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1 Introduction

Dr. Lauer discusses the wide range of studies that can fall under the umbrella of 

CER, ”including observational studies, experiments (meaning clinical trials), and 

syntheses”, urging us to focus on randomization and to utilize clinical trial designs. We by 

no means disagree with the scientific benefits that randomization provides. We caution, 

however, that the prescribed method should start with the careful formulation of the question 

to be answered. By only examining situations where randomization is feasible, we will be 

unable to answer many questions important to people, patients, and policy makers. To 

illustrate our point, we pose several clinical questions related to the management of carotid 

atherosclerosis.

1.1 Clinical Setting: Management of Carotid Atherosclerosis

Carotid atherosclerosis is a degenerative disease resulting in plaques in the carotid artery, the 

main blood vessels in the neck leading to the brain, which may lead to stroke. There are 

three treatment options available to patients: medical therapy (including utilization of anti-

platelet drugs, statins, antihypertensives, smoking cessation, and life style modification), an 

open surgical procedure of carotid endarterectomy (CEA), and a catheter-based procedure of 

carotid angioplasty with stenting (CAS). CEA can diminish the risk of stroke in patients 

with atherosclerotic lesions in the cervical carotid artery. However, the benefit of CEA may 

differ according to patient sex, symptomatic status and degree of stenosis, as well as 

according to characteristics of the operators who perform the procedures. CAS, a relatively 

new procedure, may be as effective as CEA in treating carotid artery disease. The main peri-

procedural outcomes of CAS include death, stroke, or myocardial infarction; long term 

outcomes include stroke, cranial nerve injury, patient life expectancy, or restenosis. The 

FDA labeling for carotid stents stipulates the use of embolic protection devices to catch 

debris that may become dislodged during the procedure. Given the current paucity of 
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evidence to guide decisions among these three potential treatment options, several 

comparisons are required.

First, for elderly patients with asymptomatic severe carotid atherosclerosis, which treatment 

is the most efficacious (best medical therapy alone, CAS, or CEA) to improve outcomes of 

stroke and death? Second, for elderly patients with asymptomatic severe carotid 

atherosclerosis, which treatment is the most effective to improve outcomes of stroke and 

death when treated by typical physicians in the community? Finally, for subgroups of 

patients, including the extreme elderly, women, and high risk surgical candidates, which 

treatment is the most effective to improve outcomes of stroke and death? With the greying of 

America, we have posed these questions to target this increasingly large population.

What do we know? Several randomized trials have been conducted since 2000 comparing 

CEA and CAS (Table 1): SAPPHIRE (Stenting and Angioplasty with Protection in Patients 

at High Risk for Endarterectomy), EVA-3S (Endarterectomy versus Angioplasty in Patient 

with Symptomatic Severe Carotid Stenosis), CREST (Carotid Revascularization 

Endarterectomy versus Stenting Trial), SPACE (Stent-Protected Angioplasty versus Carotid 

Endarterectomy), and ICSS (International Carotid Stenting Study). Randomized studies 

comparing CEA to medical therapy were conducted in the 1990s. To date, no randomized 

studies have compared CAS or CEA to modern medical therapy of antiplatelet therapy, 

antihypertensive medications, and aggressive lipid lowering therapy with statins.

2 Design and Ethical Considerations

2.1 For patients with asymptomatic carotid atherosclerosis, which treatment is the most 
efficacious (best medical therapy alone, CAS, or CEA) among the elderly to improve 
outcomes of stroke or death?

This is an ideal situation for a randomized clinical trial if there is equipoise or it has not been 

shown that CAS, CEA, or medical therapy alone will cause the greatest reduction in stroke 

or death among asymptomatic elderly patients with carotid atherosclerosis. Randomized 

trials are essential for testing efficacy of a new treatments in ideal settings. The benefit of 

randomization of patients to treatments is that we eliminate selection bias and balance the 

treatment arms with respect to all confounding variables (known and unknown). As 

illustrated in Table 1, several randomized trials were conducted to examine difference in 

outcomes of stroke or death for those receiving CAS versus CEA, as well as those receiving 

CEA versus medical therapy. However, these trials are of varying sizes and did not restrict to 

only the elderly with asymptomatic carotid atherosclerosis. SAPPHIRE and CREST both 

included asymptomatic patients, but used different stenosis severities for these patients to 

qualify for inclusion in the trial – SAPPHIRE indicating ≥ 80% stenosis severity and 

CREST only ≥ 60%. The American Heart Association and the American Stroke Association 

recently provided comments to the Medicare Evidence Development and Coverage Advisory 

Committee on the management of carotid atherosclerosis and called for ”well-designed, 

contemporary trials” as a necessity for comparing CEA, CAS, and medical therapy for 

asymptomatic patients.
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While CREST provided some indication that CAS had higher four year stroke or death rates 

compared to CEA for asymptomatic patients, studies that are powered to detect a difference 

in rates of stroke or death in a population of asymptomatic elderly patients rather than 

looking at subgroups of patients are needed. Importantly, prior studies comparing medical 

therapy to CEA were conducted in an era in which medical therapy was significantly 

different than it is today. Indeed, stroke rates following the discovery of asymptomatic 

carotid disease treated medically have declined significantly over the previous two decades.6

2.2 For patients with asymptomatic severe carotid atherosclerosis, which treatment is the 
most effective among the elderly to improve outcomes of stroke and death when treated 
by typical physicians in the community?

Randomized clinical trials have long been criticized for conducting experiments that may 

not produce results that are generalizable to routine clinical practice settings. Dr. Lauer 

advocates for the conduct of practical or pragmatic clinical trials that more accurately 

recapitulate the patient profiles and clinical decisions truly encountered by physicians in the 

community. To date, trials comparing CAS to CEA conducted in the U.S. have included 

fairly stringent enrollment criteria, and, importantly, have typically involved highly skilled 

operators who were required to have demonstrated a high level of competence.1;5 A 

randomized trial comparing CAS, CEA and best medical therapy, with broad enrollment 

criteria and few limitations on physician participation may be able to successfully inform 

questions regarding the relative effectiveness, rather than efficacy, of various treatments.

Although practical clinical trials are useful from a CER perspective, they still have 

limitations in the actual interpretation of results from a causal perspective. For example, if 

efficacy is established in a narrow, but well-defined population what do we conclude if we 

are then unable to see effiectiveness in an expanded population of interest for 

generalizability of medical practice?7 Determining whether the conflicting finding is due to 

lack of efficacy in the broader patient population or if provider performance weakens the 

intervention may require statistical approaches from the realm of observational studies, such 

as adjusting for sample enrollment bias and confounding. If practical clinical trials 

necessitate statistical methods to handle biases and confounding, we may question why an 

observational study should not be performed in the first place.

Observational studies may be as, if not more, suitable for answering such a question. 

Physician and hospital participation in clinical trials is largely skewed toward academic 

centers which may have different outcomes8 than community hospitals and practices. In 

addition, patient participation in clinical studies, even when enrollment criteria are broad, is 

often confined to a healthier and more informed patient population. In the treatment of 

carotid artery disease, even post-marketing registries of CAS, which do not require 

randomization and have the explicit purpose of assessing real world outcomes, have enrolled 

healthier patients and improved outcomes compared to community practice.9 In such 

circumstances, investigators need to balance the benefits of randomization-safeguarding 

against bias due to unmeasured confounding-against the known compromises in 

generalizability which may diminish the applicability of study results, even in the most 

pragmatic of clinical trials.
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2.3 For subgroups of patients, including the extreme elderly, women, and high risk surgical 
candidates, which treatment is the most effective to improve outcomes of stroke and 
death?

The primary findings of randomized clinical trials report average treatment effects across the 

entire population of enrolled individuals. Subgroup comparisons are typically limited to 

single variable stratifications which are grossly underpowered to find significant 

interactions. However, heterogeneity in treatment effectiveness is likely to be the rule, rather 

than the exception, particularly when treatment modalities are as diverse as those for carotid 

disease. Women represent one such subgroup in which revascularization for asymptomatic 

carotid artery disease has not been shown to be beneficial.10 The most valid method to 

compare treatment of asymptomatic carotid disease may involve enrollment of a large 

population of men and women, powered to examine the interaction between treatment 

modality and sex on outcomes. Such a trial is likely to lack feasibility because women have 

been historically underrepresented in clinical trials, and powering a three-armed clinical trial 

to detect a significant interaction would unlikely be able to successfully enroll a large 

enough population over a short enough time period to retain clinical relevance. In such 

circumstances in which feasibility of clinical trials is unlikely, observational studies 

represent the best approach to provide valuable information to help inform clinical practice..

Like any study, observational studies require rigorous design, data collection, and execution. 

A well-defined question addressed by an observational study informs the choice of 

covariates. Clinically rich data that include accurately collected confounders are crucial in 

order to understand the treatment assignment mechanism. Designs that exploit multiple 

comparison groups can help detect threats to residual confounding.11 Forward-looking 

designs would also include instrumental variables – those variables strongly related to 

treatment selection but not related to the outcome apart from its association with treatment 

selection. No observational study can guarantee elimination of ignorability of the treatment 

assignment. However, sensitivity analyses can provide a quantitative method to bound 

inferences. Finally, because of the lack of internal validity associated with observational 

studies, protocols and statistical code used to conduct all analyses should be made available 

so that findings can be replicated.

3 Conclusion

We have demonstrated that after defining the question of interest, a randomized clinical trial 

may not be the ideal way to inform clinical decision making – this observation is not new. 

When performed carefully, observational studies are able to answer questions of comparative 

effectiveness. Dr. Lauer is correct in stating” we have an opportunity to exploit the debate on 

CER to reinvigorate the clinical trial enterprise”, but the debate on CER should also 

reinvigorate methods for making causal inference from observational studies to improve 

clinical outcomes on both the patient and policy levels. Insistence on randomization as the 

only vehicle to CER is dangerous. Modern statistical thinking should embrace multiple 

strategies to create evidence.
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