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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. The reports and assessments provide organizations
with comprehensive, science-based information on common, costly medical conditions and new
health care technologies and strategies. The EPCs systematically review the relevant scientific
literature on topics assigned to them by AHRQ and conduct additional analyses when
appropriate prior to developing their reports and assessments.

An important part of evidence reports is to not only synthesize the evidence, but also to
identify the gaps in evidence that limited the ability to answer the systematic review questions.
AHRQ supports EPCs to work with various stakeholders to identify and prioritize the future
research that is needed by decisionmakers. This information is provided for researchers and
funders of research in these Future Research Needs papers. These papers are made available for
public comment and use and may be revised.

AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality. The evidence reports
undergo public comment prior to their release as a final report.

We welcome comments on this Future Research Needs document. They may be sent by mail
to the Task Order Officer named below at: Agency for Healthcare Research and Quality, 540
Gaither Road, Rockville, MD 20850, or by email to epc@ahrg.hhs.gov.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.S.P.H.

Director Director, Center for Outcomes and Evidence
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
Stephanie Chang, M.D., M.P.H. Elisabeth U. Kato, M.D., M.R.P.

Director, EPC Program Task Order Officer

Center for Outcomes and Evidence Center for Outcomes and Evidence
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Intravascular Diagnostic Procedures and Imaging
Techniques Versus Angiography Alone in Coronary
Artery Stenting: Future Research Needs

Structured Abstract

Background. The optimal use of intravascular diagnostic techniques in patients with coronary
artery diseases who are being considered for stenting remains to be defined.

Purpose. Generate prioritized topics for future research on the use of intravascular diagnostic
techniques, building on evidence gaps identified in a prior comparative effectiveness review
(CER) and following an explicit stakeholder-driven nomination and prioritization process.

Methods. Building on evidence gaps identified in a previous CER on intravascular diagnostic
techniques, a preliminary list of future research needs (FRN) was supplemented and refined
through input from stakeholders. Stakeholders were asked to rate each proposed priority topic
considering the following dimensions in prioritization: (1) importance, (2) desirability of
research/avoidance of unnecessary duplication, (3) feasibility, and (4) potential impact. The three
topics with the highest number of stakeholder endorsements were identified as the prioritized
FRN topics.

Future research needs topics. Two topics (one on the use of intravascular physiologic
measurements like fractional flow reserve in treatment decisionmaking before stenting and one
on the impact of the use of intravascular imaging diagnostics on stenting) are based directly on
evidence gaps identified in the CER. One topic on the added value of intravascular diagnostic
techniques in patients for whom there is already a clear clinical and other noninvasive diagnostic
indication suggesting the need for revascularization was raised by the stakeholders.

Conclusions. This report identifies three high priority future research needs with regards to
intravascular diagnostic techniques, as determined by a stakeholder panel. Both data from
pragmatic randomized controlled trials and properly adjusted observational studies could be used
to fill the gaps and help address the important clinical questions.



Contents

EXECUTIVE SUMIMATY .....iiiiiiiiieiesiie sttt sttt sttt e s e st e et ne e sbeentesneenne e ES-1
2 7 Tod 10| (0¥ 1 o 1SS SSSRRS 1
SCOPE OF CER ...ttt b e be st be et e e neesbeenbeeneesbeebe s 1
CER Study Selection and Outcomes OF INTErESt .........cevivevieiiieiiee e 2
FINAINGS OF the CER.......eiii ettt 3
Identification OF EVIAENCE GaPS........civiiiiieiieie et ee st ee ettt aesnaesnaenaeeneenns 3
ANAIYEIC FrAMEWOTK ...ttt sttt ettt nee e 5
IMIEENOOS. ...t bbb bbbttt bbbttt 6
Approach to Evidence Gap 1dentifiCation............cocveiiiiriiiieiie e 7
StAKENOIEr PANEL.......cc.iiiiiiieee e 7
Identification and Invitation of Individual Stakeholders ...........cccoocoriiiiiiiiis 8
Introduction of Process to the Stakeholder Panel ............ccccoooviiiiiniiiieicess 9
Iterative Process To Identify Future Research Needs TOPICS.......cccuvvririiiieiienenieseeins 9
APProach t0 PriOFTIZALION. ........ccieiiee et et esre e eneenns 9
Approach to Stakeholder Engagement for Prioritization............ccooeveneninniin e 10
Approach to Research Question Development and Considerations for Potential
RESEAICI DIBSIGNS ...ttt ettt et e b e e b e sb e e sbe et e sb e nbe et e eneenns 10
RESUITS ...t b b bbbt b bbb bbbt 12
RESEAICIN INBEUS ... ettt st e e bt e b e e e eneenrs 12
High-Priority Future Research Needs TOPIC L.......cccccveieiiieieeieiiese e se e 14
High-Priority Future Research Needs TOPIC 2.......cccovviiiiirieniesienesie e 15
High-Priority Future Research Needs TOPIC 3.......cccccveiiiiieieeie e 18
[ 1T LSS o o PRSPPI 20
(@70 3T 151 (o] o [P PSP P PP PR UP PR 21
] (] =] [0S RO PSRRI 22
Acronyms and ADDIEVIAtIONS .........c.coviiiie e 26
Tables
Table A. Evidence gaps affecting conclusions for the Key QUESLIONS ..........ccccovvvevviiervenienne ES-3
Table B. Prioritized topics for future research needs in intravascrular diagnostics,
compared With angiography @lONE ............ccoiveiiiieiecie e ES-6
Table 1. Evidence gaps inferred from CER fINAINGS .........coooriiiiiiiiiiie e 4
Table 2. Stakeholders INVITE.........cooiiiii e 8
Table 3. Prioritized topics for future research needs in intravascular diagnostics, compared
With angiograpny @lONE.........ociiiiiir e 13
Figures
Figure A. ANalYLiC FramMeWOIK ..........ooiiiieiece e ES-4
Figure 1. ANAIYLIC TrAMEWOIK.........cciiiiiieiiee ettt nbe e nreas 5
Figure 2. Future reSearch NEEAS PrOCESS ......ecviieerureieieerieaiesteesteaseesaessesseesseesesseesseesesseessesssessens 6
Appendix

Appendix A. Effective Health Care Program Selection Criteria

Vi



Executive Summary

Background

Coronary artery disease (CAD), is a narrowing (stenosis) of one or more of the epicardial
coronary arteries. It is most commonly due to the buildup of plaque (atherosclerosis), which
impedes the ability of these blood vessels to deliver oxygenated blood to the heart muscle
(myocardium). Revascularization of the stenotic vessel either by dilatation using a balloon (also
known as angioplasty) or by using a bypass venous graft (also known as coronary bypass) are the
most common methods to restore blood supply. Percutaneous coronary intervention (PCI) or
angioplasty with stent deployment is currently the most commonly performed revascularization
procedure for CAD.

PCI has traditionally been based on qualitative and quantitative coronary angiography (visual
inspection of the radiocontrast lumenogram and computer-based quantification, respectively), an
imaging technique for visualizing the interior of blood vessels. While angiography is the
standard technique for anatomic visualization of coronary arteries, it is not without limitations as
it does not provide information about what is causing the narrowing or whether the narrowing
seriously impedes blood flow. Several adjunctive intravascular diagnostic procedures and
imaging techniques (collectively referred to as intravascular diagnostic techniques in this report)
have been developed for the purpose of providing more detailed anatomic and hemodynamic
information about lesions in coronary arteries. However, whether this additional information
improves patient outcomes and whether this improvement outweighs any risks introduced by the
additional procedure needs to be considered.

The current Future Research Needs (FRN) project was launched upon the completion of an
Agency for Healthcare Research and Quality (AHRQ) comparative effectiveness review (CER)
on intravascular diagnostic techniques, and builds on the evidence gaps identified in that review.
The CER found 37 studies that directly compared patient outcomes for different techniques. The
two techniques that were considered in these studies were fractional flow reserve (FFR) and
intravascular ultrasound (IVUS). FFR is a physiologic technique that measures pressure
difference using a guide wire across a coronary artery stenosis; it is the ratio between pressure
after and pressure before a coronary artery stenosis under conditions of maximum cardiac blood
flow (higher ratio suggests less impediment to blood flow across the stenosis). IVUS is an
imaging technique that depicts the nature of the atheromatous plagues and the anatomy of the
artery wall. All of the studies that aimed to determine which lesions require stenting involved
FFR, while most of the studies that looked at optimizing stent placement (i.e., stent size and
dilation) involved IVUS. Using criteria based on the AHRQ CER Methods Guide
(www.ncbi.nlm.nih.gov/books/NBK47095), we assessed the strength of evidence for major
comparisons of interest, as follows:

e There is a moderate strength of evidence (drawn from one randomized controlled trial
[RCT] and one nonrandomized study) that the adjunctive use of FFR during stenting, as
compared with angiography alone, to decide whether an intermediate coronary lesion (50
to 70% stenosis) requires stenting, can confer a lower risk of composite endpoint of death
or myocardial infarction (MI) or of major adverse cardiac event (MACE), decrease
procedural costs, and lead to fewer stent implantations. However, these FFR studies also
included patients with low risk lesions and lower grades of angina, and excluded left
main coronary artery disease and acute Ml.
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e There is a moderate strength of evidence (drawn from 9 RCTs and 22 nonrandomized
studies) that supports no significant difference in mortality and MI, but a significant
reduction in restenosis and repeat revascularizations with IVUS-guided stenting
compared with stent placement guided by angiography alone. This significant reduction
was observed in RCTs, but not observed in nonrandomized comparative studies. Notably,
most of the RCTs were conducted before 2000 using previous generation bare-metal
stents.

e There is insufficient evidence concerning the use of any intravascular diagnostic
techniques immediately after PCI to evaluate the success of stent placement as compared
with angiography, or for direct comparisons between intravascular diagnostic techniques.

e There is a moderate strength of evidence (on the basis of one large-sample-size
nonrandomized study) that sex, diabetes mellitus status, lesion length and reference
diameter, and interaction with IVUS- and angiography-guided stent placement did not
show any significant association with individual components of death or Ml or the
composite outcome of MACE.

e There is insufficient evidence to evaluate the comparative effect of techniques other than
FFR and IVUS on outcomes.

The present report describes the development of a stakeholder-prioritized list of research
needs for that topic, along with a measured consideration of the advantages and disadvantages of
various potential research designs, in order to help researchers and funders develop future
research proposals or solicitations.

The evidence gaps identified in the intravascular diagnostic techniques CER are summarized
in Table A, organized and labeled by Key Question and PICOD (Population, Intervention,
Comparator, Outcome, study Design) category. These gaps limited the conclusions that could be
drawn in the original CER, and thus became the initial list of priority topics for the present FRN
project. Figure A depicts the analytic framework used to guide the Key Questions for the CER.
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Table A. Evidence gaps affecting conclusions for the Key Questions

. PICO .
Key Question Categories Evidence Gap
For the comparison between FFR-guided stenting or other intravascular
diagnostic techniques and stenting guided by angiography alone:
= . Because the included studies enrolled a large proportion (>75%) of male patients
opulation ) . . . .
with lower grades of angina, there is an evidence gap comparing the use of FFR-
guided PCI with angiography-guided PCI in female patients and in patients with
more serious diseases like LMD or acute MI.
. There is an overall evidence gap for this comparison because there were only 3
Intervention . .
comparative studies on FFR.
1 There is an evidence gap comparing patients with low angina score who are
Comparator potentl_ally ell_glble to receive aggressive mt_adlcal therapy |_nstead of PCI t_o patler_1ts
who will receive stenting guided by adjunctive FFR, other intravascular diagnostic
techniques, or angiography alone.
There is an evidence gap for within 30-day outcomes because the single RCT
Outcome only reported periprocedural Ml, but did not provide data for in-hospital death,
repeat revascularizations, or composite endpoint of MACE.
General There is an overall evidence gap for this comparison because no studies
evidence compared the use of other intravascular diagnostic techniques besides FFR and
gap angiography.
For the comparison between IVUS (intravascular ultrasound)-guided stent
placement and stenting guided by angiography alone:
The vast majority of included studies enrolled a large proportion (>75%) of male
Population patients and all but one RCT specifically excluded patients with LMD or acute MI.
Therefore, there is an evidence gap comparing the use of IVUS-guided PCI with
angiography-guided PCI in female patients and in patients with more serious
diseases like LMD or acute MI.
| . There is a lack of IVUS trial data on the influence of operator’s choice of balloon
ntervention ; : : . S
> size and inflation pressures and their impact on clinical outcomes.
Because only two studies (both RCTs) conducted after year 2000 used the newer
Comparator | and current drug-eluting stents, there is an evidence gap concerning the use of
newer types of stents.
There is an evidence gap concerning long-term outcomes since neither RCT
Outcome reported data on cardiac mortality and few studies reported outcomes greater than
1 year.
General There is an overall evidence gap for this comparison because no studies
evidence compared the use of other intravascular diagnostic techniques besides IVUS and
gap angiography.
On the impact of using an intravascular diagnostic technique or
General angiography to evaluate the success of stenting immediately after the
3 evidence procedure:
gap There is an evidence gap because only two observational studies (both with a
high risk for bias) addressed this question.
General Comparing different intravascular diagnostic techniques:
4 evidence There is an evidence gap because only one observational study with a high risk
gap for bias addressed this question comparing IVUS with FFR.
Subgroups of interest:
No studies evaluated additional subgroups of interest, including patients with and
General without diabetes, patients with chronic inflammation (e.g., systemic lupus
5 evidence erythematosus), and patients with atherosclerosis following heart transplantation.
gap There is an evidence gap in terms of lack of reporting of subgroup analyses of

patients who underwent intravascular diagnostic-guided PCI compared with
angiography-guided PCI and their impact on outcomes.

Abbreviations: FFR = Fractional flow reserve; IVUS = intravascular ultrasound; LMD = left main coronary disease; MACE =
major adverse cardiac event; MI = myocardial infarction; PCI = percutaneous coronary intervention; PICO = population,
intervention, comparator, outcome; RCT = randomized controlled trial
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Figure A. Analytic framework
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Abbreviations: CAD = coronary artery disease; KQ = Key Question; MACE = major adverse cardiac events; Ml = myocardial
infarction; QoL = quality of life

Methods
Identifying and Engaging a Stakeholder Panel

We followed a recently developed taxonomy that was designed to aid researchers in the
identification, recruitment, and engagement of stakeholders. Based on an a priori categorization
of stakeholders according to type, we convened a panel consisting of two patients, four
providers, two payers, one policymaker, and one researcher. The stakeholders were provided
with the executive summary of the intravascular diagnostics CER and went through a formal
orientation process.

Identifying Evidence Gaps and Developing PICOD for Each Gap

As the authors of the intravascular diagnostic techniques CER, we generated the initial list of
FRN topics based on the Research Needs section of the report, and then organized the list of
evidence gaps according to Key Questionss and PICOD elements. Participating panelists
reviewed the preliminary topics and used an iterative process to identify additional FRN topics
through webinars and emails.

Criteria for Prioritizing Evidence Gaps

Stakeholders were asked to consider four dimensions of need. These four dimensions are
outlined in the Effective Health Care (EHC) Program Selection Criteria and consist of: (1)
importance, (2) desirability of research/avoidance of unnecessary duplication, (3) feasibility, and
(4) potential impact. The fifth dimension of the EHC program selection criteria, appropriateness,
was not evaluated by the stakeholders, as AHRQ had already deemed the topic of intravascular
diagnostics to adequately meet this criterion.

Approach to Prioritization

Following two rounds of Webinar discussions and email communication, the topic list was
finalized. Stakeholders were asked to rate each of the proposed FRN topics according to the
pertinent EHC Program criteria.
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Developing Research Questions

We transformed the final list of FRN topics into research questions using standard PICOD
criteria. We discussed various alternatives for future research efforts aimed at answering each
question, specifically considering the feasibility of addressing the research questions with respect
to the study design, potential sample size, the time required, recruitment, and ethical issues.

Results

The FRN identification process led to the nomination of 12 topics (Table B). The three topics
where more than 50 percent of the stakeholders had selected them as high priority constitute the
highest priority FRN topics. Two topics (one on the use of intravascular physiologic
measurements like FFR in treatment decisionmaking before stenting; one on the impact of the
use of intravascular imaging diagnostics such as IVUS on stenting) are based directly on
evidence gaps identified in the CER. Although the evidence for the topic on intravascular
physiologic measurements was rated to be of moderate strength, the stakeholders felt more
research was needed for a number of reasons. First, as evidence currently rests primarily on one
RCT, there is the possibility that future studies will not support the favorable effect of FFR-
guided stenting. Second, given the widespread use of stents (with associated harms and costs)
and the well documented variation in practice, any technology that can better target risks and
benefits could have a major impact on patient outcomes and healthcare costs. As such it is
important to fully explore dimensions beyond what is covered in existing trials.

For the second topic on imaging diagnostics, there is a lack of data on the use of IVUS, as
compared with angiography alone, to evaluate placement of newer types of stents including
bioabsorbable ones. The third topic on the added value of intravascular diagnostic techniques in
patients for whom there is already a clear clinical or other non-invasive diagnostic indication
(e.g., a high-risk positive stress perfusion scan, a noninvasive imaging technique that
demonstrated large areas of decreased blood flow in the heart) suggesting the need for
revascularization was raised by the stakeholders.
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Table B. Prioritized topics for future research needs in intravascular diagnostics, compared with
angiography alone

Topic*

Topic Questions

Number of
Stakeholders Who
Think This Is a
High-Priority Topic

Mean

Prioritized Future Research Needs Topics

What is the impact on clinical outcomes of a treatment decision
(medical therapy, stent, or bypass) made on the basis of the
adjunctive use of intravascular physiologic diagnostics, as
compared with angiography alone?

4.67

In patients in whom there is already a precatheterization indication
for stenting, what is the impact on stenting parameters (e.g., which
lesion to stent, type of stent, stent length) and clinical outcomes of
the use versus non-use of intravascular diagnostics?

4.44

Once the decision has been made to place a stent, what is the
impact on clinical outcomes of the adjunctive use of intravascular
imaging diagnostics, such as IVUS or OCT, in stent placement and
stent optimization, as compared with angiography alone?

4.22

Other Topics

What is the impact on clinical outcomes of a treatment decision
(medical therapy, stent, or bypass) made on the basis of the
adjunctive use of intravascular imaging diagnostics, such as IVUS
or OCT, as compared with angiography alone?

4.11

What is the impact of baseline characteristics (e.g., sex, age, co-
morbidities, type of lesions, severity of disease) on clinical
outcomes when using intravascular diagnostics during coronary
stenting, as compared with angiography alone?

4.00

What is the impact on clinical outcomes of operator experience, as
measured by the number of completed procedures in using
intravascular diagnostics?

3.78

What is the impact on clinical outcomes of a treatment decision
(medical therapy, stent, or bypass) made on the basis of the
adjunctive use of intravascular physiologic diagnostics, as
compared with other intravascular diagnostics?

3.67

What is the impact on clinical outcomes of a treatment decision
(medical therapy, stent, or bypass) made on the basis of the
adjunctive use of intravascular imaging diagnostics, such as IVUS
or OCT, as compared with FFR?

3.67

What adverse events and complications have been associated
with the use of intravascular diagnostic procedures for coronary
stenting, as compared with angiography alone?

3.44

10

Once the decision has been made to place a stent, what is the
impact on clinical outcomes of the adjunctive use of intravascular
imaging diagnostics, such as IVUS or OCT, during stenting and
stent optimization, as compared with other intravascular
diagnostics such as FFR?

3.22

11

What is the impact on clinical outcomes of the adjunctive use of
new and on-the-horizon or hybrid intravascular diagnostics, as
compared with angiography alone or other established techniques
such as FFR or IVUS?

3.33

12

What is the impact on therapeutic decisionmaking and clinical
outcomes of the use of intravascular diagnostics in patients who
were discovered to have no evidence of coronary artery disease
by angiography (such as in patients examined due to intense
coronary vasospasm)?

Abbreviations: FFR = fractional flow reserve; IVUS = intravascular ultrasound; OCT = optical coherence tomography

*Prioritized topics (1-12) are listed in the order they were prioritized by the stakeholder panel.
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In research comparing clinical interventions, RCTs are the optimal study design, but ethical
and feasibility concerns can make this methodology difficult or impossible to justify. An RCT to
address the first topic—the adjunctive use of intravascular diagnostic techniques like FFR—for
instance, would be difficult to conduct as FFR-guided PCI is already becoming the standard of
care in patients with borderline and intermediate lesions. Therefore, to address this topic, an
observational design is a feasible alternative. An observational study could be used to compare
the outcomes of treatment decision made on the basis of FFR versus no FFR, if established
methodological approaches like matching, propensity score analyses, and other techniques, are
used to adjust for baseline differences between groups.

For the second topic on the adjunctive use of intravascular diagnostic techniques in patients
with a clear clinical or other noninvasive diagnostic indication suggesting the potential need for
revascularization (stenting or coronary bypass graft), because IVUS and FFR serve different
purposes (IVUS helps to optimize stenting parameters like stent lengths, stent inflation pressure,
and others; FFR helps to define the need for stenting and which lesions to stent), we propose
different study designs depending on the particular intravascular diagnostic modality.

For IVUS, we propose a pragmatic trial of use versus nonuse of IVUS to examine the impact
on stenting parameters and clinical outcomes. For FFR, an RCT comparing the use versus
nonuse of FFR-guided angiography in patients with high-risk positive stress test may be difficult
to conduct as FFR-guided PCI is fast becoming the standard of care. Therefore, an observational
study design is recommended for FFR.

Similarly, in those with a negative stress test and the presence of classic symptom complex,
as providers may use IVUS and/or FFR to help make a determination on the need for stenting, it
would also be difficult to recruit providers and patients for an RCT in this setting. In this setting,
we therefore propose a prospective observational study design, using a combination of
catheterization registry data that are derived directly from electronic health records, linked with
Medicare claims and state mortality records. Treatment assignment would be non-random, but
statistical techniques could be used to adjust for potential confounding from treatment selection.

For the third topic on how the adjunctive use of intravascular diagnostic techniques affects
stenting, a pragmatic RCT comparing the use of intravascular diagnostics versus angiography
alone on stenting parameters and clinical outcomes would help to fill in the evidence gaps.
Observational studies may also help to fill in the gap but existing registries like the CathPCI
database do not have enough details on stenting parameters to help address these questions (e.g.,
the impact of intravascular diagnostic techniques on stent “optimization” and clinical outcomes).
A novel module could be implemented in the CathPCI registry to collect additional IVUS
parameters and additional stenting parameters. These data could be used to assess how IVUS
influenced the procedure.

Discussion

The use of intravascular diagnostics in patients being considered for percutaneous coronary
artery stenting is a highly technical topic and requires considerable domain knowledge to
appreciate how these adjunctive diagnostics aid traditional coronary artery catheterization and
stenting. Added to this difficulty is the challenge of defining optimal stent placement; this
concept has permeated the clinical community but standards have not been established.

To identify priority future research needs we sought and successfully incorporated insight
from clinical experts as well as from insurance, hospital, patient and policy experts. Additionally,
we have asked domain experts to review the description of the technical details concerning these
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diagnostic devices, to assure that it is faithful to the complex clinical details of intravascular
diagnostic technology as applied to cardiovascular disease.

Conclusions

This report identifies three high-priority future research needs with regards to intravascular
diagnostic techniques, as determined by a stakeholder panel. They are:

1. What is the impact on clinical outcomes of a treatment decision (medical therapy,
stent, or bypass) made on the basis of the adjunctive use of intravascular physiologic
diagnostics, as compared with angiography alone?

2. In patients in whom there is already a clear clinical and other non-invasive diagnostic
indication suggesting the need for revascularization (stenting or coronary artery
bypass graft), what is the impact on stenting parameters (e.g., which lesion to stent,
type of stent, stent length) and clinical outcomes of the use versus non-use of
intravascular diagnostics in those undergoing stenting?

3. Once the decision has been made to place a stent, what is the impact on clinical
outcomes of the adjunctive use of intravascular imaging diagnostics, such as IVUS or
OCT, in stent placement and stent optimization, as compared with angiography
alone?

In summary, both data from pragmatic randomized controlled trials and properly adjusted

observational studies could be used to fill in these gaps and help address these important clinical
questions.
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Background

Coronary artery disease (CAD), is a narrowing (stenosis) of one or more of the epicardial
coronary arteries. It is most commonly due to the buildup of plaque (atherosclerosis), which
impedes the ability of these blood vessels to deliver oxygenated blood to the heart muscle
(myocardium). Revascularization of the stenotic vessel either by dilatation using a balloon (also
known as angioplasty) or by using a bypass venous graft (also known as coronary bypass) are the
most common methods to restore blood supply. Percutaneous coronary intervention (PCI) or
angioplasty with stent deployment is currently the most commonly performed revascularization
procedure for CAD.

PCI has traditionally been based on qualitative and quantitative coronary angiography (visual
inspection of the radiocontrast lumenogram and computer-based quantification, respectively), an
imaging technique for visualizing the interior of blood vessels. While angiography is the
standard technique for anatomic visualization of coronary arteries, it is not without limitations as
it does not provide information about what is causing the narrowing or whether the narrowing
seriously impedes blood flow. Several adjunctive intravascular diagnostic procedures and
imaging techniques (collectively referred to as intravascular diagnostic techniques in this report)
have been developed for the purpose of providing more detailed anatomic and hemodynamic
information about lesions in coronary arteries. However, whether this additional information
improves patient outcomes and whether this improvement outweighs any risks introduced by the
additional procedure has yet to be determined.

The current Future Research Needs (FRN) project was launched upon the completion of an
Agency for Healthcare Research and Quality (AHRQ) comparative effectiveness review (CER)
on intravascular diagnostic techniques,” and builds on the evidence gaps identified in that review.
The present report describes the development of a stakeholder-prioritized list of research needs
for that topic, along with a measured consideration of the advantages and disadvantages of
various potential research designs, in order to help researchers and funders develop future
research proposals or solicitations.

Scope of CER

The 2013 CER upon which the current FRN report is based, “Intravascular Diagnostic
Procedures and Imaging Techniques Versus Angiography Alone,” was sponsored by the Agency
for Healthcare Research and Quality and conducted by the Tufts Evidence-based Practice Center
(EPC).? It reviewed pertinent publications through May 2012 and addressed five Key Questions:

Key Question 1. In patients with CAD, what is the impact of using an intravascular diagnostic
technique and angiography in deciding whether a coronary lesion requires stenting—when
compared with angiography alone—on therapeutic decisionmaking, and intermediate and
patient-centered outcomes?

Key Question 2. For patients undergoing PCI, what is the impact of using an intravascular
diagnostic technique and angiography to guide the stenting procedure (either immediately prior
to or during the procedure)—when compared with angiography-guided stenting—on therapeutic
decisionmaking, and intermediate and patient-centered outcomes?



Key Question 3. For patients having just undergone a PCI with stenting, what is the impact of
using an intravascular diagnostic technique and angiography to evaluate the success of stenting
immediately after the procedure—when compared with angiography alone—on therapeutic
decisionmaking, and intermediate and patient-centered outcomes?

Key Question 4. How do different intravascular diagnostic techniques compare with each other
in their effects on therapeutic decisionmaking, and intermediate and patient-centered outcomes?
a. During diagnostic coronary angiography for the evaluation of the presence/extent of
CAD and the potential need for coronary intervention?

b. During PCI to guide stenting?
c. Immediately after PCI to evaluate the success of stenting?

Key Question 5. What factors (e.g., patient/physician characteristics, availability of prior
noninvasive testing, type of PCI performed) influence the effect of intravascular diagnostic
technique and angiography—when compared with angiography (or among different intravascular
diagnostic technique techniques)—on therapeutic decisionmaking, and intermediate and patient-
centered outcomes?
a. During coronary angiography for the evaluation of the presence/extent of CAD and the potential
need for coronary stenting
During PCI to guide stenting
Immediately after PCI to evaluate the success of stenting

Therapeutic decisionmaking outcomes outlined in the Key Questions were defined as

follows:

e Key Question 1: In patients with CAD, the change in the number of hemodynamically
significant lesions after the application of intravascular diagnostic, and the change in the
decision about an interventional therapy (e.g., if stenting is needed) after the application
of intravascular diagnostic technique

e Key Question 2: During PCI, the change in the type of stent or number of stents or
length of stent after the application of intravascular diagnostic technique

e Key Question 3: Immediately after PCI, the need for additional stenting modifications

CER Study Selection and Outcomes of Interest

Each question had specific criteria for study inclusion based on the PICOD (Population,
Intervention, Comparator, Outcomes, and Design) categorization. We included studies conducted
in adults (>18 years of age) with CAD who were being considered for PCI with stenting. All
forms of CAD presentation were included. Coronary angiography was the comparison of interest
for Key Questions 1, 2, 3, and 5. For Key Question 4, head-to-head comparisons of two or more
intravascular diagnostic techniques were examined. For Key Question 5, the modifiers of
treatment effect included patient/physician characteristics, availability of prior noninvasive
testing, and the type of PCI performed.

Outcomes of interest included therapeutic decisionmaking; patient-centered outcomes (e.g.,
mortality and cardiovascular events); intermediate outcomes (e.g., minimal lumen diameter,
percent diameter stenosis, and stent-related outcomes [e.g. restenosis, stent thrombosis]). They
were further categorized on the basis of timing of followup: in-hospital outcomes, short-term



outcomes (discharge to 30 days), medium-term outcomes (>30 days to 1 year), and long-term
outcomes (>1 year).

Findings of the CER

In total, 37 unique studies (in 41 published articles) met eligibility criteria.*** The two most
commonly evaluated intravascular diagnostic techniques were intravascular ultrasound (IVUS)
and fractional flow reserve (FFR). Findings are as follows:

e For Key Question 1, there was moderate evidence (drawn from one randomized
controlled trial [RCT] and one nonrandomized study) that the use of FFR in deciding
whether a coronary lesion requires stenting, as compared with angiography-guided
stenting, can confer a lower risk of composite endpoint of death or myocardial infarction
(MI) or of major adverse cardiac events (MACE), decrease procedural costs, and lead to
fewer stents implantations.

e For Key Question 2, there was moderate evidence (drawn from 9 RCTs and 22
nonrandomized studies) that fails to support a statistically significant difference in most
clinical and intermediate outcomes between 1VUS-guided and angiography-guided
stenting patient groups.?

e For Key Questions 3 and 4, there was insufficient evidence (two nonrandomized studies
of small sample size, rated as being at high risk of bias) concerning the use of
intravascular diagnostic techniques immediately after PCI to evaluate the success of
stenting as compared with angiography-guided stenting, or for direct comparisons
between intravascular diagnostic techniques.

e For Key Question 5, there was moderate evidence (on the basis of one nonrandomized
study of 9,070 patients) that any interaction of sex, diabetes mellitus status, lesion length
or reference diameter with IVUS- and angiography-guided stenting did not have
significant association with individual components or composite outcome of MACE.
With the exception of IVUS and FFR, there was insufficient evidence to evaluate the
comparative effect of any other intravascular diagnostic techniques on the outcomes of
interest.

Identification of Evidence Gaps

The current FRN project was undertaken in order to address the evidence gaps in the
literature with regards to intravascular diagnostic techniques and their comparative effectiveness,
identified during the synthesis of the aforementioned CER. Table 1 summarizes the evidence
gaps identified in our review of intravascular diagnostic techniques (listed in no particular order).

®For followup up to 1 year in randomized trials, a lower risk of repeat revascularization (summary relative risk: 0.70; 95% Cl
[0.51, 0.97]) but a higher risk of mortality (summary relative risk: 1.84; 95% CI [0.88, 3.85]) in the IVUS group was observed,
compared with the angiography group. Any observed significant differences in intermediate outcomes were small and
inconsistent.



Table 1. Evidence gaps inferred from CER findings

. PICO .
Key Question Categories Evidence Gap
For the comparison between FFR-guided stenting or other intravascular
diagnostic techniques and stenting guided by angiography alone:
P . Because the included studies enrolled a large proportion (>75%) of male patients
opulation ) . . . .
with lower grades of angina, there is an evidence gap comparing the use of FFR-
guided with angiography-guided PCI in female patients and in patients with more
serious diseases like LMD or acute MI.
| . There is an overall evidence gap for this comparison because there were only 3
ntervention . .
comparative studies on FFR.
1 There is an evidence gap comparing patients with low angina score who are
Comparator potentially eligible to receive aggressive medical therapy instead of PCI to patients
who will receive stenting guided by adjunctive FFR, other intravascular diagnostic
techniques, or angiography alone.
There is an evidence gap for within 30-day outcomes because the single RCT
Outcome only reported periprocedural Ml, but did not provide data for in-hospital death,
repeat revascularization, or MACE.
General There is an overall evidence gap for this comparison because no studies
evidence compared the use of other intravascular diagnostic techniques besides FFR and
gap angiography.
For the comparison between IVUS-guided stent placement and stenting
guided by angiography alone:
The vast majority of included studies enrolled a large proportion (>75%) of male
Population patients and all but one RCT specifically excluded patients with LMD or acute MI.
Therefore, there is an evidence gap comparing the use of IVUS-guided with
angiography-guided PCI in female patients and in patients with more serious
diseases like LMD or acute Ml.
| . There is a lack of IVUS trial data on the influence of operator’s choice of balloon
ntervention . : : . S
2 size and inflation pressures and their impact on clinical outcomes.
Because only two studies (both RCTs) conducted after year 2000 used the newer
Comparator | and current drug eluting stents, there is an evidence gap concerning the use of
newer types of stents.
There is an evidence gap concerning long-term outcomes since neither RCT
Outcome reported data on cardiac mortality and few studies reported outcomes greater than
1 year.
General There is an overall evidence gap for this comparison because no studies
evidence compared the use of other intravascular diagnostic techniques besides IVUS and
gap angiography.
On the impact of using an intravascular diagnostic technique and
General angiography to evaluate the success of stenting immediately after the
3 evidence procedure:
gap There is an evidence gap because only two observational studies and with high
risk of bias reported on this comparison.
General Comparing different intravascular diagnostic techniques:
4 evidence There is an evidence gap because only one observational study and with high risk
gap of bias reported on this comparison (IVUS vs. FFR).
Subgroups of interest:
No studies evaluated additional subgroups of interest, including patients with and
General without diabetes, patients with chronic inflammation (e.g., systemic lupus
5 evidence erythematosus), and patients with atherosclerosis following heart transplantation.
gap There is an evidence gap in terms of lack of reporting of subgroup analyses of

patients who underwent intravascular diagnostic-guided PCI compared with
angiography-guided PCI and their impact on outcomes.

Abbreviations: FFR = Fractional flow reserve; IVUS = intravascular ultrasound; LMD = left main disease; MACE = major
adverse cardiac event; MI = myocardial infarction; PCI = percutaneous coronary intervention; PICO = population, intervention,
comparator, outcome; RCT = randomized controlled trial




Analytic Framework

The analytic framework (Figure 1) depicts the logical interconnection of all five Key
Questions addressed by the CER. It maps the Key Questions within the context of the
populations of interest, the interventions, comparator, and the outcomes of interest, and the chain
of reasoning that the evidence must support to link the interventions to improved health
outcomes. The figure illustrates how the additional application of intravascular diagnostic
techniques (compared with angiography alone) may aid treatment decisionmaking during
diagnostic angiography (A in the figure), allow procedure optimization during PCI (B), and
assessment of immediate results in patients undergoing PCI to decide the need for additional
procedures (C), and improve short-term (in hospital or discharge to 30 days), medium-term (>30
days to 1 year), and long-term (>1 year) outcomes. Angiography alone is the comparator for Key
Questions 1-3. For Key Question 4, the comparator is a different intravascular diagnostic
technique from the index intravascular diagnostic technique of interest (head-to-head
comparisons of intravascular diagnostic techniques). For Key Question 5, potential effect
modifiers of treatment effects were examined, for both comparisons between angiography with
and without intravascular diagnostic technique and comparisons of two or more intravascular
diagnostic techniques. For Key Question 5, the modifiers of treatment effect included
patient/physician characteristics, availability of prior noninvasive testing, and the type of PCI
performed.

Figure 1. Analytic framework
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Abbreviations: CAD = coronary artery disease; KQ = Key Question; MACE = major adverse cardiac events; Ml = myocardial
infarction; QoL = quality of life



Methods

Figure 2 is a flow chart depicting the process for the future research needs project, from
invitation of stakeholders and dissemination of background materials through topic nomination
and ranking (before, during, and after two Webinars), and development of research protocols for
the final lists of future research needs topics. Details for each of the step are described below.

Figure 2. Future research needs process

Steps Intermediate and Final Products
Invitation of
stakeholders and
dissemination of ¢

background materials

v

Solicit topic nomination
from stakeholders

Establish the stakeholder panel

Synthesis of a list of FRN topics (v.1)

¢ ] » - gaps identified in the CER report

- stakeholders’ initial nominations

Webinar #1.
Introduction, collection
of topic nominations

Distribute list of topics
to stakeholders

v

Webinar #2. Topic
discussion
1 Synthesis of a revised list of topics
stratified by gaps in methods, domain

I N

| A . . -
v | content, and topics outside the original
Optional Teleconference #3. | CER scope (v.2)
Second topic discussion 1
(if needed)
Stakeholders
participate in a
structured prioritized
response system
. | Synthesis of 3 ranked lists stratified as
g above (v.3)
Inform stakeholders of I
the ranked lists of <
topics
EPC develops final - Research questions for the most
products of this FRN » highly ranked topics
project - Final FRN document
Post final FRN
document for public |«
comments
EPC responds to . |/Addendum to the final FRN document
public comments ”|(as necessary)

Abbreviations: CER = comparative effectiveness review; EPC = evidence-based practice center; FRN = future research needs



Approach to Evidence Gap ldentification

We used an iterative process with a stakeholder panel to identify future research needs topics
for prioritization. Based on the evidence gaps identified in the original CER (Table 1), we
generated an initial list of FRN topics and then solicited additional topics from the stakeholder
panel through teleconferences and emails. To make sure that we are not recommending new
trials that are already being conducted elsewhere, on August 31, 2012, we searched
ClinicalTrials.gov to find ongoing or recently completed trials relevant to the topic. Three
randomized trials were identified.”

Stakeholder Panel

We have adapted a Tufts-developed model of stakeholder engagement to identify individuals
from seven stakeholder categories. This model was designed to build a panel representing the
full range of stakeholders who may use research evidence in health care and public health
decisionmaking.

1.

Patients and the Public. This group represents current and potential consumers of
patient-centered healthcare and population-focused public health. This group also
includes caregivers, family members, and patient advocacy organizations, all of
whom address the interests of consumers.

Providers. This group includes individuals (e.g., nurses, physicians, and other
providers of care and support services) as well as organizations (e.g., hospitals,
clinics, community health centers, community based organizations, pharmacies,
emergency medical services (EMS) agencies, skilled nursing facilities) that provide
care to patients and populations.

Purchasers. This group includes employers, the self-insured, government, and other
entities responsible for underwriting the costs of health care.

Payers. This group represents insurers, Medicare and Medicaid, individuals with
deductibles, and others responsible for reimbursement for interventions and episodes
of care.

Product Makers. This group includes pharmaceutical and medical device
manufacturers.

Policymakers. This group includes organizations such as the White House,
Department of Health and Human Services, Congress, states, professional
associations, and intermediary groups that collate and distribute information to
policymakers.

Principal investigators, researchers, and research funders. Individuals
representing these categories may wear several hats and may be responsible for
different types of decisions. For example, some health care purchasers are also

®The AVIO (NCT00936169) is a completed study from Italy, comparing IVUS versus angiography alone optimization of the use
of drug-eluting stents. The results have not been published.

The FAVOR (NCT01175863) is an ongoing randomized trial being conducted in South Korea comparing the effectiveness
of FFR-guided versus IVUS-guided PCI for the treatment of intermediate coronary lesions. The primary outcome of this trial is
MACE; secondary outcomes are the individual components of MACE. Patients will be followed clinically for up to 2 years. This
trial is expected to enroll 1400 patients and will be completed by January 2014.

The DEFER-DES (NCT00592228) was a randomized controlled trial from South Korea, comparing FFR-guided with
angiography alone-guided stenting using drug-eluting stents in patients with intermediate coronary lesions. It has since been
terminated owing to slow enrollment.



payers, and conversely some payers also provide care. Patients and their advocates
may be providers or employers with policymaking responsibilities, and so on. In
addition, each of these seven stakeholder types may be focused on applying research
evidence at the patient- or population level. Patient-level decisions included questions
regarding the best treatment for a given patient at a given time. Population-level
decisions included questions regarding the optimal services, resources, policies, and
alternatives for groups of patients and other communities connected by practice
setting, geography, clinical domain, or other means. To be patient-centered, decisions
made about groups of patients must recognize both the diversity of needs across
populations and the heterogeneity of individuals within populations.

Because a future research needs project is intended to rank research questions by priority,
product makers (i.e., manufacturers of intravascular diagnostic technology) were considered to
be in potential conflict of interest. They were therefore restricted to participation in the topic
nomination process but not in topic refinement or prioritization. Additionally, purchasers were
considered to share the same perspective on this topic as would payers, and therefore were not
invited to participate as a distinct group on the panel.

Identification and Invitation of Individual Stakeholders

As part of the protocol development, we created an a priori target number of stakeholders
representing each group in our proposed panel (Table 2), attempting to create a balance across
stakeholder categories, and seeking to cover a range of technical and personal expertise in the
group as a whole. We used these targets to identify individuals to serve on our panel through
several means. We began by inviting individuals who have previously served in advisory roles
for the EPC’s intravascular diagnostic techniques CER. In addition, EPC team members were
asked to identify professional contacts that could help us reach the targets for each of the target
groups on the panel. Finally, we conducted searches on google.com and MEDLINE® to identify
active intravascular diagnostic technique researchers for the provider and principal investigator
categories.

An invitation letter was sent to individuals representing each of the final six target groups,
and names were added to assemble a representative panel of nine nongovernment stakeholders
plus two government stakeholders. All stakeholders completed a standard disclosure of interest
form. Again, device makers (“product makers” in the 7Ps taxonomy) were invited to propose
topics; they were not invited to participate in refinement or prioritization.

Table 2. Stakeholders invited

Number of
Category Subcategory Stakeholders

Patients and the public Current patients 2

Clinicians — interventional cardiologist
. Clinicians — noninterventional cardiologist

Providers — — = - 5
Clinicians — nurse practitioner or physician assistant
Hospital administrator

Payers Privgte insurer 2
Medicare

Policymakers FDA (Food and Drug Administration) devices group 1

.P r|nC|paI Health services 1

investigators/researchers

TOTAL 11




Introduction of Process to the Stakeholder Panel

Along with an invitation letter, we distributed pertinent portions of the executive summary
and the “Future Research” section of the original CER draft together with the protocol to the
invited stakeholders. The original Key Questions, summary of evidence table, and the
implications sections were highlighted in the executive summary. The purpose of the FRN
project and the expectations for input from the stakeholders were outlined clearly in the
invitation letter.

Soon after populating the panel, to accommodate everyone’s schedule®, we conducted a first
round of webinars with different stakeholders over a one week period to explain the purpose and
process of the FRN topic development process and to review research gaps in intravascular
diagnostic technology. For each nominated topic, stakeholders were also asked to provide a brief
rationale to explain why they consider the topic to be a potential priority. When time permitted,
we asked stakeholders to briefly describe related topics of interest.

Iterative Process To ldentify Future Research Needs Topics

Based on the input from the first round of webinars, we reorganize the topic nomination
document into separate topics based both on evidence gaps and additional topics suggested by
the stakeholders. We also collated all the stakeholders’ comments into their respective topics and
distributed this document so everyone can be informed on what each other has opined.

A second round of webinars was held to allow stakeholders to voice further opinions about the
nominated topics. Stakeholders were also encouraged to provide comments and feedback by
email. We prepared minutes of calls and circulated to all participants.

The revisions to the document with the list of FRN topics were based on the discussions and
continued on an iterative process.

Approach to Prioritization

Stakeholders were asked to consider four dimensions of need related to the proposed topic.
These four dimensions are drawn from the Effective Health Care (EHC) Program Selection
Criteria (Appendix A). These dimensions and EHC program guidance were described in detail in
the lead up to submission, discussion, and selection of FRN topics. They are:

Importance

Desirability of Research/Duplication
Feasibility

Potential Impact

A fifth dimension of the Selection Criteria, appropriateness, was not evaluated by the
stakeholders, as AHRQ already deemed the topic of intravascular diagnostics to adequately meet
this criterion. The EHC Program guidance on these criteria was explained in detail at each
webinar encounter with the stakeholders. Please see Appendix A for a more complete description
of AHRQ’s EHC Program Selection Criteria.

“We also offered one-on-one conferences (e.g., patients only) on an as needed basis.



Approach to Stakeholder Engagement for Prioritization

With a final list of potential topics, stakeholders were asked to consider the previously
mentioned four dimensions of need for each FRN topic by filling in a web form to evaluate each
of the 12 nominated topics Stakeholders evaluated each topic as “low priority,” “low to
intermediate priority,” “intermediate priority,” “intermediate to high priority,” or “high priority.”

The EPC ranked the FRN topics based on stakeholder responses to the survey. A count of the
topics receiving a “high priority” mention was computed as well as the mean average score for
all the topics. Three topics received high priority by more than half of those who participated.

These three topics’ research needs were further refined.

Approach to Research Question Development and
Considerations for Potential Research Designs

The EPC transformed the final list of FRN topics into answerable research questions using
standard “PICOD?” criteria (Population, Intervention, Comparator, Outcomes, study Design).
When necessary, two or more alternative PICOD-based research proposals were offered, and the
EPC discussed and described the pros and cons of these alternatives. The EPC specifically
considered the feasibility of the research questions, focusing on potential sample size, time, and
recruitment issues.

To determine candidate study designs, study feasibility, and sample size calculations, we
followed the structure laid out in “Future Research Needs for the Comparison of Percutaneous
Coronary Interventions with Bypass Graft Surgery in Nonacute Coronary Artery Disease,”
written by our EPC (Tufts) as an example FRN document.®

Briefly: Candidate study designs will differ across types of research needs. Effectiveness or
efficacy of treatments can be most definitively addressed in randomized trials, and secondarily in
well-conducted nonrandomized comparative observational studies. In contrast, eliciting patient
preferences can be meaningfully performed with nonexperimental designs (for example, in a
survey). Furthermore, observational studies may be most appropriate to enhance generalizability
and determine effectiveness, as opposed to efficacy alone. Each final FRN topic was assessed as
to the context of the research question. A determination was made as to whether evaluation of
efficacy or effectiveness is of greater need. This informed the choice of study design. Regardless
of study design, a full set of PICO criteria (population, intervention, comparator, outcomes) was
proposed.

Studies that do not require new data collection are in principle feasible, provided that access
to existing data can be agreed upon or has already been granted. Analysis of an existing registry,
standard meta-analysis, or meta-analysis of individual patient data can be conducted in a limited
timeframe. The feasibility of such studies, generally, does not depend on the desired sample size.
The feasibility of trials (or other studies requiring collection of primary data) may not be feasible
if it were too expensive or complex to conduct, if it would require too long a followup, or if it
would rely on information or data that is not yet available or would be difficult to obtain. When
randomized trials were deemed to be the most appropriate study design to address an FRN topic,

“Trikalinos TA, Dahabreh 1J, Wong J, Rao M. Future Research Needs for the Comparison of Percutaneous Coronary
Interventions with Bypass Graft Surgery in Nonacute Coronary Artery Disease: Identification of Future Research Needs from
Comparative Effectiveness Review No. 9 [Internet]. Rockville (MD): Agency for Healthcare Research and Quality (US); 2010
Sep. http://effectivehealthcare.ahrg.gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=
displayproduct&productid=522.
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we performed sample size calculations using standard formulae for a two-sided chi-squared test
at the 0.05 level of significance. We also estimated the true relative effect between intervention
and control. We assumed an allocation ratio of 1:1, no loss to followup, no crossover between
treatments, and no sequential monitoring.

As needed, the EPC consulted with individual stakeholders for assistance in making
decisions regarding appropriate study designs.
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Results

Research Needs

Of 11 stakeholders who were invited, 10 participated in the teleconferences, and 9
participated in the prioritization process. The FRN identification process led to the nomination of
12 topics (Table 3). The three topics with the highest number of stakeholder endorsements
constitute the highest priority FRN topics. Two topics (one on the use of intravascular
physiologic measurements like FFR in treatment decisionmaking before stenting; one on the
impact of the use of intravascular imaging diagnostics on stenting) are based directly on evidence
gaps identified in the CER. These two topics are of interest because FFR and IVUS have not
been thoroughly studied. There is only one trial comparing FFR with angiography alone to assess
the use of FFR to help determine which patients should receive stents. Similarly, there is a lack
of data on the use of IVUS, as compared with angiography alone, to evaluate placement of newer
types of stents including bioabsorbable ones. The third topic on the added value of intravascular
diagnostic techniques in patients for whom there is already a clear clinical or other noninvasive
diagnostic indicator (e.g., a high-risk positive stress perfusion scan, a noninvasive imaging
technique that demonstrated large areas of decreased blood flow in the heart) for the potential
need for revascularization was raised by the stakeholders.
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Table 3. Prioritized topics for future research needs in intravascular diagnostics, compared with
angiography alone

Number of
. . . Stakeholders Who
*
Topic Topic Questions Think This Is a Mean

High-Priority Topic

Prioritized Future Research Needs Topics

What is the impact on clinical outcomes of a treatment decision
(medical therapy, stent, or bypass) made on the basis of the
adjunctive use of intravascular physiologic diagnostics, as
compared with angiography alone?

7 4.67

In patients in whom there is already a precatheterization indication
for stenting, what is the impact on stenting parameters (e.g., which
lesion to stent, type of stent, stent length) and clinical outcomes of
the use versus non-use of intravascular diagnostics?

6 4.44

Once the decision has been made to place a stent, what is the
impact on clinical outcomes of the adjunctive use of intravascular
imaging diagnostics, such as IVUS or OCT, in stent placement and
stent optimization, as compared with angiography alone?

5 4.22

Other Topics

What is the impact on clinical outcomes of a treatment decision
(medical therapy, stent, or bypass) made on the basis of the
adjunctive use of intravascular imaging diagnostics, such as IVUS
or OCT, as compared with angiography alone?

4 411

What is the impact on clinical outcomes of operator experience, as
5 measured by the number of completed procedures in using 4 3.78
intravascular diagnostics?

What is the impact of baseline characteristics (e.g., sex, age, co-
morbidities, type of lesions, severity of disease) on clinical
outcomes when using intravascular diagnostics during coronary
stenting, as compared with angiography alone?

4 4.00

What is the impact on clinical outcomes of a treatment decision
(medical therapy, stent, or bypass) made on the basis of the
adjunctive use of intravascular physiologic diagnostics, as
compared with other intravascular diagnostics?

3 3.67

What is the impact on clinical outcomes of a treatment decision
(medical therapy, stent, or bypass) made on the basis of the
adjunctive use of intravascular imaging diagnostics, such as IVUS
or OCT, as compared with FFR?

3 3.67

What adverse events and complications have been associated
9 with the use of intravascular diagnostic procedures for coronary 2 3.44
stenting, as compared with angiography alone?

Once the decision has been made to place a stent, what is the
impact on clinical outcomes of the adjunctive use of intravascular
10 imaging diagnostics, such as IVUS or OCT, during stenting and 2 3.22
stent optimization, as compared with other intravascular
diagnostics such as FFR?

What is the impact on clinical outcomes of the adjunctive use of
new and on-the-horizon or hybrid intravascular diagnostics, as
compared with angiography alone or other established techniques
such as FFR or IVUS?

11 2 3.33

What is the impact on therapeutic decisionmaking and clinical
outcomes of the use of intravascular diagnostics in patients who
12 were discovered to have no evidence of coronary artery disease 2 3
by angiography (such as in patients examined due to intense
coronary vasospasm)?

Abbreviations: FFR = fractional flow reserve; IVUS = intravascular ultrasound; OCT = optical coherence tomograph
*Prioritized topics (1-12) are listed in the order they were prioritized by the stakeholder panel.
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High-Priority Future Research Needs Topic 1

What is the impact on clinical outcomes of a treatment decision (medical therapy, stent, or
bypass) made on the basis of the adjunctive use of intravascular physiologic diagnostics, as
compared with angiography alone?

Background

The CER evaluating intravascular diagnostic techniques identified evidence gaps pertaining
to the use of these diagnostic techniques in diagnosing, assessing, and triaging patients with
suspected CAD to appropriate therapeutic modalities (medical therapy, stent, or bypass). Only
one trial rated as being low risk of bias compared the adjunctive use of intravascular physiologic
diagnostics (FFR) versus angiography alone during stenting.** Although the evidence was rated
to be of moderate strength, the stakeholders felt more research was needed for a number of
reasons. First, as evidence currently rests primarily on one randomized controlled trial (RCT)
there is the possibility that future studies will not support the favorable effect of FFR-guided
stenting; this phenomenon, an initial effect that eventually dissipates through subsequent studies,
has been well documented.** Second, given the widespread use of stents (with associated harms
and costs) and the well documented variation in practice, any technology that can better target
risks and benefits could have a major impact on patient outcomes and healthcare costs. As such it
is important to fully explore dimensions beyond what is covered in existing trials. These include
whether FFR should be applied to diagnose patients with suspected CAD and triage them to
different therapeutic modalities (medical therapy, stent, or bypass) based on the results of
intravascular physiologic diagnostics®, how they apply to patients with borderline or intermediate
lesions and other subgroups such as women (especially regarding the dilemma of non-obstructive
CAD) and those with significant comorbidities, and how to use intravascular physiologic
diagnostics to better characterize angiographic markers.***

Proposed Study Design

We propose a prospective observational study design, using a combination of catheterization
registry data that are derived directly from electronic health records, linked with Medicare claims
and state mortality records. Treatment assignment would be non-random, but statistical
techniques could be used to adjust for potential confounding from treatment selection.

Value of Study Design

Even though an RCT comparing the use versus nonuse of FFR-guided angiography could
help clarify the value of additional information from intravascular diagnostic to help determine
which patients would benefit from optimal medical therapy, stent, or bypass graft, such an RCT
may be difficult to conduct as FFR-guided PCI is fast-becoming the standard of care in patients
with borderline and intermediate lesions (personal communication from M. Brennan).

While observational studies can compare outcomes of treatment decision made on the basis
of FFR versus no FFR, they are subject to biases due to the lack of randomization. Established
methodological approaches such as matching and regression analysis, including propensity score
analyses, may be used to reduce biases from known imbalances at baseline. In addition,

*The recently published FAME I trial [NEJM 2012; 367:991-1001] suggests patients with stable CAD might benefit from the
use of FFR. This trial did not have an angiography alone arm.
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sensitivity analyses may be used to explore the robustness of findings for nonrandomized
comparisons. However, the use of FFR depends on provider preference, which is subject to
complex and difficult to measure factors. Thus, findings gleaned from cohort studies should be
considered as hypothesis-generating rather than confirmatory.

On the other hand, observational studies have the benefit of wider generalizability when data
collection occurs in real-life clinical settings and without restrictive inclusion criteria.

Ability To Recruit
There should be no barriers to recruitment for observational studies addressing the use of
FFR.

Resource Use, Size, and Duration

The reliance on observational data substantially reduces resource use and increases feasibility
in addressing this evidence gap. Post hoc analyses of existing observational studies can be done
quickly and with modest resources. Generally, given the ease of retrospective data analysis, care
should be taken to avoid biases from exploratory data-mining. Large databases like the National
Cardiovascular Data Registry (NCDR) CathPCI Registry could be linked to Centers for
Medicare and Medicaid (CMS) claims data;* this would provide data for comparative analyses
of patients who had FFR versus those who had not.

Prospective observational studies allow for purposeful planning to answer hypotheses and
more complete collection of relevant data, which can increase validity compared with post hoc
observational studies using existing data. However, prospective planning and data collection
consume a greater amount of resources.

Ethical Issues
There should be no ethical barriers to the analysis of existing databases or to conducting
prospective trials in the investigation of this evidence gap. Patient confidentiality is assumed.

High-Priority Future Research Needs Topic 2

In patients with clinical or other indicators suggesting the potential need for revascularization
(stenting or coronary bypass graft), even before the catheterization results are known, what is the
impact on treatment decision (e.g., whether to stent); and stenting parameters (e.g., which lesion
to stent, type of stent, stent length) of the use versus nonuse of intravascular diagnostics should
the patients eventually undergo stenting? What is the impact on clinical outcomes?

2A. In patients with a high-risk positive stress perfusion scan (e.g., large areas of no or
hypoperfusion in the myocardium), what is the impact on stenting parameters (e.g., which lesion
to stent, type of stent, stent length) and clinical outcomes of the use versus nonuse of
intravascular diagnostics if the patients undergo stenting?

2B. In patients with a negative stress perfusion scan but other precatheterization indicator like
classic symptom complex suggesting the potential need for revascularization (stenting or
coronary artery bypass graft), what is the impact on the decision to stent and clinical outcomes of
the use versus non-use of intravascular diagnostics?

Background

The stakeholders raised the issue of the additional value of adjunctive intravascular
diagnostic techniques in patients who already have either clinical or non-invasive diagnostic
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indication (e.g., high-risk positive stress perfusion scan) for undergoing stenting procedures or
coronary artery bypass grafts. For those patients who are selected for stenting, one can
hypothesize that additional information provided by intravascular diagnostics can aid in the
selection of the type of stent, stent length, and other parameters in stent deployment. Our CER
did not identify this as an evidence gap because our CER did not focus on this particular
population. In addition, our CER evaluated the role of intravascular diagnostics only on the
number of stents utilized and stent dilatation, but did not evaluate the role of intravascular
diagnostics on the selection of the type of stent or stent length and how these choices impact
clinical outcomes. This topic was further refined post survey into two subquestions 2A and 2B
(see above) with the help of domain experts.

Proposed Study Designs

We propose both a prospective randomized controlled study and an observational study
design. For this topic, our key informants informed us that FFR, a physiologic measurement, is
primarily used in the determination of whether and which lesion to stent; while IVUS, an
imaging technique, can aid in determining stent parameters like stent inflation pressure, stent
length, and others. Accordingly, a pragmatic RCT can compare the use versus nonuse of IVUS in
patients with a high-risk positive stress test, but an RCT comparing the use versus non-use of
FFR-guided angiography may be difficult to conduct as FFR-guided PCI is fast-becoming the
standard of care. We also propose a prospective observational study design, using a combination
of catheterization registry data that are derived directly from electronic health records, linked
with Medicare claims and state mortality records. Treatment assignment would be non-random,
but statistical techniques could be used to adjust for potential confounding from treatment
selection.

Randomized Controlled Trials

Value of Study Design

RCTs provide the most rigorous study design for examining comparative effectiveness for
clinical outcomes. RCTs comparing the use of IVUS versus angiography alone on stenting
parameters and clinical outcomes would help to fill in the evidence gaps. As it is unclear whether
the real-world application will have similar results as RCT, trials should be pragmatic, with wide
eligibility criteria and diverse settings. A reasonable time-frame for such studies would be 1 year
or more. For a trial of IVUS versus no 1IVUS in patients with high-risk stress test results, it
should be noted that medical therapy alone could still be a treatment option (in addition to
stenting or coronary bypass) in both randomized arms, as our domain experts explained that for
some of these patients, medical therapy alone may be appropriate.

Resource Use, Size, and Duration

An RCT, especially one with a long duration and large sample size, is a highly resource-
intensive endeavor. The decision to conduct such a trial must be balanced against the value of the
information that can be gained from longer followup and wider representation. It may be
reasonable to design an RCT based on infrastructure already in place to minimize cost. For
example, a pragmatic trial could be designed using the CathPCI registry.

To estimate an appropriate trial sample size, we carried out a power calculation using
standard formula for a two-sided chi-square test. We based our effect size estimates on the actual
estimates reported by Russo and colleagues’ trial of IVUS versus angiography alone in patients

16



scheduled for elective stent placements.®® Assuming 1-year rates of target vessel
revascularization (primary endpoint prespecified in the study) of 12 percent in the angiography
group and 8 percent in the IVUS group, an alpha level of 0.05 and a statistical power of 0.80, a
minimum sample size of 882 per group is required. As there was only a 7 percent attrition at 1
year for this trial, one could conservatively estimate loss to followup at no more than 5 to 10
percent with a diligent followup protocol. It should be noted that the Russo trial prespecified
target vessel revascularization as the only primary endpoint. MACE is considered a secondary
endpoint in this trial, estimates of which are similar and statistically nonsignificantly different
between IVUS and angiography alone at 12 months (18.4 vs. 18.7 percent, respectively, P=0.93),
suggesting powering our recommended trial based on patient outcomes from stenting may not be
realistic.

Ability To Recruit
There could be barriers to recruitment for RCTs addressing this evidence gap as the use of
intravascular diagnostics like IVUS gains wide acceptance.

Ethical Issues

As the use of the various intravascular diagnostic techniques becomes increasingly common
in the community, there may not be a perceived equipoise to continue conducting trials of
adjunctive intravascular diagnostics versus angiography alone despite the lack of studies
demonstrating impact on patient outcomes.

Observational Studies

Value of Study Design

Observational studies could provide preliminary data comparing patients with negative stress
test who had intravascular diagnostics versus those who had not. Depending on the results, there
may be equipoise to justify an RCT in the future.

Ability to Recruit
There should be no barriers to recruitment for observational studies addressing the use of
FFR and/or IVUS.

Resource Use, Size, and Duration

Once again, large databases like the National Cardiovascular Data Registry CathPCI Registry
could be linked to Centers for Medicare and Medicaid (CMS) claims data;* this would provide
data for comparative analyses of patients with negative stress test who had FFR or IVUS versus
those who had not. Other databases like Mass-DAC (www.massdac.org) and New York State
Percutaneous Coronary Intervention Reporting System
(www.health.ny.gov/statistics/diseases/cardiovascular/docs/pci_2006-2008.pdf) could also
provide useful comparative data.

Ethical issues
There should be no ethical barriers to the analysis of existing databases or to conducting
prospective trials in the investigation of this evidence gap. Patient confidentiality is assumed.
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High-Priority Future Research Needs Topic 3

Once the decision has been made to place a stent, what is the impact on clinical outcomes of
the adjunctive use of intravascular imaging diagnostics, such as IVUS or optical coherence
tomography (OCT), in stent placement and stent optimization, as compared with angiography
alone?

Background

The CER evaluating intravascular imaging diagnostic techniques, such as IVUS or OCT,
identified evidence gaps pertaining to the use of these diagnostic techniques in placement of
newer stents and stent optimization, as compared with angiography. These newer stents can
include drug-eluting stents, biodegradable stents, and others. Only two studies compared the
adjunctive use of intravascular imaging diagnostics versus angiography alone during drug-
eluting stent deployment.’®*® There were no studies evaluating the adjunctive use of OCT versus
angiography alone during stenting. Therefore, it is currently uncertain whether these techniques
are effective in stent placement of newer stents and stent optimization, as compared with
angiography.

Proposed Study Designs
We propose both a prospective randomized controlled study and an observational study
design.

Randomized Controlled Trials

Value of Study Design

RCTs provide the most rigorous study design for examining comparative effectiveness for
clinical outcomes. RCTs comparing the use of intravascular diagnostics versus angiography
alone on stenting parameters and clinical outcomes would help to fill in the evidence gaps. As it
is unclear whether the real-world application will have similar results as RCT, trials should be
pragmatic, with wide eligibility criteria and diverse settings. A reasonable time-frame for such
studies would be 1 year or more.

Resource Use, Size, and Duration

An RCT, especially one with a long duration and large sample size, is a highly resource-
intensive endeavor. The decision to conduct such a trial must be balanced against the value of the
information that can be gained from longer followup and wider representation. It may be
reasonable to design an RCT based on infrastructure already in place to minimize cost. For
example, a pragmatic trial could be designed using the CathPCI registry.

To estimate an appropriate trial sample size, we carried out a power calculation using
standard formula for a two-sided chi-square test. We based our effect size estimates on the
FAME trial.** Assuming 1-year rates of MACE of 18 percent in the angiography group and 13
percent in the FFR group, an alpha level of 0.05 and a statistical power of 0.80, a minimum
sample size of 821 per group is required. As there was zero attrition at 1 year for the FAME trial,
one could conservatively estimate loss to followup at no more than 5 to 10 percent with a
diligent followup protocol.
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Ability To Recruit
There could be barriers to recruitment for RCTs addressing this evidence gap as the use of
intravascular diagnostics gains wide acceptance.

Ethical Issues

There may not be a perceived equipoise to continue conducting trials of adjunctive
intravascular diagnostics versus angiography alone despite the lack of studies demonstrating
impact on patient outcomes.

Observational Studies

Value of Study Design

Observational studies can compare outcomes of the use of intravascular diagnostics versus
angiography alone. However, observational studies are subject to limitations described
previously. However, the use of observational studies have the benefit of wider generalizability
and likely to be a less costly proposition than an RCT.

Ability To Recruit
There should be no barriers to recruitment for observational studies addressing the use of
intravascular diagnostics.

Resource Use, Size, and Duration

The reliance on observational data substantially reduces resource use and increases feasibility
in addressing this evidence gap. However, existing registry like the CathPCI database does not
have enough details to answer the questions concerning stenting parameters. A registry based on
a collection of high volume centers specifically recording these details may have to be built de
novo, thereby substantially increase the cost of this proposition. Alternatively, one could
remunerate site investigators to pull and review cases to supplement details of interest to existing
databases. For example, a novel module could be implemented in the CathPCI registry to collect
additional IVUS parameters and additional stenting parameters. These data could be used to
assess how IVUS influenced the procedure. This could be linked to the case file for the rest of
the baseline and followup data and the non-1VUS PCI procedures from the registry could serve
as the control.

Ethical Issues

There should be no ethical barriers to the analysis of existing databases or to conducting
prospective trials in the investigation of this evidence gap. Patient confidentiality is assumed.
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Discussion

Based on the 2012 intravascular diagnostic CER and our discussion with stakeholders, we
identified 12 potential research areas, three of which were ranked as high priority areas of future
research. Two topics (one on the use of intravascular physiologic measurements like fractional
flow reserve in treatment decisionmaking before stenting; one on the impact of the use of
intravascular imaging diagnostics on stenting) are based directly on evidence gaps identified in
the CER. One topic on the added value of intravascular diagnostic techniques in patients with
clear clinical and other indications for revascularization was raised by the stakeholders.

Our CER focused on the use of intravascular diagnostics and excluded noninvasive
techniques. Therefore, evidence on the use of newer non-invasive techniques like chest
computed tomography angiography with coronary computed tomography angiography (CCTA)
in patients being considered for stenting has not been reviewed. The future research needs
concerning the adjunctive use of noninvasive diagnostic techniques, perhaps in combination of
invasive ones, will require a systematic evidence review and see what the gaps are.

The recommendations for priority topics for future research were generated based on a
stakeholder-driven nomination and review process. We followed a recently developed taxonomy
that was designed to aid researchers in the identification, recruitment and engagement of
stakeholders. Our stakeholder panel represented a broad range of perspectives, across all major
stakeholder categories identified in this taxonomy. Of 11 stakeholders who were invited, 10
participated in the teleconferences, and 9 participated in the prioritization process.

The use of intravascular diagnostics in patients being considered for percutaneous coronary
artery stenting is a highly technical topic and requires considerable domain knowledge to
appreciate how these adjunctive diagnostics aid traditional coronary artery catheterization and
stenting. Added to this difficulty is the challenge of defining optimal stent placement; this
concept has permeated the clinical community but standards have not been established.

To identify priority future research needs we sought and successfully incorporated insight
from clinical experts as well as from insurance, hospital, patient and policy experts. Additionally,
we have asked domain experts to review the description of the technical details concerning these
diagnostic devices, to assure that it is faithful to the complex clinical details of intravascular
diagnostic technology as applied to cardiovascular disease.

20



Conclusion

This report identifies three high-priority future research needs with regards to intravascular
diagnostic techniques, as determined by a stakeholder panel. They are:

1. What is the impact on clinical outcomes of a treatment decision (medical therapy,
stent, or bypass) made on the basis of the adjunctive use of intravascular physiologic
diagnostics, as compared with angiography alone?

2. In patients in whom there is already a clear clinical and other noninvasive diagnostic
indication suggesting the need for revascularization (stenting or coronary artery
bypass graft), what is the impact on stenting parameters (e.g., which lesion to stent,
type of stent, stent length) and clinical outcomes of the use versus non-use of
intravascular diagnostics in those undergoing stenting?

3. Once the decision has been made to place a stent, what is the impact on clinical
outcomes of the adjunctive use of intravascular imaging diagnostics, such as IVUS or
OCT, in stent placement and stent optimization, as compared with angiography
alone?

In summary, both data from pragmatic randomized controlled trials and properly adjusted

observational studies could be used to fill in these gaps and help address these important clinical
questions.
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Acronyms

AHRQ Agency for Healthcare Research and Quality
CABG Coronary artery bypass graft surgery

CAD Coronary artery disease

CER Comparative Effectiveness Review

CMS Centers for Medicare and Medicaid Services
EHC Effective Health Care

EPC Evidence-based Practice Center

EMS Emergency Medical Services

FDA Food and Drug Administration (U.S.)

FFR Fractional flow reserve

FRN Future Research Needs

IVUS Intravascular ultrasound

KQ Key Question

LMD Left main (coronary artery) disease

MACE Major adverse cardiac event

Ml Myocardial infarction

NCDR National Cardiovascular Data Registry

OCT Optical coherence tomography

PCI Percutaneous coronary intervention

PICOD Population, Intervention, Comparator, Outcome, study Design
QCA Quantitative coronary angiography

RCT Randomized controlled trial

STEMI ST-segment elevation myocardial infarction
TEP Technical Expert Panel

TLR Target lesion revascularization

TOO Task Order Officer
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Appendix A. Effective Health Care Program
Selection Criteria

Appropriateness:
e Represents a health care drug, intervention, device, technology or health care
system/setting available (or soon to be available) in the United States.
e Relevant to 1013 enrollees (Medicare, Medicaid, S-CHIP, other Federal health care
programs.
e Represents one of the priority conditions designated by the U.S. Department of Health
and Human Services (HHS).

Importance:

e Represents a significant disease burden, large proportion or priority population.

e Is of high public interest; affects health care decision-making, outcomes, or costs for a
large proportion of the U.S. population or for a priority population in particular.
Was nominated/strongly supported by one or more stakeholder groups.
Represents important uncertainty for decisionmakers.

Incorporates issues around both clinical benefits and potential clinical harms.

Represents important variation in clinical care, or controversy in what constitutes

appropriate clinical care.

e Represent high costs to consumers, patients, health care systems or payers; due to
common use, high unit costs, or high associated costs.

Desirability of New Research/Duplication:
e Would not be redundant (i.e., the proposed topic is not already covered by available or
soon-to-be available evidence.)

Feasibility:
e Effectively uses existing research and knowledge by considering adequacy of research
for conducting research, and newly available evidence.

Potential Impact:

e Potential for significant health impact, significant economic impact, potential change,
potential risk from inaction, addressing inequities and vulnerable populations, and/or
addressing a topic with clear implications for resolving important dilemmas in health and
health care decisions made by one or more stakeholder groups.
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