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Transfemoral aortic valve implantation (TAVI) has become a viable alternative to surgi-
cal valve implantation, particularly for higher risk patients; however, vascular complica-
tions (VCs) remain a concern in transfemoral TAVI. We aimed to determine clinical and
computed tomographic angiography-derived risk factors associated with Valve Academic
Research Consortium (VARC)-2 criteria VCs in patients who underwent TAVI. From
2011 to 2017, 481 patients underwent percutaneous transfemoral TAVI at the Minneapolis
Heart Institute and were screened for procedural and postprocedural access-related VC
according to VARC-2 criteria. Clinical and clinical and computed tomographic angiogra-
phy-derived data were collected to establish risk factors for VC. A total of 99 (21%)
patients had VARC-2 VCs. Closure device failure (CDF) occurred in 56 of 99 (57%),
minor VCs in 37 of 99 (37%), and major VCs occurred in 6 of 99 (6%). Access site-related
VCs were preceded by CDF in 18 of 43 (42%) patients and the risk of major/minor VCs
was 14 times greater in patients who experienced closure complications. The incidence of
CDF was higher in common femoral artery (CFA) access sites with circumferential vessel
wall calcification of more than 90̄ (p = 0.02) and when skin-surface to CFA access-site dis-
tance at an optimal access angle of 45̄ exceeded 80 mm (p = 0.03). In conclusion, both the
degree of circumferential CFA access site calcification and distance to skin surface at an
optimal access angle may improve risk stratification of access planning in patients who
underwent percutaneous transfemoral TAVI. © 2019 Elsevier Inc. All rights reserved.
(Am J Cardiol 2019;124:98−104)
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Transcatheter aortic valve implantation (TAVI) is an
established alternative to surgical aortic valve implanta-
tion, particularly for high- or intermediate surgical risk
patients.1−5 A transfemoral (TF) approach has become the
preferred vascular access site, as it has been associated
with better outcomes than non-TF approaches.6 Despite
increasing implementation of TF access, major and minor
vascular complications (VCs) continue to account for sig-
nificant morbidity and mortality.7−9 Multiple factors have
previously been shown to be associated with higher rates
of VCs, including patient demographics (such as female
gender), co-morbid conditions (peripheral artery disease
[PAD] and kidney disease), as well as vessel characteris-
tics (calcification).8−10 Procedural factors have also been
associated with VCs, including operator experience, the
sheath to femoral artery ratio (SFAR), and the sheath to
external iliac artery ratio (SEIAR).10 Although procedural
characteristics are often established using quantitative
thresholds, many of the anatomic features that have been
reported to be associated with VCs have been described
using qualitative measures (e.g., scores of vessel calcifica-
tion or tortuosity).10−13 We sought to investigate the role
of traditional and novel quantitative CTA-derived risk fac-
tors for VCs, including closure device failure as well as
major and minor VCs in patients who underwent TF
TAVI at our institution.
Methods

Demographic data on all patients who underwent TF
TAVI with percutaneous closure performed at Abbott
Northwestern Hospital, Minneapolis, Minnesota from Janu-
ary 1, 2011 to March 20, 2017 were collected from the
Electronic Medical Record System (Epic Systems Corpora-
tion, Verona, Wisconsin). Patients without valid Minnesota
Medical Records Authorization were excluded. The study
was approved by the Allina Health Institutional Review
Board.

The patient population included in this study was
included in the retrospective chart review for procedural
and postprocedural (before hospital discharge) TF TAVI
access-related VCs according to VARC-2 criteria, includ-
ing major VCs, minor VCs, and percutaneous closure
device failure.14 Patients were identified as having a closure
complication if they experienced an access-related VC,
which included hematoma, the use of additional devices,
switch to surgical cutdown, retroperitoneal bleed, closure
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device failure, inadequate closure, arterial dissection, and
thrombosis. Society of Thoracic Surgeons (STS) risk score
mortality and morbidity for aortic valve implantation was
calculated using the Online STS Adult Cardiac Surgery
Risk Calculator based on the STS Adult Cardiac Surgery
Database, version 2.81.15

CTAs were interpreted in 440 (91%) of the patients by
2 independent readers; the uninterpretable CTAs were all
from patients who did not have VCs and were limited by
various imaging artifacts (e.g., streaking artifact related
to knee replacements). Patients with uninterpretable
CTAs were excluded from the data analysis. CTA meas-
urements of the common femoral artery (CFA) and exter-
nal iliac artery (EIA) were taken with Vitrea imaging
software (Vital Images, Inc., Minnetonka, Minnesota)
through double oblique multiplanar reconstruction ipsi-
lateral to the leg where vascular access was obtained.
Figure 1. CTA measurements at the common femoral artery.

Representative images of common femoral artery in cross section (A) and with d

complication. Panels B and D are from a patient who experienced closure device f

respectively. Yellow arrows indicate the measurements taken from each panel. Co
The sites for CFA and EIA measurements were defined
as 1 cm below and 2 cm above the inferior epigastric
artery, respectively. Minimum and maximum luminal
diameters, as well as position, circumference, and thick-
ness of calcification in the artery when present were mea-
sured at the CFA and EIA sites. Tortuosity (in degrees
per centimeter) was measured with Vitrea’s tortuosity
tool. SFAR and SEIAR were defined as the ratio of the
sheath diameter (in millimeters) to the minimum luminal
diameter (in millimeters) at the CFA and EIA, respec-
tively.10 Several novel CTA measurements were also
introduced to the study in an effort to characterize vascu-
lar access depth from skin and vessel calcification
(Figure 1). Depth of the CFA was measured as the dis-
tance 90˚ vertically from the anterior skin surface to the
CFA site. Distance from skin surface to CFA site at 45˚
was also measured as an approximation of the distance
epth measured at 45˚ from skin surface (C) from a patient without vascular

ailure, and represent vessel calcification and depth at 45˚ from skin surface,

lor version of figure is available online.



Table 1

Classification of vascular access site complications

Vascular access site complication

Number of

patients (n = 99)

Major vascular* 6 (6%)

Minor vasculary 37 (37%)

Percutaneous closure device failure 56 (57%)

Conversion to surgical cutdown 13 (13%)

With closure device failure 9 (9%)

With major/minor vascular complication 4 (4%)

*Major vascular complications included ischemia (n = 3, 3%), major ret-

roperitoneal bleeding (n = 1, 1%), vessel dissection (n = 1, 1%), and rupture

(n = 1, 1%) at the access site.
yMinor vascular complications included minor hematoma (n = 26, 26%),

occlusion (n = 3, 3%), pseudoaneurysm (n = 3, 3%), thrombosis (n = 2,

2%), vessel dissection (n = 1, 1%), retroperitoneal bleed (n = 1, 1%), and

claudication (n = 1, 1%) at the access site.
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for vascular access at an ideal access angle. Degree of
calcification was obtained using Vitrea’s angle tool.

Statistical analyses were performed using R 3.4.3 (R
Foundation for Statistical Computing, Vienna, Austria)
in RStudio 1.1.442 (RStudio, Inc., Boston, Massachu-
setts).16,17 Categorical variables are reported as count
(%); continuous, symmetrically distributed variables are
summarized by average § standard deviation (median);
and median and interquartile range are used for continu-
ous, skewed variables. Categorical variables between
groups were compared using Pearson’s chi-square test;
Fisher’s exact test was used for small counts. For contin-
uous variables, Student’s t tests were used to compare
Table 2

Baseline characteristics between TF TAVI patient groups

Variable

No access-related

VARC-2 vascular

complications (n = 382)

Access-rel

VARC-2 va

complications

Age (years) 82 § 8 (83) 82 § 8 (8

Men 229 (60%) 64 (65%

Body mass index (kg/m2) 28.8 § 6.1 (27.8) 29.8 § 7.0 (

Atrial fibrillation 174 (46%) 46 (46%

Diabetes mellitus 135 (35%) 31 (31%

Peripheral artery disease 26 (7%) 16 (16%

Previous aortic valve procedure 42 (11%) 9 (9%)

Previous non-aortic valve procedure 12 (3%) 5 (5%)

Previous coronary bypass 91 (24%) 27 (27%

Previous myocardial infarction 93 (24%) 37 (37%

Society of Thoracic Surgeons aortic

valve implantation mortality

score (%)

6.0 § 3.9 (5.1) 5.4§ 3.0 (

Society of Thoracic Surgeons aortic

valve implantation morbidity

score (%)

24.9 § 9.4 (22.5) 25.5 § 8.8 (

Aspirin 271 (71) 75 (76)

Anticoagulants 135 (35) 39 (39)

P2Y12 inhibitors 73 (19) 35 (35)

Creatinine 1.3 § 0.9 (1.1) 1.2§ 0.4 (

Transcatheter aortic valve implanta-

tion sheath size (French)

16.4 § 2.7 (18.0) 16.8 § 2.5 (
group averages for symmetric distributed variables, and
Wilcoxon’s rank sum tests were used to compare the dis-
tributions of the skewed variables. The relative changes
in risk of CDF with respect to CT parameters were esti-
mated using Poisson regression with a canonical log-link
and a robust variance estimator. The model was adjusted
for age, gender, TAVI sheath size, CFA site tortuosity,
and history/presence of cardiac-related events or diagno-
ses (atrial fibrillation/flutter, previous myocardial infarc-
tion, previous coronary bypass, previous AV or non-AV
procedures, and PAD). The relative risk of VCs associ-
ated with closure complications was estimated using a
Poisson model adjusted for age, gender, previous or
current cardiac events as above, and medication use on
admission (P2Y12 inhibitor and aspirin or anticoagu-
lant). The estimated risk ratios and the corresponding
95% confidence intervals are reported.
Results

Of the 481 patients who underwent percutaneous TF
TAVI within the study period, 21% were identified to have
VARC-2 access-related VCs. VCs were categorized by
CDF, major VCs, and minor VCs, according to VARC-2 def-
initions. In patients who required conversion to surgical cut-
down for vascular access, 69% also had CDF and 31% had
major/minor VCs (Table 1). Within the major/minor VC
group, 42% had preceding closure complications. In the
adjusted model, the risk of major/minor VCs was 14 times
greater in patients who experience closure complications
(Table S1, Supplementary Material). CDF accounts for 73%
of patients identified as having a closure complication.
ated

scular

(n = 99) p value

Closure device

failure (n = 56)

Major/minor

vascular complications

(n = 43) p value

3) 0.830 82 § 7 (83) 82 § 8 (83) 0.61

) 0.460 37 (66%) 27 (63%) 0.83

28.5) 0.220 30.6 § 7.3 (29.8) 28.6 § 6.4 (26.6) 0.15

) 1.000 24 (43%) 22 (51%) 0.42

) 0.410 19 (34%) 12 (28%) 0.66

) 0.010 12 (21%) 4 (9%) 0.17

0.710 6 (11%) 3 (7%) 0.73

0.370 3 (5%) 2 (5%) 0.07

) 0.600 18 (32%) 9 (21%) 0.26

) 0.020 28 (50%) 9 (21%) 0.004

4.8) 0.170 5.6 § 3.1 (5.0) 5.2 § 2.9 (4.4) 0.35

23.6) 0.420 26.0 § 7.7 (25.1) 24.9 § 10.1 (22.6) 0.32

0.610 44 (79%) 31 (72%) 0.49

0.560 22 (39%) 17 (40%) 1.000

0.002 17 (30%) 18 (42%) 0.29

1.1) 0.910 1.2 § 0.4 (1.2) 1.1 § 0.3 (1.0) 0.02

16.0) 0.140 17.0 § 2.8 (18.0) 16.6 § 2.1 (16.0) 0.47
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Table 3

CTA and procedural characteristics between TF TAVI patient groups

Variable

No access-related

VARC-2 vascular

complications (n = 341)

Access-related

VARC-2 vascular

complications (n = 99) p value

Closure device

failure (n = 56)

Major/minor

vascular

complications (n = 43) p value

Calcification anywhere along com-

mon femoral artery

245 (64%) 91 (92%) <0.001 53 (95%) 38 (88%) 0.29

Calcification at common femoral

artery access site

96 (25%) 42 (42%) 0.010 27 (48%) 15 (35%) 0.22

Anterior calcification of common

femoral artery access site*

17 (18%) 16 (38%) 0.020 11 (41%) 5 (33%) 0.75

Circumference of common

femoral artery access site

calcification (˚)*

68.7 (40.5, 89.0) 85.9 (58.2, 107.9) 0.230 93.2 (77.1, 120.3) 62.0 (35.9, 88.2) 0.03

Width of common femoral artery

access site calcification (mm)*

2.0 (1.5, 2.5) 1.9 (1.4, 2.6) 0.450 1.8 (1.4, 2.5) 2.0 (1.4, 2.5) 0.52

Common femoral artery minimum

lumen diameter (mm)

7.8 § 1.3 (7.7) 7.5 § 1.2 (7.3) 0.04 7.5 § 1.2 (7.4) 7.4 § 1.2 (7.3) 0.81

Common femoral artery maximum

lumen diameter (mm)

9.1 § 1.3 (9.0) 8.5 § 1.4 (8.4) <0.001 8.6 § 1.4 (8.4) 8.4 § 1.3 (8.3) 0.54

Common femoral artery tortuosity

(˚/cm)

6.1 § 3.2 (6.0) 6.4 § 3.2 (6.0) 0.390 6.0 § 3.1 (6.0) 6.8 § 3.2 (6.0) 0.11

90˚ depth to common femoral artery

(mm)

54.4 § 25.8 (48.6) 57.2 § 27.4 (54.2) 0.470 62.3 § 28.1 (57.4) 50.6 § 25.4 (46.3) 0.04

45˚ approach distance to common

femoral artery (mm)

57.6 § 21.4 (54.6) 67.5 § 27.3 (66.7) 0.002 73.2 § 27.3 (70.0) 60.1 § 25.8 (56.8) 0.02

Calcification at external iliac artery

access site

180 (47%) 52 (53%) 1.000 31 (55%) 21 (49%) 0.55

Anterior calcification of external

iliac artery access site*

6 (3%) 8 (15%) 0.004 4 (13%) 4 (19%) 0.7

Circumference of external iliac

artery access site calcification (˚)*

61 (38, 88) 95(56, 148) 0.37 131(72, 148) 65 (37, 141) 0.33

Width of external iliac artery

access site calcification (mm)*

1.70 (1.40, 2.10) 1.50(1.37, 1.72) 0.57 1.60 (1.45, 2.00) 1.45 (1.37, 1.52) 0.16

External iliac artery minimum lumen

diameter (mm)

8.0 § 1.2 (7.8) 7.9 § 1.2 (7.7) 0.430 7.9 § 1.2 (7.8) 7.8 § 1.2 (7.7) 0.54

External iliac artery maximum lumen

diameter (mm)

9.1 § 1.3 (8.9) 8.7 § 1.3 (8.7) 0.004 8.8 § 1.2 (8.7) 8.5 § 1.3 (8.4) 0.13

External iliac artery tortuosity (˚/cm) 6.4 § 3.1 (6.0) 6.9 § 3.6 (6.5) 0.870 7.0 § 3.8 (7.0) 6.8 § 3.5 (6.0) 0.77

Sheath to femoral artery ratio 0.7 (0.6, 0.8) 0.7 (0.6, 0.9) 0.002 0.8 (0.6, 0.9) 0.7 (0.6, 0.8) 0.8

Sheath to external iliac artery ratio 0.7 (0.6, 0.8) 0.7 (0.6, 0.8) 0.012 0.7 (0.6, 0.8) 0.7 (0.6, 0.8) 0.99

*Only assessed in patients who had otherwise calcified arteries.
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There were no statistically significant differences in
patients with and without VCs except for a more frequent
history of previous myocardial infarction and PAD in the
VC group. VC patients were also more likely to be on
P2Y12 inhibitors before the procedure, although the use of
aspirin or oral anticoagulants was not associated with VCs.
CDF patients had a higher incidence of previous MI and
have higher baseline creatinine levels than those with
major/minor VCs (Table 2). The subset of patients who
required a switch to surgical cutdown was more likely to
have had a previous MI and PAD (Table S2, Supplementary
Material).

For the CFA, CTA data revealed that VC patients were
more likely to have calcification along the CFA than non-
VC patients, as well as higher a higher incidence of calci-
fication at the CFA access site. Although calcification
tended to be more anterior in VC patients, there was no
difference in width or circumference of calcification at
the CFA access site. CFA maximal diameter was also
significantly smaller in VC patients than non-VC
patients. For the EIA, smaller maximum vessel diameter
and presence of anterior calcification among VC patients
with calcified arteries were similarly associated with
access-related VCs. Higher SFAR and SEIAR were also
associated with a greater rate of access-related VCs, but
did not differ between CDF and major/minor VC patients
(Table 3). Within the VC group, CDF occurred more fre-
quently than major/minor VC if over 90˚ of the CFA ves-
sel wall was calcified (27% vs 7%, p = 0.02, Figure 2). In
an adjusted risk model, the risk of CDF is 2.66 times
higher (95% confidence interval = 1.53, 4.63) in patients
with CFA calcification that exceeds this 90˚ threshold
(Table S3, Supplementary Material).

Although depth to the CFA at 90˚ from skin surface
was not associated with VCs, when depth from the skin
surface to the CFA was measured using an optimal access
angle of 45˚, access-related VCs occurred more fre-
quently in patients with longer approach distances



Figure 2. Cumulative frequency of vascular complications is related to the

degree of calcification at the common femoral artery access site.

Calcification >90˚ is correlated with higher rates of device failure.
VC stands for vascular complication.
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(Table 3). Furthermore, CDF complications occurred
more frequently than major/minor VCs when the distance
from skin to CFA at 45˚ exceeded 80 mm (39% vs 19%,
p = 0.03, Figure 3).
Figure 3. Cumulative frequency of vascular complications is related to the

distance from skin surface at 45˚ to the common femoral artery access site.

Complication rates are correlated with distance from skin surface at 45˚ to

common femoral artery, an approximation of access angle and approach

distance to vasculature. Distances >80 mm are correlated with higher rates

of device failure.

CFA = common femoral artery; VC = vascular complication.
In the switch to cutdown subgroup, there was no differ-
ence in the incidence of CFA calcification (including when
calcification exceeds 90˚), although there was a trend toward
higher incidence of common femoral arteries >80 mm from
the skin surface at 45˚ in the SCD group (54% vs 27%, p =
0.06, Table S2, Supplementary Material).

Although there was no statistically significant difference
in complication rates over the study period, there was a
trend toward a lower rate of device failure and a higher rate
of VCs (Table S4, Supplementary Material). STS mortality
and morbidity scores during this study period decreased in
the overall patient population, as well as in the major/minor
VC and CDF groups (Figure S1, Supplementary Material).
Discussion

By evaluating both demographic and clinical patient
characteristics as well as comprehensive CTA-derived data,
this study has the following main findings: (1) the incidence
of VC with percutaneous TF TAVI is high (21%) with the
majority being CDFs (57%) and minor VCs (37%); (2) a
high percentage (42%) of patients with major or minor VCs
has preceding CDF, and the risk of major/minor VCs was
14 times greater in patients who experience closure compli-
cations (73% of which are attributed to CDF); (3) in addi-
tion to traditional CTA-derived risk factors, the degree of
CFA access site calcification as well as skin-to-access-site-
distance at 45˚ appear to be independent risk factors of
CDF and may be helpful in preprocedural planning.

It has been reported previously that 64% of major VCs
can be attributed to CDF,18 and our study estimated that
42% of patients with either major or minor VC had preced-
ing CDF. Rates of device failure may be decreasing with
time (as our data suggest), which may be the result of
increasing operator experience and improved device tech-
nology, although there is still a strong association between
closure complications and subsequent VCs. Our study
revealed that closure complications, the majority of which
are attributed to VARC-2 defined CDF, are associated with
an increase in the relative risk of major or minor VCs.

Although the link between CDF and VCs has been estab-
lished, the anatomical risk factors associated with these
complications have previously been qualitative in nature
using various grading scales. This study offers several
novel, quantitative anatomical features that are associated
with CDF and major/minor VC. Our preprocedural CTA
data showed an association between vessel calcification
and VCs (including both CDF and major/minor VCs), par-
ticularly when the calcification involves the anterior wall of
the CFA. Furthermore, CDF seems to occur more fre-
quently when calcification involves a greater extent of the
vessel circumference (over 90˚ of the vessel wall) and
when there is a longer approach distance to the vessel (as
measured by the distance to the vessel wall at 45˚ from the
skin surface, particularly once this distance exceeds 80
mm). However, although these 2 novel metrics appear to be
predictive of device failure, they are not significantly asso-
ciated with major/minor VCs on univariate or multivariate
analyses.

Periprocedural device-related complications and VCs
after TF TAVI remain common, although certain patient
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factors and vessel characteristics may prove useful in the
risk stratification of patients before the procedure. Our data
confirmed previously established factors associated with
VCs related to TF TAVI, including vessel calcification, his-
tory of PAD, as well as SFAR and SEIAR.5−7 Our study
did not find a link between gender or renal failure with
VCs, as described in previous studies.5−7,19 However, we
did find an association between previous MI as well as the
use of P2Y12 inhibitors and VCs, which may prove to be of
clinical utility if corroborated with further studies.

This study is a retrospective, observational study based
on a single-center experience, and the novel CTA-derived
risk factors (circumferential vessel wall calcification and
the skin-surface to CFA access-site distance) should be
validated in other TAVI populations. The measurements
used in this study were obtained from preprocedural
images using standardized anatomical landmarks, and
there may be limitations in the reproducibility and appli-
cability of these measurements in light of possible interob-
server differences in measurement as well as the possible
deviation of actual puncture site from the area defined in
preprocedural planning. Although the majority of CTAs
were able to be interpreted and used in the results outlined
in our study, the uninterpretable CTAs were from the
group of patients without VCs may disproportionately
increase the incidence of VCs reported. Additionally,
whereas this study identified associations between various
factors and VCs, the study was not powered to differenti-
ate between the characteristics that may distinguish
between major and minor VARC-2 complications. Fur-
thermore, the analyses of the device-related complications
did not take into account for device types and procedural
differences between operators.

In conclusion, this study used demographic and clini-
cal patient characteristics as well as comprehensive
CTA-derived data to evaluate risk factors for VCs in
percutaneous TF TAVI. Our results suggest that the
incidence of VC with percutaneous TF TAVI remains
high, with the majority being CDFs and minor VCs. A
high percentage of patients with major or minor VCs
has preceding CDF, and the risk of major/minor VCs
was 14 times greater in patients who experience closure
complications (73% of which are attributed to CDF). In
addition to traditional CTA-derived risk factors, the
degree of CFA access site calcification as well as skin-
to-access-site distance at 45˚ appear to be independent
risk factors of CDF and may be helpful in preprocedural
planning.
Disclosures

Dr. Sorajja is a consultant for Edwards, Abbott Vascular,
Medtronic, Admedus, Boston Scientific, and Pipeline, and
also works in research and speaks for Edwards, Abbott Vas-
cular, Medtronic, and Boston Scientific.
Acknowledgment

The authors would like to thank the Minneapolis Heart
Institute Foundation internship program.
Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/j.
amjcard.2019.03.043.

1. Popma JJ, Adams DH, Reardon MJ, Yakubov SJ, Kleiman NS, Hei-
mansohn D, Hermiller J, Hughes GC, Harrison JK, Coselli J, Diez J,
Kafi A, Schreiber T, Gleason TG, Conte J, Buchbinder M, Deeb GM,
Carabello B, Oh JK, US CoreValve Clinical Investigators. Transcath-
eter aortic valve replacement using a self-expanding bioprosthesis in
patients with severe aortic stenosis at extreme risk for surgery. J Am
Coll Cardiol 2014;63:1972–1981.

2. Adams DH, Popma JJ, Reardon MJ, Yakubov SJ, Coselli JS, Deeb
GM, Gleason TG, Buchbinder M, Hermiller J, Kleiman NS, Chetcuti
S, Heiser J, Merhi W, Zorn G, Tadros P, Robinson N, Petrossian G,
Hughes GC, Harrison JK, Conte J, Maini B, Mumtaz M, Chenoweth S,
Oh JK, US CoreValve Clinical Investigators. Transcatheter aortic-
valve replacement with a self-expanding prosthesis. N Engl J Med
2014;370:1790–1798.

3. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP, Guy-
ton RA, O’Gara PT, Ruiz CE, Skubas NJ, Sorajja P, Sundt TM,
Thomas JD, ACC/AHA Task Force Members. 2014 AHA/ACC guide-
line for the management of patients with valvular heart disease: a
report of the American College of Cardiology/American Heart Associ-
ation Task Force on practice guidelines. J Am Coll Cardiol 2014;63:
e57–e185.

4. Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, Kodali
SK, Thourani VH, Tuzcu EM, Miller DC, Herrmann HC, Doshi D,
Cohen DJ, Pichard AD, Kapadia S, Dewey T, Babaliaros V, Szeto
WY, Williams MR, Kereiakes D, Zajarias A, Greason KL, Whisenant
BK, Hodson RW, Moses JW, Trento A, Brown DL, Fearon WF,
Pibarot P, Hahn RT, Jaber WA, Anderson WN, Alu MC, Webb JG,
PARTNER 2 Investigators. Transcatheter or surgical aortic-valve
replacement in intermediate-risk patients. N Engl J Med 2016;374:
1609–1620.

5. Reardon MJ, Van Mieghem NM, Popma JJ, Kleiman NS, Søndergaard
L, Mumtaz M, Adams DH, Deeb GM, Maini B, Gada H, Chetcuti S,
Gleason T, Heiser J, Lange R, Merhi W, Oh JK, Olsen PS, Piazza N,
Williams M, Windecker S, Yakubov SJ, Grube E, Makkar R, Lee JS,
Conte J, Vang E, Nguyen H, Chang Y, Mugglin AS, Serruys PWJC,
Kappetein AP, SURTAVI Investigators. Surgical or transcatheter aor-
tic-valve replacement in intermediate-risk patients. N Engl J Med
2017;376:1321–1331.

6. Pascual I, Carro A, Avanzas P, Hern�andez-Vaquero D, D�ıaz R, Rozado
J, Lorca R, Mart�ın M, Silva J, Mor�ıs C. Vascular approaches for trans-
catheter aortic valve implantation. J Thorac Dis 2017;9:S478–S487.

7. Beohar N, Kirtane AJ, Blackstone E, Waksman R, Holmes D, Minha
S, Alli O, Suri RM, Svensson LG, Leon M, Kodali S. Trends in com-
plications and outcomes of patients undergoing transfemoral transcath-
eter aortic valve replacement: experience from the PARTNER
continued access registry. J Am Coll Cardiol Cardiovasc Intv 2016;9:
355–363.

8. G�en�ereux P, Webb JG, Svensson LG, Kodali SK, Satler LF, Fearon
WF, Davidson CJ, Eisenhauer AC, Makkar RR, Bergman GW, Baba-
liaros V, Bavaria JE, Velazquez OC, Williams MR, Hueter I, Xu K,
Leon MB, PARTNER Trial Investigators. Vascular complications
after transcatheter aortic valve replacement: insights from the PART-
NER (Placement of AoRTic TraNscathetER valve) trial. J Am Coll
Cardiol 2012;60:1043–1052.

9. Holmes DR, Nishimura RA, Grover FL, Brindis RG, Carroll JD,
Edwards FH, Peterson ED, Rumsfeld JS, Shahian DM, Thourani VH,
Tuzcu EM, Vemulapalli S, Hewitt K, Michaels J, Fitzgerald S, Mack
MJ, STS/ACC TVT Registry. Annual outcomes with transcatheter
valve therapy: from the STS/ACC TVT registry. J Am Coll Cardiol
2015;66:2813–2823.

10. Hayashida K, Lef�evre T, Chevalier B, Hovasse T, Romano M, Garot P,
Mylotte D, Uribe J, Farge A, Donzeau-Gouge P, Bouvier E, Cormier
B, Morice M. Transfemoral aortic valve implantation new criteria to
predict vascular complications. J Am Coll Cardiol Cardiovasc Intv
2011;4:851–858.

11. Uguz E, Gokcimen M, Ali S, Alsancak Y, Bastug S, Ahmet KH, Can-
yigit M, H{d{roglu M, Sener E. Predictability and outcome of vascular

https://doi.org/10.1016/j.amjcard.2019.03.043
https://doi.org/10.1016/j.amjcard.2019.03.043
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0011


104 The American Journal of Cardiology (www.ajconline.org)
complications after transfemoral transcatheter aortic valve implanta-
tion. J Heart Valve Dis 2016;25:173–181.

12. Mwipatayi BP, Picardo A, Masilonyane-Jones TV, Larbalestier R,
Thomas S, Turner J, Vijayan V, Yong G. Incidence and prognosis of
vascular complications after transcatheter aortic valve implantation.
J Vasc Surg 2013;58:1028–1036.

13. Blakeslee-Carter J, Dexter D, Mahoney P, Ahanchi S, Steerman S,
Larion S, Cain B, Panneton JM. A novel iliac morphology score pre-
dicts procedural mortality and major vascular complications in transfe-
moral aortic valve replacement. Ann Vasc Surg 2018;46:208–217.

14. Kappetein AP, Head SJ, G�en�ereux P, Piazza N, van Mieghem NM,
Blackstone EH, Brott TG, Cohen DJ, Cutlip DE, van Es G, Hahn RT,
Kirtane AJ, Krucoff MW, Kodali S, Mack MJ, Mehran R, Rod�es-
Cabau J, Vranckx P, Webb JG, Windecker S, Serruys PW, Leon MB,
Valve Academic Research Consortium (VARC)-2. Updated standard-
ized endpoint definitions for transcatheter aortic valve implantation:
the valve academic research consortium-2 consensus document. Eur
Heart J 2012;33:2403–2418.

15. Shahian DM, Jacobs JP, Edwards FH, Brennan JM, Dokholyan RS,
Prager RL, Wright CD, Peterson ED, McDonald DE, Grover FL.
The Society of Thoracic Surgeons National Database. Heart
2013;99:1494–1501.

16. R Core Team. (2018). R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna, Austria.
URL https://www.R-project.org

17. RStudio Team. (2018). RStudio: Integrated Development for
R. RStudio, Inc., Boston, MA, USA. URL https://www.rstudio.com

18. van Mieghem NM, Tchetche D, Chieffo A, Dumonteil N, Mes-
sika-Zeitoun D, van der Boon RM, Vahdat O, Buchanan GL,
Marcheix B, Himbert D, Serruys PW, Fajadet J, Colombo A,
Carri�e D, Vahanian A, de Jaegere PP. Incidence, predictors, and
implications of access site complications with transfemoral
transcatheter aortic valve implantation. Am J Cardiol 2012;110:
1361–1367.

19. Buchanan GL, Chieffo A, Montorfano M, Maisano F, Latib A, Godino
C, Cioni M, Gullace MA, Franco A, Gerli C, Alfieri O, Colombo A.
The role of sex on VARC outcomes following transcatheter aortic
valve implantation with both Edwards SAPIENTM and Medtronic Cor-
eValve ReValving System� devices: the Milan registry. EuroInterven-
tion 2011;7:556–563.

http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0015
https://www.R-project.org
https://www.rstudio.com
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30407-2/sbref0019
www.ajconline.org

	Computed Tomographic Angiography-Derived Risk Factors for Vascular Complications in Percutaneous Transfemoral Transcatheter Aortic Valve Implantation
	Methods
	Results
	Discussion
	Disclosures
	Acknowledgment
	Supplementary materials


