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a b s t r a c t

Background and aims: Overt atherosclerotic cardiovascular disease (ASCVD) warrants aggressive lipid
lowering. Imaging for ambiguous symptoms suggesting ischemia or for clarification of CV risk in
asymptomatic individuals often uncovers previously unknown ASCVD. Guidelines do not provide clear
recommendations for aggressive lipid lowering in such cases. We explored physicians' perception, as
influenced by tests that detect ASCVD, regarding appropriateness of getting to lipid goals and for
theoretically accessing proprotein convertase subtilisin/kexin type 9 inhibitors (PCSK9i).
Methods: A questionnaire was developed including cases of low to high CV risk, chronic kidney disease
(CKD) or type 2 diabetes mellitus (T2DM). Each case was considered with or without angina symptoms
and, in turn, whether testing identified previously unknown advanced, early/subclinical or no ASCVD.
Synthesis of responses was facilitated by using a scale for perceived appropriateness from 1 (lowest) to 9
(highest).
Results: Getting to goal and, if not achieved by statins and/or ezetimibe, accessing PCSK9i was considered
appropriate in patients with T2DM with preclinical or advanced ASCVD, patients with moderate or high
CV risk and advanced ASCVD, patients with CKD or low CV risk with angina symptoms and advanced
ASCVD. For most of the remaining cases adding PCSK9i was considered only possibly appropriate.
Conclusions: Physicians' perception of appropriateness for achieving lipid goals, including access to
PCSK9i, is markedly influenced by detection of previously unknown ASCVD. Since these commonly
encountered scenarios do not clearly meet current indications for PCSK9i, our data identify pressing
areas requiring further research.
© 2017 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Several organizations have released guidelines for the man-
agement of dyslipidemia in a variety of clinical settings, including
tre, Vancouver General Hos-
Canada, V5Z 1M9.
ncini).

Ireland Ltd. This is an open access
therapy of patients with atherosclerotic cardiovascular disease
(ASCVD) [1e7]. ASCVD is readily diagnosed when there is a history
of CV events or procedures, obvious symptoms or the presence of
physical findings (e.g. vascular bruit). Guidelines are clear in rec-
ommending preventive therapies, particularly use of statins, and
the goal to achieve (e.g. a 50% reduction of low density lipoprotein
cholesterol [LDL-C], an LDL-C < 1.8 mmol/L, a non-HDL-
C < 2.6 mmol/L, etc.). However, there remain numerous scenarios
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where patient management is still unclear. These may include
discovery of previously unknown ASCVD, ranging from early/pre-
clinical and asymptomatic ASCVD to more advanced ASCVD that
could plausibly explain ischemic symptoms. When symptoms
suggestive of angina pectoris are present, guidelines advocate
methods that can be used to exclude or establish ASCVD not pre-
viously known [8e15]. Similarly, the process of CV risk assessment
in asymptomatic patients often identifies ambiguous situations in
which the patient or physician may not be convinced of the need
for lipid lowering therapy. When this occurs, most guidelines
support methods to help clarify the level of risk to facilitate a joint
decision whether to treat or not [1,3,4,6,7]. This process often relies
upon detection of ischemia or early/subclinical anatomical disease,
essentially utilizing many of the same methods used to evaluate
patients with symptoms suggestive of angina pectoris. As a result,
ASCVD is uncovered in numerous, clinically routine circumstances
in asymptomatic or minimally symptomatic individuals who have
never had a CV event or procedure.

The recently approved proprotein convertase subtilisin/kexin
type 9 inhibitors (PCSK9i), capable of inducing large reductions in
LDL-cholesterol, are more costly compared with other agents,
resulting in a very high threshold for payers to support this add-on
therapy. Physicians also recognize the need to target more expen-
sive therapies to those where the benefit will be greatest [16]. Thus,
use is currently largely limited to patients with familial hypercho-
lesterolemia or to patients with established and obvious ASCVD
who are not achieving goals with statins and/or ezetimibe
[1,17e20]. However, management of patients in whom ASCVD is
discovered either when evaluating ambiguous risk in asymptom-
atic patients, or ambiguous symptoms suspected to be angina
pectoris is unclear and is not covered in current guidelines. Hence
there may be great dissonance between a desire to achieve a
guideline-endorsed lipid goal and the lack of access to effective
therapies, such as PCSK9i, even though the latter may facilitate
optimal risk reductionwhen ASCVD is detected. The purpose of this
project was to determine physicians' perceptions and practices in
common, and ambiguous clinical circumstances toward the
requirement of achieving a guideline-supported lipid goal and,
when not achieved with statins and/or ezetimibe, the perceived
appropriateness of adding PCSK9i.

2. Materials and methods

Questionnaires were developed by authors GBJM, MG and PR by
consensus (see Supplement). General questions were developed to
ascertain the ancillary test/s used most often to identify underlying
ASCVD in asymptomatic patients with an ambiguous situation for
implementation of statin therapy or for investigating symptoms
possibly representing angina pectoris. Additional questions were
designed to cover scenarios for which there are guideline recom-
mendations for CV risk management using statin-based lipid
lowering but not for use of PCSK9i: adult patients without overt or
known ASCVD and type 2 diabetes mellitus (T2DM), patients with
chronic kidney disease (CKD) (either pre-dialysis or on dialysis),
high-risk primary prevention patients, moderate risk primary
prevention patients (including those fulfilling the inclusion criteria
of the Heart Outcomes Prevention Evaluation 3 [HOPE 3] trial, i.e.
male 55 years of age or older, female 65 years of age or older with at
least one of: elevated waist-to-hip ratio, history of a low HDL-C,
current or recent smoking, dysglycemia, family history of prema-
ture coronary disease, mild renal dysfunction), and low risk pri-
mary prevention patients. Thus, patients with familial
hypercholesterolemia or obvious ASCVD, who already meet in-
dications for access to PCSK9i when needed, were excluded from
consideration. Because the questionnaire was distributed by email
internationally, low, moderate and high-risk were defined by the
national guidelines applicable to or used by the individual
respondent. These scenarios were crafted to represent either a
totally asymptomatic patient, where large heterogeneity in the use
of ancillary testing is expected, or onewith symptoms suggestive of
ischemia but not yet evaluated or diagnosed. These cases were
further developed with respect to whether testing for ASCVD was
undertaken or not, and when undertaken, whether the test result
was negative, positive but not necessarily suggestive of ischemia or
hemodynamically significant stenosis (early/subclinical ASCVD), or
positive and suggestive of ischemia or hemodynamically significant
stenosis (advanced ASCVD). Finally, respondents were asked to
consider use of PCSK9i with respect to the gap between achieved
and desired lipid goal and whether statins had already been sup-
plemented with ezetimibe or not. Respondents were asked to
identify their country, their practice type (i.e. clinics with univer-
sity/academic affiliations and involved in trainingmedical students,
residents or fellows were considered “academic/training” and
clinics without such affiliations or teaching roles were considered
“non-academic/non-training” sites; trainees were not included in
this survey) and their specialty (general practice, cardiology,
endocrinology, internal medicine or other). For each case scenario
there were two questions:

1) How appropriate is it to treat this patient to achieve a lipid goal
according to your national guidelines (or those observed by the
respondent)?

2) How appropriate is it to consider use of a PCSK9i if goal is not
achieved with maximally tolerated statin therapy with or
without ezetimibe?

The concept of appropriateness was chosen to facilitate syn-
thesis of practitioner perceptions in a quantitative fashion and
beyond mere majority consensus. Accordingly, level of appropri-
ateness was graded numerically from 1 (lowest) to 9 (highest).
Scores were interpreted as follows: scores of 1, 2, 3 (rarely appro-
priate), scores of 4, 5, 6 (“may be appropriate”) and scores of 7, 8, 9
(appropriate). A score of 5 implied complete neutrality. The me-
dian, mean and modal appropriateness scores were tabulated. The
final appropriateness level was determined on the basis of the
median score as long as confirmed by either the mean or the mode
and, in general, all 3 parameters were concordant. When the me-
dian was discordant with both the mean and mode, concordance
between the latter two determined the final appropriateness level.
Final results were conveyed as either appropriate, “may be appro-
priate”, or rarely appropriate as per the numerical ranges defined
above.

Analyses were planned to assess results overall and according to
country, specialty and practice type. Based on initial responses, a
second brief survey was distributed to help clarify initial responses
about asymptomatic patients. The survey results were completed
and compiled by February 2017 and well in advance of publication
of the first PCSK9i outcome trial [16]. The surveys are provided in
the Supplementary Materials.

3. Results

There were 212 physicians who completed the survey with 96%
from North America, 2% from Europe, and 2% from other countries;
42% were Cardiologists and 51% practiced in an academic or
training setting. Of these, 102 also helped clarify initial survey re-
sults by responding to the second, shorter survey regarding
asymptomatic patients.

Table 1 shows the appropriateness levels for the use of diverse,
ancillary tests to either clarify risk in asymptomatic patients or to
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evaluate symptoms suggestive of ischemia. In asymptomatic pa-
tients cardiac computed tomographic angiography (CCTA) and
invasive angiography (IA) were considered rarely appropriate
whereas all other tests were deemed “may be appropriate”. In
contrast, in the evaluation of symptoms suggestive of ischemia, the
use of a baseline electrocardiogram (EKG), a stress EKG and an
exercise or pharmacologic imaging stress test were all considered
appropriate; carotid ultrasound, ankle brachial index, coronary
artery calcium scoring, CCTA and IA were deemed “may be
appropriate”.

Appropriateness results for the case scenarios were amalgam-
ated when no differences were found. This was the case for patients
on dialysis or with pre-dialysis CKD (the combined group is
referred to as CKD hereafter); and for primary prevention patients
at high or moderate risk, including those meeting criteria for the
HOPE-3 study (the moderate risk and HOPE-3 profile group is
referred to simply as having moderate risk hereafter), and irre-
spective of symptom status. Finally, physician preferences were not
different in the absence of testing for ASCVD or testing that yielded
a negative result. Thus, Table 2 summarizes the main results
showing the perceived appropriateness to get to a guideline-
supported LDL-C goal with statins and ezetimibe and the
perceived appropriateness for considering access to PCSK9i. Getting
to a guideline-supported goal was considered appropriate in all
scenarios except in low risk, asymptomatic patients. In the pres-
ence of early/subclinical ASCVD or advanced ASCVD the use of
PCSK9i was always considered to be appropriate or at least “may be
appropriate” but never “rarely appropriate.” In patients with T2DM
without evidence of early or advanced ASCVD access to PCSK9i was
considered “may be appropriate” while it was considered appro-
priate with early or advanced ASCVD and in the presence or
absence of symptoms. In patients with moderate or high risk, ac-
cess to PCSK9i was considered appropriate only if advanced ASCVD
was detected, irrespective of symptoms.

Table 3 shows the physicians' inclination to consider PCSK9i as
an add-on to either maximally tolerated statins or maximally
tolerated statins plus ezetimibe as a function of the LDL-C gap be-
tween achieved and desired goal. In either case, it was considered
appropriate to use a PCSK9i if the gap was �35%, even when
Table 1
Summary of appropriateness for use of ancillary testing in a patient with no history of ASC
in the mind of the patient or the practitioner whether to pursue lipid lowering with a st

A, appropriate; M, “may be appropriate”; R, rarely appropriate; EKG, electrocardiogram;
ezetimibe was not being used with a statin. Practically, if the goal
were, for example, <1.8 mmol/L, use of PCSK9i would be considered
appropriate if the LDL-C on statins with/without ezetimibe were
approximately 2.8 mmol/L or higher but only “may be appropriate”
if below that threshold.
3.1. Differences according to specialty and practice settings

Only a few differences were found according to specialty and
practice settings and owing to the resulting distribution of re-
spondents, we show only results for the largest group, cardiologists
(42% of respondents) as compared to non-cardiologists (58%) and
responses from Academic/Training Settings (51%) as compared to
those from Non-academic/Non-training Settings (49%). Responses
from cardiologists were mostly similar to those from Academic/
Training Settings; responses from non-cardiologists were
commonly the same as responses from Non-academic/Non-
Training Settings. These aggregated results are shown in Table 4.
In general, the appropriateness expressed by cardiologists or
practitioners in Academic/Training Settings was more conservative
in all case scenarios but one. In the latter exception, cardiologists or
physicians working in Academic/Training Settings indicated that, to
address ambiguous risk assessment and treatment decisions in
asymptomatic patients, CCTA “may be appropriate”. In contrast,
this was considered rarely appropriate by non-cardiologists or
practitioners in a Non-academic/Non-training setting. Scenarios
showing differences either between cardiologists and non-
cardiologists, or between Academic/Training Settings and Non-
academic/Non-training Settings are summarized in Table 5 and
show again a more conservative attitude among cardiologists and
physicians in Academic/Training Settings.
4. Discussion

This analysis is a theoretical exercise designed to assess the
perceived appropriateness level ascribed by practitioners to many
situations that may uncover previously unrecognized ASCVD
through routine practice and for which there are no current in-
dications for use of PCSK9i. The cases excluded primary prevention
VD for whom, after CV risk assessment according to national guidelines, it is unclear
atin.

ASCVD, atherosclerotic cardiovascular disease.



Table 2
Perceived appropriateness for getting to a guideline-recommended lipid goal and, when failing to reach that goal with statin with/without ezetimibe, to have access to PCSK9i
(proprotein convertase subtilisin/kexin 9 inhibitor).

Abbreviations as for Table 1; T2DM, type 2 diabetes mellitus; CKD, chronic kidney disease.

Table 3
Appropriateness for access to PCSK9i as a function of the size of gap between achieved and desired low density lipoprotein-C (LDL-C) goal.
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in patients with familial hypercholesterolemia and excluded
obvious or known ASCVD. The influence of imaging results was
most apparent in the care of patients with T2DM without a history
of ASCVD. In such patients, whether symptomatic or not, it was felt
to be appropriate to consider PCSK9i if LDL-C goals were not met
with statins and/or ezetimibe if there was evidence of either pre-
viously unrecognized, advanced ASCVD or even early/subclinical
ASCVD. When advanced ASCVD was uncovered in patients with
high or moderate risk, or in the course of evaluation of possible
angina pectoris symptoms in patients with CKD or in patients with
low CV risk, access to PCSK9i was also considered appropriate if
LDL-C goals were not being met with statins and/or ezetimibe,
irrespective of presence or absence of symptoms. The only situation
considered in this survey to rarely warrant access to PCSK9i was
that of low risk, asymptomatic patients with no known or a nega-
tive test for ASCVD. All other situations resulted in appropriateness
scores suggesting that it “may be appropriate” to consider use of
PCSK9i.

These results, summarized in Table 2, serve to highlight
practice-relevant research priorities that must be addressed, ideally
through randomized clinical trials. However, where there was
strong uniformity of opinion regarding appropriateness of
achieving aggressive LDL-C goals, including with the use of PCSK9i
(e.g. patients with T2DM with any degree of underlying ASCVD),
specific randomized clinical trials may be difficult to undertake
because the perceptions suggest a lack of practice equipoise and,
therefore, a potential unwillingness to allow randomization. Under
these circumstances, guidelines may need to rely upon consensus
statements or subset analyses of patients with T2DM enrolled in
randomized clinical trials addressing broader populations. Simi-
larly, achievement of lipid goals, including with the use of PCSK9i if
necessary, was considered appropriate after detection of advanced
ASCVD that could explain suspected angina pectoris symptoms or
that could conceivably be associated with ischemia in patients with
CKD or withmoderate to high CV risk, possibly reflecting a desire to
optimize medical therapy and to forestall possible intervention.
Such patients would not normally be eligible for aggressive lipid
lowering with PCSK9i until after a procedure or a CV event.
Conversely, the results also highlight many situations in which
there is a high variance, reflected in the “may be appropriate”
categorization of practitioner attitudes as to whether PCSK9i
should be used to reduce cholesterol-related residual risk. This may
be interpreted as reflecting “clinical equipoise” which is an ideal
situation for randomized clinical trials. Thus, excluding patients
with T2DM and patients with advanced ASCVD, resolution of the
debate regarding aggressive lipid lowering dependent upon pres-
ence or absence of early/subclinical ASCVD is a compelling research
need in primary prevention [21].



Table 4
Summary of differences in appropriateness levels between cardiologist or practitioners in academic/training settings and non-cardiologists or practitioners in non-academic/
non-training settings.

Blank cells or scenarios shown in Table 2, but not listed here, indicate no differences of subgroup responses and no differences when compared to the overall responses in
Table 2. Abbreviations as for Table 2.

Table 5
Summary of differences in appropriateness levels between cardiologists and non-cardiologists and between practitioners in Academic/Training settings and those in Non-
academic/Non-training settings.

Blank cells or scenarios shown in Table 2, but not listed here, indicate no differences of subgroup responses and no differences when compared to the overall responses in
Table 2. Abbreviations as for Table 2.
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The results of this survey further suggest that utilization of
imaging methods to clarify CV risk in asymptomatic subjects is
commonly considered appropriate and is therefore likely to iden-
tify patients with either early/subclinical or advanced ASCVD while
also identifying those who have none. What is conjectural but
worth considering is whether the highly constrained indications for
and access to PCSK9i might augment utilization of imaging to
identify patients with ASCVD to rationalize a request for PCSK9i.
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This situation may, in the absence of outcome trials substantiating
the benefit of such a practice, augment health care expenditures on
imaging evenwhile limiting expenditures on aggressive preventive
treatment with the addition of PCSK9i or avoiding treatment where
no ASCVD is discovered. The cost-effectiveness of this approach
remains to be proven. Such analyses were beyond the scope of our
survey, and would clearly be influenced by any changes in the
current high cost of PCSK9i as well as any changes in the cost of
advanced imaging.

An unexpected finding was that, in general, cardiologists and
practitioners in Academic/Training Settings were more likely to be
conservative toward use of PCSK9i. This was unexpected because it
is often the case that such physicians are perceived to be early
adopters of new therapies and inordinately influential in writing
guideline recommendations. Accordingly, our findings may suggest
the converse, perhaps explained by a greater reliance on random-
ized outcome trial results and evidence-based medicine. This is
particularly evident from Tables 4 and 5 highlighting that even
when obstructive ASCVD is detected, treatment to a guideline-
defined lipid goal was considered only “may be appropriate”
whereas the other specialities and practice settings indicated that
goal achievement was appropriate. While this may be a partial
explanation for this conservative attitude, the more aggressive
views of the other practitioners cannot be discounted and warrant
further understanding. For example, many of the case scenarios
studied herein would have higher 10 year event rates when
compared, for example, to primary prevention in patients with
familial hypercholesterolemia, a situation for which access to
PCSK9i is not questioned and for which a randomized clinical
outcome trial is not ever expected.

It is apparent that although access to PCSK9i is often predicated
by concomitant use of statins with ezetimibe, practitioners
considered that if the gap to goal was large, it is appropriate to
consider PCSK9i even if ezetimibe has not been used. This outcome
may be explained by practitioners' desires for more efficient
attainment of goals and minimization of polypharmacy. Such a
practice would also avoid the commonplace situation during
follow-up of patients on statins, ezetimibe and PCSK9i when the
patient wishes to minimize or eliminate one of the three drugs and
often focuses on a desire to eliminate or decrease the statin, a result
contrary to the tenets of all guidelines.

This paper has limitations. We did not have equal participation
from all international sites andwewere unable to contrast different
practice attitudes among all sub-specialities. Despite this, the re-
sults reflect the opinions of over 200 practitioners, which is
markedly greater than many appropriateness statements that are
often based on a very limited number of key opinion leaders.
Moreover, although we did not incorporate a second phase of face-
to-face discussion of interim results, a process not feasible for this
type of survey, we believe that this is also a strength because it
represents the aggregate of individual responses unaffected by
responses of others or domineering views of only a small pool of
opinion leaders. Because of the international scope, we did not
formally assess the respondents' intimate knowledge of applicable
guidelines in their jurisdiction of practice. However, support for the
validity of the results is that utilization of ancillary testing (Table 1)
was highly concordant with current guidelines [8e15].

This analysis provides a framework for areas needing attention
and not fully addressed by existing guidelines and the current in-
dications for use of PCSK9i. The results indicate that even recent
guidance provided by several societies for the use of non-statin
drugs for CV risk reduction does not pertain to these commonly
encountered situations because the guidance is constrained largely
to patients with familial hypercholesterolemia or those with
obvious ASCVD based on prior events or prior procedures [17e20].
Residual LDL-C on statin and incremental, absolute risk reduction,
both affecting numbers needed to treat, are key elements of this
decision process for add-on medications [22,23]. However, funda-
mentally improved risk assessment, perhaps through imaging,
appears to influence this decision-making process which un-
derscores the need for further research to properly justify these
strategies [21].

In summary, this analysis provides an assessment of physician
attitudes with respect to aggressive management of commonly
encountered patients who warrant CV risk reduction through lipid
lowering. Despite the current expense of PCSK9i, their safety and
efficacy promote numerous instances wherein access is considered
appropriate or possibly appropriate care even though not currently
indicated. The results provide strong insights into important
research questions requiring resolution, hopefully through ran-
domized clinical outcome trials whenever feasible.
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