
Review Draft – Do Not Cite 

 1 

Technical Brief 
Number XXX (Provided by AHRQ) 
 
 

 
A Technical Brief on the  
Vulnerable Atherosclerotic Plaque 

 
 
 
 
Prepared for:  
Agency for Healthcare Research and Quality 
U.S. Department of Health and Human Services 
540 Gaither Road, 
Rockville, MD  20850 
www.ahrq.gov  
 
Contract No. HHSA-290-02-0022 (EPCII) 
 
 
Prepared by: 
Tufts Medical Center Evidence-based Practice Center 
 
 
Investigators 
Alawi A. Alsheikh-Ali, M.D., M.S.1 

Georgios D. Kitsios, M.D., M.S. 
Ethan M. Balk, MD, M.P.H. 
Audrey M. Mahoney, B.F.A. 
Joseph Lau, M.D. 
Stanley Ip, M.D. 
 
 
1New England Cardiac Arrhythmia Center, Division of Cardiology, Tufts Medical 
Center, 800 Washington Street, Boston, MA 02111 
 
 
 
 
 
AHRQ Publication No. 0X-E0XX (Provided by AHRQ) 
Publication Month and Year (Provided by AHRQ)

http://www.ahrq.gov/�


Review Draft – Do Not Cite 

 ii 

 
 
 
 
 

 
 
This draft report is distributed solely for the purpose of peer review. It has not been 
otherwise disseminated by AHRQ. It does not represent and should not be construed to 
represent an AHRQ determination or policy. 
 
This draft report is based on research conducted by the Tufts Evidence-based Practice Center 
(EPC) under contract to the Agency for Healthcare Research and Quality (AHRQ), Rockville, 
MD (Contract No. HHSA-290-02-0022). The findings and conclusions in this document are 
those of the author(s), who are responsible for its content, and do not necessarily represent the 
views of AHRQ. No statement in this report should be construed as an official position of AHRQ 
or of the U.S. Department of Health and Human Services. 
 

No investigators have any affiliations or financial involvement (e.g., employment, 
consultancies, honoraria, stock options, expert testimony, grants or patents received or 
pending, or royalties) that conflict with material presented in this report.   



Review Draft – Do Not Cite 

 iii 

Preface  
The Agency for Healthcare Research and Quality (AHRQ) conducts the Effective Health Care 
Program as part of its mission to organize knowledge and make it available to inform decisions about 
health care. As part of the Medicare Prescription Drug, Improvement, and Modernization Act of 
2003, Congress directed AHRQ to conduct and support research on the comparative outcomes, 
clinical effectiveness, and appropriateness of pharmaceuticals, devices, and health care services to 
meet the needs of Medicare, Medicaid, and the State Children’s Health Insurance Program (SCHIP).  
AHRQ has an established network of Evidence-based Practice Centers (EPCs) that produce Evidence 
Reports/Technology Assessments and Comparative Effectiveness Reviews to assist public- and 
private-sector organizations in their efforts to improve the quality of health care. Technical Briefs are 
the most recent addition to this body of knowledge.  
A Technical Brief provides an overview of key issues related to a clinical intervention or health care 
service—for example, current indications for the intervention, relevant patient population and 
subgroups of interest, outcomes measured, and contextual factors that may affect decisions regarding 
the intervention. Technical Briefs generally focus on interventions for which there are limited 
published data and too few completed protocol-driven studies to support definitive conclusions. The 
emphasis, therefore, is on providing an early objective description of the state of science, a potential 
framework for assessing the applications and implications of the new interventions, a summary of 
ongoing research, and information on future research needs.  
Transparency and stakeholder input are essential to the Effective Health Care Program. Please visit 
the Web site (www.effectivehealthcare.ahrq.gov) to see draft research questions and reports or to join 
an e-mail list to learn about new program products and opportunities for input. Comparative 
Effectiveness Reviews will be updated regularly, while Technical Briefs will serve to inform new 
research development efforts. 
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Chapter 1. Introduction   72 
 73 

Atherosclerosis is a chronic condition with acute cardiovascular manifestations. Most 74 
commonly, the acute manifestations of atherosclerosis are triggered by a local arterial occlusion 75 
with a thrombus overlying a pre-existing atherosclerotic plaque. Despite landmark advances in 76 
the prevention and treatment of cardiovascular disease, it remains the leading cause of morbidity 77 
and mortality worldwide, accounting in 2005 for 35% of all deaths in the United States and 30% 78 
of all deaths globally (1;2). A particular challenge to combating the epidemic of cardiovascular 79 
disease is the sudden and often unpredictable nature of its acute manifestations. For many 80 
patients with atherosclerosis, the first manifestation is an acute myocardial infarction, sudden 81 
cardiac death, or a disabling stroke. This has fueled considerable research aimed at refining 82 
existing algorithms for risk stratification and developing new methods to identify subjects before 83 
the occurrence of a cardiovascular event so that primary preventive measures can be initiated. 84 
Furthermore, among patients who have survived a cardiovascular event, the risk of a subsequent 85 
event remains relatively high – approaching 1 in 4 despite aggressive treatment (3). Such 86 
recurrence rates highlight the need for novel approaches to secondary prevention of 87 
cardiovascular disease and to the treatment of index events.  88 
 Over the past two decades, the concept of the “vulnerable plaque” has gained attention as 89 
a promising paradigm to improve risk stratification and potentially lead to newer invasive and 90 
non-invasive therapeutic options to prevent and treat atherothrombotic cardiovascular disease. 91 
The Effective Health Care Program at the Agency for Healthcare Research & Quality requested a 92 
brief review on the diagnosis and treatment of “vulnerable plaques” of coronary and carotid 93 
arteries. Our report is based on a set of key questions designed to explore the concept of 94 
“vulnerable plaque” and how this concept could affect the use of existing or developing 95 
diagnostic and therapeutic technologies. This report also expands on a technical report on 96 
vulnerable plaque that we conducted in 2004 (4).  97 
 98 
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Chapter 2. Methods 99 
 100 

 The objective of this report is to survey, with a systematic review approach, the volume 101 
and type of evidence available on vulnerable plaque. The purpose is to provide a basis for 102 
establishing how the research field is evolving and identify topics that may require further 103 
research. We created an “evidence map” that describes the tests that have been evaluated, the 104 
populations in which they have been evaluated, and the types of studies that have been used. This 105 
review is not a detailed technology assessment based on a systematic review of full-text articles. 106 
It does not synthesize or evaluate the results of individual clinical studies and does not make 107 
clinical recommendations. “Vulnerable plaque” is still an evolving concept and is not yet an 108 
established medical diagnosis. Therefore, any reference to “vulnerable plaque” in this report 109 
concerning its natural history, diagnostic methods, and treatments is by necessity inferential. It 110 
refers to conditions that might fall under the current concept of vulnerable plaque but not 111 
specifically about vulnerable plaque. 112 
 113 

Literature Search Strategy 114 
 We searched MEDLINE to identify English language publications on vulnerable plaque. 115 
Because it is an emerging concept, there are no specific medical subject headings (MeSH terms) 116 
available. Therefore, exclusively text words were used. The search terms included vulnerable 117 
plaque, unstable plaque, atheromatous plaque, ulcerative plaque, and related words. The search 118 
was limited to English language studies conducted in humans. Because we were updating our 119 
2004 technical report and were focusing on the current thinking about the vulnerable plaque 120 
concept, we limited the search to the period from 2003 to November 2008. The search results 121 
were reviewed independently by four reviewers (AA, EB, GK and SI). All potentially relevant 122 
abstracts were re-screened by a cardiologist (AA).   123 
 In order to identify the available testing devices, imaging modalities and drugs that would 124 
be of interest to vulnerable plaque, a grey literature search approach (5) was used to seek 125 
information on the corresponding biomarkers, imaging methods and therapeutic approaches 126 
identified by the systematic literature overview. The Google™ website and, specific companies’ 127 
websites were searched. For the Google search, topic related keywords were used. Given the 128 
non-specific nature of the Google search engine and the lack of a concrete definition of 129 
vulnerable plaque, a list of companies known to sponsor clinical trials related to the vulnerable 130 
plaque concept (6) and a list of testing modalities and drugs identified from the systematic 131 
literature overview were created.  132 
 The products relating to the detection or treatment of plaques were researched within 133 
each company site, and relevant information was recorded. Following this, the testing modality 134 
keywords were entered into the Google search engine in an effort to identify other corporations 135 
creating related products. Some of the general keywords included: intravascular ultrasound-136 
virtual histology; near-infrared spectroscopy; 320-multidetector computed tomography; 137 
angioscope; Raman spectroscopy; optical coherence tomography; palpography-elastography; 138 
magnetic resonance imaging; and variations of these terms. After inspection, the most relevant 139 
and pertinent information relating to the keywords invariably appeared within the first three to 140 
five pages of the Google search results. Thus, search results on these relevant pages were relied 141 
upon in order to gather device information.  142 
 As the manufacturer and/or company websites varied in their description concerning the 143 
FDA regulatory status of the specific tests or drugs, we searched for the relevant information on 144 
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the FDA website. Specifically, for diagnostic devices and tests, we searched the publicly 145 
accessible FDA 510(k) Premarket Notification database for information regarding the FDA 146 
clearance status of the products and devices that were identified from our grey literature search 147 
using the following method: we searched the 510(k) database (7) by either product name, or 148 
applicant name (or the manufacturer). For drugs, we searched the Drugs@FDA database (8) by 149 
using the active ingredient name. For each test or drug, the following information was recorded: 150 
company name; test modality/test name or active ingredient/drug name; FDA indications for use 151 
(when available) or indications per company literature; clearance by FDA; and whether or not 152 
the test (or drug) has been FDA cleared specifically for “vulnerable plaque”.  153 
 154 

Study Eligibility Criteria 155 
 We identified abstracts of studies that fit a broad concept of vulnerable plaque. These 156 
included studies with the stated or implied aim of examining plaque features thought to be 157 
related to the susceptibility of an atherosclerotic plaque to cause a clinical event (e.g., myocardial 158 
infarction, angina, stroke, transient ischemic attack). These features included histopathological 159 
(i.e., thin-cap fibroatheroma, macrophage infiltration, presence of lipid core or intraplaque 160 
hemorrhage) or imaging (i.e., plaque echolucency and density, presence of ulceration or 161 
intraplaque hemorrhage and others) findings. We included primary studies or systematic reviews 162 
of studies that were conducted in living humans or on carotid or coronary artery tissue removed 163 
during procedures on living humans, or autopsy studies. We also collected narrative reviews, 164 
commentaries, and editorials on the concept of vulnerable plaque. 165 
 166 

Data Collection 167 
 From eligible primary studies, we extracted the following information from the available 168 
abstracts: study design (cross-sectional or longitudinal follow-up, prospective or retrospective 169 
collection of data); sample size; population (with or without history of carotid or coronary 170 
disease; living patients, tissue samples, or autopsy samples); predictor of interest (imaging 171 
characteristics of the plaque, histopathology, biomarkers, others); information on treatments; 172 
outcomes (clinical, imaging, or histopathological); and whether the study measured direct impact 173 
of a particular diagnostic tool on physician decision making or patient outcomes. 174 
 175 
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Chapter 3. Results 176 
 177 

Findings from Systematic Literature Overview 178 
 The MEDLINE search yielded 1,186 titles, of which 342 abstracts (both primary and 179 
review articles) qualified for inclusion.  180 
 181 
Study designs 182 
 We found that the number of review articles on vulnerable plaque (n=169) published in 183 
the last 6 years is almost equal to the number of primary studies (n=173) associated with the 184 
concept of vulnerable plaque (Tables 1 and 2). The large majority of the primary studies (n=157 185 
of 173, 90%) are of cross-sectional design, comparing different potential features of vulnerable 186 
plaque (e.g., plaque characteristics on pre-endarterectomy imaging with tissue histology from 187 
post-surgical specimen); the remaining 16 studies were longitudinal studies, evaluating the 188 
natural history of plaques or the effect of treatment on plaque features thought to be related to the 189 
propensity of a plaque to cause a clinical event (e.g., plaque characterization by imaging 190 
modalities and subsequent risk of cardiovascular events). Fourteen of the 16 longitudinal studies 191 
used a prospective design. 192 
 Since 2003, about 57 articles on vulnerable plaque have been published annually, with no 193 
increase in publication rate (Figure). About 29 primary studies have been published annually, 194 
with some increase in the number of publications over time. 195 
 196 
Characteristics of primary studies 197 
 Of the 173 primary studies, 79 (46%) were conducted in patients with coronary artery 198 
disease and 95 (55%) in patients with carotid artery disease; three of these studies simultaneously 199 
evaluated coronary and carotid artery disease (Table 3). Only 2 studies (1%) were conducted in 200 
patients without a history of cardiovascular disease (healthy individuals or subjects with 201 
cardiovascular risk factors but free from disease). The primary studies enrolled populations 202 
falling into three categories: living individuals (n=97, 56%), tissue samples obtained from living 203 
patients during carotid endarterectomy or coronary atherectomy (n=60, 35%), and autopsy 204 
specimens of the coronary or carotid arteries (n=16, 9%). The predictors of interest included 205 
biomarkers (n=29, 17%), histopathological findings (n=45, 26%), imaging features (n=83, 48%), 206 
therapeutic approaches (n=12, 7%), and combinations of the above or other predictors (n=4, 2%).  207 
 208 

Answers to Key Questions (KQ) 209 

KQ 1.  What recent definitions of vulnerable plaque have been proposed? What are the 210 
common elements in these definitions?  211 
 The term “vulnerable plaque” was first used 20 years ago in the context of studying 212 
triggers of acute cardiovascular disease (9). It was proposed that acute thrombosis resulting in 213 
total arterial occlusion is preceded by the development of the “vulnerable atherosclerotic plaque” 214 
(9). Plaque vulnerability was defined as the susceptibility of a plaque to rupture, thus causing a 215 
clinical cardiovascular event (e.g., acute myocardial infarction or sudden cardiac death). The 216 
introduction of this concept paralleled an increased appreciation of the limitations of imaging 217 
arterial lumens and quantifying risk based merely on the severity of arterial stenoses. In several 218 
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retrospective and prospective serial angiographic studies, the culprit lesion in nearly two-thirds 219 
of patients with acute coronary events was shown to have less than 70% (often <50%) diameter 220 
narrowing on a coronary angiogram weeks or months before the index event (10-13). In addition, 221 
the site of myocardial ischemia found during a stress test (an indication of a hemodynamically 222 
significant stenosis in the coronary artery supplying that territory) does not accurately predict the 223 
site of future myocardial infarction (14).  224 
 In retrospective autopsy studies, three histological features were more commonly 225 
observed in plaques thought to be responsible for most acute coronary events compared to stable 226 
plaques: a larger lipid core (>40% of total lesion area), a thinner fibrous cap (<100 µ), and more 227 
inflammatory cells (15-18). Such observations fueled research into invasive and non-invasive 228 
imaging tests to detect these histological features, and in so doing identify plaques that 229 
presumably are more likely to rupture. Since its introduction, the term “vulnerable plaque” has 230 
been used interchangeably in reference to the concept of propensity to result in an acute 231 
cardiovascular event or to denote a plaque with the histological hallmarks of culprit lesions from 232 
autopsy studies. A more inclusive definition was proposed in 2003 to include not only 233 
susceptibility to rupture, but more broadly susceptibility to thrombose or rapidly progress to a 234 
culprit lesion (19). This broadening of the definition was based on observations that plaque 235 
rupture, while common in culprit lesions, is not universal. Nearly one-third of such lesions 236 
exhibit erosion or nodular calcification without rupture of the fibrous cap (20).   237 
 On the basis of retrospective studies of culprit plaques (i.e., plaques that have caused an 238 
acute event), several criteria were proposed by prominent investigators in the field to define a 239 
vulnerable plaque (i.e., a plaque that has not yet caused an acute event, but is at high risk of 240 
doing so). The major criteria for vulnerable plaque included: active inflammation; a thin cap 241 
(<100 µ) with a large lipid core (>40% of the plaque’s total volume); endothelial denudation 242 
with superficial platelet aggregation; fissured/injured cap (which may indicate a recent rupture); 243 
and severe stenosis which would render the plaque more prone to shear stress or may be a 244 
marker of other less stenotic but vulnerable plaques (19). According to this proposal, the 245 
presence of at least one of these major criteria may indicate a higher risk of plaque complication. 246 
Minor criteria for plaque vulnerability included: the presence of superficial calcified nodules; 247 
yellow color which may indicate a larger lipid core; intraplaque hemorrhage; endothelial 248 
dysfunction (impaired endothelial vasodilator function); and expansive (positive) remodeling, 249 
which refers to compensatory outward enlargement of the vessel wall without luminal 250 
compromise (19). Notably, though, the predictive utility of these criteria has not been 251 
prospectively validated. Furthermore, in the absence of a major criterion, how (or whether) the 252 
minor criteria can be combined in a risk score to define plaque vulnerability has not been 253 
addressed. In addition to the local features characterizing plaque vulnerability, there is evidence 254 
that systemic factors may play a role in plaque instability, including the presence of a systemic 255 
inflammatory state (19). This provides the rationale to studying serum biomarkers that may 256 
identify patients with high-risk lesions (vulnerable blood), and along with “vulnerable 257 
myocardium” forms the triad of vulnerability that defines the “vulnerable patient” (19). 258 

KQ 2.  What are the histopathological features of a vulnerable plaque? 259 
 As mentioned above, common histopathological features of a vulnerable plaque include a 260 
thin fibrous cap, a large lipid core and, and more inflammatory cells. Forty-five studies evaluated 261 
histopathological findings as predictors and all were cross-sectional in design (Table 4). Among 262 
the evaluated histopathological features of vulnerability, macrophage infiltration of the plaque 263 
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was the most commonly examined, but only in 5 studies (21-25). The majority of studies (67%) 264 
did not assess the commonly reported histopathological features of vulnerability (a thin fibrous 265 
cap, a large lipid core and, and more inflammatory cells (26)), but focused on examining the 266 
tissue expression of molecules proposed to be involved in the pathophysiological processes of 267 
the disease. The most commonly investigated locally expressed molecules were C-reactive 268 
protein (CRP, n=8), matrix metalloproteinases (MMPs, n=6), and vascular endothelial growth 269 
factor (VEGF, n=3). Histopathology was compared to clinical outcomes in 32 studies (71%); 270 
most commonly either acute coronary syndrome (n=14) or symptomatic carotid disease (n=11). 271 
The remaining 13 studies compared the tested histopathological features to other reference 272 
histopathological features (cap thickness or combination of features).  273 

KQ 3.  Are there any longitudinal natural history studies of vulnerable plaque? If such 274 
studies are available, what do they show? 275 
 As there is no standard definition for vulnerable plaque, there are no natural history 276 
studies for this proposed concept. The 2004 technical report (4) found several studies that 277 
investigated natural history of plaque features that could be indicative of “vulnerability” or 278 
instability. Since that report, we have identified five additional studies that examined the 279 
longitudinal history of these plaque features. 280 
 Reiter et al. (27) followed 574 patients with asymptomatic carotid disease and carotid 281 
plaques at the level of the bifurcation with a diameter reduction of at least 30%. The patients had 282 
a baseline ultrasound and a second ultrasound 6-9 months later. The study found that increasing 283 
echolucency (indicative of lipid core) of carotid artery plaques over a 6-9 months period was 284 
predictive of a first major adverse cardiovascular event, which included all-cause mortality, 285 
myocardial infarction, stroke, percutaneous coronary intervention, coronary artery bypass 286 
grafting, peripheral percutaneous angioplasty, peripheral vascular surgery, or amputation owing 287 
to critical limb ischemia (27). 288 
 Serruys et al. (28) studied the effects of 12 months of darapladib (an oral lipoprotein-289 
associated phospholipase A2 (Lp-PLA2) inhibitor) or placebo on coronary atheroma 290 
deformability as assessed by intravascular ultrasound palpography in 330 patients with acute 291 
coronary syndrome or stable angina. In the placebo arm of the trial, thought to reflect the natural 292 
history of coronary atheroma, there was a  non-significant reduction in total atheroma volume 293 
(P=0.10) but a significant increase in the volume of the atheroma’s necrotic core, despite a high 294 
standard of care. The study was not designed to evaluate the effect of these atheroma features on 295 
clinical endpoints (28). 296 
 Takaya et al. (29) followed 14 patients with carotid intraplaque hemorrhage and 15 297 
controls with comparably sized plaque, using serial carotid magnetic resonance imaging (MRI) 298 
examination. Over an 18-month period, patients with intraplaque hemorrhage at baseline had 299 
significantly higher percent change in wall volume and lipid-rich necrotic core volume, and were 300 
significantly more likely to have new plaque hemorrhages. The study was not powered to assess 301 
the effect of intraplaque hemorrhage as a predictor of future clinical events (29). 302 
 Lee et al. (30) followed 229 patients with acute myocardial infarction treated with 303 
primary angioplasty. Twenty-seven patients with 35 non-culprit complex plaques had 304 
simultaneous review of their baseline and 6-month follow-up angiograms, 29 remained complex, 305 
1 totally occluded, and 4 regressed. The study also found that long-term (not defined) cardiac 306 
events after discharge were more likely in patients with multiple complex plaques than in 307 
patients with single complex plaques (30). 308 
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 Ohtani et al. (31) followed 552 patients with coronary artery disease. The study found 309 
that patients with two or more or 5 or more yellow plaques at baseline (by angioscopy) had 2.2- 310 
and 3.8-fold higher acute coronary event rates than those with 1 or less yellow plaque at 57 311 
months follow-up (9.0% and 15.6%, respectively, vs. 4.1%; p<0.02). The number of yellow 312 
plaques was an independent predictor of acute coronary events (31). 313 

KQ 4.  Has a reference standard for the evaluation of vulnerable plaque been developed? 314 
 No reference standard has been developed for the evaluation of vulnerable plaque. Since 315 
its introduction, the term “vulnerable plaque” has been used interchangeably in reference to the 316 
concept of propensity to result in an acute cardiovascular event or to denote a plaque with the 317 
histological hallmarks of culprit lesions from autopsy studies. A more inclusive definition was 318 
proposed in 2003 to include not only susceptibility to rupture, but more broadly susceptibility to 319 
thrombose or rapidly progress to a culprit lesion (19). This broadening of the definition was 320 
based on observations that plaque rupture, while common in culprit lesions, is not universal, with 321 
nearly one-third of such lesions exhibiting erosion or nodular calcification without rupture of the 322 
fibrous cap (20).   323 

KQ 5.  How would the diagnosis of vulnerable plaque aid in disease management (e.g., 324 
diagnosis leading to an intervention that decreases the risk of a clinical event)? 325 
 If vulnerable plaques can be detected accurately, and effective therapeutic interventions 326 
initiated before cardiovascular events occur, all in a cost-effective manner, then many (perhaps 327 
the majority) of cardiovascular events can, in theory, be prevented. However, for this potential 328 
promise to be realized, substantial challenges need to be addressed. These challenges are both 329 
conceptual and methodological.  330 
 Conceptually, the diagnosis of a “vulnerable plaque” is by definition a probabilistic entity 331 
(i.e., it does not denote the occurrence of an event at present, but rather a higher risk of such 332 
occurrence in the future relative to a non-vulnerable or less vulnerable plaque). As such, before it 333 
is widely adopted by clinicians, plaque vulnerability (once validated) should be able to provide 334 
incremental predictive value on top of currently available methods of risk stratification, which 335 
may be less expensive and less invasive than the methods proposed to detect vulnerable plaques. 336 
Moreover, the complex implications of such a probabilistic diagnosis are exemplified in the 337 
observation that not all plaques that rupture (the basis for the classic definition of the term) 338 
actually result in a clinical cardiovascular event. Some plaques would rupture and then quiesce 339 
and heal without causing a myocardial infarction or stroke (so called silent plaque rupture) 340 
(32;33). Conversely, not all acute cardiovascular events are the result of plaque rupture, since 341 
non-ruptured plaques have been implicated as culprit lesions nearly one-third of the time in 342 
autopsy series (20). To the extent that plaque vulnerability is defined based on features that 343 
predict rupture, the observations that not all ruptures result in clinical events, and that not all 344 
clinical events are the result of rupture, would limit the sensitivity and specificity of the 345 
vulnerable plaque as a predictor of a future event.  346 
 The potential utility of the vulnerable plaque paradigm is to identify apparently healthy 347 
subjects (or people with apparently stable plaques) who are at risk for future events. To date, 348 
however, almost everything we know about what constitutes a vulnerable plaque is based on 349 
studies in patients who have already suffered an event. In our systematic overview of the 350 
literature, only 1% of the studies were conducted in patients without a known history of 351 
cardiovascular disease. In addition, the vast majority of studies were cross-sectional including all 352 
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histopathological and biomarker studies, and 90% of imaging studies, and were mostly done with 353 
relatively small sample sizes. The 14 prospective studies identified in the literature had small 354 
sample sizes (median 60 patients, IQR 23-188), with a median duration of follow-up of 6 months 355 
(IQR 1-38) and a small number of detected outcomes (median 32 outcomes, IQR 16-39). 356 
Therefore, large, prospective studies including patients without prior cardiovascular events over 357 
relatively long durations of follow-up are required to validate retrospective and cross-sectional 358 
studies. Such prospective studies would also have to identify the “individual” vulnerable plaque 359 
that develops into a culprit lesion. In the present literature overview, none of the 5 prospective 360 
imaging studies (27;30;31;34;35) that followed patients for clinical outcomes documented that 361 
the “vulnerable” plaque was the one responsible for the clinical event during follow-up. This 362 
may be challenging since plaques within a given patient may progress largely independently 363 
(36). This adds to the complexity of predicting events from plaque imaging, and suggests local 364 
effects (e.g., physical forces) in addition to any systemic effects influencing plaque progression.  365 
 Once it is prospectively validated that certain plaque features are independently 366 
predictive of a future cardiovascular event, demonstrating the incremental utility of such a 367 
concept will be required. In applying the concept in individuals who are not considered high-risk 368 
by current criteria, the positive predictive value of “plaque vulnerability” will be constrained by 369 
the prevalence or pretest probability of cardiovascular disease in the screened population. In a 370 
recent report of 1,059 patients who underwent computed tomography (CT) angiography for 371 
suspected or known coronary artery disease, only 72 had at least one feature of plaque 372 
vulnerability (defined in this case as positive vessel remodeling or low plaque attenuation), and 373 
of them, 45 had both features (37). Over a mean follow-up of 27 months, 15 patients (1.4%) had 374 
an acute coronary syndrome (ACS). While the rate of ACS was several-fold higher among 375 
patients with both features of vulnerability (22%), the positive predictive value of having both 376 
features for predicting a future ACS is limited by the relatively low event rate (in this case the 377 
positive predictive value of detecting both features of vulnerability is 33%).  378 
 Finally, once the incremental predictive utility of detecting a vulnerable plaque is 379 
established, it will have to be demonstrated that certain treatments (novel or currently in use) in 380 
patients who would otherwise not have been candidates will indeed improve outcomes. For 381 
example, would a statin reduce the risk of a future cardiovascular event in a patient who does not 382 
meet current treatment indications, but is found to have a “vulnerable plaque” on imaging? 383 
Would screening for such patients followed by selective treatment be more cost-effective than 384 
unselective treatment without screening? Such questions will need to be answered before the 385 
“vulnerable plaque” paradigm is routinely considered in the prevention and treatment of 386 
cardiovascular disease. 387 

KQ 6a. Using a systematic literature scan approach, describe any specific serum 388 
biomarkers that may help predict the presence of features of plaques that are prone to 389 
rupture/thrombose.  390 
 Biomarkers were used as predictors by 29 studies (17%), all of which were cross-391 
sectional in design (Table 5). The median number of subjects enrolled was 89 patients (IQR 55-392 
164). The studies investigated 30 biochemical markers in association with vulnerable plaque. 393 
The most commonly investigated markers were CRP (n=9), MMPs (n=3) and pregnancy-394 
associated plasma protein A (PAPP-A, n=2). All studies involved measurement of blood or 395 
serum biomarkers in living patients. Biomarkers were compared to clinical outcomes (28%), 396 
histopathology features (17%), and imaging findings (55%). Although the specific results in the 397 
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individual studies were not reviewed in this technical brief, the available literature cannot 398 
provide information on the predictive value of the association between biomarkers and 399 
vulnerability features or clinical outcomes, given that all of available studies were cross-sectional 400 
in design.  401 

KQ 6b. Have any of them been cleared by the FDA for this indication?  402 
 From the grey literature search, a list of major companies associated with specific testing 403 
modalities and drugs identified from the systematic literature overview were created. They were: 404 
Boston Scientific, Inc.; Guidant, Inc.; Volcano, Inc.; Goodman Co.; Fukuda Denshi Inc; 405 
GlaxoSmithKline, Inc.; Bristol Myers Squibb; Medical Imaging, Inc.; InfraReDx, Inc.; and 406 
Cordis, Inc. The biomarker testing devices, the imaging modalities and the drugs identified are 407 
presented in Tables 6, 7, and 8, respectively.  408 
 None of the biomarkers commonly examined for the detection of features deemed 409 
important in the concept of vulnerable plaque (CRP, MMP-9, PAPP-A) has been cleared by the 410 
FDA for the specific indication of “vulnerable plaque” (Table 6). 411 

KQ 6c. Are there direct comparative studies that examine how these biomarkers differ 412 
from those used in the management of patients at risk of developing acute cardiovascular 413 
events? 414 
 There are no direct comparative studies available.  415 

KQ 7a. Using a systematic literature scan approach, describe the current non-invasive and 416 
invasive imaging methods to evaluate features of plaques that are prone to 417 
rupture/thrombose.  418 
 A total of 83 studies (47% of 173 primary studies) used imaging characteristics as 419 
predictors of plaque vulnerability; 90% of which were cross-sectional, 7% prospective, and 2% 420 
retrospective in design (Table 9). The median number of subjects enrolled was 54 patients (IQR 421 
38-94). The majority of studies (n=49, 59% of 83) enrolled patients with carotid artery disease. 422 
Seventeen different imaging modalities have been examined. Magnetic resonance imaging (MRI, 423 
30%), intravascular ultrasound (IVUS, 17%) and carotid artery ultrasound (13%) were the most 424 
commonly used modalities. Most studies evaluated single features of vulnerable plaque (68%); 425 
the remaining examined combinations of features. Plaque echolucency (indicative of lipid core) 426 
on ultrasound examination, presence of intraplaque hemorrhage and ulceration-complexity of 427 
lesion were the most commonly examined features. Imaging characteristics were compared to 428 
clinical outcomes in 23% of studies, histopathological features in 45%, and other imaging 429 
outcomes in 21%. Six prospective studies (7%) used an imaging modality for characterization of 430 
plaques at baseline; 5 of them followed up patients for the occurrence of a cardiovascular event 431 
(acute coronary syndrome or composite cardiovascular endpoint) and 1 study examined the 432 
longitudinal changes of vulnerability features of carotid plaques using serial MRI examinations. 433 
Sample sizes of included cohorts of patients were small (median 48, IQR 27-552) and the median 434 
duration of follow-up was 24 months (IQR 18-38). None of these prospective studies was 435 
designed to measure the direct impact of imaging modalities on physician’s decision making or 436 
patient outcomes.  437 
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KQ 7b. Have any of them been cleared by the FDA for this indication?  438 
 Based on the grey literature search, we noted that none of the imaging methods has been 439 
cleared by the FDA for the specific indication of “vulnerable plaque” (Table 7). Regarding the 440 
detection of individual features deemed important in the concept of vulnerable plaque, the 441 
Infraredx NIR Imaging System (InfraReDx) has been cleared by the FDA for the detection of 442 
lipid-core containing plaques.  443 

KQ 7c. Are there direct comparative studies that examine how these imaging methods 444 
differ from those used in the management of patients at risk of developing acute 445 
cardiovascular events? 446 
 There are no direct comparative studies available.  447 

KQ 8a. Using a systematic literature scan approach, describe the current therapeutic 448 
approaches to modify the features of vulnerable plaque.  449 
 As there is no standard definition for vulnerable plaque, there are no therapeutic 450 
approaches specifically developed and tested for the treatment of vulnerable plaque per se. Based 451 
on the current concept of the vulnerable plaque, several treatment strategies have been evaluated 452 
for their effect on plaque features suspected to confer vulnerability (as determined by imaging or 453 
histopathological studies) and the associated reduction in risk of future cardiovascular events. 454 
The 2004 technical report (4) described the proposed treatments for vulnerable plaque along with 455 
the conceptual basis for these strategies, and summarized the results of four studies reporting 456 
treatments (fish oil, statin, antioxidant, and antibiotic) related to potential therapeutic 457 
mechanisms of vulnerable plaque. Since that report, we have identified 12 additional studies 458 
(28;38-48) that examined interventions evaluated for modifying potential features of 459 
vulnerability in atherosclerotic plaques. The interventions examined were statins (41-48); 460 
multiple risk factor intervention (advice on smoking cessation and optimal lipid levels and 461 
metabolic control in diabetics) (39); omega-3 and omega-6 polyunsaturated fatty acids (38); a 462 
peroxisome proliferator-activated receptor-g (PPAR-gamma) agonist (rosiglitazone) (40); and an 463 
oral lipoprotein-associated phospholipase A2 inhibitor (darapladib) (28). 464 
 Prospective design was used in 8 (67%) and cross-sectional design (33%) was used in 4 465 
studies. All studies enrolled patients with pre-existing coronary or carotid artery disease. Six 466 
studies (50%) used imaging modalities for detection of vulnerability features (most commonly 467 
plaque echolucency on carotid artery ultrasound) and 3 (25%) studies determined vulnerability 468 
based on histopathological features. Clinical outcomes (symptomatic carotid disease or 469 
composite cardiovascular endpoint) were examined in 3 studies (25%). The median number of 470 
subjects enrolled was 63 patients (IQR 30-97). Of the 8 prospective studies, only 1 study 471 
evaluated clinical outcomes (composite cardiovascular endpoint following multiple risk factor 472 
intervention) (39).  473 
 For the 8 studies that examined the potential effect of statins on vulnerability features of 474 
carotid and coronary artery plaques, 3 found that statin treatment improved echogenicity of the 475 
plaques(43-45) and 5 found that statin treatment was associated with improvement in other 476 
particular plaque characteristics (decrease in inflammatory activation (99mTc labeled IL-2 uptake) 477 
(42); regression of yellow plaques (41); lowered macrophage infiltration and expression of 478 
MMP-9 (46); reduced intraplaque angiogenesis  (47); and decrease in histopathological indices 479 
of vulnerability (atheromatous necrotic core, fibrous tissue, macrophage infiltration, 480 
neoangiogenesis and hemorrhage) (48).  481 
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 In the remaining studies: for the risk factors intervention, the beneficial effect was 482 
confined to the subgroup of patients with echolucent plaques at baseline (39); for the fish and 483 
sunflower oil intervention, fewer macrophages within the plaque and fewer plaques with thin 484 
fibrous caps were observed in the fish oil compared to sunflower or control oil group (38); for 485 
rosiglitazone, rosiglitazone-treated plaques had fewer inflammatory cells, less ubiquitin and 486 
greater collagen content, indicating a more stable plaque phenotype (40); for darapladib, no 487 
significant differences were found between groups for the primary endpoint of plaque 488 
deformability although darapladib prevented necrotic core expansion (secondary endpoint) (28).  489 

KQ 8b. Have any of them been cleared by the FDA for this indication?  490 
 From the grey literature search, we noted that of the therapeutic approaches most 491 
commonly evaluated (atorvastatin, pravastatin) or specifically developed (darapladib) for 492 
treatment of features deemed important in the concept of vulnerable plaque, none has been 493 
cleared by the FDA for the specific indication of vulnerable plaque (Table 8).  494 

KQ 8c. Are there direct comparative studies that examine how these therapeutic 495 
approaches differ from those used in the management of patients at risk of developing 496 
acute cardiovascular events? 497 
 There are no direct comparative studies available.  498 
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Chapter 4. Discussion 499 
 500 
 In the 2004 technical report (4), the identified proposed criteria for defining vulnerable 501 
plaque included active inflammation, thin cap with large lipid core, endothelial denudation with 502 
superficial platelet aggregation, fissured plaque, and stenosis >90 percent. The treatments 503 
identified that were potentially therapeutic for vulnerable plaques were fish oil, statin, 504 
antioxidant, and antibiotic treatment. That report further noted that since there was no standard 505 
definition for vulnerable plaque, there were no natural history studies for this proposed concept. 506 
In 2009, despite many of the active investigations, there is still no standard agreed definition for 507 
vulnerable plaque; and therefore, no available natural history studies for this proposed concept. 508 
Additional natural history studies of individual plaque features deemed important in the concept 509 
of vulnerable plaque have however been identified. 510 
 The vulnerable plaque concept offers great promise in combating cardiovascular disease. 511 
If vulnerable plaques can be detected prospectively and accurately, and effective therapeutic 512 
interventions initiated before cardiovascular events occur, all in a cost-effective manner, then 513 
many (perhaps the majority of) cardiovascular events can be prevented. However, for this 514 
potential promise to be realized, substantial challenges need to be addressed. These challenges 515 
are both conceptual and methodological.  516 
 Conceptually, the presence of a “vulnerable plaque” is by definition a probabilistic entity 517 
(i.e., it does not denote the occurrence of an event at present, but rather a higher risk of such 518 
occurrence in the future relative to a non-vulnerable or less vulnerable plaque). As such, before it 519 
is widely adopted by clinicians, plaque vulnerability (once validated) should be able to provide 520 
incremental predictive value on top of currently available methods of risk stratification, which 521 
may be less expensive and less invasive than the methods proposed to detect vulnerable plaques. 522 
Moreover, the complex implications of such a probabilistic diagnosis are exemplified in the 523 
observation that not all plaques that rupture (the basis for the classic definition of the term) 524 
actually result in a clinical cardiovascular event. Some plaques would rupture and then quiesce 525 
and heal without causing a myocardial infarction or stroke (so called silent plaque rupture) 526 
(32;33). Conversely, not all acute cardiovascular events are the result of plaque rupture, since 527 
non-ruptured plaques have been implicated as culprit lesions nearly one-third of the time in 528 
autopsy series (20). To the extent that plaque vulnerability is defined based on features that 529 
predict rupture, the observations that not all ruptures result in clinical events, and that not all 530 
clinical events are the result of rupture, would limit the sensitivity and specificity of the 531 
vulnerable plaque as a predictor of a future event.  532 
 The potential utility of the vulnerable plaque paradigm is to identify apparently healthy 533 
subjects (or people with apparently stable plaques) who are at risk for future events. To date, 534 
however, almost everything we know about what constitutes a vulnerable plaque is based on 535 
studies in patients who have already suffered an event. In our systematic overview of the 536 
literature, only 1% of the studies were conducted in patients without a known history of 537 
cardiovascular disease. In addition, the vast majority of studies were cross-sectional including all 538 
histopathological and biomarker studies, and 90% of imaging studies, and were mostly done with 539 
relatively small sample sizes. The 14 prospective studies identified in the literature had small 540 
sample sizes (median 60 patients, IQR 23-188), with a median duration of follow-up of 6 months 541 
(IQR 1-38) and a small number of detected outcomes (median 32 outcomes, IQR 16-39). 542 
Therefore, large, prospective studies including patients without prior cardiovascular events over 543 
relatively long durations of follow-up are required to validate what we know from retrospective 544 
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and cross-sectional studies. Such prospective studies would also have to identify the “individual” 545 
vulnerable plaque that develops into a culprit lesion. In the present literature overview, none of 546 
the 5 prospective imaging studies that followed patients for clinical outcomes documented that 547 
the “vulnerable” plaque was the one responsible for the clinical event during follow-up. This 548 
may be challenging since plaques within a given patient may progress largely independently 549 
(36). This adds to the complexity of predicting events from plaque imaging, and suggests local 550 
effects (e.g., physical forces) in addition to any systemic effects influencing plaque progression.  551 
 Once it is prospectively validated that certain plaque features are independently 552 
predictive of a future cardiovascular event, demonstrating the incremental utility of such a 553 
concept will be required. In applying the concept in individuals who are not considered high-risk 554 
by current criteria, the positive predictive value of “plaque vulnerability” will be constrained by 555 
the prevalence or pretest probability of cardiovascular disease in the screened population. In a 556 
recent report of 1,059 patients who underwent CT angiography for suspected or known coronary 557 
artery disease, only 72 had at least one feature of plaque vulnerability (defined in this case as 558 
positive vessel remodeling or low plaque attenuation), and of them, 45 had both features (37). 559 
Over a mean follow-up of 27 months, 15 patients (1.4%) had ACS. While the rate of ACS was 560 
several-fold higher among patients with both features of vulnerability (22%), the positive 561 
predictive value of having both features for predicting a future ACS is limited by the relatively 562 
low event rate (in this case the positive predictive value of detecting both features of 563 
vulnerability is 33%).  564 
 Finally, once the incremental predictive utility of detecting a vulnerable plaque is 565 
established, it will have to be demonstrated that certain treatments (novel or currently in use) in 566 
patients who would otherwise not have been candidates will indeed improve outcomes. For 567 
example, would a statin reduce the risk of a future cardiovascular event in a patient who does not 568 
meet current treatment indications, but is found to have a “vulnerable plaque” on imaging? 569 
Would screening for such patients followed by selective treatment be more cost-effective than 570 
unselective treatment without screening? Such questions will need to be answered before the 571 
“vulnerable plaque” paradigm is routinely considered in the prevention and treatment of 572 
cardiovascular disease. 573 
 574 
 575 
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 Figure. Publication trends for the period 2003-2008.  576 
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Table 1. Basic study features of included studies. 578 
Study Design N Proportion 
All studies included 342   

Primary Studies 173 0.506 
Study Design     

Cross-sectional 157 0.908 
Longitudinal 16 0.092 

Disease/Populations Included     
Coronary artery disease 79 0.456 
Carotid artery disease 95 0.549 
Risk factors but no history of disease 1 0.006 
Healthy individuals 1 0.006 

Predictors used     
Imaging 83 0.480 
Histopathology 45 0.260 
Biomarkers 29 0.168 
Treatment 12 0.069 
Combination 2 0.012 
Other 2 0.012 

No. subjects: median (IQR) 57 (30-108)   
Narrative Reviews 169 0.494 

Table 2. Study designs of accepted abstracts. 579 
Study Design N Proportion 
Primary Studies 173 0.506 
 Cross-sectional 157 0.459 
 Longitudinal 16 0.047 
  Prospective 14 0.041 
  Retrospective 2 0.006 
Reviews 169 0.494 
 Narrative Reviews 169 0.494 
 Systematic Reviews 0 0.000 

N, number of abstracts 580 
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Table 3. Basic study features of primary studies. 581 
Study Feature N Proportion 
Disease/Populations Included 173   
 Coronary artery disease 78 0.451 
  Living 42 0.243 
  Tissue sample from living 21 0.121 
  Autopsy 15 0.087 
 Carotid artery disease 94 0.543 
  Living 47 0.272 
  Tissue sample from living 46 0.266 
  Autopsy 1 0.006 
 Risk factors but no history of disease 1 0.006 
  Living 1 0.006 
  Tissue sample from living 0 0.000 
  Autopsy 0 0.000 
 Healthy individuals 1 0.006 
  Living 1 0.006 
  Tissue sample from living 0 0.000 
  Autopsy 0 0.000 
   
Predictors 173   

Imaging features 83 0.480 
Histopathology findings 45 0.260 
Biomarkers 29 0.168 
Therapeutic approaches 12 0.069 
Combination 2 0.012 
Other 2 0.012 

Metabolic syndrome 1 0.006 
Non-alcoholic fatty liver 1 0.006 

N, number of abstracts582 
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Table 4. Study features of histopathology studies. 583 
Study Feature N Proportion 
Study Design 45  
 Cross-sectional 45 1.000 
 Longitudinal 0 0 
   
Disease/Populations Included   
 Coronary artery disease 23 0.511 
  Tissue sample from living 17 0.378 
  Autopsy 6 0.133 
 Carotid artery disease 22 0.489 
  Tissue sample from living 21 0.467 
  Autopsy 1 0.022 
   
Vulnerability Features Assessed 45   

Calcification 1 0.022 
Cap thickness 1 0.022 
Vasa vasorum 1 0.022 
Macrophage infiltration 5 0.111 
Intraplaque hemorrhage 1 0.022 
Lipid core 1 0.022 
Monoclonal anti C. Pneumoniae antibodies 1 0.022 
Signal intensity of dendritic cells  1 0.022 
CDR3 size 1 0.022 
Combination 2 0.044 
Tissue expression of molecules within the plaque 30 0.667 

Molecules investigated: 
MMP-1,-2,-8,-9,13; Placenta growth factor; CRP; ACE/Angiotensin II; Cadherin; 
HETEs; HODEs; ABHD2; ER chaperones; Lp-PLA2; 8-iso-PGF2a; FSAP; IL10; MAC; 
oxLDL, TLR4, HIF-1a, VEGF, VEGFR1, VEGFR2, sPLA(2)-II, Galectin-3, gene 
expression profiling, CD68+ macrophages, CD3+ T cells, alpha-actin smooth muscle 
cells, 5-LO, cyclooxygenase 2, expression of apoptotic molecules, platelet glycoprotein 
IIb/IIIa and P-selectin, TGFb, Adrenomedullin, cFos 

Outcomes 45  
Clinical 32 0.711 

ACS 14 0.311 
Symptomatic carotid disease 11 0.244 
Stroke or transient ischemic attack 4 0.089 
Ischemic symptoms 2 0.044 

Histopathological 13 0.289 
Cap thickness 3 0.067 
Intraplaque hemorrhage 1 0.022 
Lipid core 1 0.022 
Combination 2 0.044 
Ulceration 1 0.022 
Macrophage infiltration 1 0.022 
Other 4 0.089 

No. subjects: median (IQR) 54 (38-94) 
No. lesions: median (IQR) 44 (38-53) 

Abbreviations: 5-LO, 5-lipooxygenase; 8-iso-PGF2a, 8-iso-prostaglandin F(2)(alpha); ABHD2, alpha/beta hydrolase 584 
domain containing 2; ACE, angiotensin converting enzyme; ACS, acute coronary syndrome; CD, cluster of 585 
differentiation; CDR3, third complementarity-determining region; cFos, (proto-oncogene); CRP, C-reactive protein; 586 
ER, endoplasmic reticulum; FSAP, factor seven activating protease; HETEs, hydroxyeicosatetraenoic acids; HIF-1a, 587 
hypoxia inducible factor-1a; HODEs, hydroxyoctadecadienoic acids; IL10, interleukin 10; IQR, interquartile range; Lp-588 
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PLA2, lipoprotein-associated phospholipase A2; MAC, membrane attack complex; MMP, matrix metalloproteinases; 589 
N, number of abstracts; oxLDL, oxidized low density lipoprotein; sPLA(2)-II, secretory type-II phospholipase A(2); 590 
TGFb, transforming growth factor beta; TLR4, toll-like receptor 4; VEGF, vascular endothelial growth factor; VEGFR, 591 
vascular endothelial growth factor. 592 
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Table 5. Study features of biomarker studies. 593 
Study Feature N Proportion 
Study Design 29   
 Cross-sectional 29 1.000 
 Longitudinal 0 0 
   
Disease/Populations Included   

Coronary artery disease 14 0.483 
Living 14 0.483 

Carotid artery disease 13 0.448 
Living 13 0.448 

Subjects with risk factors but no history of disease 1 0.034 
Living 1 0.034 

Healthy individuals 1 0.034 
Living 1 0.034 

   
Biomarkers Investigated   

CRP, Fibrinogen, C3 complement, HSP70-2 polymorphism, PAPP-A, MMP2, MMP9, 
Osteopontin, NFkB, D-Dimers, PGE2, PGD2, IGF-1, t-PA, TnT, ProMMP1, TIMP-1, CD39, 
oxLDL, S100A8/A9, ApoB/ApoA1, IGF-II, IGFBP-2, IGFBP-3, PDGF, Neopterin, CD105, IL-6,-
8,-18 

   
Outcomes 29  

Clinical 8 0.276 
Symptomatic carotid disease 5 0.172 
ACS 2 0.069 
Ischemic symptoms 1 0.034 

Histopathological 5 0.172 
Combination 1 0.034 
Plaque vulnerability (non-specified) 2 0.069 
Other 2 0.069 

Imaging 16 0.552 
Plaque echolucency 5 0.172 
Cap thickness 1 0.034 
Ulceration-complex lesion 4 0.138 
Combination 2 0.069 
Other (yellow color, plaque instability (not 
defined), plaque morphology (not defined)) 4 0.138 

   
No. subjects: median (IQR) 89 (55-164) 
No. lesions: median (IQR) N/A 

Abbreviations:  ACS, acute coronary syndrome; ApoB/ApoA1, apolipoprotein B/A1; CD105, cluster of differentiation 594 
105 or endoglin; CD39, cluster of differentiation 39 or ectonucleoside triphosphate diphosphohydrolase; CRP, C-595 
reactive protein; HSP70-2, heat-shock protein 70-2; IGF-1, insulin-like growth factor-1; IGFBP, insulin-like growth 596 
factor binding protein; IGF-II, insulin-like growth factor II; IL, interleukin; IQR, interquartile range; MMP, matrix 597 
metalloproteinases; N, number of abstracts; N/A, not available; NFkB, nuclear factor kappa-B; oxLDL, oxidized low 598 
density lipoprotein; PAPP-A, plasma pregnancy-associated protein A; PDGF, platelet-derived growth factor; PGD2, 599 
prostaglandin D2; PGE2, prostaglandin E2; ProMMP1, pro-matrix metalloproteinase 1; S100A8/A9, calprotectin; 600 
TIMP-1, tissue inhibitor of matrix metalloproteinases; TnT, troponin T; t-PA, tissue plasminogen activator; US, 601 
ultrasonography. 602 
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Table 6. Grey literature search results for biomarker tests of potential use in the management of patients with vulnerable plaques. 603 

Biomarkers Company FDA 
clearance 

FDA clearance 
for vulnerable 
plaque 

FDA intended use or company indications for use 
Information from the manufacturer's website is included if no FDA 
information could be found. 

C-Reactive Protein 
(Latex) (CRP) 

Roche 
Diagnostics, 
Inc.  

YES NO FDA: Immunoturbidometric assay for the in vitro quantitative 
determination of CRP in human serum and plasma on Roche 
automated clinical chemistry, analyzers. 

S-Test C-Reactive 
Protein (CRP) 

Alfa 
Wassermann 
Diagnostic 
Technologies, 
Inc. 

YES NO FDA: The S-Test C-Reactive Protein Reagent Cartridge is 
intended for the quantitative determination of C-reactive protein 
concentration in serum or heparin plasma using the S40 Clinical 
Analyzer. Measurement of C-reactive protein aids in evaluation of 
the amount of injury to body tissues. This test is intended for use 
in clinical laboratories or physician office laboratories. For in vitro 
diagnostic use only. 

Advia Chemistry 
Cardiophase High 
Sensitivity C-Reactive 
ProteinADVIA 
CHEMISTRY 
CARDIOPHASE 
HIGH SENSITIVITY 
C-REACTIVE 
PROTEIN (HSCRP), 
Calibrators 

Siemens 
Healthcare 
Diagnostics, 
Inc.  

YES NO FDA: The ADVIA Chemistry CardioPhaseTM High Sensitivity C-
Reactive Protein assay is for in vitro diagnostic use in the 
quantitative determination of the concentration of CRP in human 
serum and plasma (lithium heparin and potassium EDTA) on the 
ADVIA Chemistry systems. In acute phase response, increased 
levels of a number of plasma proteins, including CRP, are 
observed. Measurement of CRP is useful for the detection and 
evaluation of infection, tissue injury, inflammatory disorders, and 
associated diseases. High sensitivity CRP (hsCRP) 
measurements may be used as an independent risk marker for the 
identification of individuals at risk for future cardiovascular 
disease. 
Measurement of hsCRP, when used in conjunction with traditional 
clinical laboratory evaluation of acute coronary syndromes, may 
be useful as an independent marker of prognosis for recurrent 
events in patients with stable coronary disease or acute coronary 
syndromes. 
The ADVIA Chemistry CardioPhaseTM High Sensitivity C-
Reactive Protein Calibrators are for in vitro diagnostic use in the 
calibration of ADVIA Chemistry systems for the CardioPhase High 
Sensitivity C-Reactive Protein method. 

21 
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Biomarkers Company FDA 
clearance 

FDA clearance 
for vulnerable 
plaque 

FDA intended use or company indications for use 
Information from the manufacturer's website is included if no FDA 
information could be found. 

Immage 
Immunochemistry 
Systems High 
Sensitivity Cardiac C-
Reactive Protein 
(CCRP) Reagent 

Beckman 
Coulter, Inc.  

YES NO FDA: High Sensitivity Cardiac CRP reagent, when used in 
conjunction with IMMAGE® 800 Immunochemistry Systems and 
Calibrator 5 Plus, is intended for the quantitative determination of 
CRP in human serum or plasma by rate turbidimetry. CAL 5 Plus 
(Calibrator 5 Plus), when used in conjunction with Beckman 
Coulter reagents, 
is intended for use on IMMAGE® Immunochemistry Systems for 
the calibration of Anti-Streptolysin 0 (ASO), CCRP and 
Rheumatoid Factor (RF). 

Nanopia Wide Range 
C-Reactive Protein 
(CRP) Reagent Kit 

Clinical Data, 
Inc.  
 

YES NO FDA: The Nanopia Wide Range CRP Reagent is intended for the 
quantitative measurement of CRP concentration in serum or 
plasma. Measurement of CRP is useful for determining the 
existence of inflammatory lesions and to monitor treatment. The 
Nanopia Wide Range CRP Calibrator is intended for the 
calibration of the Nanopia Wide Range CRP assay. 
Special condition for use statement(s): 
For in vitro diagnostic use. Increases in CRP values are non-
specific and should not be interpreted without a complete clinical 
history. Special instrument Requirements: Clinical chemistry 
analyzers (testing performed on Roche Hitachi 917 analyzer). 

Dimension 
Cardiophase High 
Sensitivity C-Reactive 
Protein Calibrator 
(CRP) 

Dade Behring, 
Inc.  
 

YES NO FDA: The Dimension® CCRP Calibrator is an in vitro diagnostic 
product intended to be used to calibrate the Dimension® 
CardioPhase® high sensitivity CRP (Cat. No. 
RC434) method for the Dimension® clinical chemistry system with 
the heterogeneous immunoassay module.  

Human MMP-9 Elisa 
(MMP-9) 

BioVendor: 
Laboratorní  
medicína, a.s. 

NO DATA 
 

NO DATA 
 

The human MMP-9 ELISA is an enzyme-linked immunosorbent 
assay for the quantitative detection of human MMP-9. The human 
MMP-9 ELISA is for research use only. Not for diagnostic or 
therapeutic procedures.  
http://www.biovendor.com/molecule/mmp-9 

22 
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Biomarkers Company FDA 
clearance 

FDA clearance 
for vulnerable 
plaque 

FDA intended use or company indications for use 
Information from the manufacturer's website is included if no FDA 
information could be found. 

MMP-9, Human, 
Biotrak Assay  
(MMP-9) 

GE Healthcare, 
Inc.  

NO DATA 
 

NO DATA 
 

Product info from company website: Many normal physiological 
and pathological processes such as embryogenesis, 
morphological growth changes, ovulation and pregnancy, wound 
healing, atherosclerosis, inflammation, tumor invasion, and 
metastasis involve breakdown and remodeling of the extracellular 
matrix. This degradation is due to the family of important enzymes 
known as the matrix metalloproteinases (MMPs). 
GE Healthcare has a range of Biotrak ELISA kits for the 
convenient measurement of MMP protein levels in human serum, 
plasma, and cell culture samples. 
The Biotrak range also includes MMP Activity Assays, which 
enable accurate measurement of the amount of active MMP 
enzyme present in complex biological samples in a convenient, 
plate-based method that is both sensitive and specific. 
http://www1.gelifesciences.com/aptrix/upp01077.nsf/Content/Prod
ucts?OpenDocument&parentid=658500&moduleid=165915&zone 

MMP9 Protein 
(MMP-9) 

Abcam, Plc.  NO DATA 
 

NO DATA 
 

Product info from company website: MMP9, also known as 
gelatinase B, is a secreted enzyme which degrades the interstitial 
collagens, types I, II, and III and is produced by normal alveolar 
macrophages and granulocytes. The expression of MMP9 
increases in Epstein-Barr virus infected lymphoma derived cell 
lines and may be of significance in typically invasive 
nasopharyngeal carcinomas. MMP9 is constitutively produced by 
some tumor cell lines (e.g.: HT1080, HL60, U937) but not by most 
quiescent cells and tissues. Treatment of cells with the phorbol 
ester TPA stimulates production of MMP9 in some cell types, but 
the low protein levels produced (pg/ml) often require concentration 
of cell culture media to visualize the bands by Western blotting. All 
products are "for research use only and are not intended for 
diagnostic or therapeutic use.” 
http://www.abcam.com/MMP9-protein-ab39309.html 
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Biomarkers Company FDA 
clearance 

FDA clearance 
for vulnerable 
plaque 

FDA intended use or company indications for use 
Information from the manufacturer's website is included if no FDA 
information could be found. 

MMP-9 Colorimetric 
Drug Discovery Kit: 
AK-410 
(MMP-9)  
 

EnzoLife 
Sciences 
International, 
Inc.  
 

NO DATA 
 

NO DATA 
 

Product info from company website: The MMP-9 Colorimetric Drug 
Discovery Kit: AK-410 is a complete assay system designed to 
measure protease activity of MMP-9 using a thiopeptide as a 
chromogenic substrate (Ac-PLG-[2-mercapto-4-methyl-pentanoyl]-
LG-OC

2
H

5
)
9,10

. The MMP cleavage site peptide bond is replaced 
by a thioester bond in the thiopeptide. Hydrolysis of this bond by 
an MMP produces a sulfhydryl group, which reacts with DTNB 
[5,5’-dithiobis(2-nitrobenzoic acid), Ellman’s reagent] to form 2-
nitro-5-thiobenzoic acid, which can be detected by its absorbance 
at 412 nm (=13,600 M

-1
cm

-1 
at pH 6.0 and above

11
). The assays 

are performed in a convenient 96-well microplate format. The kit is 
useful to screen inhibitors of MMP-9, a potential therapeutic target. 
An inhibitor, NNGH

12
, is also included as a prototypic control 

inhibitor. 
http://www.biomol.com/SiteData/docs/productdata/ak410.pdf  

Human MMP-9 
Immunoassay Kit 
Cat. No. ECM494 
(MMP-9) 
 
 

Chemicon 
International 

NO DATA 
 

NO DATA 
 

Product info from company website: The MMP-9 immunoassay kit 
is useful for the determination of MMP-9 (pro-MMP-9) levels in 
fresh human plasma and conditioned medium of human cells. 
Human serum is not an acceptable sample for evaluation. 
This system recognizes free pro-MMP-9, intermediate 83 kDa 
MMP-9, and MMP-9 in complex with TIMP-1 with the same 
efficiency. The assay does not recognize active MMP-9 (67 kDa). 
Contents of this kit are sufficient for assay of 100 samples, 
including standard curve. Testing of samples in duplicate or 
triplicate is strongly recommended. This kit is intended for 
research use only; not for diagnostic or therapeutic applications. 
http://www.millipore.com/publications.nsf/a73664f9f981af8c85256
9b9005b4eee/2ea0c3ed6ecddcc785257306007241bb/$FILE/ECM
494.pdf 

PAPP-A 
and 
cPAPP-A (for 
research only) 
(PAPP-A) 

Diagnostic 
Systems 
Laboratories, 
Inc. 

NO DATA 
 

NO DATA 
 

Unable to obtain product information from company website. 
Diagnostic Systems Laboratories, Inc is a Beckman Coulter 
company. 
http://www.dslabs.com/about_us/Default.aspx  
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Biomarkers Company FDA 
clearance 

FDA clearance 
for vulnerable 
plaque 

FDA intended use or company indications for use 
Information from the manufacturer's website is included if no FDA 
information could be found. 

Maternal Serum 
Screen, First 
Trimester (PAPP-A) 

Quest 
Diagnostics, 
Inc.  

NO DATA 
 

NO DATA 
 

Product info from company website: This first-trimester maternal 
serum screening test includes maternal age, pregnancy-
associated plasma protein-A (PAPP-A), invasive trophoblast 
antigen (ITA), and nuchal translucency (NT). PAPP-A is a 
placental protein generally present in lower concentrations in 
Down syndrome-affected pregnancies relative to unaffected 
pregnancies. ITA is a hyperglycosylated form of human chorionic 
gonadotropin (hCG) that is produced by cytotrophoblasts during 
embryonic implantation and trophoblast invasion of the uterine 
wall. Levels tend to be increased in Down syndrome-affected 
pregnancies. NT is an ultrasonographic measurement of a fluid-
filled space at the back of the fetal neck. NT tends to be elevated 
in cases of fetal aneuploidy. Palomaki and colleagues showed that 
this screening test is equivalent to the PAPP-A, free-ß hCG, and 
NT combination for Down syndrome screening. 
http://www.questdiagnostics.com/hcp/topics/genetictesting/mss_t1
.html  

Dai PAPP-A Elisa 
EIA-2397 
(PAPP-A) 

Diagnostic 
Automation, 
Inc. 

NO DATA 
 

NO DATA 
 

Product info from company website: The Diagnostic Automation 
Inc. PAPP-A ELISA is an enzyme immunoassay for the 
quantitative in vitro diagnostic measurement of Pregnancy 
associated plasma protein A (PAPP-A) in serum and plasma. In 
the United States, this kit is intended for Research Use Only. The 
DAI PAPP-A ELISA EIA-2397 may be used for the risk 
assessment of Down´s syndrome (trisomy 21) in the first trimester 
of pregnancy. For the risk assessment of trisomy 21 and other 
fetal aneuploidies PAPP-A should always be measured in 
combination with other analytes (for example free ß-HCG and NT, 
see above) and a special software for the risk assessment of 
trisomy 21. According to the IVD Directive (98/79/EC) both 
software and kits for the additional analytes must be suitable for 
trisomy 21 screening and CE-certified by a notified body, indicated 
by the identification number of the notified body on the CE-mark 
on software and kits. 
http://www.rapidtest.com/ELISA%20Inserts%202009%20052209/
PAPP-A_4229-6.pdf  
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Biomarkers Company FDA 
clearance 

FDA clearance 
for vulnerable 
plaque 

FDA intended use or company indications for use 
Information from the manufacturer's website is included if no FDA 
information could be found. 

PAPP-A Elisa 
(PAPP-A) 

Alpco 
Diagnostics 

NO DATA 
 

NO DATA 
 

Product info from company website: The PAPP-A ELISA is a solid 
phase enzyme-linked immunosorbent assay (ELISA) based on the 
sandwich principle. The microtiter wells are coated with a 
polyclonal anti PAPP-A antibody. An Aliquot of sample containing 
endogenous PAPP-A is incubated in the coated well with sample 
buffer. After incubation the unbound material is washed off. In the 
second incubation step a sandwich complex is formed with anti 
PAPP-A antibody peroxidase conjugate. Having added the 
substrate solution, the intensity of color developed is proportional 
to the concentration of PAPP-A in the sample. 
http://www.alpco.com/pdfs/38/38-PAPHU-E01.pdf  

CRP, C-reactive protein; MMP-9, matrix-metalloproteinase; PAPP-A, pregnancy-associated plasma protein A 604 
605 
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Table 7. Grey literature search results for imaging devices of potential use in the management of patients with vulnerable plaques. 606 
Company  Test modality Test name Indications per company literature FDA clearance FDA clearance 

for vulnerable 
plaque 

Volcano, 
Inc,  
 

Intravascular 
ultrasound-virtual 
histology (IVUS) 

Eagle Eye 
Gold IVUS 
Imaging 
Catheter 

Intravascular Ultrasound (IVUS) is a 
catheter based system that allows 
physicians to acquire images of diseased 
vessels from inside the artery. IVUS 
provides detailed and accurate 
measurements of lumen and vessel size, 
plaque area and volume, and the location of 
key anatomical landmarks. Volcano's 
proprietary VH™ IVUS technology helps 
differentiate the four plaque types: fibrous, 
fibro-fatty, necrotic core and dense calcium. 

To provide an image of 
the vessel lumen and wall 
structures 

NO 

Volcano, 
Inc,  
 

Intravascular 
ultrasound-virtual 
histology 
(IVUS) 

Revolution 
45MHZ IVUS 
Imaging 
Catheter 

Intravascular Ultrasound (IVUS) is a 
catheter based system that allows 
physicians to acquire images of diseased 
vessels from inside the artery. IVUS 
provides detailed and accurate 
measurements of lumen and vessel size, 
plaque area and volume, and the location of 
key anatomical landmarks. Volcano's 
proprietary VH™ IVUS technology helps 
differentiate the four plaque types: fibrous, 
fibro-fatty, necrotic core and dense calcium. 

For the IVUS examination 
of coronary arteries 

NO 

Volcano, 
Inc,  
 

Intravascular 
ultrasound-virtual 
histology 
(IVUS) 

Visions PV 8.2 
IVUS Imaging 
Catheter 

Intravascular Ultrasound (IVUS) is a 
catheter based system that allows 
physicians to acquire images of diseased 
vessels from inside the artery. IVUS 
provides detailed and accurate 
measurements of lumen and vessel size, 
plaque area and volume, and the location of 
key anatomical landmarks. Volcano's 
proprietary VH™ IVUS technology helps 
differentiate the four plaque types: fibrous, 
fibro-fatty, necrotic core and dense calcium. 

To provide an image of 
the vessel lumen and wall 
structures 

NO 
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Company  Test modality Test name Indications per company literature FDA clearance FDA clearance 
for vulnerable 
plaque 

Boston 
Scientific, 
Inc. 

Intravascular 
ultrasound-virtual 
histology 
(IVUS) 

iLab® System Provides full cross-section IVUS images 
alone or in combination with a LongView™ 
Image  
Facilitates measurement of lesion length on 
LongView Image.  
Automatically determines vessel and lumen 
borders, which gives plaque burden and 
percent area stenosis measurement for 
clinical decision making 

Intended for ultrasound 
examinations of 
intravascular pathology 

NO 

Boston 
Scientific, 
Inc. 

Intravascular 
ultrasound-virtual 
histology 
(IVUS) 

Atlantis® SR 
Pro Imaging 

Catheter 

 
40 MHz catheter provides excellent image 
resolution and clarity. 
Redesigned transducer housing and drive 
shaft for more uniform imaging core 
rotation. Larger imaging window clearance 
to decrease friction in tortuous anatomy.  
Improved tip design (in-line vs. side port 
flush) provides increased kink resistance. 
6F guide catheter compatibility (>=.064") for 
convenience and ease of use. Tapered tip 
with .022 entry profile. Naturally compatible 
with all Boston Scientific IVUS imaging 
systems. 

Intended for ultrasound 
examination of coronary 
intravascular pathology 
only 

NO 
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Company  Test modality Test name Indications per company literature FDA clearance FDA clearance 
for vulnerable 
plaque 

InfraReDx Near-Infrared 
spectroscopy  

Infraredx NIR 
Imaging 
System  
 
and 
 
Infraredx NIR 
Imaging 
System MC-5 

The LipiScan Coronary Imaging System 
utilizes advanced optical technology, much 
of it developed for telecom uses, to deliver 
and retrieve NIR light from coronary 
plaques. The light reflected back at different 
wavelengths is analyzed to detect the 
chemical composition of the coronary 
plaques. At the completion of the catheter 
pullback, the LipiScan console instantly 
displays the scan results on a “chemogram”, 
a digital color-coded map of the location and 
intensity of lipid core containing plaques of 
interest in the artery. A Lipid Core Burden 
Index is also reported, which is a measure 
of the total amount of lipid core containing 
plaques of interest in the coronary artery. 
The LipiScan catheter interrogates each 
artery in less than 2 minutes and does not 
require the interruption of the flow of blood. 
Near Infrared (NIR) diffuse spectroscopy is 
a technique based on the absorption of light 
in the NIR spectrum, in a specific manner, 
by organic molecules. NIR spectroscopy 
has demonstrated the ability to identify 
plaques with lipid pools through blood in our 
laboratories. Clinical research studies are 
underway to determine the ability of the 
InfraReDx system to determine the 
chemical composition of plaques in patients 
undergoing cardiac catheterization. 

Lipid-core containing 
plaques 

NO 
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Company  Test modality Test name Indications per company literature FDA clearance FDA clearance 
for vulnerable 
plaque 

Toshiba 
America 
Medical 
Systems 

320-multidetector 
computed 
tomography 
 

Aquilion ONE 
TSX-301A 
 
and 
 
Aquilion ONE 
TSX-301A.2 

The Aquilion ONE has a coverage area of 
320 detector rows, can capture actual organ 
movement (like blood flowing through the 
heart) and can image an entire organ in one 
gantry rotation. Additionally, the Aquilion 
ONE can capture the heart in one heart 
beat. 
Toshiba's Aquilion ONE dynamic volume 
CT system utilizes 320 ultra-high resolution 
detector rows (0.5 mm in width) to image an 
entire organ in a single gantry rotation. The 
result is unparalleled in diagnostic imaging 
today and produces a 4D clinical video 
showing up to 16 cm of anatomical 
coverage, enough to capture the entire 
brain or heart, and show its movement such 
as blood flow. 

Device is indicated to 
acquire and display cross 
sectional volumes of the 
whole body 

NO 

Nihon 
Kohden 

Angioscope  Angioscope 
MC-800 E 

Unable to access product information on 
company website. Company website does 
not provide product/device info. 
 

NO DATA NO DATA 

Renishaw Raman 
Spectroscopy 

Invia Raman 
and 
AFM Raman 
and 
SEM Raman 
and 
FT-1R Raman 

Renishaw manufactures a wide range of 
optical spectroscopy products, including: 
Raman microscopes, compact process 
monitoring Raman spectrometers, Raman 
analyzers for scanning electron 
microscopes, lasers for spectroscopy, and 
state-of-the-art cooled CCD detectors. 
The Renishaw Raman systems exploit the 
Raman effect to identify and characterize 
the chemistry and structure of materials in a 
non-contacting, non-destructive manner. 

NO DATA NO DATA 
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Company  Test modality Test name Indications per company literature FDA clearance FDA clearance 
for vulnerable 
plaque 

Kaiser 
Optical 
Systems, 
Inc. 

Raman 
Spectroscopy 

RAMANRXN 
Systems™ 

The RAMANRXN Systems™ family of 
Raman analyzers are the instruments of 
choice for Raman spectroscopy, both in the 
laboratory and on the process line. All of 
Kaiser's Raman systems use the same 
spectrograph and probe head technology, 
allowing for easy transfer of protocol from 
the laboratory to the pilot plant to the 
production environment. Kaiser's 
RAMANRXN SYSTEMS™ family 
represents the state of the art in Raman 
spectroscopic analyzers. 

NO DATA NO DATA 

Hitachi 
Medical 
Systems, 
Inc.  

Spectroscopy and 
Magnetic 
Resonance 
Imaging (MRI) 
 

Echelon 
Package: 
Neuro 
imaging, 
Spectroscopy, 
Contrast-
enhanced 
angiography, 
Cardiac 
imaging 

Echelon is a fully featured high-field 
performance MRI, incorporating powerful 
imaging tools to meet your current and 
future demands. Its core is a high- 
performance, short-bore, super-conductive 
magnet with high homogeneity and low 
cryogenic boil-off. 

Provides information 
based on relative 
concentrations of 
metabolites in body 
tissues 

NO 

GE Medical 
Systems, 
Inc. 

Spectroscopy Hydrogen 
Spectroscopy 
Option-probe 
#M104 

Unable to access product information on 
company website. Company website does 
not provide product/device info. 

FDA: Statement/ 
Summary/Purged Status: 
purged 510(k) 

NO 
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Company  Test modality Test name Indications per company literature FDA clearance FDA clearance 
for vulnerable 
plaque 

Philips 
Medical 
Systems, 
Inc. 

Nuclear magnetic 
resonance 
spectroscopic 
system 

MR 
Spectroscopy 
Package 

The package includes an option supporting 
diffusion, perfusion, and functional brain 
imaging, which can help in the early 
detection of stroke. On the cardiac side, the 
package enables a Gyroscan NT site to 
conduct cardiac MRI without purchasing 
additional hardware. One feature of the 
package, MotionTrak, enables users to 
control motion artifacts through gating and 
slice tracking. Other features of the new 
package include advancements in MR 
angiography, MR spectroscopy, and coil 
technology. 

Provides information 
based on relative 
concentrations of 
metabolites in body 
tissues 

NO 

VP 
Diagnostics, 
Inc 

Magnetic 
Resonance 
Imaging (MRI) 

MRI-Plaque 
View, Version 
1.1.2003 

The MRI Plaque View software provides a 
set of post-processing tools to assist trained 
cardiologists and radiologists in the 
quantitative analysis of atherosclerotic 
carotid arteries from 1.5 T or 3.0 T MRI 
studies acquired with a combination of one 
or more contrast weightings such as T1, T2, 
Proton Density, and Time of Flight. Users of 
MRI-Plaque View perform semi-automatic 
delineation of lumen, and outer vessel wall 
boundaries, and also perform semi-
automatic, user configurable segmentation 
or manual drawing for delineation of 
atherosclerotic plaque components within 
the vessel wall.  

Delineation of 
atherosclerotic plaque 
components within the 
vessel wall 

NO 

Siemens 
Medical 
Solutions, 
Inc.  

Spectroscopy  MAGNETOM 
Vision Family: 
Concerto 
Trio 
Sonata 
Harmony, etc.  

The MAGNETOM VISION is a magnetic 
resonance imaging and spectroscopy 
system which uses time-varying magnetic 
field gradients and rf energy to spacially 
encode the anatomy of a patient 

Analysis of energy 
metabolites in muscle, 
liver and heart tissue. 

NO 
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Company  Test modality Test name Indications per company literature FDA clearance FDA clearance 
for vulnerable 
plaque 

Prescient 
Medical, Inc, 
Doylestown, 
PA 

(stent not a test) vProtect™ 
Luminal Shield 

The vProtect™ Luminal Shield is designed 
to treat soft, atherosclerotic lesions that may 
be at risk of rupture, or recently ruptured. 
Using a unique and proprietary platform, we 
plan to bring a series of products to market 
with a focus on plaque stabilization and 
intravascular healing. Today, current 
practices and available technologies for the 
treatment of coronary artery disease are 
solely focused on improving luminal 
diameter and the restoration of blood flow. 
We believe these devices are not well 
suited for the treatment of non-calcified or 
vulnerable plaques. The company goal is to 
provide interventional cardiologists with 
treatment devices designed to address 
different plaque types. We believe that our 
products will finally enable cardiologists to 
more accurately treat patients at risk and, 
for the first time, treat the cause of heart 
attacks before they occur. 

NO DATA NO DATA 

Prescient 
Medical, Inc, 
Doylestown, 
P 
 

Optical Catheter vPredict™ 
Optical 
Catheter 

The vPredict™ Optical Catheter System is 
being designed to rapidly analyze materials 
within arterial walls during a procedure 
referred to as an Optiography™ Scan. 
Using advanced optical analysis techniques, 
the system is intended to detect and display 
the chemical composition of atherosclerotic 
plaques. The company goal is to provide 
interventional cardiologists with the real-
time critical information they currently lack 
regarding atherosclerotic plaque – its 
precise chemical composition.   

NO DATA NO DATA 
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Company  Test modality Test name Indications per company literature FDA clearance FDA clearance 
for vulnerable 
plaque 

Goodman, 
Co. 
LightLab 
Imaging  

Optical coherence 
tomography 

LightLab M2x 
OCT 
(This company 
does not 
currently sell 
products in the 
USA) 

LightLab Imaging, Inc., is the pioneer in the 
development of Optical Coherence 
Tomography (OCT).   OCT is a high-
resolution imaging modality that applies 
advanced photonics to medical imaging 
applications.   With the ability to resolve 
real-time images to 15 micrometers, the 
LightLab Imaging OCT Imaging Systems 
offer physicians more information, and more 
precise information, than ever before 
available 

NO DATA NO DATA 

 607 
608 
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Table 8. Grey literature search results for therapeutic options of potential use in the management of patients with vulnerable plaques. 609 

Treatment Company  FDA 
clearance  

FDA clearance 
for vulnerable 
plaque 

Company indications and use 
Information from the manufacturer's website is included if no FDA information 
could be found 

 
Lipitor 
 
Active 
Ingredient:  
Atorvastatin 
calcium 
 
 

 
Pfizer 

 
FDA 
Application 
No. (NDA): 
020702  
 
Original 
Approval 
Date: 
December 
17, 1996  
 

 
NO 

 
LIPITOR is an inhibitor of HMG-CoA reductase (statin) indicated as adjunct 
therapy to diet to:  
• Reduce the risk of MI, stroke, revascularization procedures, and angina in 

patients without CHD, but with multiple risk factors.  
• Reduce the risk of MI and stroke in patients with type 2 diabetes without a 

higher incidence of hemorrhagic stroke was seen in patients without CHD, but 
with multiple risk factors.  

• Reduce the risk of non-fatal MI, fatal and non-fatal stroke, revascularization 
procedures, hospitalization for CHF, and angina in patients with CHD.  

• Reduce elevated total-C, LDL-C, apo B, and TG levels and increase HDL-C in 
adult patients with primary hyperlipidemia (heterozygous familial and 
nonfamilial) and mixed dyslipidemia. 

• Reduce elevated TG in patients with hypertriglyceridemia and primary 
• dysbetalipoproteinemia.  
• Reduce total-C and LDL-C and apo B levels in boys and postmenarchal girls, 

10 to 17 years of age, with heterozygous familial hypercholesterolemia after 
failing an adequate trial of diet therapy.  
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Treatment Company  FDA 
clearance  

FDA clearance 
for vulnerable 
plaque 

Company indications and use 
Information from the manufacturer's website is included if no FDA information 
could be found 

Pravachol 
 
Active 
Ingredient: 
Pravastatin 
sodium 
 
 

Bristol 
Myers 
Squibb 
 
 
 

FDA 
Application 
No. (NDA):  
019898 
 
Original 
Approval 
Date:  
October 31, 
1991 

NO Therapy with PRAVACHOL (pravastatin sodium) should be considered in those 
individuals at increased risk for atherosclerosis-related clinical events as a function 
of cholesterol level, the presence or absence of CHD, and other risk factors. 

• Primary Prevention of Coronary Events 
In hypercholesterolemic patients without clinically evident CHD, 
PRAVACHOL is indicated to: 
– Reduce the risk of MI 
– Reduce the risk of undergoing myocardial revascularization procedures 
– Reduce the risk of cardiovascular mortality with no increase in death from 
noncardiovascular causes. 

• Secondary Prevention of Cardiovascular Events 
In patients with clinically evident CHD, PRAVACHOL is indicated to: 
– Reduce the risk of total mortality by reducing coronary death 
– Reduce the risk of MI 
– Reduce the risk of undergoing myocardial revascularization procedures 
– Reduce the risk of stroke and stroke/transient ischemic attack  
– Slow the progression of coronary atherosclerosis. 

• Hyperlipidemia 
PRAVACHOL is indicated as an adjunct to diet to reduce elevated Total-C, LDL-C, 
ApoB, and TG levels and to increase HDL-C in patients with primary 
hypercholesterolemia and mixed dyslipidemia (Fredrickson Type IIa and IIb). 
PRAVACHOL is indicated as adjunctive therapy to diet for the treatment of patients 
with elevated serum triglyceride levels (Fredrickson Type IV). PRAVACHOL is 
indicated for the treatment of patients with primary dysbetalipoproteinemia 
(Fredrickson Type III) who do not respond adequately to diet. 
 

 
Darapladib 
selective 
Lp-PLA2 
(lipoprotein
-associated 
phospholi-
pase A2) 
inhibitor 

 
GlaxoSmith
Kline 

 
NO DATA 
 

 
NO DATA 
 

 
Product info from company website: 
Results of the Integrated Biomarkers and Imaging Study-2 (IBIS-2) demonstrated 
that darapladib: 
− Prevented expansion of the necrotic core in human coronary plaques, potentially 
reducing the risk of plaque rupture and subsequent cardiovascular events 
− Inhibited activity of plasma Lp-PLA2, an emerging risk factor for cardiovascular 
events 

MI, myocardial infarction; CHD, coronary heart disease, CHF, chronic heart failure, TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; 610 
HDL-C, high-density lipoprotein cholesterol611 
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Table 9. Study features of imaging studies. 612 
Study Feature N Proportion 
Study design 83   

Cross-sectional 75 0.904 
Longitudinal 8 0.096 

Prospective 6 0.072 
Retrospective 2 0.024 

      
Disease/Populations Included 83   

Coronary artery disease 35 0.422 
Living 25 0.301 
Tissue sample from living 1 0.012 
Autopsy 9 0.108 

Carotid artery disease 49 0.590 
Living 34 0.410 
Tissue sample from living 15 0.181 

      
Imaging Modalities Used 83   

Angiography 3 0.036 
Angioscopy 4 0.048 
Carotid US 11 0.133 
Elastography 2 0.024 
IVUS 14 0.169 
MDCT 10 0.120 
MRI 25 0.301 
NIR Spectroscopy 1 0.012 
OCT 6 0.072 
Raman Spectroscopy 1 0.012 
Thermography 1 0.012 
Other (SPECT, fluorescence spectroscopy, 
intrinsic fluorescence and diffuse reflectance 
spectroscopy, multiphoton microscopy, 
combination of CT angiography and black blood 
MRI) 

5 0.060 

Vulnerability feature detected: 83   
Combination of features 27 0.325 
 
 

 
 

Single features 56 0.675 
Calcification 3 0.036 
Cap thickness 3 0.036 
Lipid core 3 0.036 
Intraplaque hemorrhage 6 0.072 
Plaque echolucency 6 0.072 
Plaque density 5 0.060 
Plaque temperature 1 0.012 
Yellow color 4 0.048 
Ulceration-complex lesion 6 0.072 
Elasticity imaging 2 0.024 
Vasa vasorum 2 0.024 
Other 15 0.181 
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Study Feature N Proportion 
Other vulnerability features detected: 
Vulnerable plaque (non-defined), annexin A5 
uptake, stress-based computational plaque 
vulnerability index, distance from ostium and 
plaque composition, macrophage infiltration, 
tissue pH, plaque collagen, shear stress and 
plaque composition, 
inflammation/machrophages with ultrasmall 
superparamagnetic particles of iron oxide, 
superficial foam cells in atheromas and intimal 
thickening 

    

Outcomes 83   
Clinical 19 0.229 

Stroke or transient ischemic attack 5 0.060 
Acute coronary syndrome 9 0.108 
Composite endpoint (Death, MI, revascularization) 2 0.024 
Ischemic symptoms 1 0.012 
Symptomatic carotid disease 2 0.024 

Histopathological 37 0.446 
Lipid core 1 0.012 
Calcification 1 0.012 
Cap thickness 1 0.012 
Combination 17 0.205 
Intraplaque hemorrhage 2 0.024 
Macrophage infiltration 1 0.012 
Vasa vasorum 3 0.036 
Other 11 0.133 
Other histopathological outcomes investigated: 
superficial foam cells and intima thickening, state of 
fibrous cap, plaque ulceration, metallothionein 
expression in plaque, plaque collagen, vulnerable 
plaque (non-defined) 

    

Imaging 17 0.205 
Lipid core 3 0.036 
Plaque echolucency 1 0.012 
Cap thickness 1 0.012 
Thrombus 2 0.024 
Combination 3 0.036 
Other 7 0.084 
Other imaging outcomes investigated: micro-
embolic signals in transcranial Doppler, 
microemboli during endarterectomy, plaque 
rupture, yellow color, plaque stress distribution, 
ulceration-complex lesion 

  

 
Descriptive studies (no outcome) 10 0.120 

No. subjects: median (IQR) 54 (38-94) 
No. lesions: median (IQR) 51 (38-64) 

IQR, interquartile range; IVUS, intravascular ultrasonography;  MDCT, multi-detector computed tomography; MI, 613 
myocardial infarction; MRI, magnetic resonance imaging; N, number of abstracts; NIR, near-infrared spectroscopy; 614 
OCT, optical coherence tomography; SPECT, single photon emission computed tomography; US, ultrasonography615 
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List of Acronyms/Abbreviations 
 
Abbreviation/acronym Explanation 
ACS acute coronary syndrome 
CMS Centers for Medicare & Medicaid Services 
CRP C-reactive protein 
CT computed tomography 
FDA Food & Drug Administration 
IL-2 Interleukin-2 
IL-2R Interleukin-2 Receptor 
IQR interquartile range 
IVUS intravascular ultrasound 
KQ key question 
Lp-PLA2 lipoprotein-associated phospholipase A2 
MMP matrix metalloproteinase 
MRI magnetic resonance imaging 
PAPP-A pregnancy-associated plasma protein A 
PPAR-g peroxisome proliferator-activated receptor-gamma 
VEGF vascular endothelial growth factor 
 


	A Technical Brief on the  Vulnerable Atherosclerotic Plaque
	Tufts Medical Center Evidence-based Practice Center

	Joseph Lau, M.D.
	Stanley Ip, M.D.
	Literature Search Strategy
	Study Eligibility Criteria
	Data Collection
	Findings from Systematic Literature Overview
	Study designs
	Characteristics of primary studies

	Answers to Key Questions (KQ)
	KQ 1.  What recent definitions of vulnerable plaque have been proposed? What are the common elements in these definitions?
	KQ 2.  What are the histopathological features of a vulnerable plaque?
	KQ 3.  Are there any longitudinal natural history studies of vulnerable plaque? If such studies are available, what do they show?
	KQ 4.  Has a reference standard for the evaluation of vulnerable plaque been developed?
	KQ 5.  How would the diagnosis of vulnerable plaque aid in disease management (e.g., diagnosis leading to an intervention that decreases the risk of a clinical event)?
	KQ 6a. Using a systematic literature scan approach, describe any specific serum biomarkers that may help predict the presence of features of plaques that are prone to rupture/thrombose.
	KQ 6b. Have any of them been cleared by the FDA for this indication?

	KQ 6c. Are there direct comparative studies that examine how these biomarkers differ from those used in the management of patients at risk of developing acute cardiovascular events?
	KQ 7a. Using a systematic literature scan approach, describe the current non-invasive and invasive imaging methods to evaluate features of plaques that are prone to rupture/thrombose.
	KQ 7b. Have any of them been cleared by the FDA for this indication?
	KQ 7c. Are there direct comparative studies that examine how these imaging methods differ from those used in the management of patients at risk of developing acute cardiovascular events?
	KQ 8a. Using a systematic literature scan approach, describe the current therapeutic approaches to modify the features of vulnerable plaque.
	KQ 8b. Have any of them been cleared by the FDA for this indication?
	KQ 8c. Are there direct comparative studies that examine how these therapeutic approaches differ from those used in the management of patients at risk of developing acute cardiovascular events?

	Atlantis® SR Pro Imaging Catheter
	IQR, interquartile range; IVUS, intravascular ultrasonography;  MDCT, multi-detector computed tomography; MI, myocardial infarction; MRI, magnetic resonance imaging; N, number of abstracts; NIR, near-infrared spectroscopy; OCT, optical coherence tomog...

