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SAFETY OF TRANSCATHETER AORTIC VALVE REPLACEMENT
FOR HiGH-RISK PATIENTS WITH SEVERE AORTIC STENOSIS

Background Severe aortic stenosis (AS) is a life-threatening condition that necessitates prompt intervention, even
in high-risk patients with contraindications to surgical aortic valve replacement (SAVR). Transcatheter
aortic valve replacement (TAVR) has become a transformative treatment, utilizing various access
routes, including transfemoral (TF), transapical, and other, alternative pathways. The selection of
the access route significantly impacts procedural safety and outcomes. The purpose of this study is to
compare the safety profiles of different TAVR access routes in high-risk patients with severe AS.

Material and methods Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines, a com-
prehensive literature search was performed in PubMed and Cochrane Library databases to identify
studies that evaluated the safety outcomes of TAVR via various access routes in high-risk patients. Key
endpoints analyzed were procedural complications, 30-day mortality, cardiac electrophysiological
abnormalities, stroke incidence, and vascular complications. Meta-analysis utilizing RevMan 5.3 was
performed, employing fixed or random effects models based on heterogeneity.

Results Seven studies encompassing 2,351 patients were included in the analysis. The pooled analysis revealed
that the non-TF access routes were associated with a significantly higher risk ratio (RR) for procedural
complications [RR=1.76; 95% confidence interval (CI): 1.63-1.89, p<0.00001] compared to the TF
approach. No statistically significant difference in 30-day mortality was observed among the access
routes [OR=0.79; 95% CI: 0.60-1.0S, p=0.11]. However, alternative routes had increased odds of
cardiac electrophysiological abnormalities [OR=1.44; 95% CI: 1.12-1.84, p=0.004]. There was no sig-
nificant difference in stroke incidence between access routes [OR=1.16; 95% CI: 0.75-1.79, p=0.51],
but vascular complications were significantly more frequent with non-femoral routes [OR=1.70; 95%
CI: 1.29-2.24, p=0.0001].

Conclusion This meta-analysis underscores the critical role of access route selection in the safety of TAVR. While
the TF approach remains the gold standard due to its lower complication rates, alternative routes are
indispensable for anatomically or clinically challenging cases. Refinements in procedural techniques,
patient selection, and advanced imaging are essential to optimizing outcomes across all access routes.
Further large-scale studies are warranted to validate these findings and enhance clinical decision-making.
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Introduction Since its initial approval, TAVR has been widely imple-

Severe aortic stenosis (AS) is a critical valvular heart dis- mented for treating AS patients. It has demonstrated com-
ease that disproportionately affects elderly and high-risk pa-  parable or superior outcomes to SAVR in terms of mortal-
tients [1]. Without timely intervention, the prognosis for se- ity and functional recovery [4]. A pivotal aspect of TAVR’s
vere AS is poor, with a high likelihood of rapid progressionto  success is its ability to utilize multiple vascular access
heart failure and death. For many years, the usual therapy for  routes, including transfemoral (TF), transapical, transaor-
severe AS has been surgical aortic valve replacement (SAVR) tic, and other pathways, such as transsubclavian or transca-
[2]. However, many patients with advanced age, multiple co-  val approaches [5, 6]. While the TF route is generally fa-
morbidities, or frailty are deemed ineligible or at high risk for ~ vored due to its less invasive nature and lower complication
conventional surgery. This has contributed to the develop- rates, anatomical or vascular limitations may necessitate al-
ment and adoption of transcatheter aortic valve replacement  ternative access strategies in a significant subset of patients.
(TAVR), a minimally invasive alternative to SAVR, which However, each access route poses unique procedural chal-
has transformed the therapeutic landscape for patients with  lenges and is associated with distinct profiles of safety and
severe AS [3]. efficacy outcomes. Consequently, identifying the optimal
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Central illustration. Safety of Transcatheter Aortic Valve Replacement for High-Risk Patients with Severe Aortic Stenosis

Studies evaluating the safety outcomes of TAVR
via various access routes in high-risk patients

Study sample:
7 studies encompassing 2,351 high-risk or
elderly individuals with AS undergoing TAVR

Key endpoints:

procedural complications, 30-day mortality,
cardiac electrophysiological abnormalities,
stroke incidence, and vascular complications

Meta-analysis

Source of included data: Included criteria:
PubMed database and the Cochrane Library > High-risk or elderly individuals with AS undergoing TAVR;

> TAVR performed via various access routes;

» Safety-related endpoints, including complications, mortality, major
adverse events, survival rates, or postoperative complications;

> Systematic reviews, meta-analyses, randomized controlled trials,
or cohort studies.

L}
By Transapical
approach
Transfemoral ol PP
approach
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approach

v/ Alternative access routes have higher risk for procedural
complications.

v/ Alternative routes have increased odds of cardiac electro-
physiological abnormalities.

v/ Vascular complications are significantly more frequent
with alternative routes.

access route for individual patients remains a critical aspect
of preprocedural planning.

The safety of TAVR is impacted by numerous factors, in-
cluding patient comorbidities, anatomical complexity, op-
erator experience, and device advancements [7]. Com-
plications associated with TAVR, such as vascular injury,
conduction disturbances, and stroke, are significant con-
cerns that necessitate meticulous evaluation of alternative
procedures [8, 9]. Since TF access is often associated with
an increased incidence of vascular complications [10], this
raises further questions about comparative safety and utility
of TF TAVR in high-risk populations.

In recent years, systematic reviews and meta-analyses
have emerged as valuable tools the synthesized evidence
from multiple studies to provide comprehensive insights
into the safety and efficacy of TAVR via various access
routes [11, 12]. By aggregating data across diverse clini-
cal contexts, meta-analyses can address critical knowledge
gaps and provide information for making clinical deci-
sions. By conducting a meta-analysis and presenting sys-
tematic review the aim of this report was to assess the safe-
ty outcomes of TF TAVR in high-risk patients with severe
AS. By examining key safety endpoints, including proce-
dural complications, 30-day mortality, and adverse events,
this analysis aimed to provide evidence-based recommen-
dations for optimizing access route selection in this vul-
nerable patient population. Specifically, results of TF
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TAVR (identified below as “experimental”) were com-
pared with results of transapical access and SAVR (identi-
fied below as “control”).

Material and methods
Search strategy

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) criteria [13] were followed
in performing this systematic review and meta-analysis. To
find studies assessing the safety of TF TAVR in high-risk pa-
tients with AS, a thorough literature search was conducted
using PubMed and the Cochrane Library. Both free-text key-
words and Medical Subject Headings (MeSH) phrases were
used in the search. The details of searching keywords and
steps are shown in Supplementary Material. No language re-
strictions were applied. Additional studies were identified by
screening references of the included articles. After remov-
ing duplicates, two independent reviewers assessed all ab-
stracts and titles. Studies considered potentially eligible were
retrieved for full-text assessment. Disagreements were re-
solved by consensus.

Inclusion and exclusion criteria
The included studies met the following criteria:

1) Population, groups of high-risk or elderly individuals
with AS

2) Intervention, TF TAVR or transapical TAVR/SAVR;
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3) Outcomes, safety-related endpoints, including
complications, mortality, major adverse events, survival
rates, or postoperative complications;

4) Study Design, systematic reviews, meta-analyses,
randomized controlled trials (RCTs), or cohort studies
(including multicenter studies).

Articles that did not provide extractable outcomes, case
reports, conference abstracts, reviews without systematic
methodology, and reports that did not address safety end-
points were also excluded.

Risk of bias assessment

The application of the ROBINS-I tool [14] indicated
that the included cohort studies generally achieved low to
moderate risk of bias across most domains. While some
concerns were noted regarding patient selection (e.g., non-
randomized allocation, potential confounding from base-
line comorbidities) and the classification of interventions
(e.g., differing procedural techniques across centers), no
study was thought to have a high risk of bias that would pre-
clude its inclusion in the meta-analysis. Missing data and
measurement of outcomes were managed sufliciently in
most instances, with robust reporting measures and follow-
up procedures. Selective reporting was not prevalent, as all
included studies provided their primary safety outcomes in
a transparent manner.

Meta analysis

RevMan 5.3 software (https: //www.risetku.com/blog/
revman) was used for the meta-analysis. For count data,
the 95% confidence interval (CI) was computed for the rela-
tive risk, i.e., odds ratio (OR), as the impact indicator. When
p>0.05 and the heterogeneity statistic (I*) <50%, the het-
erogeneity between studies was deemed to be small, and
the fixed effects model was chosen for analysis; if p<0.05 and
I*>50%, it was deemed that there was significant heteroge-
neity, and a random effects model was employed for anal-
ysis. The heterogeneity test uses both the chi squared test
and the I statistic to assess the homogeneity between stud-
ies. A p value < 0.0S5 was considered statistically significant.
A funnel plot was inverted and its symmetry tested using Eg-

Table 1. A summary of the main information of the included studies

Figure 1. PRISMA flow diagram
of the literature search and study selection process

Indentification of studies via databases and registers

5 Records removed
é Records idetified from: Dbefol1“e screemn(%:
= Databases (n=65) [ up!licate records
= removed
%)
s -
E (n=65)
Records screened: Records excluded:
(n=63) (n=2)
2P Reports southt Records not retrieved:
3 for retrieval: — (n=0)
8 (n=63)
)
3 1
Reports excluded:
Records assessed « Not an RCT (n=23)
for eligibility: | » Incomplete data (n=21)
(n=63) « Repeated research
l content (n=12)
E _ Reports )
= of included studies:
E (n=7)

ger’s test to assess the publication bias of the contained litera-
ture. The existence of publication bias was revealed if the Eg-
ger’s test p value was less than 0.1. Potential publication bias’s
influence on the cumulative effect was corrected and adjust-
ed using the TrimandFill approach [15].

Results
Results of literature search

The initial search yielded 65 references (PubMed, n=11;
Cochrane, n=54). Two papers that did not fit the inclusion
criteria were eliminated through title and abstract screening.
The remaining 63 full-text papers were then further evalu-
ated for eligibility. Of these, 56 were excluded due to irrele-
vance to the predefined outcomes, lack of full-text availabil-
ity, inappropriate study populations, or insufficient data
quality. Finally, the qualitative synthesis and meta-analysis
comprised seven studies. Figure 1 shows a PRISMA flow di-

Groups

Authors Year Study design Total sample, n .

Experimental, n Control, n
Smith et al. [16] 2011 Multicenter RCT 351 TF TAVR 248 Transapical TAVR 103
Sawa et al. [17] 2015 Multicenter n-RCT 64 TF TAVR 37 Transapical TAVR 27
Gleason et al. [18] 2016 Multicenter RCT 750 TF TAVR 391 SAVR 359
Ito et al. [19] 2020 Multicenter RCT 742 TF TAVR 389 SAVR 353
Blieziffer et al. [20] 2009 SCCS 152 TF TAVR 121 Transapical TAVR 26
Casado et al. [21] 2021 SCCS 282 TF TAVR 235 Transapical TAVR 47
Yuan et al. [22] 2013 SCCS 10 TF TAVR 6 Transapical TAVR 4
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Figure 2. Risk bias diagram
Bias in selection of the reported result
bias in selection of participants into the study
Bias in classification of interventions
Bias due to deviations from intended interventions
Bias due to missing data

Bias in measurement of outcomes

%
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. Low risk of bias

agram that illustrates the research selection process. The sev-
en included studies encompassed a range of study designs,
including multicenter cohort studies and randomized con-
trolled trials, with sample size varying from 10 to 750 (Ta-
ble 1). Follow-up durations and reporting methods for safety
outcomes varied, but all studies provided data on atleast one
of the following: mortality, major adverse events, procedural
complications, or short-term survival rates.

n-RCT, non-randomized clinical trial; RCT, randomized
clinical trial; SAVR, surgical aortic valve replacement; SCCS,
single-center cohort studies; TF, transfemoral; TAVR, trans-
catheter aortic valve replacement.

Risk of bias in included studies
As described above, the included cohort studies general-

ly achieved low to moderate risk of bias across most domains.

Figure 3. Summary of risk bias
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Some concerns

Opverall, the risk-of-bias assessment suggested that the body
of eve was sufficiently reliable to support meaningful conclu-
sions (Figures 2 and 3).

Safety and efficacy outcomes

Adverse events. A total of seven studies were included in
the analysis to evaluate the relative safety outcomes of TAVR
via different access routes for high-risk patients with AS.
The pooled analysis indicated a notable increase in the event
rate in the TF (experimental) group compared with the non-
TF (control) group. Specifically, the overall risk ratio (RR)
was 1.76 (95% confidence interval [CI]: 1.63-1.89), and
the test for the overall effect was highly significant (Z=14.84,
p<0.00001, Figure 4). This indicated that the non-TF ap-
proach was associated with a 76% higher relative risk of
events compared to the TF approach.

Risk of bias domains

Bias in selection
D1 D2 D3 D4 DS D6 of the reported
result 1
Smith C.R. _ _ _
etal.
Sawa Y. — — -
etal.
Gleason T.G. — — — —
o etal.
S | ItoS. — _ — —
B etal.
5]
Bieziffer S. - - - -
etal.
Casado A.P. _ _
etal.
Yuan -
etal.

D1: Bias in selection of the reported result

D3: Bias in classification of interventions
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D4: Bias due to deviations from intended interventions
D2: bias in selection of participants into the study DS: Bias due to missing data
D6: Bias in measurement of outcomes

Judgement

‘ Low (—  Unclear ‘ High
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Figure 4. Forest plot of adverse events in the non-TF (experimental) and TF (control) groups

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bieziffer, S et al. 121 152 26 152 4.0% 4.65 [3.25, 6.66] —_—
Casado, A. P et al 248 348 103 351 15.7% 2.43 [2.04, 2.89] -
Gleason, T. G et al. 37 64 27 64 4.1% 1.37[0.96, 1.95] —
Ito, S et al. 111 391 88 359 14.1% 1.16 [0.91, 1.47] ™
Sawa, Y et al. 389 742 353 742 54.2% 1.10[1.00, 1.22] |
Smith, C. R et al. 235 282 47 282 7.2% 5.00 [3.83, 6.52] —_
Yuan et al 6 10 4 10 0.6% 1.50 [0.60, 3.74] ]
Total (95% CI) 1989 1960 100.0% 1.76 [1.63, 1.89] 4
Total events 1147 648
Heterogeneity: Chi? = 194.41, df = 6 (P < 0.00001); I> = 97% 0 61 0=1 1=0 160
Test for overall effect: Z = 14.84 (P < 0.00001) . : . 1
Favours [experimental] Favours [control]
Figure S. Forest plot of 30-day mortality in the non-TF (experimental) and TF (control) groups
Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bieziffer, S et al. 18 152 0 0 Not estimable
Casado, A. P et al 12 348 22 351 19.5% 0.53[0.26, 1.10] I
Gleason, T. G et al. 2 37 4 27 4.0% 0.33 [0.06, 1.94]
Ito, S et al. 22 391 23 359 20.8% 0.87[0.48, 1.59] — =
Sawa, Y et al. 63 348 60 306 48.2% 0.91[0.61, 1.34] ——
Smith, C. R et al. 18 235 5 47 7.1% 0.70 [0.25, 1.98] — 1
Yuan et al 1 6 0 4 0.4% 2.451[0.08, 76.13]
Total (95% CI) 1517 1094 100.0% 0.79 [0.60, 1.05] ‘
Total events 136 114

ity: Chi? = - - 12 = 09 b } } :
Heterogeneity: Chi* = 3.11, df = 5 (P = 0.68); | 0% 001 o1 ] 10 100

Test for overall effect: Z=1.60 (P = 0.11)

Favours [experimental] Favours [control]

Figure 6. Forest plot of the ORs for cardiac electrophysiological abnormalities in the non-TF (experimental) and TF (control) groups

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bieziffer, S et al. 31 152 0 0 Not estimable
Casado, A. P et al 56 348 30 351 23.6% 2.05[1.28, 3.29] —
Gleason, T. G et al. 0 37 1 27 1.6% 0.24 [0.01, 6.01]
Ito, S et al. 15 391 11 359 10.4% 1.26 [0.57, 2.79] T
Sawa, Y et al. 125 389 96 353 64.4%  1.27[0.92, 1.74] -
Smith, C. R et al. 0 235 0 47 Not estimable
Yuan et al 0 6 0 4 Not estimable
Total (95% CI) 1558 1141 100.0% 1.44 [1.12, 1.84] ‘
Total events 227 138
Heterogeneity: Chi? = 4.10, df = 3 (P = 0.25); I> = 27% I t } {
0.01 0.1 1 10 100

Test for overall effect: Z = 2.87 (P = 0.004)

30-day mortality

The pooled analysis of 30-day mortality in seven stud-
ies yielded an odds ratio (OR) of 0.79 (95% CI: 0.60-1.05)
when comparing the non-TF group with the TF group (Figu-
re 5). The test for the overall effect (Z=1.60, p=0.11) did not
reach statistical significance, indicating that the observed dif-
ference was not robust enough to exclude the influence of
random variation.

Heterogeneity across these studies was minimal, as evi-
denced by a chi-squared value of 3.11 with five degrees of free-
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dom (p=0.68) and an I* of 0%. Given the negligible between-
study variation, a fixed-effects model was deemed appropriate.
Although the direction of the point estimate suggests a poten-
tial reduction in 30-day mortality favoring the non-TF group
(OR<1), the lack of statistical significance implies that any true
effect, if present, was modest and warrants further investigation.

Incidence of cardiac electrophysiological abnormalities
Seven studies provided data on the incidence of cardiac
electrophysiological abnormalities (Figure 6). The pooled
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analysis revealed a statistically significant increase in risk as-
sociated with the non-TF group compared to the TF group.
Specifically, the OR was 1.44 (95% CI: 1.12-1.84), and this
effect was significance (Z=2.87, p=0.004). This suggests
that patients treated via the non-TF route had approximate-
ly 44% higher odds of developing cardiac electrophysiologi-
cal abnormalities.

Assessment of heterogeneity indicated only moderate
variability among the included studies. The chi squared test
for heterogeneity was 4.10 (df=3, p=0.25), and the I* was
27%, denoting relatively low between-study inconsisten-
cy. This supports the use of a fixed-effects model and en-
hances the reliability of the pooled estimate. While the study
of Casado et al. [21] demonstrated a pronounced effect of
the non-transmural approach, others Sawa et al. [17] and Ito
et al. [19] did not observe significant differences. Such dis-
crepancies may stem from differences in patient populations,
procedural techniques, or study design limitations, such as
sample size.

Incidence of stroke

Seven studies reported data on the incidence of stroke
following TAVR (Figure 7). The pooled OR was 1.16 (95%
CL: 0.75-1.79) for the non-TF experimental group rela-

tive to the TF group. The test for the overall effect (Z=0.65,
p=0.51) did not reach statistical significance, indicating that
the observed differences were not convincingly different
from chance. Thus, no clear association emerged between
the experimental TAVR approach and an increased or de-
creased risk of stroke.

Heterogeneity assessments showed a Tau® of 0.08, Chi*
of 5.95 with 4 degrees of freedom (p = 0.20), and an I* of
33%. This suggests low-to-moderate heterogeneity among
the included studies. Considering this, a random-effects
model was deemed appropriate, providing a conservative
estimate of the pooled effect. Although one study (Casado
et al. [21]) suggested a potentially increased risk of stroke in
the experimental group, the remaining studies did not dem-
onstrate consistent differences. Overall, the findings indicate
that there was no notable variation in the incidence of stroke
between the experimental and control groups among the in-
cluded studies.

Incidence of vascular abnormalities

Seven studies evaluated the incidence of vascular ab-
normalities (Figure 8). The pooled analysis indicated that
the non- TF group had a considerably higher rate of vas-
cular abnormalities in contrast to the TF group [OR=1.70

Figure 7. Forest plot of pooled ORs for stroke incidence in the non-TF (experimental) and TF (control) groups

Experimental Control

Odds Ratio

Odds Ratio

Test for overall effect: Z = 3.80 (P = 0.0001)

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bieziffer, S et al. 8 152 0 0 Not estimable
Casado, A. P et al 19 348 8 351 19.0% 2.48 [1.07, 5.73] —
Gleason, T. G et al. 2 37 4 27 5.5% 0.33 [0.06, 1.94]
Ito, S et al. 22 391 23 359 28.8% 0.87[0.48, 1.59] —:!.—_
Sawa, Y et al. 83 389 66 353  44.7% 1.18[0.82, 1.69]
Smith, C. R et al. 2 235 0 47 2.0% 1.02 [0.05, 21.53]
Yuan et al 0 6 0 4 Not estimable
Total (95% CI) 1558 1141 100.0% 1.16 [0.75, 1.79] ’
Total events 136 101
Heterogeneity: Tau? = 0.08; Chi® = 5.95, df = 4 (P = 0.20); I*> = 33% t t t {
Test for overall effect: Z = 0.65 (P = 0.51) 0.01 0.1 ) 1 10 100
Favours [experimental] Favours [control]
Figure 8. Forest plot of ORs for vascular abnormalities in the non-TF (experimental) and TF (control) groups
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Yuan et al 25 152 0 0 Not estimable
Smith, C. R et al. 59 348 13 351 13.4% 5.31[2.85, 9.87] —
Sawa, Y et al. 2 37 3 27 4.1% 0.46 [0.07, 2.95]
Ito, S et al. 3 391 1 359 1.3% 2.77[0.29, 26.73]
Gleason, T. G et al. 99 389 81 353 78.7%  1.15[0.82, 1.61] &
Casado, A. P et al 6 235 1 47 2.0% 1.21[0.14, 10.25]
Bieziffer, S et al. 1 6 0 4 0.6% 2.45[0.08, 76.13]
Total (95% CI) 1558 1141 100.0% 1.70 [1.29, 2.24] <
Total events 195 99
Heterogeneity: Chi? = 20.42, df = 5 (P = 0.001); I> = 76% t t t 1
0.01 0.1 1 10 100

Favours [experimental] Favours [control]

ISSN 0022-9040. Kardiologiia. 2025;65(8). DOI: 10.18087/cardio.2025.7.n2876



§ ORIGINAL ARTICLES

(95% CI: 1.29-2.24)]. This finding was significant (Z=3.80,
p=0.0001).

However, considerable heterogeneity was detected
among the included studies (chi-squared =20.42, df=S,
p=0.001; I* =76 %), suggesting substantial variability among
the patient populations, procedural factors, and study meth-
odologies. While Smith et al. [16] demonstrated a pro-
nounced increase in vascular abnormalities within the non-
TF group, others (e.g., Sawa et al. [17] and Gleason et al.
[18]) did not observe such a marked difference. These dis-
crepancies may stem from differences in patient selection cri-
teria, device technology, operator experience, or outcome
definitions.

Discussion

This systematic review and meta-analysis investigated
the safety of TAVR via different access routes in high-risk in-
dividuals with AS. Our findings contribute valuable insights
into the procedural outcomes and associated risks, while
also highlighting areas requiring further investigation.

The significantly higher overall event rate observed in
the non-femoral access group undergoing TAVR has criti-
cal implications for clinical practice and patient management.
Understanding these findings requires a comprehensive ex-
amination of the procedural risks associated with various
access routes and has broad implications for patient selec-
tion in high-risk populations. The greater number of adverse
events with non-femoral access can be attributed to several
intrinsic factors associated with TAVR procedures. This is es-
pecially true when performed via alternative access routes,
such as transapical or transsubclavian, as these routes are of-
ten reserved for patients with specific anatomical challenges
or high-risk profiles.

Prior studies have consistently reported a spectrum of
TAVR complications, which can include but are not limited
to stroke, acute kidney injury, major vascular complications,
and conduction abnormalities such as the need for perma-
nent pacemaker implantation [23]. For instance, the compli-
cation rates are significantly elevated when accessing the aor-
ta through the transapical route, as patients generally present
with advanced cardiovascular disease and complex anatom-
ical considerations. It is well-established that anatomical
considerations play a crucial part in the outcomes of TAVR.
Complexities such as severe calcification of the aortic valve,
the presence of bicuspid aortic valves, or significant vascular
disease can exacerbate procedural risks and increase the like-
lihood of complication [24, 25]. Complications are more
likely to occur in those with significant left ventricular out-
flow tract calcification, including paravalvular leaks and de-
vice malfunction.

The findings from the present meta-analysis align with lit-
erature suggesting that careful patient selection based on an-
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atomical profiles and risk stratification is crucial in mitigat-
ing the risks associated with TAVR [26]. The higher overall
event rates indicate a pressing need for refinements in pro-
cedural protocols and patient selection criteria. Enhanced
imaging techniques, such as advanced 3D echocardiogra-
phy and preprocedural computed tomography (CT) assess-
ments, can provide valuable insights into vascular anatomy
and patient-specific risks, thereby facilitating more informed
decisions regarding the choice of access route [27]. More-
over, the implementation of multidisciplinary heart valve
teams can ensure thorough evaluation and adaptation of
treatment strategies tailored to the individual patient’s pro-
file, significantly improving clinical outcomes [28].
Additionally, our findings highlight a pivotal concern in
the management of patients undergoing TAVR procedures.
There was a notable rise in the incidence of cardiac electro-
physiological abnormalities in the non-femoral access group.
This observation underscores the intricate relationship be-
tween procedural complexity and the amplification of exist-
ing conduction system vulnerabilities, particularly among
patients with pre-existing cardiac conditions. Cardiac elec-
trophysiological abnormalities are notably prevalent in indi-
viduals with AS, primarily due to the underlying degenera-
tive processes affecting the cardiac conduction system. Prior
studies have revealed that these patients often present with
baseline conduction disturbances, including left bundle
branch block and atrioventricular block, which significant-
ly contribute to the procedural risks associated with TAVR
[29]. The incidence of new-onset conduction abnormali-
ties post-TAVR has been reported to range from 10% to 60%,
based on the device and procedural techniques employed
[29]. This variability is critical, as certain valve types, espe-
cially self-expanding devices, have been associated with high-
er rates of conduction disturbances due to their anatomical
and mechanical characteristics [29]. The procedural tech-
niques involved in TAVR, including valve deployment, bal-
loon pre-dilation, and guidewire manipulation, all pose a di-
rect risk to the atrioventricular conduction system, primarily
due to the proximity of these structures to the aortic valve.
The injury mechanisms, ranging from direct trauma to isch-
emic changes induced by valve expansion, further exacerbate
the risks of transient or permanent high-degree AV block.
These findings align with meta-analyses revealing that pro-
cedural factors, such as the depth of valve implantation and
patient anatomical profiles, play a significant role in predict-
ing the likelihood of postoperative conduction abnormali-
ties [29]. Furthermore, the association between pre-existing
conduction abnormalities and increased rates of new-on-
set conduction disturbances post-TAVR is well document-
ed. For instance, patients presenting with baseline right bun-
dle branch block or left anterior hemiblock were reported
to have significantly higher rates of postoperative mechani-
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cal pacing requirements and adverse outcomes [30]. This ne-
cessitates an urgent call for enhanced risk stratification and
monitoring strategies, especially in high-risk patients with
established conduction disorders. Clinical guidelines advo-
cate pre-procedural assessments that incorporate detailed
cardiac imaging and electrophysiological evaluations to op-
timize outcomes.

In response to these concerns, state-of-the-art moni-
toring technologies, such as remote telemetry and mobile
health applications, are poised to transform the landscape
of post-TAVR care, enabling continuous assessment of cardi-
ac thythms and timely intervention [31]. Implementing pre-
emptive monitoring protocols could provide early warnings
of conduction disturbances, allowing clinicians to tailor pac-
ing strategies more effectively and potentially avert the need
for permanent pacing installations in a significant cohort of
patients [29].

Moreover, the current meta-analysis highlights a signifi-
cant correlation between alternative access routes in TAVR
procedures and an increased incidence of vascular com-
plications. The observed odds ratio illustrates a substan-
tial risk for patients undergoing TAVR via non-TF access
routes compared to those using the TF approach. Such find-
ings align with existing literature that consistently reports
heightened vascular complications associated with alterna-
tive access sites, reinforcing the importance of an evidence-
based approach to access selection in high-risk populations
[32]. The considerable heterogeneity indicated by an I” sta-
tistic of 76% is noteworthy, as it reflects variability in study
outcomes due to factors such as patient-specific anatomi-
cal considerations, the types of devices employed, and op-
erator experience. These variables are crucial since they di-
rectly affect the rate of vascular complications, emphasizing
the need for tailored strategies in preoperative assessment
and procedural planning. Vascular anatomy plays a pivotal
role in determining access route safety. TF access is gener-
ally preferred because it allows for direct access to the aor-
ta with minimal displacement of vascular structures [33]. In
contrast, alternative routes, such as transapical, transcarot-
id, or subclavian, bypass more favorable vascular anatomy,
increasing the likelihood of complications like dissection
or rupture due to the inherent difficulties in navigating tor-
tuous or calcified vessels. Studies have shown that patients
with severe peripheral vascular disease (PAD) or anatomi-
cal deformities are particularly vulnerable [34, 35], leading
to higher complication rates when alternative access routes
are employed.

The type of TAVR device utilized can also influence vas-
cular outcomes. Current-generation TAVR systems have
demonstrated improved deliverability, but the size and pro-
file of delivery systems remain critical factors [36]. Larger
delivery sheaths used in conjunction with alternative ac-
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cess routes are associated with a notable increase in vascular
trauma. A meta-analysis comparing vascular complications
across different delivery systems emphasizes that smaller
sheaths (low-profile sheaths) significantly decrease the in-
cidence of vascular complications, underscoring the impor-
tance of advancements in device technology in enhancing
patient safety [37]. The significant increase in vascular com-
plications among patients undergoing TAVR via alternative
access routes reinforces the need for a multidisciplinary ap-
proach in patient selection and procedural planning. Future
directions should include further exploration into how ad-
vanced imaging techniques and device innovations can mit-
igate these risks. Continued collaboration among interven-
tional cardiologists, cardiovascular surgeons, and imaging
specialists will be essential in refining access strategies for
TAVR. This will ultimately improve patient outcomes and
expand the clinical applicability of this life-saving procedure
to high-risk patients with compromised vascular anatomy.
The pooled analysis indicates no discernible change in
30-day mortality between experimental and control groups
underscores an essential shift in the landscape of TAVR.
This finding aligns with the growing body of literature sug-
gesting that TAVR has become increasingly safe and effec-
tive, reflecting notable advancements in both device tech-
nology and clinical practice. The historical context for these
findings reveals that early iterations of TAVR were often as-
sociated with significant procedural risks, including high-
er short-term mortality rates that could reach as high as
12-20% in vulnerable patient populations [38]. However,
the evolution of transcatheter valve design, such as the in-
troduction of the Sapien 3 and Evolut R/Pro devices, has
improved procedural outcomes and minimized complica-
tions significantly [39]. These devices have demonstrated
enhanced performance characteristics, allowing for better
hemodynamic profiles and reduced rates of major adverse
cardiovascular events post-implantation. Furthermore, mul-
tivariate analyses consistently show that patient outcomes
following TAVR have improved over time. Evidence sug-
gests that continuous refinement of procedural techniques,
including advancements in operator training and multidis-
ciplinary team approaches, contributes to enhanced short-
term survival rates [40]. The declining mortality rates ob-
served in more recent randomizes clinical trials highlight
a paradigm shift, where the procedural risk associated with
both transapical and TF access routes has been significant-
ly mitigated. Moreover, it is vital to consider that the lack
of significant mortality differences may also reflect im-
proved patient selection criteria. As guidelines for TAVR
have evolved, practitioners have increasingly employed
a heart team approach to identify patients who could de-
rive the greatest benefit from the procedure while minimiz-
ing risks. This strategic screening has led to narrower mar-
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gins of disparate outcomes between different access routes
and a more comprehensive evaluation of intricate comorbid
conditions, disease severity, and functional capacity, ensur-
ing that only those patients most likely to benefit undergo
TAVR. Therefore, the findings presented in the pooled anal-
ysis are pivotal, supporting the assertion that TAVR now of-
ters similar short-term mortality outcomes compared to tra-
ditional surgical approaches. This trajectory towards parity
is a testament to the continuous improvements in TAVR
technology and procedural methodologies, reaffirming
TAVR’s position as a viable, low-risk alternative for high-
risk patients with AS. The ongoing commitment to research
and innovation in this field is expected to further enhance
the safety profile of TAVR, ultimately leading to even better
patient outcomes in the future.

TAVR has become an established treatment option for
high-risk patients suffering from AS. The recent meta-anal-
ysis, which found no significant difference in stroke inci-
dence between non-femoral and femoral access groups,
underscores the complexity of stroke outcomes in this pa-
tient population. Although there appeared be a trend to-
wards higher stroke rates in the non-femoral group, the re-
sults were not statistically significant. This finding still
raises important considerations regarding the interplay
of procedural techniques, patient characteristics, and un-
derlying health conditions. Variability in procedural tech-
niques across studies could influence stroke outcomes sig-
nificantly. The method of valve deployment, whether it is
balloon-expandable or self-expanding, can affect embolic
debris generation, which is a known risk factor for cerebro-
vascular events. Research indicates that balloon-expand-
able valves may produce embolic debris during deploy-
ment, while self-expanding valves might generate emboli
during positioning [41]. Furthermore, the timing of valve
deployment and manipulation of catheters within the aorta
are critical moments where embolic events peak. Standard-
izing procedural techniques across different studies could
minimize the confounding effect of such variables and pro-
vide a clearer picture of stroke risk associated with TAVR
[41]. Patient comorbidities have been shown to significant-
ly impact stroke risk post-TAVR. Factors such as age, histo-
ry of atrial fibrillation, prior stroke, reduced renal function,
and diabetes mellitus have been recognized as predictors of
post-procedural stroke [41, 42]. The PARTNER trial high-
lighted that patients with pre-existing atrial fibrillation or
those who experienced new-onset atrial fibrillation fol-
lowing TAVR face an increased risk of stroke [27]. The ex-
isting literature emphasizes that higher CHA2DS2-VASc
scores, which account for these risk factors, correlate with
increased cerebrovascular events [42]. Meta-analyses may
benefit from stratification based on these comorbidities to
identify specific subgroups at greater risk.
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There are some limitations in the analysis reported here.
First, there was little information on long-term durabili-
ty and quality of life, with the majority of included research
concentrating on short- to intermediate-term results. In
addition, some studies included in the analysis had small
sample sizes, which may have limited statistical power and
contributed to variability in the results. Hence, additional re-
search is needed to evaluate the long-term safety and effica-
cy of TAVR via different access routes, including impacts on
survival, quality of life, and device durability. Moreover, fu-
ture studies should focus on identifying patient subgroups
who may benefit most from alternative access routes, based
on individual anatomical and clinical characteristics. Larger
randomized controlled trials and real-world registry data are
needed to validate the findings of this meta-analysis and pro-
vide robust evidence to guide clinical decision-making.

Conclusion

This meta-analysis highlights significant differences in
safety outcomes between TAVR access routes, particularly
regarding vascular abnormalities and cardiac electrophysio-
logical issues. While TF TAVR remains the gold standard, al-
ternative approaches play a critical role in specific high-risk
populations. Future research should aim to refine patient se-
lection criteria and procedural techniques to optimize out-
comes across all access routes.

Funding Sources
This research did not receive any specific funding.

Acknowledgement
The authors have no acknowledgments to report.

Ethics approval and consent to participate
All analyses were based on previous published studies; thus, no
ethical approval and patient consent are required.

Author Contributions

We declare that all the listed authors have participated actively
in the study, and all meet the requirements of the authorship.
Dr. QHM designed the study and wrote the paper, Dr. MTY
managed the literature searches and analyses, Dr. HYZ
contributed to the correspondence and paper revision. All
authors reviewed the manuscript.

Data Availability Statement

The datasets used or analyzed during the current study are
available from the corresponding author on reasonable request.
No conflicts of interest are reported.

The article was received on 18/01/202S.

71



§ ORIGINAL ARTICLES

10.

11.

12.

13.

14.

1S.

16.

72

REFERENCES

. Patel KP. Aortic Stenosis: Multimorbidity and Myocardial Impact on

Patients undergoing Transcatheter Aortic Valve Implantation. 2023.
[Av. at: https://discovery.ucl.ac.uk/id/eprint/10170900/]

. Siontis GCM, Overtchouk P, Cahill TJ, Modine T, Prendergast B,

Praz F et al. Transcatheter aortic valve implantation vs. surgical aor-
tic valve replacement for treatment of symptomatic severe aor-

tic stenosis: an updated meta-analysis. European Heart Journal.
2019;40(38):3143-53. DOL: 10.1093/eurheartj/ehz275

. Makkar RR, Fontana GP, Jilaihawi H, Kapadia S, Pichard AD, Doug-

las PS et al. Transcatheter Aortic-Valve Replacement for Inoper-
able Severe Aortic Stenosis. New England Journal of Medicine.
2012;366(18):1696-704. DOI: 10.1056/NEJMoal202277

. Généreux P, Schwartz A, Oldemeyer JB, Pibarot P, Cohen D], Blan-

ke P et al. Transcatheter Aortic-Valve Replacement for Asymp-
tomatic Severe Aortic Stenosis. New England Journal of Medicine.
2025;392(3):217-27. DOI: 10.1056/NEJMo0a2405880

. Barbanti M, Costa G, Picci A, Criscione E, Reddavid C, Valvo R et al.

Coronary Cannulation After Transcatheter Aortic Valve Replacement.
JACC: Cardiovascular Interventions. 2020;13(21):2542-55. DOL:
10.1016/j.jcin.2020.07.006

. Young MN, Singh V, Sakhuja R. A Review of Alternative Access for

Transcatheter Aortic Valve Replacement. Current Treatment Options
in Cardiovascular Medicine. 2018;20(7):62. DOI: 10.1007/s11936-
018-0648-5

. Benjamin MM, Rabbat MG. Artificial Intelligence in Transcathe-

ter Aortic Valve Replacement: Its Current Role and Ongoing Chal-
lenges. Diagnostics. 2024;14(3):261. DOI: 10.3390/diagnos-
tics14030261

. Winter M-P, Bartko P, Hofer F, Zbiral M, Burger A, Ghanim B et al.

Evolution of outcome and complications in TAVR: a meta-anal-
ysis of observational and randomized studies. Scientific Reports.
2020;10(1):15568. DOI: 10.1038/541598-020-72453-1

. Scarsini R, De Maria GL, Joseph J, Fan L, Cahill T], Kotronias RA et al.

Impact of Complications During Transfemoral Transcatheter Aortic
Valve Replacement: How Can They Be Avoided and Managed? Jour-
nal of the American Heart Association. 2019;8(18):e013801. DOI:
10.1161/JAHA.119.013801

Minici R, Paone S, Talarico M, Zappia L, Abdalla K, Petulla M et al.
Percutaneous treatment of vascular access-site complications: a ten
years’ experience in two centres. CVIR Endovascular. 2020;3(1):29.
DOI: 10.1186/s42155-020-00120-7

Bapat V, Frank D, Cocchieri R, Jagielak D, Bonaros N, Aiello M

et al. Transcatheter Aortic Valve Replacement Using Transaor-

tic Access: Experience From the Multicenter, Multinational, Pro-
spective ROUTE Registry. JACC: Cardiovascular Interventions.
2016;9(17):1815-22. DOI: 10.1016/j.jcin.2016.06.031

Barbash IM, Segev A, Berkovitch A, Fefer P, Maor E, Elian D et al.
Clinical Outcome and Safety of Transcaval Access for Transcathe-
ter Aortic Valve Replacement as Compared to Other Alternative Ap-
proaches. Frontiers in Cardiovascular Medicine. 2021;8:731639. DOI:
10.3389/fcvm.2021.731639

Parums DV. Editorial: Review Articles, Systematic Reviews, Meta-
Analysis, and the Updated Preferred Reporting Items for Systemat-
ic Reviews and Meta-Analyses (PRISMA) 2020 Guidelines. Medical
Science Monitor. 2021;27:€934475. DOI: 10.12659/MSM.934475
Igelstrom E, Campbell M, Craig P, Katikireddi SV. Cochrane’s risk of
bias tool for non-randomized studies (ROBINS-I) is frequently mis-
applied: A methodological systematic review. Journal of Clinical Epi-
demiology. 2021;140:22-32. DOL: 10.1016/j.jclinepi.2021.08.022
ShiL, Lin L. The trim-and-fill method for publication bias: practi-
cal guidelines and recommendations based on a large database of
meta-analyses. Medicine. 2019;98(23):e15987. DOI: 10.1097/
MD.0000000000015987

Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svens-

son LG et al. Transcatheter versus Surgical Aortic-Valve Replace-
ment in High-Risk Patients. New England Journal of Medicine.
2011;364(23):2187-98.DOI: 10.1056/NEJMo0a1103510

17.

18.

19.

20.

21.

22.

23.

24.

2S.

26.

27.

28.

29.

30.

31.

32.

Sawa Y, Takayama M, Mitsudo K, Nanto S, Takanashi S, Komiya T

et al. Clinical efficacy of transcatheter aortic valve replacement for se-
vere aortic stenosis in high-risk patients: the PREVAIL JAPAN tri-

al. Surgery Today. 2015;45(1):34-43. DOI: 10.1007/s00595-014-
0855-y

Gleason TG, Schindler JT, Adams DH, Reardon MJ, Kleiman NS, Ca-
plan LR et al. The risk and extent of neurologic events are equivalent
for high-risk patients treated with transcatheter or surgical aortic valve
replacement. The Journal of Thoracic and Cardiovascular Surgery.
2016;152(1):85-96. DOI: 10.1016/j.jtcvs.2016.02.073

Ito S, Nkomo VT, Orsinelli DA, Lin G, Cavalcante J, Popma JJ et al.
Impact of Stroke Volume Index and Left Ventricular Ejection Fraction
on Mortality After Aortic Valve Replacement. Mayo Clinic Proceed-
ings. 2020;95(1):69-76. DOI: 10.1016/j.mayocp.2019.10.031
Bleiziffer S, Ruge H, Mazzitelli D, Schreiber C, Hutter A, Krane M

et al. Valve Implantation on the Beating Heart: catheter-assist-

ed surgery for aortic stenosis. Deutsches Arzteblatt international.
2009;106(14):235-41. DOI: 10.3238/arztebl.2009.0235

Casado AP, Barili F, D’Auria F, Raviola E, Parolari A, Le Houérou D

et al. Midterm outcomes of transaortic and transapical TAVI in pa-
tients with unsuitable vascular anatomy for femoral access: A propen-
sity score inverse probability weight study. Journal of Cardiac Surgery.
2021;36(3):872-8. DOI: 10.1111/jocs.15313

Yuan Y-T, Chen Y-H, Chen P-L, Tsai H-C, Chen I-M, Weng Z-C et al.
One-year results of transcatheter aortic valve implantation as an alter-
native treatment for severe aortic stenosis in high-risk patients. Jour-
nal of the Chinese Medical Association. 2013;76(12):698-702. DOI:
10.1016/j.jcma.2013.08.007

Grube E, Sinning J-M. The “Big Five” Complications After Transcath-
eter Aortic Valve Replacement. JACC: Cardiovascular Interventions.
2019;12(4):370-2.DOI: 10.1016/j.jcin.2018.12.019

Spears J, Al-Saiegh Y, Goldberg D, Manthey S, Goldberg S. TAVR:

A Review of Current Practices and Considerations in Low-Risk Pa-
tients. Journal of Interventional Cardiology. 2020;2020:1-13. DOI:
10.1155/2020/2582938

Saad M, Seoudy H, Frank D. Challenging Anatomies for TAVR —
Bicuspid and Beyond. Frontiers in Cardiovascular Medicine.
2021;8:654554. DOI: 10.3389/fcvm.2021.654554

Sundt TM, Jneid H. Guideline Update on Indications for Transcath-
eter Aortic Valve Implantation Based on the 2020 American College
of Cardiology/American Heart Association Guidelines for Manage-
ment of Valvular Heart Disease. JAMA Cardiology. 2021;6(9):1088-9.
DOI: 10.1001/jamacardio.2021.2534

Hayek A, Prieur C, Diirrleman N, Chatelain Q, Ibrahim R, Asgar A

et al. Clinical considerations and challenges in TAV-in-TAV proce-
dures. Frontiers in Cardiovascular Medicine. 2024;11:1334871. DOLI:
10.3389/fcvm.2024.1334871

Otto CM, Kumbhani DJ, Alexander KP, Calhoon JH, Desai MY,

Kaul S et al. 2017 ACC Expert Consensus Decision Pathway for
Transcatheter Aortic Valve Replacement in the Management of Adults
With Aortic Stenosis. Journal of the American College of Cardiology.
2017;69(10):1313-46. DOI: 10.1016/j;jacc.2016.12.006

Chen S, Chau KH, Nazif TM. The incidence and impact of cardi-

ac conduction disturbances after transcatheter aortic valve replace-
ment. Annals of Cardiothoracic Surgery. 2020;9(6):452-67. DOL:
10.21037/acs-2020-av-23

Auffret V, Puri R, Urena M, Chamandi C, Rodriguez-Gabella T,
Philippon F et al. Conduction Disturbances After Transcatheter Aor-
tic Valve Replacement: Current Status and Future Perspectives. Cir-
culation. 2017;136(11):1049-69. DOI: 10.1161/CIRCULA-
TIONAHA.117.028352

Hermans MC, Van Mourik MS, Hermens HJ, Baan Jr J, Vis MM. Re-
mote Monitoring of Patients Undergoing Transcatheter Aortic Valve
Replacement: A Framework for Postprocedural Telemonitoring.
JMIR Cardio. 2018;2(1):e9. DOI: 10.2196/cardio.9075
Franco-Sadud R, Schnobrich D, Mathews BK, Candotti C, Abdel-
Ghani S, Perez MG et al. Recommendations on the Use of Ultrasound

ISSN 0022-9040. Kardiologiia. 2025;65(8). DOI: 10.18087/cardio.2025.7.n2876



§ ORIGINAL ARTICLES

33.

34.

3S.

36.

37.

Guidance for Central and Peripheral Vascular Access in Adults: A Po-
sition Statement of the Society of Hospital Medicine. Journal of Hos-
pital Medicine. 2019;14(9):E1-22. DOI: 10.12788/jhm.3287
Francone M, Budde RP]J, Bremerich J, Dacher JN, Loewe C, Wolf F

et al. CT and MR imaging prior to transcatheter aortic valve implanta-
tion: standardisation of scanning protocols, measurements and repor-
ting — a consensus document by the European Society of Cardiovas-
cular Radiology (ESCR). European Radiology. 2020;30(5):2627-50.
DOI: 10.1007/s00330-019-06357-8

Garimella PS, Hirsch AT. Peripheral Artery Disease and Chronic
Kidney Disease: Clinical Synergy to Improve Outcomes. Advanc-

es in Chronic Kidney Disease. 2014;21(6):460-71. DOI: 10.1053/j.
ackd.2014.07.005

Garimella PS, Hart PD, O'Hare A, DeLoach S, Herzog CA, Hirsch AT.
Peripheral Artery Disease and CKD: A Focus on Peripheral Ar-

tery Disease as a Critical Component of CKD Care. American Jour-
nal of Kidney Diseases. 2012;60(4):641-54. DOI: 10.1053/j.
ajkd.2012.02.340

Kobo O, Saada M, Roguin A. Can Transcatheter Aortic Valve Implan-
tation (TAVI) Be Performed at Institutions Without On-Site Cardi-
ac Surgery Departments? Cardiovascular Revascularization Medicine.
2022;41:159-65.DOI: 10.1016/j.carrev.2021.12.009

Athappan G, Gajulapalli RD, Sengodan P, Bhardwaj A, Ellis SG,
Svensson L et al. Influence of Transcatheter Aortic Valve Replace-

ISSN 0022-9040. Kardiologiia. 2025;65(8). DOI: 10.18087/cardio.2025.7.n2876

38.

39.

40.

41.

42.

ment Strategy and Valve Design on Stroke After Transcatheter Aor-
tic Valve Replacement. Journal of the American College of Cardiology.
2014;63(20):2101-10. DOI: 10.1016/jjacc.2014.02.540

Elhmidi Y, Bleiziffer S, Piazza N, Voss B, Krane M, Deutsch M-A

et al. Long-term Results After Transcatheter Aortic Valve Implan-
tation: What do we Know Today? Current Cardiology Reviews.
2014;9(4):295-8. DOI: 10.2174/1573403X09666131202124227
Dogosh A, Adawi A, El Nasasra A, Cafri C, Barrett O, Tsaban G

et al. Comparison of Transcatheter Aortic Valve Implantation Devic-
es in Aortic Stenosis: A Network Meta-Analysis of 42,105 Patients.
Journal of Clinical Medicine. 2022;11(18):5299. DOI: 10.3390/
jem11185299

Walsh KA, Plunkett T, O’Brien KK, Teljeur C, Smith SM, Har-
rington P et al. The relationship between procedural volume and pa-
tient outcomes for percutaneous coronary interventions: a systemat-
ic review and meta-analysis. HRB Open Research. 2021;4:10. DOI:
10.12688/hrbopenres.13203.1

Mangold AS, Benincasa S, Sanders BM, Patel K, Mitrev L. Neuro-
logical Complications After Transcatheter Aortic Valve Replace-
ment: A Review. Anesthesia & Analgesia. 2024;139(5):986-96. DOL:
10.1213/ANE.0000000000007087

Bjursten H, Norrving B, Ragnarsson S. Late stroke after transcathe-
ter aortic valve replacement: a nationwide study. Scientific Reports.
2021;11(1):9593. DOI: 10.1038/541598-021-89217-0

73



