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Carotid Endarterectomy
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-The most common
vascular surgical
procedure

-Over 100,000 in 2008
In US
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Eversion CEA
Background

Etheredge eversion Kasprzak-Raithel eversion endarterectomy

JE Connolly. Surg J R Coll Surg Edinb Irel., 1 Octo  ber 2003, 249-258

 Technical/Anatomical advantages
— Decreased operative time
— Avoidance of prosthetic material

— Facillitation of reconstruction of kinked or coiled
arteries




Carotid Endarterectomy
Surgical Considerations

 Anesthesia (general vs. local)
e Shunting vs. selective use (EEG)

 Patch Angioplasty vs. primary
closure

 Completion Evaluation




Carotid Endarterectomy

Complications

e |ntraoperative * Postoperative
— Hyper / hypotension — neurologic event
— intimal flap — hematoma
— Emboli — myocardial
— kinks Infarction

— nerve injury — Infection
— parotid gland — Recurrent stenosis




CEA: Large-Scale Randomized Trials

ECST (1991)

NASCET (1991)

VA Asymptomatic Study (1993)
ACAS (1995)

ACST (2004)




Stenosis %
Reference
F/U

Patients

Mortality

Stroke Rates
30-Day

Late

Randomized trials

NASCET

NASCET Il

ECST

ACAS

Surg Med

Surg Med

Surg Med

Surg Med

70-99%

Cervical ICA

18months

328 331

0.6% -

5.5% 3.3%

9.0% 26%

(p<0.001)

50-69%
Cervical ICA
oyrs
430 428
N/A

N/A N/A
16% 22%

(p<0.045)

70-99%
Carotid bulb
3yrs
455 323
0.9% -

7.5% N/A

60-99%
Cervical ICA
2.7yrs
825 334
0.1% -

2.1% 0.4%

12% 22%

5.1%  11%

(p<0.001)

(p<0.004)




North American Symptomatic Carotid
Endarterectomy Trial ( NASCET).
Eligibility

o <80 yrs; hemispheric TIA/amaurosis/nondisabling
stroke within 120 days; 30-99% stenosis

e Exclusions
— More severe intracranial lesion

Organ failure or cancer likely to cause death withi n five
years

Nonatherosclerotic disease

Arrhythmia or valvular disease likely to cause
cardioembolic symptoms

Previous ipsilateral CEA

“Temporary ineligible”: uncontrolled HTN, diabetes,
angina; Ml within 6 mos, contralateral CEA within 4 mos,
other surgery within 30 days




NASCET 70-99% 2-Year Results
NEJM 8/91

Medical
RX

Surgical
RX

P Value

Ipsilateral
Stroke

61/331
(26%*)

26/328
(9%%)

<.001

Any Stroke

64/331
(27.6%*)

34/328
(12.6%*)

<.001

Any Stroke
Or Death

73/331
(32.3%%)

41/328
(15.8%)

<.001

* Kaplan-Meier estimate




NASCET 50-70% Stenosis 5 Year Results
NEJM 11/98

Medical
RX

Surgical
RX

P Value

Ipsilateral
Stroke

80/428
(22.2%*)

57/430
(15.7%*)

045

Any Stroke

113/428
(32.3%%)

85/430
(23.9%%*)

.026

Any Stroke
or Death

156/428
(43.3%%)

120/430
(33.2%%)

.005

* Kaplan-Meier Estimate




NASCET 30-50% Stenosis 5 Year Results
NEJM 11/98

Medical
RX

Surgical
RX

P Value

Ipsilateral
Stroke

110/690
(18.7%*)

89/678
(14.9%)

16

Any Stroke

151/690
(26.2%%)

148/678
(25.7%*)

.88

Any Stroke
or Death

209/690
(37.0%%)

208(678)
(36.2%*)

97

* Kaplan-Meier Estimate




NASCET Results
> 70% Stenosis Group

« CEA had slightly higher peri- I CEA
op stroke +death rate than B Medical
medical tx

CEA had significantly lower
2-yr ipsi stroke rate (absolute

RR of 17%) 04 ,
ay year

Stroke & death Ipsilateral
stroke

NASCET Collaborators. Beneficial Effect of CEA in Symptomatic patients with
High-Grade Carotid Stenosis NEJM 1991; 325:445-53




NASCET: Stroke
(Ipsilateral)

Thennialtesieonis
eiiecuvelyelimnzaiee
as a cause of stroke




NASCET: Stroke Risk (Total)




NASCET: Risk Factors for Stroke at 2
Years in medically managed patients.
NEJM 8/91

Age >70 Risk Factors

SBP > 160 mmHg 0-5 Factors  17%
DBP > 90 mmHg 6 Factors 23%

Recent_ CVA >6 Factors 39%
Stenosis >80%

Ulceration on agram
Hx tobacco use
Diabetes

Carotid Stenosis and Risk
70-79% 12%
Claudication 80-89% 18%
Hyperlipidemia 90-99% 26%




NASCET — Study design

Experienced, high-volume surgeons

Strict inclusion criteria: <80 y.o., medically
fit patients (no CHF, no CRF)*.

Female group underpowered.

One can not generalize NASCET results
to all comers*.

*Quriel K, Hertzer NR. Pre-procedural risk stratification: ldentifying an appropriate group
In whom to study the role of carotid stenting. Circulation 1999.




CEA Non-neurologic

complications
(From NASCET)
Cranial nerve palsy

Neck wound hematoma
Wound infection

MI (non-fatal)

CHF

“Arrhythmias”

Other cardiac complication

NASCET New Engl J Med 1991




ACAS 5 Year Results

JAMA 5/95

Medical
RX

Surgical
RX

Ipsilateral

Stroke
(+

perioperative
death/stroke)

92/834
(11.0%)

42/825
(5.1%*)

Any Stroke
or Death

266/834
(31.9%%)

211/825
(25.6%*)

* Ka

nlan-Meier Estima




ACAS Results

« 30d stroke + death slightly
higher in CEA group:
2.3% vs. 0.4%

e 1.2% stroke rate due to
the pre-op angiogram

e Absolute RR of 5 yr ipsi
stroke was 5.9%

I CEA
B Medical

30 day 5 year
Stroke Stroke
& death & death

Executive Committee For the Asymptomatic Carotid Atherosclerosis Study.
Endarterectomy for Asymptomatic Carotid artery Stenosis. JAMA 1995;273: 1421-1428




ACAS
Caveats

e Absolute risk reduction of only 6% (11% vs.
5%) at 5 years implies that 18 carotid
endarterectomies must be performed Iin these
patients to prevent 1 stroke over a period of 5

years

e Surgeons preselected for good outcomes
? Generalizable results?
 Gender difference: RRR 66% males

17% females




ACAS: A Bit of a Selection
Problem

Exclusion criteria

Cerebrovascular events in the
distribution of the study carotid
artery

Symptoms referable to the
contralateral cerebral hemisphere
within the previous 45 days

Contraindication to aspirin therapy
>42,000

A disorder that could seriously 91.4%
complicate surgery

A condition likely to produce
disability or death within 5 years.

] Enrolled [ Screened

Executive Committee for ACAS. J. A.M.A., 1995




ACAS: Stroke and Death At 5 Years




ACST
Asymptomatic Carotid Surgery Trial

“THE WORLD'S LARGEST SURGICAL TRIAL”

126 hospitals in 30 countries
3120 asympt. pts. randomized 1993-2003

Mean f/u @ publication 3.4 yrs — nearly half
w/5yr

Provides definitive evidence benefit of CEA
and detail of CEATisks ) . cet 2004: 363:1491)




ACST RESULTS

* At 5-year actuarial analysis
 stroke risk was essentially HALVED
e (6.4% vs. 11.8%, p <.0001) in CEA patients

— Inclusive of a 3.1% 30-day risk of stroke/death
In CEA patients

- Analysis “intent to treat” with 17% crossover

- Benefit equivalent male and female

- Only equivocal subgroup analysis oldest pts.
(net gain of 3.3% not significant)




ACST RESULTS

e 17% crossover

2 years

Also sig. difference for
carotid territory and/or
fatal/disabling stroke and
survival benefit




ACST RESULTS

THE PARTICULARS OF CEA

e Surgeons asked by case log verify £ 6% stroke/death
risk

« Actual 30 day stroke/death 2.8% of procedures (in
CEA group)

 Fatal/non-fatal cardiac complications = 1.1%

e For CEA patients crude mortality @ 3.4 yrs =%» 16%




AHA Upper Limit Guidelines for
Acceptable CEA Perioperative Stroke /
Death rates




So how do we perform In practice?
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2236 CEA 1989-99
Stroke/Death ® 1.4%

CN injury ® 0.45%
Cardiac ® 0.5%
Restenosis @ 6 yr ® 7.7%
Survival @ 5yr ® 72%

Ann Surg 2004; 3:535-46




1370 CEA 1990-99
Stroke/death 2.3%

Risk factors did not - surgical risk
But... did late survival

J Vasc Surg 2003;37:1191




« Longitudinal review CEA in MD and Cali
over 10 years involving 70,000 pts

* Perioperative stroke — all comers 0.54%
e Perioperative death — 0.6%

J Vasc Surg 2006;44:488-95




MRC Asymptomatic Carotid
Surgery Trial (ACST): Medical RX
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ACST Collaborative Group. Lancet 2004; 363: 1491




ACE Inhibition Decreases Stroke In
a High Risk Population

9297 patients with vascular disease or diabetes plu s an
additional risk factor randomized to ramipril or pl acebo f/lu 4.5 yrs

1.5% Absolute Reduction

34% Relative Reduction

Bosch J. BMJ 2002; 324:699




Effect of ACE-Inhibitor Therapy vs. Placebo
on Cardiovascular Endpoints

Number of Events/

Total Patients _ _
Relative Risk

ACE-I Placebo (95% ClI)

Stroke 166/6060 240/6064 <@ 0.70 (0.57-0.85)

CAD 539/6060 672/6064 <> 0.80 (0.72-0.89)
CHF 154/6060 183/6064 S g 0.84 (0.68-1.04)
CV death 307/6060 416/6064 @ 0.74 (0.64-0.85)

Total death 533/6060 632/6064 <> 0.84 (0.76-0.94)

0.5 1.0 2.0

Blood Pressure Lowering Treatment Trialists’ Collabo ration
Lancet, 2000; 355: 1955-64; HOPE, PART2; QUIET, SC AT




Angiotensin Receptor Blockers Decrease Risk of

Stroke In High Risk Patients
LIFE: Fatal/Nonfatal Stroke

Intention-to-Treat

Atenolol

O 6 12 18 24 30 36 42 48 54 60 66
Study Month
B Dahlof et al. Lancet 2002:359:995 -1003

)
>
N
=
cC
()
>
@
)
(79)
| -
=
e
=
=
(7))
)
-
Q
i}
©
o
Y
o
-
O
)
S
o
o
o
| -
al




Statins Decrease the Risk of
Stroke In High Risk Patients:

Heart Protection Study

ARR 1.4% p =.0001
A 50% reduction in CEA or angioplasty ARR .4% (P=0- 0003).

MRC/BHF HPS Investigators Lancet 2002; 360 (9326): 7




Statins Decrease the Risk of
Stroke 1n Diabetics

2838 M & W 40-75 years with type 2 DM + one or more  of the following:
a history of hypertension; retinopathy; microalbumi nuria or
macroalbuminuria;or current smoking.

ARR of stroke 1.3%
Colhoun, H. M. Lancet 2004; 364:685




Lipid Lowering Effect on Carotid

Disease
Statin Effects

® Dramatic reduction of LDL Cholesterol
* Pleotrophic effects:
- Reduce inflammation
- Improve endothelial function, - circulating EPCs
- Inhibit platelet aggregation
- Antioxidant, fibrinogen
® Stablilize arteriosclerotic plaque




Lipid Lowering Effect on Carotid
Disease Progression

* In low risk pts (avg LDL
154mg/dL), no CAD

 Can statin therapy slow
progression of carotid

MT ?
n 984 pts, F/U 2 yrs

Rosuvastatin 40mg v
nlacebo

CIMT stabilized p<.001




Lipid Lowering Effect on Carotid
Stroke Prevention




Lipid Lowering Effect on Carotid
Recurrent Stroke Prevention

o 4731 pts stroke/TIA
within1-6 mos,

e no CAD

« Atorvastatin 80mg v
Placebo




Lipid Lowering Effect on Carotid
Stroke Prevention

* L|LDL 53%, p<.001
® Stroke reduction 16%

- 2.2% absolute, p<0.03
*Major CV Events 3.1%
pP<.003
*Mortality =

Atorvastatin reduces recurrent neuro sSxs
In patients with high risk of stroke




Lipid Lowering Effect on Carotid
Periop Effects CEA

What effects do statins have on
perioperative CEA events?

J Vasc Surg 2005;42:829-836




Lipid Lowering Effect on Carotid
Periop Effects CEA

STATINS  NO STATINS p

(n= 657) (n=909)
STROKE 8 (1.2%) 41 (4.5%) .002
MORTALITY 2 (0.3%) 19 (2.1%) .002

M.I. 8 (1.2%) 19 (2.1%) 191
Statins result In:

Stroke reduction X 3, Mortality reduction X 5




Lipid Lowering Effect on Carotid
Effects after CEA

What effects do lipid lowering drugs
have on post CEA anatomic
durability?




Lipid Lowering Effect on

Carotid
Effects after CEA Multivariate

Variables Early Restenosis Early Failure
Odds R P Odds R P

Female gender 1.610 0.015 1.361 0.34
Creatinine 1.696 0.002 0.985 0.96
Patch Dacron 0.671 0.057 0.364 0.014
Patch Vein 0.357 0.0009 0.695 0.36
Cholesterol 1.003 0.072 1.005 0.11
Lipid Lower Drug 0.584 0.005 0.533 0.047




Lipid Lowering Effect on

Carotid
Effects after CEA Multivariate

Variables Late Progression Late Failure
Odds R P Odds R P

Cholesterol (mg/dL) 1.004 0.23 1.009 0.03

Lipid Lower Drug 0.222 0.0001 0.179 0.0006




Lipid Lowering Effect on

CEA

Lipid Therapy and Survival
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No therapy

P <0.0001

Lipid-lowering

therapy

—
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Lipid Lowering Effect on Carotid

Conclusions

Lipid lowering drugs have been shown to:

® Decrease carotid plaque inflammation

® Carotid plaque stabilization or “regression”,
even in “low risk” cohorts

® Prevent stroke/peri-procedural M&M for CEA
* Promote anatomic durability after CEA/CAS

»> Although statins have the largest effect,

lifestyle modifications and other drugs have
some role




Contemporary
Med Therapy: Summary

Recognition of symptoms

Anti-platelet therapy
Anticoagulation only for cardiac source of

emboli

Risk factor modification

— Hypertension
— ACE/ARB
— Statins




CEA: Recommendations

o Symptomatic stenosis > 50%
— Medically suitable patient

o Asymptomatic > 70%

— Assuming life expectancy and surgeon
results meet guidelines

« Appropriate coincident medical therapy




Carotid Artery Disease:
The Big Picture

Stroke is 3rd leading cause of mortality in the U.S
Carotid disease likely accounts for 20-30% of strok  es

The overwhelming majority of patients likely to ben efit
from any carotid intervention are well treated by C  EA
which is safe, effective, and durable

There is a large population of asymptomatic patients
for whom the assumption of benefit for any carotid
Intervention is unproven. ‘High-risk’ asx patients ar
particularly unlikely to experience benefit




Balancing Medical and Anatomic Risk
1
High:
Fails “eyeball tes{”

Medical Risk

Low:
Patient looks CEA
Better than doctoyf

>

Easy Complex

Anatomic Risk




RCT’s: More to follow....

Carotid Stenosis

—

Medical
Management CA\S )

v
CREST

g \I/ ACT1

TACIT and ACST 2




