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Revolution inCarotid Revascularization: CEA to 
CAS to TCAR
• Carotid endarterectomy (CEA) has been the gold standard for carotid revascularization

• Transfemoral carotid angioplasty stenting (CAS) challenged this when it was approved by FDA
• Many studies have suggested that CAS has worse neurological  outcomes

• Transcarotid artery revascularization  (TCAR) was  introduced as an alternative
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CEA vs. CAS: “Costs”- Initial Observations
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Median Charges  ($)                         Discharge to SNF (%)
Eslami MH, et al., National Trends in Utilization and Post-procedure Outcomes for 
Carotid Artery Revascularization.
J Vasc Surgery 2011; 53307-15 

• Outcomes were worse for 
CAS

• CEA was les costly
• àCEA was “more cost 

effective”

Introduction:  Mathematical Models and 
Economic Analyses
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• **Meltzer MA.  Introduction to health economics for physicians.  The LANCET 2001; 358: 993-98

• Ideally a rigorous t-Test would be used to answer 
all statistical questions which is often not possible

• Researches are trying to gap the missing data by 
a creating mathematical model is needed:
– Decision tree model
– Markov model
– Monte Carlo model

• Sensitivity Analyses are to performed to find out 
which variables in the model drive the results
– What are the most important variables and 

how they affect the data?
• Identifying the “dominant” treatment

CEA vs. CAS:  CEA is More Costs Effectiveness

6

Costs and Cost-Effectiveness of Carotid Stenting versus Endarterectomy for 
Patients at Standard Surgical Risk: Results from the Carotid Revascularization 
Endarterectomy versus Stenting Trial (CREST)
Katherine R. Vilain, MPH,1,* et. al, on behalf of the CREST Investigators
Stroke. 2012 Sep; 43(9): 2408–2416.

Using CREST data: The probability that CEA was 
“economically attractive” at this threshold 
($50,000/QALY) was 54.4%. 

• The study used lower than average cost 
outside of the study
• Centers were chosen for their excellence
i.e. results may not be replicated outside of 
the trials

CEA was dominant in 34.2% 
CAS was dominant in only 6.2%
 *CAS was dominant in only 5.4% symptomatic 
theoretical probabilistic analyses vs. 37.6% for CEA

CAS more 
costly, less 
effective

CAS less 
costly , less 

effective CAS less 
costly, less 
effective

CAS more 
costly , more 

effective

https://www.ncbi.nlm.nih.gov/pubmed/?term=Vilain%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=22821614
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=22821614
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TCAR  vs. CEA
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ChristinaCuiBA1GaneshRamakrishnanBS1JamesMurphyMD, 
MS1Mahmoud B.MalasMD, MHS1.  Cost-Effectiveness of 
TransCarotid Artery Revascularization versus Carotid 
Endarterectomy; JVS Avalable online 26 June 2021

• Study suggested CEA 
to be more cost-
effective in the first 5 
years after follow-up; 
TCAR becomes more 
cost-effective at 6 
years.

TCAR vs. 
CEA vs. 

CAS*

Results – Base Case Scenario

TCAR cost $160,642/QALY gained > our 
willingness to pay threshold ($100,000/QALY)

Carotid endarterectomy remains cost-effective for the surgical 
management of carotid stenosis.  Natalie D. Sridharan, MD, MS,a Rabih 
A. Chaer, MD, MS,a Kenneth Smith, MD, MS,b and Mohammad H. 
Eslami, MD,a Pittsburgh, Pa

J Vasc Surg 2022;75:1304-10

TCAR vs. CEA vs. CAS*

Results - One Way Sensitivity Analysis

Parameter Base 
Value

Risk of perioperative 
stroke for TCAR

1.4%

Risk of perioperative 
stroke for CAS

2.4%

Procedural cost of TCAR $15,182 
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CEA is favored

TCAR vs. CEA vs. CAS*

Results - One Way Sensitivity Analysis
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Parameter Base 
Value

Threshold 
Value

Risk of perioperative 
stroke for TCAR

1.4% 0.9%

Risk of perioperative 
stroke for CAS

2.4% 1.1%

Procedural cost of TCAR $15,182 $12,996 

TCAR vs. CEA vs. CAS*

Results - One Way Sensitivity Analysis
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Parameter Base 
Value

Threshold 
Value

New Favored 
Strategy

Risk of perioperative 
stroke for TCAR

1.4% 0.9% TCAR

Risk of perioperative 
stroke for CAS

2.4% 1.1% TFCAS

Procedural cost of TCAR $15,182 $12,996 TCAR

TCAR vs. CEA vs. CAS*
Results – Probabilistic Sensitivity Analysis

CEA was favored in 75.6% of model
 iterations at $100,000/QALY, with TCAR 
favored in 23.9%; CAS in <1%

Carotid endarterectomy remains cost-effective for the surgical 
management of carotid stenosis.  Natalie D. Sridharan, MD, MS,a Rabih 
A. Chaer, MD, MS,a Kenneth Smith, MD, MS,b and Mohammad H. 
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https://www.sciencedirect.com/science/article/pii/S0741521421010041?via=ihub%23!
https://www.sciencedirect.com/science/article/pii/S0741521421010041?via=ihub%23!
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Conclusions
• Carotid endarterectomy remains the most cost-effective 

strategy for carotid revascularization
• TCAR does not meet a traditional cost-effectiveness 

threshold ($100,000/QALY) to replace CEA as the 
primary treatment modality for carotid stenosis 
• TCAR can become economically more cost-effective if

• Equipment cost is reduced,
• Its 30-day outcomes become significantly better 
than CEA 
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