoms.

Class IIa,
LOE B

Index Guideline

Index Recommendation

2001: Guidelines for the
management of patients
with atrial
fibrillation18(p1255)

Abbreviations: ACC/AHA, American College of Cardiology/American Heart
Association; ACE, angiotensin-converting enzyme; AF, atrial fibrillation; AR,
aortic regurgitation; CABG, coronary artery bypass graft procedure; CAD,
coronary artery disease; EF, ejection fraction; HbA1c, hemoglobin A1c; HF, heart
failure; ICD, implantable cardioverter-defibrillator; LAD, left anterior descending
artery; LOE, level of evidence; LV, left ventricle; MI, myocardial infarction; MPI,
myocardial perfusion imaging; PCI, percutaneous coronary intervention; SIHD,
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stable ischemic heart disease; STEMI, ST-segment elevation myocardial
infarction; UA/NSTEMI, unstable angina/non–ST-segment elevation myocardial
infarction; VT, ventricular tachycardia.
a

Recommendations have been edited for length; see eTable 1 in the
Supplement for full text.
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Table 3. Selected Examples of Class I Recommendations Omitted Across 2 Versions of the Same ACC/AHA Clinical Practice Guidelinea
Class and
LOE

Revised (Current) Guideline From
Which Recommendation Was Omitted

Base selection of pharmacological therapy to
maintain sinus rhythm in patients with disabling
or otherwise troublesome symptoms during AF
predominantly on safety.

Class I,
LOE B

2006: Guidelines for the management
of patients with atrial fibrillation19

2004: Guideline update
for coronary artery
bypass graft
surgery16(pe373)

Blood cardioplegia should be considered in
patients undergoing cardiopulmonary bypass
accompanying urgent/emergency CABG for acute
MI or unstable angina.

Class I,
LOE B

2011: Guideline for coronary artery
bypass graft surgery26

2005: Guideline update
for the diagnosis and
management of chronic
heart failure in the
adult29(pe169)

Health care providers should perform a
noninvasive evaluation of LV function (ie, LVEF) in
patients with a strong family history of
cardiomyopathy or in those receiving cardiotoxic
interventions.

Class I,
LOE C

2013: Guideline for the management of
heart failure30

2005: Guideline update
for the diagnosis and
management of chronic
heart failure in the
adult29(pe196)

Patients with refractory end-stage HF and
implantable defibrillators should receive
information about the option to inactivate
defibrillation.

Class I,
LOE C

2013: Guideline for the management of
heart failure30

2005: Guideline update
for the diagnosis and
management of chronic
heart failure in the
adult29(pe199)

Treatment of special populations: groups of
patients including (a) high-risk ethnic minority
groups (eg, blacks), (b) groups underrepresented
in clinical trials, and (c) any groups believed to be
underserved should… have clinical screening and
therapy in a manner identical to that applied to
the broader population.

Class I,
LOE B

2013: Guideline for the management of
heart failure30

2002: Guideline update
on perioperative
cardiovascular evaluation
for noncardiac
surgery20(p26)

Coronary angiography in perioperative evaluation
before (or after) noncardiac surgery: equivocal
noninvasive test results in patients at high clinical
risk undergoing high-risk surgery.

Class I

2007 Guidelines on perioperative
cardiovascular evaluation and care for
noncardiac surgery21

2002: Guideline update
on perioperative
cardiovascular evaluation
for noncardiac
surgery20(p38)

Intraoperative nitroglycerin: high-risk patients
previously taking nitroglycerin who have active
signs of myocardial ischemia without
hypotension.

Class I

2007 Guidelines on perioperative
cardiovascular evaluation and care for
noncardiac surgery21

2002: Guideline update
for the management of
patients with chronic
stable angina34(p21)

Echocardiography (resting) for diagnosis of cause
of chest pain…evaluation of extent (severity) of
ischemia (eg, LV segmental wall motion
abnormality) when the echocardiogram can be
obtained during pain or within 30 min after its
abatement.

Class I,
LOE C

2012: Guideline for the diagnosis and
management of patients with stable
ischemic heart disease33

2002: Guideline update
for the management of
patients with unstable
angina and non–STsegment myocardial
infarction36(p64)

Diabetes is an independent risk factor in patients
with UA/NSTEMI.

Class I,
LOE A

2007: Guidelines for the management
of patients with unstable angina/
non–ST-elevation myocardial
infarction35

1998: Guidelines for the
management of patients
with valvular heart
disease37(p1955)

Radionuclide angiography in aortic regurgitation:
confirmation of subnormal LVEF before
recommending surgery in an asymptomatic
patient with borderline echocardiographic
evidence of LV dysfunction.

Class I

2006: Guidelines for the management
of patients with valvular heart
disease38

2007: Evidence-based
guidelines for
cardiovascular disease
prevention in
women27(p1486)

If a woman is at high risk or has
hypercholesterolemia, intake of saturated fat
should be <7% and cholesterol intake <200 mg/d.

Class I,
LOE B

2011: Evidence-based guidelines for
cardiovascular disease prevention in
women28

Index Guideline

Original Recommendation

2001: Guidelines for the
management of patients
with atrial
fibrillation18(p1887)

Abbreviations: ACC/AHA, American College of Cardiology/American
Heart Association; AF, atrial fibrillation; CABG, coronary artery
bypass graft procedure; HF, heart failure; LOE, level of evidence;
LV, left ventricle; LVEF, left ventricular ejection fraction; MI, myocardial

physician performance based on adherence to recommendations derived from limited clinical evidence.
One of 9 ACC/AHA class I recommendations in our sample
was omitted across guideline versions. Guideline texts rarely
stated the reasons for these omissions, which may have related to changes in the prevalence of specific medical conditions, changes in clinical evidence or opinion related to the risks
and benefits of particular interventions, or changes in the perceived relevance of a topic to the scope of a given guideline.

infarction; UA/NSTEMI, unstable angina/non–ST-segment elevation
myocardial infarction.
a

Recommendations have been edited for length; see eTable 2 in the
Supplement for full text.

As each of these potential reasons for omission carries distinct implications for practice, our findings stress the importance of communication on the part of guideline-producing
bodies regarding the reasons that specific recommendations
are removed from guidelines, as well as any changes in practice that might be implied by their removal.
This work has limitations. The guidelines we examined
came from 1 organization, focused on cardiovascular diseases, and primarily addressed procedures and treatments. It
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Table 4. Durability Class I ACC/AHA Guideline Recommendations With Differing Levels of Underlying Scientific
Evidence Among 448 Index Recommendations for Which Level-of-Evidence Data Were Availablea

Status of recommendation in
revised (current) guideline,
No. (%)b
Retained

Level of Evidence A:
Multiple Randomized
Clinical Trials or
Meta-analyses

Level of Evidence B:
Single Randomized
Trial or Nonrandomized
Studies

Level of Evidence C:
Consensus Opinion,
Case Studies,
or Standard of Care

(n = 105)

(n = 195)

(n = 148)

95 (90.5)

158 (81.0)

109 (73.7)

Downgraded or reversed

4 (3.8)

25 (12.8)

14 (9.5)

Omitted

6 (5.7)

12 (6.2)

25 (16.9)

Table 5. “Within-Guideline” Analysis: Relative Odds of a Downgrade,
Reversal, or Omission According to Level of Evidence for 448 Index
Recommendations That Had Available Level-of-Evidence Data, Holding
Constant All Guideline-Level Factorsa
Odds Ratio for
Downgrade, Reversal, or
Omission (95% CI)
1 [Reference]

Level of evidence A: multiple
randomized clinical trials or
meta-analyses

a

P
Value

Level of evidence B: single
randomized trial or nonrandomized
studies

3.14 (1.69-5.85)

<.001

Level of evidence C: consensus
opinion, case studies, or standard
of care

3.49 (1.45-8.41)

.005

Level-of-evidence data were available for 448/619 (72.4%) index
recommendations in our sample; level-of-evidence data were not provided for
recommendations in the 1998 guideline on valvular heart disease or the 2002
guideline on perioperative evaluation and care. Odds ratios were obtained via
conditional logistic regression grouped by the individual guideline; all standard
errors were robust and adjusted for clustering at the guideline level.

is possible that an analysis of guidelines that were produced
by other organizations, that focused on other areas of medicine, or that dealt with other aspects of care might yield different findings. Level-of-evidence data were not available for
28% of the recommendations reviewed here, potentially limiting the generalizability of our findings to the topics addressed by those recommendations. The available data do not
allow us to quantify the health consequences of adherence to
guideline recommendations that were reversed, or changes in
practice that may have resulted from downgrades in recommendations, several of which may have related to subtle but
potentially important changes in emphasis regarding treatments’ benefits and harms. Further, the ACC/AHA’s guideline
development process has undergone changes since the release of the Institute of Medicine’s 2011 report on the development of trustworthy clinical practice guidelines.12 The guidelines that were available to us for review did not permit us to
assess the durability of recommendations whose development incorporated independent, systematic evidence reARTICLE INFORMATION
Author Contributions: Dr Neuman had full access
to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: Neuman, Cirullo,
Schwartz.
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a

Level-of-evidence data were
available for 448/619 (72.4%) index
recommendations in our sample; no
level-of-evidence data were
provided for recommendations in
the 1998 guideline on valvular heart
disease or the 2002 guideline on
perioperative evaluation and care.

b

Exact P value equals .001 for
difference in percentages retained,
downgraded/reversed, and omitted
across levels of evidence.

views as recommended in this report. However, our work may
nonetheless serve as a basis for future research.
In addition, nearly all of the recommendations we identified underwent some degree of change over time. While many
of these changes involved minor grammar or wording revisions, others involved more substantial changes in content or
scope. As a result, our efforts to match recommendations across
guideline versions necessitated some degree of interpretation. Nonetheless, we aimed throughout to adhere as closely
as possible to the literal meaning of the guideline text and
sought to limit bias by validating our outcome coding across
multiple reviewers.
Despite these limitations, our results may have important implications for health policy and medical practice. The
categorization of medical evidence, through guidelines, into
stronger and weaker recommendations, influences definitions of good medical practice and informs efforts to measure the quality of care on a large scale. Our findings stress the
need for frequent reevaluation of practices and policies based
on guideline recommendations, particularly in cases where
such recommendations rely primarily on expert opinion or limited clinical evidence. Moreover, our results suggest that the
effectiveness of clinical practice guidelines as a mechanism for
quality improvement may be aided by systematically identifying and reducing unwarranted variability in recommendations. Finally, our work emphasizes the importance of greater
efforts on the part of guideline-producing organizations to communicate the reasons that specific recommendations are downgraded, reversed, or omitted over time.

Conclusions
The durability of class I cardiology guideline recommendations for procedures and treatments promulgated by the ACC/
AHA varied across individual guidelines and levels of evidence. Downgrades, reversals, and omissions were most
common among recommendations not supported by multiple randomized studies.
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