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Objectives 

!  Summarize the recommendations 
regarding traditional and emerging risk 
factors of stroke and their treatment 

!  Cognition as a cerebrovascular outcome 

!  Locate the stakes of the study CREST-2 



"  Healthy adults should perform at least 
moderate- to vigorous-intensity aerobic physical 
activity at least 40 min per day for at least 3 to 4 
days per week 



"  Reduced intake of sodium and  
 increased intake of potassium as indicated in the 
US Dietary Guidelines for Americans are 
recommended to lower BP 

"  A DASH-style diet, which emphasizes fruits, 
vegetables, and low-fat dairy products and 
reduced saturated fat, is recommended to lower 
BP 

"  A diet that is rich in fruits and vegetables and 
thereby high in potassium is beneficial and may 
lower the risk of stroke 



"  In addition to therapeutic lifestyle changes, 
treatment with and HMG coenzyme-A reductase 
inhibitor (statin) medication is recommended for 
the primary prevention of ischemic stroke in 
patients estimated to have a high 10-year risk for 
cardiovascular events as recommended in the 
2013 “ACC/AHA Guideline on the Treatment of 
Blood Cholesterol to Reduce Atherosclerotic 
Cardiovascular Risk in Adults” 



"  Counseling, in combination with drug therapy 
using nicotine replacement, bupropion, or 
varenicline, is recommended for active smokers to 
assist in quitting smoking 

"  Abstention from cigarette smoking is 
recommended for patients who have never 
smoked on the basis of epidemiological studies 
showing a consistent and overwhelming 
relationship between smoking and both ischemic 
stroke and SAH 



"  Regular BP screening and appropriate treatment of 
patients with hypertension , including lifestyle 
modification and pharmacological therapy, are 
recommended 

"  Annual screening for high BP and health promoting 
lifestyle modification are recommended for patients with 
prehypertension 

"  Patients who have hypertension should be treated with 
antihypertensive drugs to a target BP of <140/90 mm 
Hg 

"  Successful reduction of BP is more important in reducing 
stroke risk than the choice of a specific agent 

"  Self-measured BP monitoring is recommended to 
improve BP control 



"  Reduction or elimination of alcohol 
consumption in heavy drinkers through 
established screening and counseling strategies is 
recommended 

"  For individuals who choose to drink alcohol, 
consumption of ≤2 drinks per day for men and 
≤1 drink per day for non-pregnant women 
might be reasonable (Class IIb) 



"  Smoking cessation should be strongly 
recommended in women with migraine 
headaches with aura 

"  Alternatives to OCs, especially those containing 
estrogen, might be considered in women with 
active migraine headaches with aura (Class 
IIb) 

"  Closure of PFO is not indicated for preventing 
stroke in patients with migraine (Class III) 



"  For patients with valvular AF at high risk for 
stroke, defined as a CHA2DS2-VASc score ≥2 
and acceptably low risk for hemorrhagic 
complications, long-term oral anticoagulant 
therapy with warfarin at a target INR of 2.0-3.0 
is recommended 

"  For patients with non-valvular AF, a CHA2DS2-
VASc score of ≥2, and acceptably low risk for 
hemorrhagic complications, oral anticoagulants 
are recommended.  Options include warfarin, 
dabigatran, apixaban, and rivaroxaban. 



"  Aspirin is not useful for preventing a first stroke in 
low-risk individuals (Class III) 

"  Aspirin is not useful for preventing a first stroke in 
people with diabetes mellitus in the absence of 
other high-risk conditions (Class III) 

"  The use of aspirin for cardiovascular prophylaxis is 
reasonable for people whose risk is sufficiently 
high (10-year risk >10%) for the benefits to outweigh 
the risks associated with treatment (Class IIa) 



"  Because of its association with stroke risk, 
screening for sleep apnea through a detailed 
history, including structured questionnaires, 
physical examination, and polysomnography may 
be considered (Class IIb) 

"  Treatment of sleep apnea to reduce the risk of 
stroke may be reasonable, although its 
effectiveness for primary prevention of stroke 
is unknown (Class IIb) 



"  Among overweight (BMI 25 to 29) and obese 
(BMI >30) individuals, weight reduction is 
recommended for lowering BP 

"  Among overweight and obese individuals, weight 
reduction is recommended for reducing the 
risk of stroke. 



"  Control of BP to a target <140/90 mm Hg is 
recommended in patients with type 1 or type 2 
diabetes mellitus 

"  Treatment of adults with diabetes mellitus with a 
statin, especially those with additional risk factors, 
is recommended to lower risk of first stroke 



"  Patients with asymptomatic carotid stenosis 
should be prescribed daily aspirin and a statin 

"  In patients who are to undergo CEA, aspirin is 
recommended perioperatively and 
postoperatively unless contraindicated 

"  It is reasonable to consider performing CEA in 
asymptomatic patients who have >70% 
stenosis of ICA if risk of post-operative stroke, 
MI, and death is <3% (Class IIa) 



Cannon CP et al. N Engl J Med 2015;372:2387-2397 





•  Assessed safety of 5 mg IV idarucizumab in patients with serious 
bleeding or in need of urgent procedure who were taking 
dabigatran 

•  90 patients, median age 76.5 years 

•  Reversal assessed using dilute thrombin time or ecarin clotting 
time 

•  The drug normalized the tests within minutes 



Objectives 

!  Summarize the evidence regarding 
traditional and emerging risk factors of 
stroke and their treatment 

!  Cognition as a cerebrovascular outcome 

!  Locate the stakes of the study CREST-2 



Time from Baseline (years) 
Female 

Time from Baseline (years) 
Male 



•  333 patients with bilateral, unilateral and no 
asymptomatic carotid stenosis had cognitive 
testing and TCD-based breath-holding index 
testing 

•  Subjects with bilateral and unilateral ACS were 
more likely to have cognitive dysfunction 

•  Link between cognitive and hemodynamic 
impairment 



•  195 patients with recent symptomatic ICA occlusion and increased 
OEF on PET were randomized to STA-MCA bypass or not. 

•  Primary endpoint = stroke & death < 30 days + ipsi stroke thereafter.  

•  Stopped for futility (21.0% vs. 22.7%). 

•  RECON = cognitive substudy of 41 patients. 

•  Surgery did not improve cognitive 2-year outcomes. 

•  Of the 26 patients with no stroke in follow-up showed greater 
cognitive improvement with lesser OEF impairment. 

JAMA. 2011;306:1983-92 



Individual composite cognitive change scores by treatment group.  Dashed lines indicate 
patients with contralateral stroke during the follow-up period.  

Randolph S. Marshall et al. Neurology 2014;82:744-751 

© 2014 American Academy of Neurology 



•  No difference in 5-year risk of fatal or 
disabling stroke (6.4% vs. 6.5%). 

•  Any stroke was more frequent in the CAS 
group (15.2% vs. 9.4%). 

•  Distribution of 1- and 5-year MRS scores 
was not significant. 

Lancet 2015; 385: 529-38 



•  2-Center substudy of ICSS. 

•  N = 140 baseline and 120 at 6-month. 

•  DWI before and 3-days after 
revascularization. 

•  New ischemic lesions were twice as 
common in CAS vs. CEA (p = 0.041). 

•  Non-significant decrease in cognitive 
sumscore in CAS vs. CEA. 



Objectives 

!  Summarize the evidence regarding 
traditional and emerging risk factors of 
stroke and their treatment 

!  Cognition as a cerebrovascular outcome 

!  Locate the stakes of the study “CREST-2” 



How would you manage a non-smoker 
with 70-80% RICA stenosis, irregular 
plaque, and 20% stenosis of LICA? 



Any stroke or 
perioperative 
death 



Antihypertensive drug use & mean DBP Lipid-lowering drug use 



•  Stopped early at 451 patients (764 planned) 

•  32.4 months median follow-up 

•  Primary endpoint = stroke and death within 30 days + 
target artery ischemic stroke thereafter 

•  Absolute differences in primary endpoint were 7.1% at 1 
year, 6.5% at 2 years and 9.0% at 3 years 





In patients with ≥70% asymptomatic stenosis, to 
assess: 

•  The treatment differences between medical management 
and CEA 

•  The treatment differences between medical management 
and CAS 

Primary endpoint: proportion of patients who 
experienced any stroke or death within 44 days of 
randomization or ipsilateral ischemic stroke 
thereafter up to 4 years. 



In patients with ≥70% asymptomatic stenosis, to 
assess: 

!  Differences in cognitive function in patients 
randomized to intensive medical management 
compared to those randomized to CEA or CAS at       
4 years of follow-up. 

!  Differences in major stroke events at 4-years. 

!  Differences in primary outcomes by age, sex, severity 
of carotid stenosis, risk factor level, and duration of 
asymptomatic period.  



At least one of the following:  

! End diastolic velocity ≥100 cm/sec or 

!  IC/CC peak systolic velocity ratio ≥4.0 

! ≥70% stenosis on MR angiogram or 

! ≥70% stenosis on CT angiogram 

Peak systolic velocity ≥230 cm/sec 
on Duplex ultrasound plus 





!  Radical neck dissection 

!  Surgically inaccessible 
lesions 

!  Neck anatomy limiting 
surgical exposure 

!  Tracheostomy stoma 

!  Laryngeal nerve palsy 
contralateral to target 
vessel 

Neck 
dissection 

Tracheostomy 
stoma 



!  Severe atherosclerosis of the 

aortic arch or origin of the 
innominate or common 

carotid arteries 

!  Type III, calcified aortic arch 

anatomy 

!  Angulation or tortuosity 

(≥90°) of the innominate, 
common or internal carotid 

artery 



!  Excessive or 
circumferential 

calcification of the  
stenotic lesion 

!  Lesions >30 mm in length, 
sequential lesions, and 

narrow-mouth ulcers 

!  Inability to deploy or 

utilize an FDA-approved 
Embolic Protection Device 
(EPD) 



Primary Risk Factor Targets 

•  Systolic BP <140 mm 
Hg 

•  LDL cholesterol <70 
mg/dl 

Secondary Risk Factor Targets 

•  Non-HDL cholesterol <100 
mg/dl 

•  Hemoglobin A1c <7.0% 

•  Smoking cessation 

•  Targeted weight management 

•  >30 minutes of moderate 
exercise 3 times a week 

Patients in both trials will take aspirin 325mg/d for the 
entire follow-up period (CAS patients will be on dual 
antiplatelet therapy for 1 month post-procedure). 



lisinopril  
10 – 40 mg 

+ chlorthalidone 
12.5 mg 

+ atenolol, felodipiine, 
or spironolactone 
based on k+  and HR 

Check  BP 
Adjust  

medications 
as needed 

No 
medications 

Check  BP 
Adjust  

medications 
as needed 

Check  BP 
Adjust  

medications 
as needed 



!  Lifestyle management is being done by INTERVENT.  

!  Incorporates SAMMPRIS targets and national 
guidelines. 

!  Provides individualized risk factor counseling 
telephone sessions at regular intervals: 

! Months 1 to 3:     2 per month. 
! Months 4 to 12:    1 per quarter. 
! Months 12 to close:  2 per year.  

!  Case Managers at INTERVENT call center,      
Savannah, GA.  



"  Word list learning 

"  Word list learning (recall) 

"  Animal learning 

"  SF-12 

"  Letter fluency 

"  Digit span (forward and backward) 

"  CES-D-4 Depression scale 



!  Sites advised to evaluate all patients with possible 
stroke or TIA endpoint with brain MRI unless 
contraindicated, in which case CT is acceptable. 

!  Brain imaging should be done as close to 
symptom onset as possible, preferably within the 
first 2-7 days. 

!  Brain imaging should be completed even if 
symptoms resolve within 24 hours. 

!  Stroke evaluation should also include an NIH 
Stroke Scale. 



Lancet 2009; 374: 1089-96 

Low rates of complications for carotid artery 
stenting are associated with a high clinician 
volume of carotid artery stenting and aortic 
endografting but not with a high volume of 
percutaneous coronary interventions 
J. Gregory Modrall, MD, Jayer  Chung, MD, Melissa L. Kirkwood, 
MD,  M. Shadman Baig, MD, Shirling X. Tsai, MD, Carlos  H. 
Timaran, MD, R. James Valentine, MD, and Eric B. Rosero, MD, MS, 
Dallas, Tex 

J Vasc Surg 2014;60:70-6 

Patrick L. Ergina, MD, Jonathan A. Cook, PhD, Jane M. Blazeby, 
MD, Isabelle Boutron, MD, Pierre-Alain Clavien, MD, Bamaby C. 
Reeves, DPhil, Christoph M. Seiler, MD, for the Balliol 
Collaboration    

Challenges in evaluating surgical innovation 

Figure. Complexity of a surgical intervention 



CREST-2 Centers 
Approved to Enroll 

09-01-15 





"  Numerous clearly proven lifestyle, medical and 
surgical interventions reduce risk of stroke 

"  Cognitive impairment may be a rough surrogate 
for stroke prevention, but may also need to be 
seen as a goal of vascular disease prevention in 
and of itself 

"  CREST-2 is an actively recruiting trial of 
revascularization for primary prevention of stroke 
and prevention of progressive cognitive 
impairment in patients with high-grade 
asymptomatic carotid stenosis 


