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Abstract: A growing body of evidence suggests that extrathoracic vascular accesses for transcatheter
aortic valve replacement (TAVR) yield favorable outcomes and can be considered as primary alterna-
tives when the gold-standard transfemoral access is contraindicated. Data comparing the transcaval
(TCv) to supra-aortic (SAo) approaches (transcarotid, transsubclavian, and transaxillary) for TAVR
are lacking. We aimed to compare the outcomes and safety of TCv and SAo accesses for TAVR
as alternatives to transfemoral TAVR. A systematic review with meta-analysis was performed by
searching PubMed/MEDLINE and EMBASE databases for all articles comparing TCv-TAVR against
SAo-TAVR published until September 2023. Outcomes included in-hospital or 30-day all-cause
mortality (ACM) and postoperative complications. A total of three studies with 318 TCv-TAVR and
179 SAo-TAVR patients were included. No statistically significant difference was found regarding
in-hospital or 30-day ACM (relative risk [RR] 1.04, 95% confidence interval [CI] 0.47–2.34, p = 0.91),
major bleeding, the need for blood transfusions, major vascular complications, and acute kidney
injury. TCv-TAVR was associated with a non-statistically significant lower rate of neurovascular
complications (RR 0.39, 95%CI 0.14–1.09, p = 0.07). These results suggest that both approaches may be
considered as first-line alternatives to transfemoral TAVR, depending on local expertise and patients’
anatomy. Additional data from long-term cohort studies are needed.

Keywords: transcaval; supra-aortic; transcatheter aortic valve replacement; TAVR; TAVI;
meta-analysis

1. Introduction

Although transfemoral (TF) vascular access is the gold-standard approach for tran-
scatheter aortic valve replacement (TAVR), it may not be suitable in approximately 5–10%
of patients due to anatomical challenges such as inadequate vessel size, severe calcification
of the iliofemoral vasculature, or significant vessel tortuosity [1,2]. To circumvent these
limitations, alternative vascular access routes have been developed, including extrathoracic
(ET) approaches, which have shown improved outcomes compared to intrathoracic options.

J. Clin. Med. 2024, 13, 455. https://doi.org/10.3390/jcm13020455 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm13020455
https://doi.org/10.3390/jcm13020455
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0001-8466-7360
https://orcid.org/0000-0002-3083-7333
https://orcid.org/0000-0002-2810-8887
https://orcid.org/0000-0002-5524-5844
https://orcid.org/0000-0002-9074-6505
https://doi.org/10.3390/jcm13020455
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm13020455?type=check_update&version=1


J. Clin. Med. 2024, 13, 455 2 of 10

ET accesses can be further categorized into transcaval (TCv) [3] and supra-aortic (SAo)
approaches, which include transcarotid (TC) [4], transsubclavian (TSc) [5], and transaxillary
(TAx) [6] accesses. This classification is relevant because SAo approaches present broadly
similar outcomes and prognoses, in addition to sharing common surgical characteristics [7].
As such, SAo approaches are now considered by many teams as the primary alternatives to
TF access [7,8]. The TCv access, which involves percutaneously entering the abdominal
aorta from the adjacent inferior vena cava, is the most recently developed approach [3].
Recent studies have demonstrated favorable outcomes associated with this access, leading
some teams to advocate for its use as a first-line alternative to TF-TAVR [9]. Nonetheless,
there is a scarcity of data comparing the TCv and SAo approaches.

To our knowledge, no meta-analysis has directly compared TCv-TAVR to SAo-TAVR.
Such an analysis would help define the best alternative to gold-standard TF access and is
particularly relevant because there is no consensus defining the most appropriate approach
when TF-TAVR is contraindicated. Our objectives were to compare the risks of in-hospital
or 30-day all-cause mortality (ACM) and postoperative complications between TCv-TAVR
and SAo-TAVR, among patients unfit for TF-TAVR.

2. Materials and Methods

This systematic review with meta-analysis adhered to a predetermined research plan,
which was registered on the PROSPERO international prospective register of systematic
reviews under the title “Transcaval Versus Supra-aortic Vascular Accesses for Transcatheter
Aortic Valve Replacement: A Systematic Review with Meta-analysis; CRD42023439459”.
The recommendations of the Committee of Medical Journal Editors (ICMJE) were followed
in conducting this study [10]. The outcomes were reported in accordance with the guide-
lines outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [11]. Since this analysis relied on previously published data at the
study level, ethical approval was not necessary.

2.1. Search Strategy and Selection Criteria

We conducted a systematic review encompassing all relevant data from inception until
26 September 2023, using the online databases PubMed/MEDLINE (Medical Literature
Analysis and Retrieval System Online) and EMBASE (Excerpta Medica Database). The
following keywords were used: “transcatheter aortic valve replacement,” “transcatheter
aortic valve implantation,” “TAVR,” “TAVI,” “transcaval,” “caval-aortic,” “transcarotid,”
“carotid,” “brachiocephalic,” “transsubclavian,” “subclavian,” “transaxillary,” and “axil-
lary.” The study selection process is illustrated in Supplementary Table S1.

Initially, all references were included in the preliminary overview without any filters
or restrictions. The studies selected for inclusion in this meta-analysis had to fulfill the
following criteria: (1) they were original research articles; (2) they compared the TCv access
against one or several SAo accesses; and (3) they reported patients’ baseline characteristics,
30-day ACM, and postoperative outcomes. Abstracts, poster presentations, case series,
review articles, non-English language articles, and non-human studies were excluded.

The literature search, selection process, and data extraction were independently carried
out by two co-authors (PA and HL). Any disagreement was resolved with the assistance of
a third author (GT).

2.2. Outcomes

Outcomes included in-hospital or 30-day ACM (the two periods were grouped to-
gether) and immediate or 30-day postoperative complications (major bleeding and blood
transfusions, major vascular complications, stroke or transient ischemic attack [TIA], acute
kidney injury [AKI]). Whenever possible, outcomes were defined according to the Valve
Academic Research Consortium-2 (VARC-2) or VARC-3 criteria [12,13].
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2.3. Statistical Analyses

Continuous variables were presented as means with standard deviations (SDs) or
medians with interquartile ranges (IQRs), while frequencies were used for dichotomous
variables. Baseline characteristics were compared between groups using Pearson’s X2 test
for categorical variables and Student’s t-test for normally distributed continuous variables.
Data expressed as medians were not considered in the comparison statistical analyses as
they were assumed not to follow a normal distribution. Relative risks (RRs) along with
their corresponding 95% confidence intervals (CIs) were utilized as summary statistics
and estimated using the Mantel-Haenszel random-effects model. We opted for this model
to accommodate methodological variations and population diversity across the included
studies. All p-values were two-sided, and a value below 0.05 was considered statistically
significant. The percentage of total variation across studies due to heterogeneity rather
than chance was estimated using the I2 statistic. Heterogeneity was categorized as low,
moderate, or high based on intervals of <25%, 25–50%, and >50%, respectively. The quality
assessment of observational studies was conducted using the Newcastle-Ottawa tool [14].
Statistical analyses were performed using the Review Manager 5.4 software (The Nordic
Cochrane Center, The Cochrane Collaboration, Copenhagen, Denmark).

3. Results
3.1. Study Selection

A total of 2619 references were identified in the initial search. After removing du-
plicates, 2004 references remained. Of those, 1976 studies were excluded at the title and
abstract levels. The remaining 28 studies were assessed for eligibility at the full-text level,
with an additional 25 being excluded. After conducting a quality assessment of the three
remaining studies using the Newcastle–Ottawa tool, we determined that two of them were
of medium quality [15,16], while one study was of high quality [9]. All three studies met
the criteria for inclusion in our meta-analysis (Supplementary Table S1). The PRISMA
diagram illustrates the search strategy (Figure 1).
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Figure 1. PRISMA Flowchart. PRISMA = Preferred Reporting Items for Systematic Reviews and
Meta-Analyses.

3.2. Patients’ Baseline Characteristics

The three studies included a total of 497 patients (318 in the TCv group and 179 in
the SAo group). Their baseline clinical and echocardiographic characteristics are shown
in Table 1. Among SAo patients, the TC access was used in 32 patients (17.9%), the TSc
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access in 41 patients (22.9%), and the TAx access in 106 patients (59.2%). The comparisons
between TCv-TAVR and SAo-TAVR patients are presented in Supplementary Table S2
(categorical variables) and Supplementary Table S3 (continuous variables). TCv-TAVR
patients presented more often with prior coronary artery bypass grafting (CABG, 25.8%
vs. 17.0%, p = 0.04). Among patients in the TCv group, there was also a higher prevalence
of peripheral artery disease, which did not reach statistical significance (65.0% vs. 50.7%,
p = 0.07), as well as a lower proportion of men (43.3% vs. 52.0%, p = 0.07). Finally, TCv-TAVR
patients were significantly younger than SAo-TAVR ones (77.3 ± 9.0 vs. 78.9 ± 8.4 years,
p = 0.04). No statistically significant difference was found regarding the other baseline
comorbidities or surgical risk score.

In two studies, the procedure selection process was reported [15,16]. In both cases,
the TCv and SAo accesses were considered as first-line alternatives to TF-TAVR. The final
decision between the two approaches was made collaboratively by the Heart Team, taking
into account clinical data and the evaluation of the computed tomography scans.

3.3. Perioperative Characteristics

Data on perioperative characteristics are presented in Supplementary Tables S4 and S5.
The proportion of patients receiving moderate sedation was significantly higher in the
TCv-TAVR group (46.9% vs. 12.8%, p < 0.001). Procedural success was high and similar
in the two groups (98.8% vs. 99.3%, p = 0.64), and no significant difference was found
regarding the type of transcatheter heart valve that was utilized.

3.4. In-Hospital or 30-Day All-Cause Mortality

Data regarding in-hospital or 30-day ACM were reported in all three studies. No
significant difference was found between TCv-TAVR and SAo TAVR (RR 1.04, 95% CI
0.47–2.34, p = 0.91) (Figure 2A).
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Table 1. Baseline characteristics of patients undergoing transcatheter aortic valve implantation.

Comorbidities Echocardiographic
Parameters

Authors, Year Study
Arm

Sample
Size (n)

Age
(Years)

Male
Gender STS Score

NYHA
Class III

or IV
HTA Diabetes MI CABG AFF PAD Previous

Stroke/TIA
CLD/

COPD ESRD LVEF
AV Mean
Gradient
(mmHg)

Paone et al.
2018 [15]

TCv 58 79.6 ± 9.6 44.8 8.0 ± 5.2 81.3 90.0 44.8 - - - 75.9 43.1 43.1 5.2 53.3 ± 15.5 32.0 ± 13.1
TC 32 79.0 ± 9.6 50.0 6.9 ± 4.4 93.1 93.8 34.4 - - - 78.1 40.6 62.5 6.3 56.2 ± 11.9 36.5 ± 15.2

Long et al.
2020 [16]

TCv 22 80.7 ± 3.9 36.4 9.0 ± 1.9 - - 31.8 27.3 13.6 22.7 36.4 18.1 22.7 9.0 42.3 ± 4.2 38.2 ± 4.8
TSc 41 83.2 ± 3.7 41.5 10.4 ± 2.6 - - 43.9 12.2 9.8 26.8 29.3 14.6 24.3 7.3 38.3 ± 5.9 34.8 ± 4.7

Lederman
et al. 2022 [9]

TCv 238 76.4 ± 9.1 43.7 5.0 (3.2, 8.4) 60.1 94.1 43.9 24.4 26.9 34.6 55.3 19.8 40.3 8.8 58.0 (43.0, 60.0) 40.1 ± 13.5
TAx 106 77.2 ± 8.8 56.6 5.6 (4.0, 8.3) 85.5 92.5 31.8 25.7 19.8 34.0 0 28.3 34.0 5.7 57.0 (43.0, 63.0) 41.1 ± 13.9

TCv = transcaval; TC = transcarotid; TSc = transsubclavian; TAx = transaxillary; STS score = Society of Surgeons score; NYHA = New York Heart Association; HTA = hypertension; MI
= myocardial infarction; CABG = coronary artery by-pass graft; AFF = atrial fibrillation or flutter; PAD = peripheral artery disease; TIA = transient ischemic attack; CLD = chronic
lung disease; COPD = chronic obstructive pulmonary disease; ESRD = end-stage renal disease; LVEF = left ventricular ejection fraction; AV = aortic valve. All values are expressed as
percentages (%), unless specified otherwise.
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3.5. Major Bleeding and Blood Transfusions

Data on major bleeding were available in all three studies, with no significant difference
found between the two groups (RR 1.43, 95%CI 0.25–8.13, p = 0.69) (Figure 2B). Likewise,
there was no significant difference regarding the need for blood transfusions (RR 1.38,
95%CI 0.57–3.32, p = 0.17) (Figure 2C).

3.6. Major Vascular Complications

Data on major vascular complications were available in all three studies, with no
significant difference found between TCv-TAVR and SAo-TAVR (RR 2.32, 95%CI 0.40–13.39,
p = 0.35) (Figure 3A).
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Figure 3. Forest plots. (A) Risk ratios for post-operative major vascular complications, (B) Risk ratios
for stroke or TIA, (C) Risk ratios for the development of acute kidney injury. TIA = transient ischemic
attack [9,15,16].

3.7. Stroke or Transient Ischemic Attack

Data regarding new-onset stroke or TIA within 30 days were found in all three studies.
The TCv approach was associated with lower risk but did not reach statistical significance
by a small margin (RR 0.39, 95%CI, 0.14–1.09, p = 0.07) (Figure 3B).

3.8. Acute Kidney Injury

Data regarding AKI were available in all three studies, with no significant difference
between the two groups (RR 0.66, 95%CI 0.31–1.39, p = 0.27) (Figure 3C).

4. Discussion

To our knowledge, this meta-analysis is the first to compare the TCv vascular access
against other ET accesses. Our main findings can be summarized as follows: (1) No statisti-
cally significant difference was found regarding in-hospital or 30-day ACM, major bleeding,
the need for blood transfusions, major vascular complications, or acute kidney injury;
(2) the TCv approach was associated with a lower rate of neurovascular complications,
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which however did not reach statistical significance; and (3) the proportion of patients
receiving moderate sedation was higher in the TCv-TAVR group.

During the past decade, in patients unfit for the gold-standard TF vascular approach,
SAo-TAVR has become the de facto first-line alternative for many teams worldwide. In
a previously published meta-analysis, our team showed that SAo approaches, compared
with the transthoracic ones (transapical and transaortic), were associated with lower ACM
(30-day or 1-year) and lower rates of post-operative complications (including life-threatening
bleeding, new-onset atrial fibrillation or flutter, and AKI needing renal replacement ther-
apy), provided patient groups were not comparable (transthoracic-TAVR patients being
more poly-morbid) [17]. Historically, transthoracic approaches were developed first and
considered as the primary alternatives to TF access until the mid-2010s. They offer the
advantage of easy access to the aortic valve; however, they are usually performed under
general anesthesia and require a surgical cutdown of the thoracic wall, with the need for
longer postoperative recovery periods. Observational data suggested that transthoracic ap-
proaches yield a higher 30-day ACM rate compared with the TF approach [18,19]. As such,
the use of transthoracic-TAVR gradually decreased over time, while the use of SAo-TAVR,
showing promising results (and in some cases, comparability to TF-TAVR [7,8]), witnessed
an increase.

The TCv approach represents the latest major alternative vascular pathway developed
for TAVR. Initial significant outcomes were first reported by Greenbaum and colleagues [20].
In a cohort of 100 high-surgical-risk patients (with a mean Euroscore II predicted risk of
mortality of 10.9 ± 9.8%), the 30-day all-cause mortality rate stood at 8%. Additionally,
rates of ischemic stroke, life-threatening bleeding, and major vascular complications were
reported at 5%, 7%, and 13%, respectively. These encouraging findings have prompted
certain teams to advocate for its consideration as a primary alternative to TF-TAVR [9].

A specific concern associated with TCv-TAVR is the potential for increased retroperi-
toneal bleeding complications, a phenomenon not observed in our study when compared
to SAo-TAVR (no significant difference regarding the rate of life-threatening bleeding or
the need for blood transfusion). In fact, this perceived increased risk is unfounded due to
physiological factors. The TCv access relies on the principle that interstitial hydrostatic
pressure surpasses venous pressure. Consequently, in the relatively restricted retroperi-
toneal space, blood that exits an opening in the abdominal aorta returns to the vena cava,
preventing its accumulation as a hemorrhage in the retroperitoneal cavity [21]. These par-
ticular anatomical and physiological characteristics allow for a 2-step closure of aorto-caval
tracts using permeable nitinol occluder devices after removal of the delivery system [20].

An important observation in our study pertains to the higher proportion of TCv-TAVR
patients who underwent interventions under sedation with local anesthesia (almost half of
them) compared to SAo-TAVR patients. While the use of local anesthesia with sedation
has also been described in the latter group, previous data indicate that most teams prefer
using general anesthesia [22]. This represents a clear advantage of the TCv approach, as
local anesthesia with sedation may be associated with better outcomes in TAVR [23].

Interestingly, we found that the risk of neurovascular complications appears to be
lower with the TCv approach compared to the SAo approach. This finding is particularly
interesting because the risk of stroke or TIA remains a significant concern in patients
undergoing TAVR procedures. It was mainly driven by the study conducted by Lederman
et al. [9], which reported a rate of neurovascular complications of 13.2% at 30 days associated
with the TAx approach. This rate seems unusually high when compared to previous cohort
studies that investigated TAx-TAVR [24,25]. Regarding TC and TSc approaches, the rates of
stroke reported in the literature usually range from 3 to 5% [22,26]. Therefore, our findings
should be interpreted with caution. Another unknown factor is the proportion of patients
who received cerebral embolic protection devices. While one study mentioned a very low
utilization rate [9], the other two studies did not report this information [15,16].

The decision to either perform TCv-TAVR or SAo-TAVR in patients unfit for TF-
TAVR is heavily contingent on the patients’ anatomical considerations. Aortic dissections,
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pedunculated aortic plaques, and inferior vena cava filters are relative contraindications
to TCv-TAVR [27]. In contrast, contraindications to SAo approaches include small artery
diameter (<6 mm), heavy calcification, excessive kinking or severe stenosis of the access
vessel, prior ipsilateral carotid artery intervention, or stenosis of the contralateral carotid
artery (for the TC approach).

In summary, our results suggest that TCv-TAVR may achieve outcomes comparable
to SAo approaches and, from a practical standpoint, may be considered as a first-line
alternative to TF-TAVR among eligible patients. The TCv access also offers additional
benefits, such as avoiding the need for surgical cutdowns or thoracic incisions, as well
as facilitating a rapid postoperative recovery with the utilization of large-bore venous
access [16]. It remains unknown whether this may lead to shorter recovery times and
hospital lengths of stay, resulting in decreased overall costs. Recently published technical
recommendations should help expand its utilization in patients with contra-indications to
TF-TAVR [27].

The choice between TCv-TAVR and SAo-TAVR hinges on factors such as patients’
vascular anatomy, comorbidities, and the operator’s experience. This decision should be
made on a case-by-case basis, emphasizing the importance of operators’ expertise, partic-
ularly given that TCv-TAVR, while expanding in use, remains predominantly employed
in high-volume and experienced centers. Transthoracic alternative vascular pathways for
TAVR are now reserved by most teams for patients in whom TF, SAo, or TCv approaches
are contraindicated [28].

Our study is subject to several limitations. Firstly, the absence of randomized con-
trolled trials directly comparing TCv and SAo-TAVR restricts this meta-analysis to ob-
servational studies, which are susceptible to potential flaws. Potential confounding bias,
resulting from the failure to adequately account for differences in baseline characteristics
and confounding variables in the analysis, may be present. While it is theoretically possible
to conduct a trial comparing the two vascular accesses in all patients contraindicated for TF-
TAVR, practical obstacles such as participants’ vascular anatomy and surgeons’ expertise
would pose challenges. Secondly, the authors acknowledge the scarcity of studies directly
comparing TCv- to SAo-TAVR. As a result, the included patient sample size is relatively
small. This limitation is attributed to the relatively recent emergence of both approaches.
Additional studies are needed and will hopefully expand the available research on this
comparison. Finally, the results were published by highly specialized centers boasting
considerable expertise and skilled teams proficient in the use of the different vascular path-
ways for TAVR. The impact of this “experience” factor on the outcomes remains unknown,
and the findings presented here may not be universally applicable to all teams worldwide.

5. Conclusions

In conclusion, among patients unfit for TF-TAVR, our meta-analysis did not find any
significant difference between TCv-TAVR and SAo-TAVR regarding the rates of in-hospital
or 30-day ACM and post-procedural complications. There was a potential indication of a
lower risk of neurovascular complications associated with the TCv approach. These results
suggest that both approaches may be considered as first-line alternatives to TF-TAVR,
depending on local expertise and the patients’ anatomy and comorbidities. Furthermore,
the acquisition of additional data through head-to-head comparisons and cohort studies
with prolonged follow-up periods is essential. This extended investigation should encom-
pass assessments of economic implications and the pivotal role of operator experience.
Such comprehensive research efforts will give a more robust understanding of the optimal
application of both SAo and TCv-TAVR in diverse clinical contexts.
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