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Abstract

Objectives: We aim to compare transcaval and transaxillary artery access for TAVR at 

experienced medical centers in contemporary practice.
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Background: There are no systematic comparisons of transcaval and transaxillary TAVR access 

routes.

Methods: Eight experienced centers contributed local data collected for the TVT Registry 

between 2017 and 2020. Outcomes after transcaval and axillary/subclavian (transaxillary) access 

were adjusted for baseline imbalances using doubly robust (inverse-propensity-weighting plus 

regression) estimation and compared.

Results: Transcaval access was used in 238, transaxillary in 106, and for comparison 

transfemoral in 7132. Risk profiles were higher among patients selected for nonfemoral access, but 

similar among patients requiring transcaval and transaxillary access.

Stroke or TIA were five-fold less common after transcaval than transaxillary [2.5% vs 13.2%, 

OR 0.20 (0.06–0.72), p=0.014], compared with transfemoral (1.7%). Major and life-threatening 

bleeding (VARC-3 ≥ Type-2) were comparable [10.0% vs 13.2%, OR 0.66 (0.26–1.66), p=0.38], 

compared with transfemoral (3.5%), as was blood transfusion [19.3% vs 21.7%, OR 1.07 (0.49–

2.33), p=0.87], compared with transfemoral (7.1%). Vascular complications, ICU and hospital 

length of stay, and survival were similar between transcaval and transaxillary. More patients were 

discharged directly home and without stroke or TIA after transcaval than transaxillary (87.8% vs 

62.3%, OR 5.19 (2.45–11.0), p<0.001) compared with transfemoral (90.3%).

Conclusions: Patients undergoing transcaval TAVR had lower rates of stroke and similar 

bleeding compared with transaxillary access in a contemporary experience from 8 US centers. 

Both approaches had more complications than transfemoral access. Transcaval TAVR access may 

offer an attractive option.

CONDENSED ABSTRACT

We aggregated local data collected for TVT registry between 2017–2020 at eight sites experienced 

with transcaval and transaxillary access for TAVR. Stroke/TIA were less common after transcaval 

than transaxillary [2.5% vs 13.2%, OR 0.20 (0.06–0.72), p=0.014], compared with transfemoral 

(1.7%). Major and life-threatening bleeding (VARC-3≥Type-2) were comparable [10.0% vs 

13.2%, OR 0.66 (0.26–1.66), p=0.38], as was blood transfusion [19.3% vs 21.7%, OR 1.07 (0.49–

2.33), p=0.87]. Discharge directly home without stroke was more common after transcaval than 

transaxillary. Other outcomes were similar. Transcaval access confers a lower risk of stroke/TIA, 

comparable bleeding, and more frequent discharge directly home than transaxillary access.

Keywords

Transcaval access; Transaxillary access; Subclavian access; Nonfemoral access Alternative access; 
Percutaneous access

INTRODUCTION

Transcatheter aortic valve replacement (TAVR) requires large-bore access to the aorta. 

Nonfemoral access is required when the iliofemoral arteries are too small or too diseased to 

allow standard percutaneous transfemoral artery access. Nonfemoral access confers a higher 

risk of procedural complications and mortality (1–5).
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The most common nonfemoral access route is percutaneous or surgical transaxillary 

or transsubclavian (6–12). Transcaval access is a counterintuitive approach to enter the 

abdominal aorta percutaneously from the adjoining inferior vena cava. After TAVR, the 

transcaval access port is closed with a nitinol occluder device. Transcaval access relies on 

interstitial hydrostatic pressure exceeding venous pressure. As a result, blood exiting the 

aorta tends to return from the retroperitoneal space back into the venous system rather than 

accumulating as hemorrhage. The technique of transcaval access is reviewed elsewhere (13–

15).

The earliest reports of transcaval access mostly included patients with high or prohibitive 

risk and few access options, were performed in the era of first and second generation 

transcatheter heart valves (2013–2016) requiring larger introducer sheaths, and were 

associated with high bleeding rates (16,17) but no late complications(15). With operator 

and site experience, vascular and bleeding complication rates appear to have declined for 

most TAVR access routes (18–22).

There are no systematic comparisons of transcaval and transaxillary access routes, nor 

contemporary assessments of outcomes after transcaval access. We hypothesize that 

transcaval access would have similar bleeding outcomes compared with transaxillary access 

by experienced operators, and that by comparison, patients eligible for standard transfemoral 

access have fewer comorbidities and complications. Based on reports of increased stroke 

risk of transaxillary compared with transfemoral access (8), we also hypothesized that 

transcaval access may confer a lower risk of stroke by avoiding instrumentation of the head 

and neck arteries.

METHODS

Participating sites

Eight sites contributed data from the time period between January 2017 and December 

2020. Sites were selected because of experience (TAVR volume (>100 cases per year); 

service as TAVR proctors; and experience with both transaxillary and transcaval access); 

as well as prior participation in NHLBI sponsored structural heart IDE trials (n=6), or 

having expressed interest (n=2). All sites participated without compensation. Outcomes data 

had already been collected prospectively on all consecutive patients undergoing TAVR, as 

a condition of CMS reimbursement via the Society of Thoracic Surgeons and American 

College of Cardiology (ACC) Transcatheter Valve Therapy (STS/ACC TVT) registry 

[NCT01737528](23,24). Individual site data submitted to this registry for all patients 

undergoing TAVR at these centers (data collection form version 2.1) were aggregated for 

central analysis. The ACC National Cardiovascular Data Registry and STS/ACC TVT 

registry neither endorsed nor participated in the study.

TAVR access routes were selected by the local institutional heart teams based on clinical 

findings and operator discretion only. Procedures were planned and performed according 

to local institutional standards. Both subclavian and axillary access routes are combined as 

“transaxillary” for the purpose of this analysis.
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This study includes 36 patients undergoing transcaval TAVR from one site that previously 

reported 22 transcaval TAVR separately(25).

Ethics

The Emory University Institutional Review Board approved this retrospective study. 

Participating sites also obtained local ethics board waiver of consent to transmit coded 

clinical data to Emory University, which served as the data coordinating center.

Data classifications

The following calculations applied to baseline characteristics: Transfusion-corrected 

hemoglobin drop is calculated as (pre-procedure hemoglobin g/dL) – (post-procedure 

hemoglobin g/dL) – (units of transfused blood), which assumes that each unit of transfused 

blood increments hemoglobin by 1g/dL. For example, a patient with admission and 

discharge hemoglobin values of 12g/dL and 10g/dL would have a hemoglobin drop of 

2g/dL irrespective of a 3unit blood transfusion but would have a transfusion-corrected 

hemoglobin drop of 5g/dL. CHA2DS2-VASc score was calculated with the following 

deviations: only heart failure in past 2 weeks rather than ever; without regard to prior 

non-cerebral thromboembolism; and without regard to aortic plaque.

The primary outcomes of interest are bleeding complications and stroke. Outcomes are 

defined by Valve Academic Research Consortium (VARC-3) definitions (26), with minor 

deviations. One exception is that life-threatening bleeding (VARC-3 Type 3) was calculated 

without regard to sustained hypotension, part of the definition that was not captured by 

TVT registry data collection form v2.1. Another exception is that Acute Kidney Injury 

(AKI) stage was calculated based on index hospital admission rather than 7 days. Another 

exception is that TVT registry does not capture modified Rankin Score used to classify 

stroke as “disabling” or “non-disabling,” although it does capture other indices of disability 

reported here.

We created a post-hoc patient-oriented composite outcome consisting of survival to 

discharge, discharge directly to home instead of another institution, and without stroke/TIA.

Statistical Analysis

A propensity score for each patient was estimated using generalized boosted modeling 

(GBM) (27). Pre-procedure characteristics constituted the explanatory variables in the GBM, 

and the response was the probability of assignment to transaxillary as opposed to transcaval. 

In this study, GBMs relied on a composition of tree-based regression models that were 

built in an iterative fashion; in each iteration, the number of regression trees added to the 

model increased. The iterative process was terminated when more complex models resulted 

in greater preoperative imbalance. GBM is a data-adaptive, nonparametric model whose 

primary advantage over logistic regression is its ability to select preoperative variables and 

determine whether higher-order terms or interactions are needed. GBM combines many 

piecewise-constant functions of the covariates to estimate the propensity scores.
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Inverse probability of treatment weighting using the propensity score was then used to create 

a synthetic sample in which the distribution of measured preoperative characteristics was 

independent of treatment assignment. After fitting the GBM which generated the propensity 

score weights, the next step was to assess how well the propensity score weights corrected 

the preoperative between-group imbalances. The assessment was based on the absolute 

standardized mean difference (ASMD), allows group means and proportions to be compared 

without being influenced by sample size. ASMD larger than 0.20 indicates that the groups 

being compared are too different from each other for reliable outcome comparison.

Finally, propensity score analysis was performed by assessing the difference in the weighted 

outcomes between groups. For dichotomous outcomes, logistic regression models were 

built, and odds ratios (OR) were estimated. For continuous outcomes, linear regression 

models were built after the outcome was log transformed. Exponentiation of the regression 

parameter provided the geometric mean ratio (GMR). Finally, because some of the ASMD 

were larger than 0.1 (but less than 0.2), we next performed doubly robust estimation, which 

requires constructing the propensity score weighted regression model with the additional 

baseline variables, to obtain consistent treatment effects.

Propensity scores were generated by a GBM using the Toolkit for Weighting and Analysis 

of Nonequivalent Groups (TWANG) package and %PS macro (RAND corporation, Santa 

Monica, CA). The quality of the propensity scores was assessed using accompanying 

macros provided by RAND. For the outcomes analyses, survey procedures in SAS, such as 

SURVEYREG SURVEYLOGISTIC, were used to incorporate the propensity score weights.

Subjects were excluded if they underwent multiple separate inpatient TAVR procedure 

admissions which confound endpoint assessments (n=14, all having undergone transfemoral 

TAVR). There was no adjustment for multiple comparisons. All tests of hypotheses were 

two-sided and conducted at a 0.05 level of significance. Analyses used SAS (SAS Institute, 

Cary, NC) and R (https://www.R-project.org/). Data are expressed as mean (standard 

deviation); median (1st quartile, 3rd quartile); n (%); or Odds Ratio [95% Confidence 

Interval], as appropriate.

RESULTS

Sites and patients

Eight sites contributed data on 7539 patients undergoing TAVR during the four-year 

study period (TABLE 1). 407 underwent nonfemoral TAVR, constituting 5.4% of TAVR 

procedures. Only 63 of these were transcarotid (n=29) or transthoracic (transapical or 

transaortic, n=34) and were not evaluated further.

Of the remaining nonfemoral procedures, 238 were transcaval and 106 were transaxillary, 

constituting 4.5% of the patients undergoing TAVR. Three of 8 sites preferentially 

performed transaxillary TAVR over transcaval; three sites that preferentially performed 

transcaval TAVR reported no transaxillary TAVR during the study period. Most (84%) of the 

transaxillary procedures were percutaneous, and the remainder underwent surgical cut-down. 

Only 197 (2.7%) of all procedures were coded as employing cerebral embolic protection 
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devices, including 4 transcaval and 2 transaxillary. Including 3.2% withdrawal and loss 

to follow-up, 91% of patients were available for 30-day follow-up and stroke assessment, 

evenly distributed among access routes.

TABLE 2 shows unadjusted baseline and procedure characteristics of patients, stratified 

by access site. Patients undergoing transcaval and transaxillary access tended to have a 

higher risk profile compared with transfemoral, and similar risk profile compared with each 

other. Patients undergoing transcaval TAVR more often were women, had moderate sedation, 

and had longer procedures requiring more contrast and more fluoroscopy, compared with 

transaxillary. TAVR success was similar across all access approaches. Missing datapoints 

were infrequent.

Complications and outcomes

TABLE 3 shows inpatient or 30-day outcomes before adjustment for baseline imbalances. 

FIGURE 1 and CENTRAL ILLUSTRATION show outcomes after propensity-score 

weighted adjustment, using doubly robust estimators, to correct for these imbalances.

Nonfemoral access (transcaval and transaxillary) conferred worse outcomes than 

transfemoral access, including worse bleeding, vascular, complications, stroke or TIA, 

ICU and hospital length of stay, 30-day mortality, and one year (follow-up 356 (38, 379) 

days) mortality. Indeed the doubly-robust estimator approach failed to correct for baseline 

imbalances comparing transfemoral- with nonfemoral access techniques.

Comparing transcaval with transaxillary, bleeding and vascular complications were 

comparable on all measures except hemoglobin drop, which slightly favored transcaval.

Stroke or TIA were significantly less common after transcaval than transaxillary access, 

both before and after inverse-propensity-weighting (2.5% vs 13.2%, OR 0.20 (0.06–0.72), 

p=0.014). Use of cerebral embolic protection devices was sparse, and none were used among 

patients suffering inpatient stroke or TIA. Six (2.5%) suffered neurovascular events after 

transcaval and 14 (13.2%) after transaxillary access. All were confirmed by neuroimaging 

and 94% by a neurology specialist. One was a TIA, 78% had symptoms lasting > 24 hours, 

79% had a persistent cognitive, social, or physical disability; one was fatal. These appeared 

comparably distributed among access routes.

Significantly more patients were discharged directly to home (versus a nursing facility or 

hospice) after transcaval than after transaxillary access (92.6% vs 69.6%, OR 6.1, CI 2.4–

15, p<0.0001). While mortality measures were comparable, the patient-oriented composite 

of survival to discharge, to home, without stroke or TIA was significantly lower after 

transaxillary than transcaval access (87.8% vs 62.3%, OR 5.2, CI 2.4–11, p<0.0001), and 

compared with transfemoral (90.3%). Of the patients not discharged directly home after 

transaxillary TAVR, 44% went to a nursing home and the rest to an extended care facility.

Outcomes were similar comparing transaxillary cut down versus percutaneous on all 

measures (data not shown) except duration of ICU care (48 (28, 79) hours versus 25 (3, 

66), p=0.013). Similarly, transaxillary outcomes were similar comparing participating sites 

performing above- and below-median volumes of transaxillary access (data not shown). 
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Moreover, outcomes were similar comparing study periods 2017–2018 versus 2019–2020 

(data not shown).

DISCUSSION

This observational study suggests that transcaval access had a lower stroke risk and 

comparable bleeding and vascular complications compared with transaxillary access, in 

contemporary practice among experienced operators. In this report transcaval access 

conferred a transfemoral-like low risk of stroke. The reduced stroke risk persisted after 

adjustment for differences in baseline characteristics that might have influenced non-random 

treatment allocation. The proposed mechanism of stroke after transaxillary access is sheath 

instrumentation of atherosclerotic head and neck vessels. By contrast, transfemoral and 

transcaval procedures traverse the aorta without instrumenting the head and neck vessels. We 

infer, provocatively, that transcaval TAVR may prove the percutaneous nonfemoral access of 

choice; this requires more real-world experience in centers in and outside the USA.

TABLE 4 summarizes our study in the context of other reported studies of transcaval and 

transaxillary access by time period and risk profile, along with results of pivotal commercial 

studies in low-risk patients for comparison. Our study shows a comparatively lower risk of 

bleeding and stroke after transcaval access than earlier reports. Importantly, our observed 

rate of stroke after transaxillary access is substantially higher than previous reports of stroke 

after transaxillary and subclavian access.

The key challenge to the current report is determining whether the comparisons between 

transcaval and transaxillary access are valid. First, are the patients equally sick and equally 

predisposed to complications? While the patients were not randomly allocated to access 

route, we used propensity score weighting to correct for between-group pre-procedure 

imbalances. All baseline variables had a standardized difference less than 0.2. Variables with 

a standardized difference larger than 0.1 (and less than 0.2) were included in a regression 

model fit with the propensity score weights to obtain doubly robust estimators.

Second, does operator or institutional proficiency at transcaval access come at the 

expense of transaxillary proficiency? In this series, transaxillary and transcaval procedures 

were performed by experienced operators who proctor others in the techniques. The 

transaxillary complications were not attributable to the cases undergoing surgical rather than 

percutaneous access and were not confined to sites performing a low volume of transaxillary 

access. That said, while transaxillary mortality and bleeding were comparable to previous 

reports (TABLE 4), neurovascular complications appear higher than previous reports.

Third, does operator or institutional preference for one technique over another bias the 

results in favor of the first? Specifically, if operators prefer transcaval as a first nonfemoral 

option, are the patients undergoing transaxillary more likely to be ineligible for transcaval 

and therefore possibly at higher risk of transaxillary complications? In this study, 3 of 8 

sites had stopped performing transaxillary access before the study period and contributed no 

transaxillary cases; an additional 3 of 8 sites contributed more transaxillary than transcaval 
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cases arguing against a preferred route. Nevertheless such bias is possible and probably can 

only be mitigated by different study designs such as prospective randomization.

The incidence of transcaval bleeding in this study is lower than observed during early 

clinical experience in the transcaval IDE protocol(16). The reduced bleeding probably 

reflects three phenomena. First, operator technique and experience have improved, including 

universal protamine reversal of heparin anticoagulation before closure and liberal application 

of balloon aortic tamponade after implanting the closure device. Second, systematic CT 

surveillance of any TAVR access sites would likely reveal subclinical hematomas. The 

transcaval IDE trial uniquely among TAVR trials included systematic post-procedure access-

site CT which we believe increased ascertainment of VARC-2 bleeding and vascular 

complications not otherwise clinically apparent. Third, in the past transcaval access may 

have been reserved for truly “no-option” patients with extreme co-morbidity, rather than 

employed as a routine alternative to transfemoral access. Such early “no-option” patients are 

expected to suffer more frequent complications including bleeding. The downward temporal 

trend in STS mortality-risk scores among transcaval-access patients reported in the literature 

and in this report (TABLE 4) supports this explanation. Fourth, transfusion strategies have 

become more restrictive (28). Commercialization of a non-permeable dedicated transcaval 

closure device (29) might further reduce bleeding. Finally, we observed a significantly lower 

incidence of our patient-oriented composite endpoint of “discharge directly to home without 

stroke or TIA” among patients undergoing either transcaval or transfemoral compared with 

transaxillary access. This is out-of-proportion to neurological events. One explanation may 

be that convalescence after transaxillary access may be more protracted than recognized.

Each access method has its relative advantages. Transfemoral artery access risks the 

fewest complications when appropriately selected, is ergonomically attractive, and confers 

the shortest length of stay. Transaxillary artery access, especially percutaneous, is more 

technically complex than transfemoral, but enjoys widespread operator and institutional 

experience and training opportunities and requires low materials costs when covered 

stents are not required. Recent technical refinements in transaxillary access include local 

anesthesia, which allows real-time monitoring and intervention to respond to neurovascular 

events; and radial-only accessory and bailout access (30) (12). Disadvantages include higher 

risk of stroke and bleeding compared with transfemoral, and risk of internal mammary 

artery bypass obstruction. By comparison, transcaval access has low transfemoral-like stroke 

rate, increased transaxillary-like bleeding rate, and transfemoral-like favorable operator 

ergonomics and radiation exposure. The main disadvantage of transcaval access is higher 

materials costs for the closure device and deflectable sheath, longer fluoroscopy time 

and contrast dose, and less-well-disseminated operator experience. Among nonfemoral 

access options, transcarotid access has advocates even though it is not fully percutaneous 

(31,32); participating sites contributed too few transcarotid (n=29) and transthoracic 

(n=34) TAVR procedures for meaningful comparison in this study. TVT Registry reports 

586 transcaval and “other” access TAVR procedures in the years 2017–2019, and 5275 

transaxillary procedures(22). We estimate our series represents approximately 30% of 

transcaval procedures and 1.5% of transaxillary procedures in the registry. We believe other 

centers can probably replicate the results of this study.

Lederman et al. Page 8

JACC Cardiovasc Interv. Author manuscript; available in PMC 2023 May 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Limitations

Important limitations of this study include the non-random allocation of access routes, which 

were selected by the operators. Follow-up registries, such as the one used for this study, 

are subject to under-recognition and under-reporting of complications. Universal source-data 

verification and universal predischarge CT scanning of access sites would likely increase 

ascertainment of complications; this ascertainment bias likely applies equally across access 

routes. Allocation to transcaval or transaxillary access may reflect disproportionate referral 

bias of more risky cases to more experienced operators participating in this registry. Despite 

our attempts to compensate for baseline imbalances using doubly robust estimation (both 

propensity score and multivariate regression modeling), we cannot rule out unmeasured 

confounding. It is possible that patients selected for transaxillary access are indeed frailer 

and more prone to complications than those selected for transcaval access.

The observed disproportionate stroke after transaxillary access is mechanistically plausible 

and consistent with previous reports (Table 4). Whether surveillance for stroke/TIA is 

more intensive after transaxillary than other access routes is not known. We do not have 

data about stroke/TIA sidedness (localization to the site of transaxillary access), which 

might assist attribution of stroke/TIA to the TAVR procedure. The role (or feasibility in 

transaxillary access) of cerebral embolic protection is unclear given its sparse application 

in this study. Despite these limitations, transcaval access does not appear to have worse 

bleeding or vascular complications than transaxillary access; indeed, by some measures it 

appears superior.

CONCLUSIONS

Among experienced operators participating in this report, transcaval access conferred a 

lower risk of stroke, and a comparable rate of bleeding and vascular complications, than 

transaxillary access for TAVR. A prospective randomized trial comparing both approaches 

would be important to remove unrecognized bias in patient selection between the two 

groups. However, based on the neurovascular outcomes reported in our study, transcaval 

access should be considered an attractive percutaneous nonfemoral access option for TAVR.
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ABBREVIATIONS AND ACRONYMS

CHA2DS2-Vasc Congestive heart failure, Hypertension, Age ≥75 (doubled), 

Diabetes mellitus, prior Stroke or transient ischemic attack 

(doubled), Vascular disease, Age 65–74, Female

GBM Generalized Boosted Modeling

GMR Geometric Mean Ratio

IDE Investigational device exemption

NYHA New York Heart Association heart failure classification

STS-PROM Society of Thoracic Surgeons’ Predicted Risk of 30-day 

Mortality

TAVR Transcatheter Aortic Valve Replacement

TIA Transient Ischemic Attach

TVT Transcatheter valve therapy (registry)

VARC Valve Academic Research Consortium
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PERSPECTIVES

WHAT IS KNOWN?

Early reports of nonfemoral access suggested that transcaval access was associated with 

a higher incidence of bleeding and major vascular complications, and that transaxillary 

access may be associated with a higher incidence of stroke/TIA.

WHAT IS NEW?

Transcaval access had a lower rate of stroke/TIA than transaxillary access for TAVR, 

comparable bleeding and vascular complications, and higher rate of discharge directly to 

home without stroke/TIA.

WHAT IS NEXT?

Transcaval access techniques can be disseminated through training and proctorship. 

Dedicated closure devices may further reduce the incidence of bleeding after transcaval 

access.
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Figure 1. 
Outcomes before- and after adjustment for baseline imbalances.

Forest plot of relative outcomes of transcaval versus transaxillary access, expressed as OR 

(Odds Ratio) for parametric data and as GMR (Geometric Mean Ratio) for continuous data, 

with 95% CI (confidence intervals). Values with confidence intervals that do not cross OR/

GMR=1.0 are considered statistically significant. Plots show unweighted (blue) and inverse 

propensity-score-weighted (red) outcomes. ICU = Intensive Care Unit; LOS = Length of 

Stay; Corrected hemoglobin drop = (baseline – discharge hemoglobin) + (units of PRBC 

transfused).
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Central Illustration. 
Key outcomes after transcaval versus transaxillary access in contemporary practice.
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