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Abstract

Background: In 2015 the FDA approved transcarotid artery revascularization(TCAR) as an 

alternative to carotid endarterectomy(CEA) and transfemoral carotid artery stenting(TF-CAS) for 

high-risk patients with carotid stenosis. This was granted in the absence of level 1 evidence to 

support TCAR. We aimed to document trends in TCAR utilization, its diffusion over time, and the 

clinical phenotypes of patients undergoing TCAR, CEA, and TF-CAS.

Methods: We used the Vascular Quality Initiative to study TCAR patients. We calculated the 

number of TCARs performed and the percent of TCAR utilization versus CEA/TF-CAS. Using 

data from before TCAR was approved, we calculated propensity scores for patients to receive 

CEA. We applied this model to patients undergoing carotid revascularization from 2016–2022 

and grouped patients by the procedure they ultimately underwent, examining overlap in score 

distribution to measure patient similarity. We measured the trend of in-hospital stroke/death after 

TCAR.

Results: We studied 31,447 TCAR patients from 1/1/2016–3/31/2022. The number of centers 

performing TCAR increased from 29 to 606. In 2021, TCAR represented 22.5% of carotid 

revascularizations at centers offering all three procedures. The percentage of TCAR patients 

who met approved high-risk criteria decreased from 88.5% to 80.9%(p<0.001). Those with a 

prior ipsilateral carotid procedure decreased from 20.6% to 12.0%(p<0.001). Patients undergoing 

TCAR after stroke increased from 19.7% to 30.7%(p<0.001). Propensity-score overlap was 55.4% 

for TCAR/CEA, and 58.6% for TCAR/TF-CAS, demonstrating that TCAR patients have a clinical 

phenotype mixed between those who undergo CEA and TF-CAS. The average in-hospital stroke/

death risk after TCAR was 2.3% in 2016 and 1.7% in 2022(p-trend:0.954).

Corresponding Author: Jesse A. Columbo, MD MS, Section of Vascular Surgery, Heart and Vascular Center, Dartmouth-Hitchcock 
Medical Center, 1 Medical Center Drive, Lebanon, New Hampshire 03766, Phone: 603-650-5000, Jesse.a.columbo@dartmouth.edu. 

Disclosures:
The authors have no conflicts of interest to report.

HHS Public Access
Author manuscript
Circ Cardiovasc Interv. Author manuscript; available in PMC 2024 September 19.

Published in final edited form as:
Circ Cardiovasc Interv. 2023 September ; 16(9): e012805. doi:10.1161/
CIRCINTERVENTIONS.122.012805.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions: TCAR now represents nearly 1-in-4 procedures at centers offering it. TCAR was 

increasingly performed among standard-risk patients, and as a first-line procedural option after 

stroke. The absence of level 1 evidence underscores the importance of high-quality registry-based 

analyses to document TCAR’s real-world outcomes and durability.

Graphical Abstract:

Introduction:

Carotid artery stenosis remains a major risk factor for stroke, which is the fifth leading cause 

of death in the United States.1 Each year, approximately 100,000 carotid revascularization 

procedures are performed to reduce a patient’s future risk of stroke.2 Historically, the 

gold standard for carotid revascularization has been carotid endarterectomy (CEA), with 

transfemoral carotid artery stenting (TF-CAS) serving as a viable alternative for patients at 

average or low risk of complications with stenting.3–6

In 2015, transcarotid artery revascularization (TCAR) was approved by the FDA as a 

third procedural option among patients with carotid stenosis who were defined as high-

risk.5, 7 The TCAR procedure involves a novel stenting technique, with a direct cervical 

carotid artery exposure and flow-reversal embolic protection.8, 9 Moreover, the TCAR 

procedure additionally obviates the need to traverse the aortic arch thereby eliminating 

any thromboembolic risks associated with this requisite maneuver during TF-CAS.7, 8 

Observational studies of TCAR have shown promising short-term results in selected 

patients, with perioperative stroke or death rates similar to CEA and lower than that of 

TF-CAS.10–13

However, the optimal and current therapeutic role of TCAR in the contemporary 

management of patients with carotid stenosis remains undefined. TCAR was approved by 

the FDA via its 510(k) pathway, in the absence of high-quality level 1 evidence comparing 

TCAR’s safety and efficacy to CEA or TF-CAS.14 Whether patients now being selected 

for TCAR would have otherwise undergone CEA or TF-CAS is not known, blurring the 

distinction surrounding optimal procedure selection for stroke-risk reduction. Moreover, 

given the historically low rates of stroke after CEA, it is unclear whether a change in the 

carotid revascularization paradigm is even justified.4, 15 As such, the rightful place of TCAR 

in current practice remains a focus of controversy.
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One prior study that examined the uptake of TCAR in the United States has important 

methodologic limitations, upon which our study seeks to partially overcome with more 

recent data.16 Accordingly, we aimed to define the change over time in the clinical profile of 

patients who underwent TCAR, which procedures it is being used in place of, and in doing 

so document the evolution of carotid interventions in contemporary practice.

Methods:

Human subjects protection

This study was approved by the Institutional Review Board at Dartmouth-Hitchcock 

Medical Center. All data were deidentified prior to analysis, and therefore the need for 

consent was waived.

Data source

We used data from the Vascular Quality Initiative (VQI) registry to study patients treated 

with TCAR. Because of the sensitive nature of the data collected for this study, requests 

to access the dataset from qualified researchers trained in human subject confidentiality 

protocols may be sent to the VQI at www.vqi.org. The VQI collects granular real-world 

demographic, clinical, procedural, and outcome data from over 1000 centers in the United 

States and Canada on a variety of vascular procedures. As part of TCAR’s FDA approval 

process, the TCAR Surveillance Project was initiated, which stipulates that all patients 

undergoing TCAR have their procedural data entered into the VQI registry, with procedure 

reimbursement predicated on registry participation.17, 18 Accordingly, adjudication of billing 

information has demonstrated that >95% of all TCARs performed are captured by the 

registry.17 The Surveillance Project started in 2016, shortly following FDA approval of 

TCAR. Therefore, our study cohort reflects TCARs performed between January 1st 2016 

and March 31st 2022.

Inclusion and exclusion criteria

We queried all patients in the registry who underwent TCAR. We then excluded patients 

who underwent TCAR for an indication other than carotid atherosclerotic or neointimal 

hyperplastic disease, such as stenting as part of a combined neurovascular procedure.

High-risk criteria definitions

The FDA-approved high-risk criteria for TCAR are based on the Centers for Medicare 

and Medicaid Services Decision Summary on carotid artery stenting, and include both 

clinical and anatomic characteristics.5 Clinical high-risk criteria are: NYHA class III or IV 

heart failure,5 left ventricular ejection fraction <30%,5 unstable angina or recent myocardial 

infarction,5 severe pulmonary disease with FEV1 <30%,19, 20 >80 years of age,19 or on 

hemodialysis.20 Anatomic high-risk criteria are: a contralateral carotid artery occlusion,5 

history of prior ipsilateral CEA with restenosis,5 a contralateral laryngeal nerve palsy,20 

prior neck irradiation,5 prior neck surgery,19, 20 or the presence of a tracheostomy.19, 20
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Calculating TCAR utilization

We calculated the utilization of TCAR in two different but complementary ways. First, 

we determined the cumulative number of TCARs performed over time, and the cumulative 

number of centers performing them. We calculated this in quarterly intervals over the study 

period. This analysis included all patients who underwent TCAR for carotid atherosclerotic 

or neointimal hyperplastic disease, as noted above. Second, we calculated the percent of all 

carotid revascularization procedures performed (i.e., TCAR or CEA or TF-CAS) that were 

TCAR. The VQI captures information on CEA in one registry module, and information on 

TCAR and TF-CAS in another. Centers who perform TCAR are required to participate in 

the TCAR/TF-CAS module and report data on TCAR procedures. Conversely, centers may 

choose not to participate in the CEA module but still contribute data to the TF-CAS/TCAR 

module. Therefore, to avoid overrepresentation that may be present in a past study by other 

investigators,16 we calculated the relative percent of procedures that were TCAR among 

centers that participated in both registry modules. To allow centers to enter and exit the 

analysis (e.g., for a center that stopped participating in the VQI, or a center that newly 

enrolled), we calculated these percentages at quarterly intervals over the study period.

We also sought to determine whether proceduralists who were more familiar with carotid 

stenting prior to TCARs introduction were more likely adopt TCAR. To do this we limited 

the cohort to proceduralists with data in 2015 (prior to the inception of TCAR) and in 

2020. We calculated the percent of procedures performed at the proceduralist-level in 2015 

that were TF-CAS. We then calculated the percent of procedures that those individuals 

performed in 2020 that were TF-CAS, TCAR, or CEA, respectively, to determine whether 

TF-CAS use was associated with future TCAR use.

Propensity-score overlap

We used propensity-score overlap as a measure of similarity to understand the clinical 

phenotypes of patients selected to undergo TCAR, and which procedure they would have 

been most likely to undergo in the absence of TCAR (i.e., CEA or TF-CAS).21 To calculate 

the propensity scores we created a logistic regression model using data from 2015 (i.e., prior 

to the TCAR Surveillance Project) where the outcome was the procedure type (i.e., CEA or 

TF-CAS).22 The propensity score model included the covariates of age, gender, body mass 

index, the presence of focal neurologic symptoms, coronary artery disease, congestive heart 

failure, prior cardiac revascularization, hypertension, chronic obstructive pulmonary disease, 

home oxygen use, diabetes, chronic kidney disease, smoking status, prior ipsilateral carotid 

procedure, prior contralateral carotid procedure, preoperative aspirin, p2y12 inhibitor, dual 

antiplatelet, statin, beta blocker, anticoagulant, or ACE inhibitor use, preoperative functional 

status, anatomic high risk, elective versus urgent procedure, ASA class, general versus local 

anesthesia, intraoperative heparin, and intraoperative protamine use.

We then applied this model to the study period data from 2016 to 2022 and calculated 

the propensity scores for all patients. The C-statistic for these models remained high 

through all years of data, ranging from 0.94–0.99. We then grouped patients by the actual 

observed procedure that they underwent (i.e., TCAR, CEA, or TF-CAS) and calculated the 

overlap in propensity score probability distribution functions between the groups. The score 
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overlap (i.e., common area) is a similarity measure between two or more probability density 

functions which allows measurement of the similarity between two or more populations.23 

The score overlap ranges from 0% to 100%. An overlap of 0%, or no overlap, can be 

interpreted as 0% similarity between the groups based on the propensity score model. An 

overlap of 100%, or complete overlap, can be interpreted as 100% similarity in procedure-

receipt propensity between the groups. This technique allows us to indirectly infer whether 

patients who underwent TCAR are similar in clinical profile to those who underwent CEA, 

TF-CAS, neither, or both and, by extension, the likely procedure that patients would have 

undergone had TCAR not been available.24–26

Statistical analysis

We described continuous variables with means and standard deviations (SD) and compared 

patients across years with one-way ANOVA testing. We reported categorical variables 

as percentages and compared patients across years with Chi-squared analysis. We used 

kernel density estimators to approximate the probability distribution functions for the fitted 

propensity scores. We used a normal distribution quantile transformation to visually display 

the distribution of the scores, which allows for enhanced visualization of the score overlap 

proportion (of the extent to which patients who received one procedure resemble those who 

received another procedure).21, 23 We performed analyses with the overall cohort, and after 

stratifying the cohort into high-risk and standard-risk groups to examine if the diffusion 

of patients to TCAR occurred first among high-risk patients (TCAR’s FDA-approved 

population) and then spilled-over to standard-risk patients. We calculated the unadjusted 

in-hospital risk of stroke or death over time as a moving average of the risk for that quarter 

and the previous three quarters. For example, the number reported in Q2 2017 is the average 

of Q3, Q4, 2016, and Q1, Q2 2017. We additionally calculated the annual rate of in-hospital 

stroke or death after TCAR as a function of volume at the proceduralist and center-level. 

To do this we grouped proceduralists and centers by their respective annual TCAR volume 

(e.g., <11, 11–20, or >20) and calculated the risk of perioperative stroke or death after 

TCAR. Missing data was less than 2% for all variables. We used R version 4.1.2 for 

statistical analysis (The R Foundation for Statistical Computing).

Results:

Patient characteristics and changes over time

We studied 31,447 patients who underwent TCAR from January 2016 to March 2021 

(Table 1). All TCAR patients underwent their procedure in the United States. Across all 

patients, the mean age was 73.4 ± 9.0 years, 36.7% were female, and 90.1% were White. 

TCAR was performed for symptomatic patients with carotid stenosis in 46.5% of cases. 

Most procedures were performed on an elective basis (88.4%) and under general anesthesia 

(83.9%). Half of patients were active smokers (50.4%). Comorbidities were common among 

the cohort and as expected for this patient population. Characteristics of patients who 

underwent CEA and TF-CAS over the same period are described in Table S1 and S2 

respectively.
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The distribution of several important characteristics evolved over the study period (Table 

1). The percent of patients who underwent TCAR in the setting of stroke increased from 

19.7% in 2016 to 30.7% in 2021 (p<0.001). The percent of standard-risk patients undergoing 

TCAR (e.g., no anatomic or medical high-risk criteria) increased from 11.5% in 2016 to 

19.1% in 2021 (p<0.001). While the absolute number of patients who underwent TCAR that 

had a history of a prior ipsilateral carotid procedure increased from n=27 in 2016 to n=1167 

in 2021 (p<0.001), the relative percent of these patients to the total number of TCARs 

decreased from 20.6% to 12.0% over the same time interval (p<0.001).

TCAR utilization

The number of centers performing TCAR increased dramatically over the study interval, 

from 29 centers at the end of 2016, to 606 centers in March 2022 (Figure 1, Figure S1). 

The total number of implants similarly increased, from 131 at the end of 2016, to a total of 

31,447 at the end of March 2022. TCAR utilization was most common in the Eastern U.S. 

from 2016–2018, then becoming most common in the Southern U.S. from 2019 onward, 

suggesting that uptake diffused geographically (Table S3, Figure S2).

We performed a subanalysis stratifying the cohort into high-risk and standard-risk 

subgroups. TCAR use was most common among high-risk patients and increased from 115 

implants across 27 centers at the end of 2016, to 25,507 implants at 592 centers at the end of 

March 2022 (Figure S3). TCAR was less commonly used among standard-risk patients, but 

still had 5,787 implants across 480 centers by the end of March 2022 (Figure S4).

We then restricted the cohort to centers reporting TCAR, CEA, and TF-CAS to estimate the 

percent market share of TCAR out of the total carotid revascularization procedures being 

performed (Figure 2). This revealed that TCAR accounted for an incrementally growing 

percentage of the total carotid interventions. In quarter 1 of 2016, TCAR represented 1.0% 

of all carotid procedures. This increased steadily over time to 23.9% in quarter 1 of 2022 

(p-trend <0.001), and this curve did not appear to flatten. Stratifying this analysis into 

high and standard-risk subgroups revealed that TCAR represented 42.1% of procedures 

performed in high-risk patients by the end of March 2022, becoming more common than 

CEA in quarter 2 2020 (Figure S5). TCAR represented 10.8% of carotid revascularization 

procedures performed on standard-risk patients by the end of the study interval (Figure S6). 

TCAR use was similar across variable levels of TF-CAS use (Table S4).

We examined whether proceduralists who were using TF-CAS in 2015 prior to TCARs 

introduction were more likely to be future users of TCAR in 2020. We did not find a 

significant correlation between 2015 TF-CAS use and those proceduralists 2020 TCAR use 

(p=0.841) (Figure S7).

Propensity-score overlap between procedure groups

We calculated propensity score overlap between patients who underwent TCAR, CEA, and 

TF-CAS. This technique visually displays the distribution in the propensity scores and 

allows us to infer whether patients who underwent TCAR have a similar clinical profile to 

those who underwent CEA, TF-CAS, neither, or both and, by extension, the likely procedure 

that TCAR patients would have undergone had TCAR not been available (Figure 3).21, 23 
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The score overlap shared by TCAR, CEA, and TF-CAS was 25.1% (Figure 3, Region A). 

The score overlap was 58.6% for TCAR and TF-CAS (Figure 3, Region B), and for TCAR 

and CEA was 55.4% (Figure 3, Region C). These findings demonstrate that patients who are 

selected for TCAR are similar in clinical profile to patients who undergo TF-CAS, and to 

patients who undergo CEA, indicating that TCAR is being used in place of both procedures, 

rather than replacing one or the other. We performed a sensitivity analysis including region 

as a random effect and obtained similar results.

We performed a subanalysis stratified by high- versus standard-risk patients. Among 

high-risk patients, the score overlap common to TCAR, CEA, and TF-CAS was 24.8%, 

for TCAR and TF-CAS was 59.0%, and for TCAR and CEA was 54.0% (Figure S8). 

Among standard-risk patients, the overlap common to all three procedures was 33.0%, for 

TCAR and TF-CAS was 51.0%, and for TCAR and CEA was 70.0% (Figure S9). These 

stratified results reveal that there is less overlap among high-risk patients, indicating that 

these patients are more definitively sorting into distinct procedures. Conversely, there is 

greater overlap among standard-risk patients, indicating that procedure choice here is more 

discretionary.

Trends in stroke or death

We examined the in-hospital perioperative risk of stroke or death over time. We calculated 

the moving average by quarter from 2016 through March 2022. The moving average of 

in-hospital risk of stroke or death after TCAR was 2.3% in quarter 4 2016 and 1.7% 

in quarter 1 2022 (p-trend: 0.954; Figure 4). We did not find a statistically significant 

association between annual center-level TCAR volume and the risk of in-hospital stroke/

death after TCAR. There was a small but statistically significant association between annual 

proceduralist-level TCAR volume and the risk of in-hospital stroke or death (<11 TCARs: 

1.89%, 11–20 TCARs: 1.47%, >20 TCARs: 1.47%; p<0.001) (Table S5).

Discussion:

We found that TCAR had been performed at 606 centers by March 2022, with over 31,000 

patients having undergone the procedure. Moreover, we identified a more than 74-fold 

increase in annual implants from 2016 to 2021, with TCAR now constituting nearly 1-in-4 

carotid revascularizations at centers performing all three procedures. These findings indicate 

that TCAR has now assumed a major role in the contemporary management of carotid artery 

stenosis in the United States.

The observed explosive growth of TCAR across the United States appears to partially 

reflect a more liberal application of its use over time. TCAR was initially approved by the 

FDA in 2015 as a procedural alternative to CEA and TF-CAS for patients with high-risk 

anatomic or medical conditions.7, 27 However, we interestingly noted that an increasing 

number of patients who underwent TCAR had no documented high-risk criteria, accounting 

for more than 5,700 implants across 480 centers over the study interval. This appears to 

reflect spillover diffusion from the initially targeted TCAR population. Despite this, we 

found that the risk of in-hospital stroke and death after TCAR remains less than 2% across 

proceduralist and center-level volume strata. This low rate of adverse events has likely 
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contributed to TCARs rapid adoption. Moreover, TCAR was increasingly used as a first-line 

treatment option, as patients with a history of a prior ipsilateral carotid procedure decreased 

by 40% over the study interval. This finding suggests that the rapid uptake in TCAR is at 

least in part driven by its use in patients who may not meet the originally intended criteria.

In addition, the widespread utilization of TCAR has also broadened the application of 

stenting in the carotid artery to clinical scenarios where it historically did not offer 

therapeutic equipoise to CEA.28–30 The TCAR stenting technique was approved by the 

FDA in part due to it being “substantially equivalent” to other stenting procedures (e.g., 

TF-CAS).14 As such, it would seem that its routine use in symptomatic patients, particularly 

those who have suffered a stroke, would be tempered by past randomized trial data 

documenting higher periprocedural stroke risk for TF-CAS versus CEA.28–30 However, 

our findings suggest the opposite. In fact, the percent of patients who underwent TCAR 

in the setting of stroke increased over the study interval, to nearly one-third of patients 

in 2021. In addition, our propensity score model suggests that TCAR patients are being 

selected from a pool of patients, some of whom would have likely undergone CEA, while 

others would have undergone TF-CAS, rather than replacing one specific procedure. CEA 

has well-documented low periprocedural stroke or death risks, and well-known favorable 

long-term durability and low restenosis rates, with several randomized controlled trials 

comparing it with both medical intervention and TF-CAS.19, 28, 29, 31–37 Furthermore, 

TCAR is associated with substantially increased cost when compared to CEA, both in 

the periprocedural period, and per quality-adjusted life year.38, 39 As such, it is somewhat 

surprising to see CEA market share being replaced by TCAR, particularly as a first-line 

option in the peri-stroke period. Taken together, our results document that the introduction 

of TCAR has led to a paradigm shift in the contemporary management of carotid artery 

stenosis, with TCAR now established as a mainstay of clinical practice.

It is worth highlighting that the rapid adoption and broad diffusion of TCAR documented 

herein has occurred in the absence of a dedicated randomized clinical trial. Approved 

procedures for carotid stenosis have traditionally rested on a strong foundation of level 1 

evidence. Both CEA and TF-CAS have been the focus of multiple randomized clinical trials 

documenting their efficacy and long-term durability.19, 28–31, 33, 35–37, 40 In contrast to this 

precedent, to date, no randomized trial comparing TCAR to CEA, TF-CAS, or medical 

therapy has been completed or is enrolling. Furthermore, TCAR’s long-term durability still 

remains unknown, as currently, 1-year outcome estimates are the longest follow-up available 

among large observational studies.10, 11, 27, 41, 42 Despite this, in May of 2022, the FDA 

granted an expanded indication to TCAR, approving its use among standard-risk patients.43 

This widespread utilization and now expanded FDA-approval highlights the need for a 

rigorous randomized trial to determine the safety and efficacy profile of TCAR versus other 

treatment modalities, which cannot be established with registry studies alone. However, 

given TCARs rapid adoption and uptake highlighted herein, a dedicated randomized trial 

may be unlikely. This underscores the important role that high-quality registry and claims-

based analyses will play in informing TCAR’s rightful role in the treatment of both 

asymptomatic and symptomatic carotid occlusive disease. In addition, it raises important 

unanswered questions regarding where the balance should lie between regulatory oversight 
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to ensure safe and effective care for patients and fostering medical innovation to advance 

clinical practice.

Our study has several strengths. We have documented the evolution in baseline 

characteristics of patients who undergo TCAR, and more specifically of its diffusion to 

a broader population of recipients among patients suffering from carotid-artery disease, 

highlighting important differences not previously described.16 There is not consensus in how 

“high-risk” is defined, with variation across studies.5, 19, 20, 27–29, 44 We included only CMS-

approved criteria for our calculations of high risk. In addition, since centers who report 

TCAR procedures are not simultaneously required to report CEA procedures, measurements 

of procedure counts may yield biased results. Our method of calculating TCAR uptake in a 

subanalysis of centers reporting all three carotid revascularization procedures decreases this 

risk of overestimation and likely provides a more representative estimate of the true use of 

TCAR among centers adopting it. For data reporting and quality reasons (e.g., the linkage to 

get region information) we focused on centers that adopted TCAR. Our study is nonetheless 

significant for being among the first to document the rapid adoption and dissemination of 

TCAR across the United States and reveals unique insights about the diffusion of TCAR at 

centers willing to adopt it.

Despite these important findings, this study has several limitations. VQI procedure reporting 

is voluntary, and therefore is subject to reporting bias. TCAR reporting may be less subject 

to this bias because Medicare reimbursement for TCAR requires that patients participate in 

a registry of clinical study. This requirement provides an unusual opportunity to document 

trends on almost all patients undergoing TCAR, strengthening the inferences from this 

project. Our propensity score overlap coefficients quantify the proportions of patients who 

underwent TCAR that are similar to those who underwent CEA and TF-CAS. It does 

not describe the absolute number (or market share) of patients who may otherwise have 

undergone CEA or TF-CAS had TCAR not been available. These counterfactual calculations 

rely in part on the Independence of Irrelevant Alternatives assumption.24–26 We believe 

that this assumption holds, especially given that the C-statistic discriminating between CEA 

and TF-CAS in our propensity score models varied minimally from before to after the 

introduction of TCAR. We are not able to determine the cause of the dramatic uptake 

of TCAR since its introduction, but it is likely multifactorial, including factors such as 

reimbursement, physician skillset, and patient preference, among others. Although 56% 

of VQI participating physicians are non-vascular surgeons (Figure S10), we are not able 

to compare the distribution of physician specialties performing TCAR per VQI policy to 

maintain confidentiality.45 For similar reasons we are not able to comment on years of 

practice and its possible association with procedure choice.

Conclusions:

TCAR has been rapidly adopted and incorporated into real world practice across the United 

States. It has been performed at 606 centers with over 31,000 implants as of March 

2022, representing a 74-fold increase in annual procedure volume from 2016 to 2021. 

Furthermore, TCAR is now commonly being offered as a first line therapeutic option, even 

in the setting of symptomatic disease, and among standard-risk patients. Interestingly, this 
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dramatic and rapid therapeutic paradigm shift in carotid revascularization has transpired in 

the absence of any level 1 evidence or any observational data documenting TCAR’s long-

term durability. Given this, registry and claims-based analyses will be essential in measuring 

TCAR’s safety and effectiveness over time to establish the rightful evidence-based role 

of TCAR in the treatment of carotid occlusive disease. Moreover, TCAR’s pathway to 

becoming a mainstay of contemporary practice highlights important unanswered questions 

surrounding how new medical innovation should be implemented in the United States.
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What is new?

• TCAR has assumed a growing role in carotid intervention and was in use 

at 606 centers with 31,447 implants as of March 2022, despite the lack 

of a randomized trial comparing TCAR against CEA, TF-CAS, or medical 

therapy.

• TCAR now represents nearly 1-in-4 carotid interventions at centers reporting 

all three procedures and is now being performed as a first-line procedural 

option among patients after ischemic stroke.

• Patients who undergo TCAR appear to be clinically similar to those who get 

CEA or TF-CAS, indicating that TCAR is being preferentially selected by 

clinicians in place of both procedures.

Columbo et al. Page 14

Circ Cardiovasc Interv. Author manuscript; available in PMC 2024 September 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



What are the clinical implications?

• The introduction of TCAR has led to a paradigm shift in the contemporary 

management of carotid artery stenosis, with TCAR now established as a 

mainstay of clinical practice.

• The widespread uptake of TCAR in the absence of level 1 data to support 

its use raises important unanswered questions regarding where the balance 

should lie between regulatory oversight to ensure safe and effective care for 

patients and fostering medical innovation to advance clinical practice.
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Figure 1: 
Number of transcarotid artery revascularizations (TCAR)s implanted and the number of 

centers performing them over time.
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Figure 2: 
Relative percent market share of transcarotid artery revascularization (TCAR), carotid 

endarterectomy (CEA), and transfemoral carotid artery stenting (TF-CAS) among centers 

reporting all procedures.
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Figure 3: 
Density of propensity scores in a logarithmic scale of patients receiving transcarotid artery 

revascularization (TCAR), carotid endarterectomy (CEA), and transfemoral carotid artery 

stenting (TF-CAS), demonstrating that patients receiving TCAR are similar to either CEA 

or TF-CAS patients, while patients receiving CEA and TF-CAS are relatively distinct from 

each other.
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Figure 4: 
Moving average risk of in-hospital stroke or death after transcarotid artery revascularization 

(TCAR) over time.

Note: Due to the low number of events, each point estimate represents the average of that 

quarter and the previous three quarters (e.g., the point estimate for quarter 3, 2017, is the 

average of quarter 4 2016, and quarters 1–3 2017).
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