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BACKGROUND: Ultrasound (US) guidance provides the unique opportunity to control the puncture zone of the artery during 
transfemoral transcatheter aortic valve replacement and may decrease major vascular complications (VC) and life-threatening 
or major bleeding complications. This study aimed to evaluate the clinical impact of US guidance using a propensity score–
matched comparison.

METHODS AND RESULTS: US guidance was implemented as the default approach for all transfemoral transcatheter aortic valve  
replacement cases in our institution in June 2013. We defined 3 groups of consecutive patients according to the method of punc-
ture (fluoroscopic/US guidance) and the use of a transcatheter heart valve. Patients in the US-guided second-generation group 
(Sapien XT [Edwards Lifesciences, Irvine, CA], Corevalve [Medtronic, Dublin, Ireland]) were successfully 1:1 matched with patients 
in the fluoroscope-guided second-generation group (n=95) with propensity score matching. In a second analysis we described the 
consecutive patients of the US-guided third-generation group (Evolut-R [Medtronic], Sapien 3 [Edwards Lifesciences], n=308). All vas-
cular and bleeding complications were reduced in the US-guided second-generation group compared with the fluoroscope-guided 
second-generation group: VC (16.8% versus 6.3%; P=0.023); life-threatening or major bleeding (22.1% versus 6%; P=0.004); and 
VC related to vascular access (12.6% versus 4.2%; P=0.052). In the US-guided third-generation group the rates of major VC and life-
threatening or major bleeding were 3.2% (95% CI, 1.6% to 5.9%) and 3.6% (95% CI, 1.8% to 6.3%). In the overall population (n=546), 
life-threatening or major bleeding was associated with a 1.7-fold increased mortality risk (P=0.02).

CONCLUSIONS: We demonstrated that US guidance effectively reduced VC and bleeding complications for transfemoral  
transcatheter aortic valve replacement and should be considered the standard puncture method.
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Percutaneous transfemoral transcatheter aortic 
valve replacement (TF-TAVR) has changed the 
treatment of severe aortic valve stenosis and is a 

safe, efficient, and reproducible procedure. Numerous 
factors such as a smaller delivery system, broader 
use of percutaneous closure system, better patient 
selection, and increased operator experience have 
contributed to a reduction in vascular complications 
(VC). However, even the latest-generation transcath-
eter heart valve (THV) requires large-bore access, 
and major VC or life-threatening (LT)  bleeding repre-
sents the most frequent adverse outcome.1 Several 
studies demonstrated an increased risk of mortality 
associated with major VC2 and bleeding complica-
tions or transfusions.3 Thus, precise cannulation of 
the common femoral artery (CFA) is extremely impor-
tant to secure delivery sheath insertion, ensure the 
appropriate deployment of vascular closure devices, 
reduce access-site complications, and improve clini-
cal outcomes. Fluoroscopic guidance remains the 
most frequently used method for CFA cannulation in 
TAVR as initially described, taught, and recommended 
in the early TAVR era.4 However, ultrasound (US) guid-
ance might offer a substantial benefit to cannulating 
arterial access because it confers the unique opportu-
nity to obtain real-time valuable anatomic information 
about localization of the femoral bifurcation or the pres-
ence of anterior wall calcification. This enables control 
of the needle’s path and angle during puncture in the 
ideal central and calcium-free horizontal segment of the 
CFA. Randomized clinical trials have already demon-
strated the superiority of US guidance for the cannula-
tion of central venous access to VC.5 Before the present 
work only 1 small observational study reported a ben-
efit of US versus fluoroscopic guidance on a composite 
end point combining transfusion and vascular and 
bleeding complications without the use of a propensity 
score–matching methodology.6 The scarcity of data  
in structural procedures requiring large-bore arterial 
access could explain the lack of adoption of US 
guidance.7

The present study aimed to evaluate the impact of 
the implementation of real-time US guidance for TF-
TAVR on individual vascular and bleeding complica-
tions using a propensity score-matching comparison.

METHODS
The data that support the findings of this study are 
available from the corresponding author on reason-
able request.

Study Population
TAVR was first offered at our institution in 2008. US guid-
ance for vascular access was implemented as the default 

CLINICAL PERSPECTIVE

What Is New?
•	 Data on the impact of ultrasound guidance for 

percutaneous femoral artery puncture in tran-
scatheter aortic valve replacement are scarce.

•	 This study is the first to use propensity score 
matching to show the potential strong clinical 
benefit of ultrasound guidance for the large-bore 
vascular access required in percutaneous trans-
femoral transcatheter aortic valve replacement.

What Are the Clinical Implications?
•	 These data support the concept of imple-

menting ultrasound guidance as the standard 
puncture method for transcatheter aortic valve 
replacement or other percutaneous procedures 
requiring large-bore access.

Nonstandard Abbreviations and Acronyms

AF	 atrial fibrillation
ASD	 absolute standardized difference
AVA	 aortic valve area
BMI	 body mass index
CAD	 coronary artery disease
CFA	 common femoral artery
COPD	 chronic obstructive pulmonary 

disease
HR	 hazard ratio
IL		 inguinal ligament
IQR	 interquartile range
LT/MB	 life-threatening or major bleeding
LVEF	 left ventricular ejection fraction
NYHA	 New York Heart Association
OR	 odds ratio
PAD	 peripheral artery disease
PFA	 profound femoral artery
RBC	 red blood cells
SE-valve	 self-expandable valve
SFA	 superficial femoral artery
SFAR	 sheath-to–femoral artery ratio
STS-PROM	 Society of Thoracic Surgeons 

Predicted Risk of Mortality
TAVR	 transcatheter aortic valve replacement
TF	 transfemoral
THV	 transcatheter heart valve
TIA	 transient ischemic attack
US	 ultrasound
VARC	 Valve Academic Consortium
VC	 vascular complications
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approach in June 2013 for all percutaneous TF-TAVR and 
used by all operators after a short training course.

Thus, we defined the 3 periods and groups of con-
secutive patients according to the percutaneous punc-
ture method (fluoroscopic or US guidance) and the 
THV generation (second or third generation) (Figure 1).

1.	 US-guided second-generation group. TF-TAVR 
with second-generation THV (Sapien XT [Edwards 
Lifesciences], Corevalve [Medtronic]) and performed 
under US guidance. This group refers to the pe-
riod from June 2013 to November 2014 (n=119).

2.	Fluoroscopy-guided second-generation group. The 
last (n=119) TF-TAVR with second-generation THV 
and under fluoroscopic guidance (January 2012 to 
June 2013). Patients treated before January 2012 
were not included to mitigate the effects of the 
learning-curve phase.

3.	US-guided third-generation group. TF-TAVR with  
third-generation THV (Sapien 3 [Edwards Life
sciences], Evolut-R [Medtronic]) from November 
2014 to December 2018 (n=308).

In the main analysis we compared the outcomes of 
patients from the US-guided second-generation group 
and from the fluoroscope-guided second-generation 
group using propensity score–matching based on 
parameters previously described as being associated 
with TAVR outcomes including vascular or bleeding 
complications (Data S1).

In the secondary analysis, we described consecu-
tive patients of the US-guided third-generation group.

Data Collection and Management
All adverse events were assessed according to 
VARC-2 (Valve Academic Consortium-2) classifica-
tion.8 Procedural 30-day outcomes and yearly fol-
low-up were documented in all patients. No external 
funding was obtained to support the study. The WITAVI  
(Von Willebrand Factor As a Biological Sensor of Blood 
Flow in Percutaneous Cardiac Procedure) registry 
protocol was approved by local ethics committee 

(NCT02628509). All patients were included in the reg-
istry after providing written informed consent.

Procedural Management
At our institution all patients received an aspirin load-
ing dose of 250 mg before the procedure with ongo-
ing aspirin therapy after the procedure. Clopidogrel 
was not administered unless the patient was already 
receiving clopidogrel treatment. No clopidogrel load-
ing was done. None of the patients received ticagrelor 
or prasugrel. Oral anticoagulation was systematically 
discontinued before the procedure and restarted after 
TAVR. The patients underwent percutaneous TF-
TAVR procedures as previously reported.9 Vascular 
preclosing technique with Perclose Proglide device 
(Abbott, Lake Forest, IL) was systematic for all the TF-
TAVR in our institution. The sheath-to–femoral artery 
ratio was calculated from the femoral artery diameters 
obtained from multidetector computed tomography 
and the prespecified inner sheath dimensions.

Vascular Access in the US-Guided 
Second- and Third-Generation Groups
The CFA was punctured under US guidance. The US 
probe was placed in a transparent sterile sheath. An 
ultrasound survey in basic 2-dimensional mode was 
performed to assess vessel anatomy and determine 
the exact location of the femoral artery bifurcation. 
The ideal cannulation site was identified as the mid-
dle of the anterior wall of a calcium-free horizontal 
segment of the CFA with a diameter superior to the 
sheath. The vessels were punctured on the longitudi-
nal (long-axis) and/or transverse (short-axis) view ac-
cording to the operator’s preference without a needle 
guide. The same operator held the probe with 1 hand 
while directing the needle in the other hand (1-person 
technique). The needle’s path was visualized as a hy-
perechoic point (short-axis) or a hyperechoic shaft 
(long-axis) until the vessel was entered. US guidance 
was used for main and secondary arterial access and 
venous access. Veins were typically identified as more 
easily compressible and pulseless vessels (Figure 2).

Figure 1.  Study design. 
Fluo indicates fluoroscope; gen., generation; TAVR, transcatheter aortic valve replacement; THV, 
transcatheter heart valve; and US, ultrasound.

January 2012

US-guided-2nd gen. group
(n=119)

Fluo-guided-2nd gen. group
(n=119)

US-guided-2nd gen. group
(n=95)

Fluo-guided-2nd gen. group
(n=95)

US-guided-3nd gen. group
(n=308)

TAVR beginning in
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June 2013
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Vascular Access in the Fluoroscope-Guided 
Second-Generation Group
The CFA was punctured under fluoroscopic guidance. 
First, the secondary femoral access was cannulated 
after pulse palpation and identification of external ana-
tomical landmarks and/or fluoroscopic guidance with 
the aim of hitting the artery above the middle of the 
femoral head. A pigtail catheter was positioned to the 
contralateral iliac artery using the crossover technique 
to opacify the femoral bifurcation of the main access. 
The appropriate calcium-free puncture zone was cho-
sen, and the needle trajectory was performed under 
fluoroscopic guidance as previously described.10

Clinical Outcome
Clinical follow-up was obtained in all patients at a me-
dian 19 months (interquartile range, 13–29).

All procedural and 30-day end points (VC and 
bleeding) were adjudicated according to the VARC-2 
definitions by 2 independent cardiologists not involved 
in the procedure.8

To specifically address the complications associated 
with the cannulation technique, we further restricted the 
major VC to access-site major VC (major VC exclud-
ing aortic dissection, annulus rupture, aortic rupture, 
and left ventricle perforation). Cutaneous bleeding that 

required prolonged manual compression was not con-
sidered bleeding if no hematoma was observed.

Clinical follow-up data during the first 30 days after TAVR 
and vital status at 2 years were obtained for all patients.

Statistical Analyses
Full details are available in Data S1. We assessed 
the effect of US guidance on vascular and bleeding 
complications and procedural outcomes after con-
sidering the potential confounding factors by using a 
prespecified propensity-score method.11,12 In the pri-
mary analysis a propensity score was used to assem-
ble well-balanced groups (propensity score–matched 
cohorts); in the sensitivity analysis, propensity scor-
ing was used to weight each subject using the inverse 
probability of treatment weighting (stabilized inverse 
propensity score as weight) and generate an inverse 
probability of treatment weighting cohort. The propen-
sity score was estimated using a nonparsimonious 
multivariate logistic regression model with the treat-
ment group as the dependent variable; all of the char-
acteristics are listed in Table as covariates. Patients 
from the US-guided second-generation group were 
matched 1:1 to patients in the fluoroscope-guided 
second-generation group according to the propensity 
score using the greedy nearest neighbor–matching 

Figure 2.  Schematic representation of ultrasound (US) survey required to localize the femoral 
bifurcation between the superficial femoral artery (SFA) and the profound femoral artery (PFA) to 
determine the ideal puncture zone: below the inguinal ligament (IL) (parallel strands of echogenic 
fibers), in the middle of the noncalcified anterior wall, and in the horizontal segment of the common 
femoral artery (CFA). 
Imaging in longitudinal (long-axis) and/or transverse (short-axis) views. *Calcification.
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algorithm with a caliper width of 0.2 SD of the logit of 
the propensity score.12,13

In the propensity score–matched cohort, intergroup 
comparisons were made using a generalized linear 
mixed model (binomial distribution, logit function) for 

binary outcomes or a linear mixed model for continu-
ous outcomes by including matched blocks as random 
effects to account for the matched design. In the in-
verse probability of treatment weighting cohort, com-
parisons were made using logistic (binary outcomes) 

Table.  Baseline and Procedural Characteristics Before and After Propensity-Score Matching

Before Propensity-Score Matching After Propensity-Score Matching

Fluoroscope- 
Guided Second-

Generation  
Group
(n=119)

US-Guided 
Second-

Generation 
Group
(n=119) ASD (%)

Fluoroscope-
Guided Second-

Generation Group
(n=95)

US-Guided 
Second-

Generation Group
(n=95) ASD (%)

Clinical characteristics

Age, y 81.9 (5.3) 81.7 (7.6) 4.3 81.7 (5.4) 82.1 (6.9) 1.7

Female sex 65 (54.6) 74 (62.2) 15.4 54 (56.8) 59 (62.1) 10.2

BMI, kg/m2 27.0 (5.0) 26.8 (5.0) 4.3 27.0 (4.9) 27.1 (4.8) 8.5

NYHA class III or IV 77 (64.7) 67 (56.3) 17.2 59 (62.1) 60 (63.2) 7.1

STS-PROM (%) 5.3 (4.4–7.4) 
6.2 (3.1)

5.3 (4.3–6.8) 
6.2 (4)

5.6 5.3 (4.4–7.5) 5.4 (4.4–7.0) 4

Anticoagulant 30 (25.2) 32 (26.9) 3.8 24 (25.3) 29 (30.5) 13.7

Comorbidities

Diabetes mellitus 34 (28.6) 39 (32.8) 9.1 28 (29.5) 31 (32.6) 5.8

Hypertension 94 (79.0) 92 (77.3) 4.1 74 (77.9) 77 (81.1) 7.8

CAD 68 (57.1) 61 (51.3) 11.8 51 (53.7) 50 (52.6) 3.1

Prior stroke/TIA 12 (10.1) 17 (14.3) 12.9 9 (9.5) 15 (15.8) 19.7

COPD 45 (37.8) 38 (31.9) 12.4 36 (37.9) 32 (33.7) 10.1

PAD 40 (33.6) 36 (30.3) 7.2 30 (31.6) 33 (34.7) 7.2

Prior AF 39 (32.8) 46 (38.7) 12.3 24 (25.3) 26 (27.4) 4.7

Creatinine >2 mg/dL 3 (2.5) 6 (5.0) 13.2 3 (3.2) 4 (4.2)

Echography parameters

LVEF (%) 60.0 (50.0–65.0) 60.0 (50.0–60.0) 14.3 60.0 (50.0–65.0) 60.0 (50.0–60.0) 8.6

AVA, cm2 0.7 (0.2) 0.7 (0.2) 16.9 0.7 (0.2) 0.7 (0.2) 20.2

Mean aortic gradient, 
mm Hg

47.3 (15.7) 45.6 (14.8) 11.2 46.7 (15.4) 46.3 (14.4) 4.1

Procedural characteristics

Ongoing clopidogrel 43 (36.1) 34 (28.6) 16.2 31 (32.6) 30 (31.6) 1.9

Main access sheath 
size

18.0 (18.0–18.0) 18.0 (18.0–18.0) 26.1 18.0 (18.0–18.0) 18.0 (18.0–18.0) 24.0

Secondary access 
sheath size

7.0 (6.0–7.0) 6.0 (6.0–7.0) 36.8 7.0 (6.0–7.0) 6.0 (6.0–7.0) 29.1

Perclose vascular 
closure system

100 100 0 100 100 0

SE-valve 26 (21.8) 23 (19.3) 6.2 18 (18.9) 23 (24.2) 12.8

THV size

23 mm 21 (17.6) 43 (36.1) 17 (17.9) 32 (33.7)

26 mm 82 (68.9) 63 (52.9) 68 (71.6) 51 (53.7)

29 mm 11 (9.2) 13 (10.9) 6 (6.3) 12 (12.6)

31 mm 5 (4.2) 0 (0.0) 4 (4.2) 0 (0.0)

SFAR >1.05 19 (16.0) 18 (15.1) 2.3 13 (13.7) 13 (13.7) 1.9

AF indicates atrial fibrillation; ASD, absolute standardized difference; AVA, aortic valve area; BMI, body mass index (weight in kilograms divided by the square 
of the height in meters); CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular ejection fraction; NYHA, New York 
Heart Association; PAD, peripheral artery disease; SE-valve, self-expandable valve (Corevalve, Medtronic); SFAR, sheath-to–femoral artery ratio; STS-PROM, 
Society of Thoracic Surgeons Predicted Risk of Mortality score; THV, transcatheter heart valve; and TIA, transient ischemic attack.
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or a linear regression model using the stabilized in-
verse propensity score as the weight.

We also compared survival during follow-up be-
tween the US-guided second generation group and 
the fluoroscope-guided second-generation group in 
the matched cohort by using Cox regression models 
with a robust sandwich variance estimator to account 
for the matched design. Using the fluoroscope-guided 
second-generation group as the reference group, haz-
ard ratio (HRs) and their 95% CIs were derived from 
these Cox regression models as treatment effect size 
measures. We assessed the proportional hazard as-
sumption using Schoenfeld residuals plots.14 Survival 
during the first year between life-threatening or bleed-
ing complications was compared using the same 
methods.

Finally, the procedural outcomes and vascular and 
bleeding complications were described with 95% CIs 
in patients in the US-guided third-generation group. 
Statistical testing was conducted at the 2-tailed α-level 
of 0.05. Data were analyzed using SAS software (SAS 
Institute, Cary, NC) v 9.4.

RESULTS
Impact of US Guidance on Vascular and 
Bleeding Complications
Among the 119 patients in the US-guided second-
generation group, 95 were successfully propensity-score 
matched in a 1:1 ratio with patients of fluoroscope-guided 
second-generation group, resulting in similar baseline 
clinical characteristics, echocardiographic parameters, 
and procedural parameters between the groups.

Patient characteristics by puncture method before 
and after propensity-score matching and after han-
dling missing values by multiple imputation are pre-
sented in Table. The distributions of propensity scores 
by treatments before matching are reported in Figure 
S1. In the propensity score–matched population, 

major VC occurred less frequently in the US-guided 
second-generation group than in the fluoroscope-
guided second-generation group (6.3% versus 16.8%; 
odds ratio, 0.31; 95% CI, 0.12–0.85; P=0.02; Figure 3). 
This was also the case when the analysis was limited 
to major VC related to vascular access (4.2% versus 
12.6%; odds ratio, 0.31; 95% CI, 0.1–1.0; P=0.05). The 
rate of LT/MB complications was also significantly re-
duced in the US-guided second-generation group 
(6.3% versus 22.1%; odds ratio, 0.24; 95% CI, 0.09–
0.63; P<0.01). The details of the VC are presented in 
Figure 4. A reduction in mean fluoroscopic time and a 
concomitant significant reduction of the radiation dose 
assessed by the mean air kerma was also observed 
in the US-guided second-generation group (847±602 
versus 569±365; odds ratio, −277; 95% CI, −435 to 
−120). No difference was seen in the volume of contrast 
injected or the rate of acute kidney injury (Figure 3).

Similar treatment effect sizes were observed in the 
inverse probability of treatment weighting cohort, with 
differences in major VC, major VC related to vascular 
access, minor VC, overall bleeding, LT/MB, and trans-
fusion of ≥1 unit of red blood cells that reached signifi-
cance (Figure S2).

After propensity-score matching, the 1-year survival 
rate was 72% in the US-guided second-generation 
group and 70% in the fluoroscope-guided second-
generation group. There was no intergroup difference in 
survival (HR, 0.68; 95% CI, 0.42–1.10; P=0.13). The pro-
cedural outcomes before propensity-score matching in 
the unadjusted analyses are presented in Table S1. The 
1-year survival rate was 80% in the fluoroscope-guided 
second-generation group and 86% in the US-guided 
second-generation group. We observed a trend toward 
higher survival in the US-guided second-generation 
group (HR, 0.67; 95% CI, 0.44–1.00; P=0.05).

In all patients who underwent THV implantation in 
the second-generation group, we observed a trend to-
ward a higher 1-year mortality associated with LT/MB 
complications (HR, 2.09; 95% CI, 0.98–4.42; P=0.05).

Figure 3.  Vascular, bleeding, and periprocedural complications by fluoroscope-guided or US-guided vascular access.
Propensity score–matching analysis. IQR indicates interquartile range; OR, odds ratio; RBC, red blood cells; and US, ultrasound.
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Vascular and Bleeding Complications 
With US Guidance in Third-Generation 
THV
The main characteristics of the patients of the third-
generation group (n=308) are summarized in Table 
S2. Patients were a median 84 (interquartile range, 
79.9–87.0) years of age and had a mean Society of 
Thoracic Surgeons score of 5.8%. Patients were pre-
dominantly female (56.8%); 43% were New York Heart 
Association class III/IV before TAVR. The Sapien 3 
(Edwards Lifesciences) was implanted in 80.2% of the 
patients versus the Evolut-R (Medtronic) in the other 
18.8%.

The survival rate at 1 year was 86±2.3%. The US-
guided puncture achieved a rate of major VC of 3.2% 
(95% CI, 1.6% to 5.9%) and of LT/MB of 3.6% (95% CI, 
1.8% to 6.3%) (Table S3).

Vascular/Bleeding Complications and 
Long-Term Mortality in Overall Population
In the overall population (patients with THV of second 
and third generations, n=546), survival during the first 
year was strongly impaired by LT/MB complications 
(HR, 2.70; 95% CI, 1.43–5.09, P<0.01). The VC rates 
according to the type of guidance used and the gen-
eration of THV are presented in Figure 5.

DISCUSSION
The present study of a cohort of 546 patients is the 
largest to specifically evaluate the impact of US guid-
ance on the incidence of individual VC and bleeding 
end points in TF-TAVR.

The main result of the report is that US guidance 
is associated with a strong and significant reduction 
in the rate of major VC and major bleeding (Figure 3).

The TF approach currently represents more than 85% 
of TAVR procedures.15 Operator experience and the pro-
gressive reduction in the profiles of newer delivery sys-
tems have made TF-TAVR safer, but major VC and LT/MB 
bleeding rates remain estimated at 4.6% (95% CI, 3.6% 
to 5.6%) and 12.1% (95% CI, 3.4% to 20.8%),1 represent-
ing 1 of the most frequent complications of TAVR pro-
cedures,16 impacting mortality at 30 days and 1 year.2,17

Thus, obtaining adequate and safe vascular access 
is key to TAVR procedure success. Vascular access has 
been historically widely performed and taught using a 
combination of anatomical landmarks and fluoroscopic 
guidance via opacification of the CFA from the contra-
lateral access (crossover technique).4,10,18 The potential 
benefit of US guidance over conventional fluoroscopic 
guidance is frequently claimed, but its impact has never 
been evaluated via propensity comparison matching 
until now.

Figure 4.  Details of major and minor vascular complications according to fluoroscope-guided or US-guided vascular 
access: Propensity score matching analysis (relative areas of each pies are proportional to the total number of 
complications). 
AV indicates arteriovenous; and US, ultrasound.

Annulus Rupture
1

Tamponnade
3

Ilio-femoral injury
11

Hematoma
13

False Anevrysm
2

Aortic
dissection

1
Tamponnade

1

Ilio-femoral
injury

2

AV Fistula
1

Hematoma
4

False
Anevrysm

1

US-guided
second-generation group

Fluoroscope-guided
second-generation group



J Am Heart Assoc. 2020;9:e014916. DOI: 10.1161/JAHA.119.014916� 8

Vincent et al� US-Guidance to Reduce TAVR Access Complications

Impact of US Guidance on Outcomes
The US- and fluoroscope-guided second-generation 
groups had demographics and procedural charac-
teristics similar to those of the PARTNER-2 cohorts 
(Sapien XT [Edwards Lifesciences] in intermediate- 
to high-risk patients, PARTNER-2A19 and in surgery-
prohibited patients, PARTNER-2B).20 However, the 
implementation of US guidance in 2013 in our center 
decreased the VC by more than half to only 6.3% in the 
US-guided second-generation group, which is lower 
than the 8.5% and 9.5% reported in the PARTNER-2A 
and 2B trials, respectively. As recommended by the 
VARC-2, we detailed specifically the VC related to vas-
cular access (excluding the VC occurring at a distance 
from the puncture zone) and showed a 69% reduc-
tion of these events directly related to arterial puncture 
quality.

In the same magnitude, US guidance had a huge 
impact on bleeding events with a reduction by more 
than half of the total bleeding complications (from 40% 
to 16.8%), including LT/MB episodes (from 22.1% to 
6.3%), which is lower than the 10.4% and 25.3% rates 
reported in the PARTNER-2A19 and -2B20 cohorts, re-
spectively. In the THV of the third-generation group, 
the rates of major bleeding and VC requiring surgical 
or percutaneous interventions were 8.9% and 7.7%, 
respectively, in the latest issue of the French registry.15 
In our cohort of patients at intermediate surgical risk 
(Society of Thoracic Surgeons score, 5.8±3.5), US 
guidance achieved a very low rate of 3.2% (95% CI, 

1.6% to 5.9%) of major VAC and 3.6% of LT/MB (95% 
CI, 1.8% to 6.3%), which is comparable to the remark-
able outcomes achieved recently in the PARTNER-3 
trial in a very selected and low-risk (Society of Thoracic 
Surgeons score, 1.8±0.5) population (2.2% major VC 
and 3.6% LT/MB rates).21

US Guidance in Interventional Procedures
US guidance is recommended by the international 
guidelines of anesthesia and intensive care medicine 
to secure the insertion of central venous catheters.5 
This high-level recommendation is the fruit of several 
randomized trials that have demonstrated the supe-
riority of US guidance over the anatomical landmarks 
technique for the cannulation of central venous ac-
cess to reduce VC and the number of attempts to 
improve the overall success rate while decreasing 
the cost of hospitalization with a very short learning 
curve.22

In interventional cardiology, although several opin-
ion leaders and society guidelines23 supported the 
practice of US guidance for interventional procedures, 
especially in cases with technical difficulties,24-26 the 
data supporting this practice are scarce.

The FAUST (Femoral Arterial Access With 
Ultrasound Trial) randomized trial compared 1004 
patients with respect to US versus fluoroscopic guid-
ance for CFA cannulation in procedures requiring a 
small size sheath (mean size, 5.9 French). This study 

Figure 5.  Vascular complications rate in the fluoroscope-guided second-generation (propensity 
score–matched), US-guided second-generation (propensity score–matched), and US-guided 
third-generation population.
*P<0.05; **P<0.01; ***P<0.001. US indicates ultrasound; and VC, vascular complications.
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demonstrated only a small benefit of US guidance 
with an improved success rate at the first attempt 
and a reduction in time required for access, acciden-
tal venipuncture rates, and minor VC only (driven by 
a reduction of hematoma).27 The subanalysis of the 
SAFE-PCI (Study of Access Site for Enhancement of 
PCI for Women) demonstrated that the use of micro-
puncture and ultrasonic localization was associated 
with the best access outcomes, as low as radial ac-
cess.28 Concerning TAVR procedures, 1 observational 
study reported a reduction in the composite end point 
of transfusion and vascular and bleeding complica-
tions associated with US guidance.6 The lack of data 
demonstrating a strong impact of US guidance on 
individual end points could explain the suboptimal 
adoption of US guidance in routine practice. No data 
exist on structural procedure practices, but a recent 
international web survey reported that the use of US 
guidance combined with palpation and fluoroscopy to 
stick the CFA for coronary angiogram was low at 36% 
in North America.29 In 2010, another survey showed 
that only 13% of clinicians routinely used US for femo-
ral access despite 88% answering that US was readily 
available in the cardiac catheterization laboratory.7

Assets of US Guidance for Structural 
Procedures
Requiring large-bore access, TAVR procedures are 
very dependent on vascular puncture quality to avoid 
VC. US guidance allows more granular and compre-
hensive imaging of the anatomy and the structures of 
the vessel to identify the ideal intended landing zone 
for the needle.

The 4  main advantages of US guidance are these: 
(1) precise localization of the femoral bifurcation; (2) 
identification of the calcified zones; (3) controlling of 
the entry of the needle in the middle of the anterior 
wall of the artery; and (4) decreasing the dose of radia-
tion administered to operators and patients. Using this 
technique, the operator is able to identify the femoral 
bifurcation, avoid calcified segments, and control the 
trajectory of the needle to ensure true entry in the mid-
dle of the anterior wall of the CFA.

These features are of major clinical relevance be-
cause they prevent unexpected arterial damage and 
transfixing puncture, improve the efficacy of percuta-
neous closure devices, and avoid major vascular and 
bleeding complications.

Limitations
One of the primary limitations of this study is its ret-
rospective nature and nonrandomized design of the 
intergroup comparison (US-guided versus fluoroscope-
guided). To overcome these issues, a careful propensity 
score–matched comparison was used to control for the 

other potential differences among 15 key variables be-
tween the 2 groups. Such methodology has previously 
been shown to be highly predictive of the results of ran-
domized studies.30 The comparison of 2 populations 
treated during time periods that are not contemporary 
could also be considered a limitation in that time cannot 
be included in the parameters of the propensity scoring. 
Operators were more experienced in the second than in 
the first study period. Such potential bias was minimized 
by excluding from our study those patients treated dur-
ing the period with the steepest learning curve, during 
the initial TAVI experience at our center from 2008 to 
2012. To further limit this bias, we also included patients 
treated during 2 immediately consecutive and relatively 
short periods (immediately before and after the imple-
mentation of US guidance). Finally, the lack of power and 
small study size of the main comparison (n=190) likely 
explains the absence of a benefit of US guidance on pa-
tient survival despite an effect on LT/MB complications. 
Interestingly, in the overall and larger population of 546 
patients, we confirmed the previously reported noxious 
impact of LT/MB complications on mortality.

CONCLUSIONS
The indications for TAVR are expanding to younger 
and lower-risk patients, but reducing the vascular 
and bleeding burdens during structural interventions 
should be a constant for operators. Here we demon-
strated that elective real-time US-guided cannulation 
of the femoral artery is an efficient way to reduce the 
risk of vascular and bleeding complications and im-
prove procedural and clinical outcomes. These data 
support the concept of implementing US guidance as 
the standard puncture method for TAVR or other per-
cutaneous procedures requiring large-bore access.
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SUPPLEMENTAL METHODS 

Statistical Analysis 

Continuous variables are expressed as means (standard deviation, SD) in the case of normal 

distribution or medians (interquartile range) otherwise. Categorical variables are expressed as 

numbers (percentage). Normality of distributions was assessed using histograms and the 

Shapiro-Wilk test. We assessed the effect of the US guidance implementation on procedural 

outcomes and vascular and bleeding complications using logistic regression models and 

calculated the odds ratio (OR) for the US-guided group relative to the Fluo-guided group as the 

treatment effect size. In order to reduce the effects of potential confounding factors in the 

between-group comparisons, we used propensity-score methods11,12. As the main analysis, 

propensity score was used to assemble well-balanced groups based on 15 variables (female sex, 

NYHA class, diabetes mellitus, preoperative creatinine >2mg/dL, preoperative anticoagulant 

treatment, hypertension, peripheral artery disease (PAD), THV type, sheath to femoral artery 

ratio (SFAR)>1,05, history of atrial fibrillation, ongoing clopidogrel treatment, STS score, age, 

BMI, preoperative left ventricular ejection fraction (LVEF)) (propensity score-matched cohort) 

and a generalized linear mixed model (binomial distribution, logit function) was used for binary 

outcomes and a linear mixed model for continuous outcomes with the matched blocks as 

random effect. 

In sensitivity analysis, we estimated the effect of the US guidance implementation on outcomes 

by using inverse probability of treatment weighting (IPTW) using propensity score. Treatment 

effects were estimated using weighted logistic (binary outcomes) or linear regression models 

(quantitative outcomes) with use of stabilized inverse propensity score as weight. 



We also compared the survival during the follow-up between the US and Fluo guidance 

implementation using Cox’s regression models. Using Fluo-guided patients as reference group, 

hazard ratio (HRs) were derived from these Cox regression models as treatment effect size 

measures, with their 95% confidence intervals (CIs). To account the matched design, we used 

the robust sandwich variance estimation to estimate the matched HRs. We assess the 

proportional hazard assumption using Schoenfeld residuals plots14. The comparison of survival 

during the first year between Life-threatening or bleeding complications were realized using 

the same methods. The propensity score was estimated using a non-parsimonious multivariable 

logistic regression model, with the treatment group as the dependent variable and all of the 

characteristics listed in Table 1 as covariates. Patients from the US-guided group were matched 

1:1 to patients in the Fluo-guided group according to propensity score using the greedy nearest 

neighbor matching algorithm with a caliper width of 0.2 SD of logit of propensity score12,13. To 

evaluate bias reduction using the propensity score matching method, absolute standardized 

differences (ASD) were calculated12. Because of missing baseline data, (Table S1), we 

estimated the treatment effect size in propensity score-matched- and -adjusted cohorts after 

handling missing covariate values by multiple imputation using a regression switching 

approach (chained equations with m=10). Imputation procedure was performed under the 

missing at random assumption31 using all variables listed in Table 1 (including treatment group) 

with a predictive mean matching method for continuous variables and multinomial or binary 

logistic regression model for categorical variables. In each imputed dataset, we calculated the 

propensity score and assembled a matched cohort to provide both adjusted and matched effect 

sizes. We therefore combined effect sizes from each imputed dataset using Rubin’s rules32. 

Finally, the procedural outcomes and vascular and bleeding complications were described with 

95% confidence intervals in patients implanted with THV of 3rd generation. Statistical testing 



was conducted at the two-tailed α-level of 0.05. Data were analyzed using the SAS software 

version 9.4 (SAS Institute, Cary, NC). 

Endpoints 

All endpoints were defined according to VARC-2 (22). 

Major VC were defined by the presence of any of the following: 1) any aortic dissection, aortic 

rupture, annulus rupture, left ventricle perforation or new apical aneurysm; 2) access site or 

access-related vascular injury (dissection, stenosis, perforation, rupture, arterio-venous fistula, 

pseudoaneurysm, hematoma, irreversible nerve injury, compartment syndrome, percutaneous 

closure device failure) leading to either death, life-threatening or major bleeding, visceral 

ischemia or neurological impairment; 3) distal embolization (non-cerebral) from a vascular 

source requiring surgery or resulting in amputation or irreversible end-organ damage; 4) the 

use of unplanned endovascular or surgical intervention associated with death, major bleeding, 

visceral ischemia or neurological impairment; 5) any new ipsilateral lower extremity ischemia 

documented by patient symptoms, physical exam, and/or decreased or absent blood flow on 

lower extremity angiogram; 6) surgery for access site-related nerve injury; 7) permanent access 

site-related nerve injury 

Minor VC were defined by the presence of any of the following: 1) access site or access-related 

vascular injury (dissection, stenosis, perforation, rupture, arterio-venous fistula, 

pseudoaneuysms, hematoms, percutaneous closure device failure) not leading to death, life-

threatening or major bleeding, visceral ischemia, or neurological impairment; 2) distal 

embolization treated with embolectomy and/or thrombectomy and not resulting in amputation 

or irreversible end-organ damage; 3) any unplanned endovascular stenting or unplanned 

surgical intervention not meeting the criteria for a major vascular complication; 4) vascular 

repair or the need for vascular repair (via surgery, ultrasound-guided compression, transcatheter 

embolization, or stent-graft). 



Percutaneous closure device failure was defined by a failure of a closure device to achieve 

hemostasis at the arteriotomy site leading to alternative treatment (other than manual 

compression or adjunctive endovascular ballooning) 

  



Table S1. Vascular, bleeding and peri-procedural complications according to Fluo-guided or US-guided 

vascular access: unadjusted analysis. 

 

  
Fluo-guided-2nd 

gen. group 

US-guided-2nd gen. 

group 
Unadjusted 

 (n=119) (n=119) OR (95%CI)1 p 

Vascular complications         

Overall VC (major or minor) 42 (35.3) 18 (15.1) 
0.33 (0.27 to 

0.40) 
<.001 

Major VC 23 (19.3) 7 (5.9) 
0.26 (0.11 to 

0.64) 
0.003 

Major VC related to vascular 

access 
18 (15.1) 5 (4.2) 

0.25 (0.09 to 

0.69) 
0.007 

Major or minor VC related to 

vascular access 
40 (33.6) 16 (13.5) 

0.31 (0.16 to 

0.59) 
<.001 

Minor VC 19 (16.0) 11 (9.2) 
0.54 (0.24 to 

1.18) 
0.12 

Bleeding complications         

Overall bleeding 51 (42.9) 21 (17.7) 
0.29 (0.16 to 

0.52) 
<.001 

Life-threatening or major 

bleeding 
28 (23.5) 7 (5.9) 

0.20 (0.09 to 

0.49) 
<.001 

Transfusion  27 (22.7) 13 (10.9) 
0.42 (0.20 to 

0.86) 
0.017 

Procedural outcomes         

Mean fluoroscopic time (seconds) 1767 (631) 1230 (410) 
-537 ( -674 to -

401) 
<.001 

Mean DAP 106 (75.8) 77.9 (50.9) 
-28.4 (-45.0 to -

11.7) 
<.001 

Mean Kerma 829 (590) 575 (364) 
-254 (-381 to -

127) 
<.001 

Median volume of contrast (mL) 150 (120 to 180) 133 (115 to 170) 
-0.07 (-0.20 to 

0.06)* 
0.27 

Acute kidney injury 21 (17.7) 18 (15.1) 
0.83 (0.42 to 

1.66) 
0.60 

Percutaneous closure device 

success 

104 (87.4) 117 (98.3) 8.44 (1.89 to 

37.77) 

0.005 

 

 
  



Table S2. Baseline and procedural characteristics of the 3rd generation group. 
 

Baseline characteristics (n=308)  

  Age (years) 82.5 (6.5) 

  Female 175 (56.8) 

  BMI (kg/m2) 28.2 (21.8) 

  NYHA class III or IV 132 (43) 

  STS-PROM (%) 5.8 (3.5) 

  Ongoing clopidogrel therapy 94 (30.7) 

  Preoperative anticoagulant therapy 101 (32.8) 

Comorbidities  

  Diabetes mellitus 89 (28.9) 

  Hypertension 237 (76.9) 

  Coronary artery disease 198 (64.3) 

  Prior Stroke/TIA 54 (17.5) 

  COPD 61 (20.0) 

  Peripheral artery disease 55 (17.9) 

  Prior atrial fibrillation 116 (37.7) 

  Creatinine >2mg/dL 16 (5.2) 

Echocardiographic parameters  

   LVEF (%) 60 (50 to 62) 

   AVA (cm2) 0.7 (0.6 to 0.8) 

   Mean aortic gradient (mmHg) 43 (35 to 43) 

Procedural characteristics  

   Main access sheath size 14 (14 to 16) 

   Secondary access sheath size 7 ( 7 to 7)  

Valve type  

   Sapien 3 247 (80.2) 

   Corevalve 2 (0.7) 

   Evolut R 58 (18.8) 

   Lotus 1 (0.3) 

Valve size  

   23 95 (30.8) 

   26 144 (46.8) 

   29 64 (20.8) 

   31 3 (0.9) 

   34 2 (0.7) 

Sheath to femoral artery ratio > 1,05 9 (6.3) 

AVA: aortic valve area; BMI: body mass index; COPD: chronic obstructive pulmonary disease; LVEF: left 

ventricular ejection fraction; NYHA: New York Heart Association; STS-PROM: Society of Thoracic Surgeons 

score; TIA: transient ischemic attack. 

 

  



Table S3. Procedural outcomes of patients of the 3rd generation group. 

 

 (n=308) CI 95% 

Vascular complications     

Overall VC (major or minor) 32 (10.39) (7.22 to 14.35) 

Major VC 10 (3.25) (1.57 to 5.89) 

Major VC related to vascular access 5 (1.62) (0.53 to 3.75) 

Major or minor VC related to vascular access 28 (9.09) (6.13 to 12.87) 

Minor VC 22 (7.14) (4.53 to 10.61) 

Bleeding complications     

Overall bleeding 35 (11.36) (8.04 to 15.45) 

Life-threatening or major bleeding 11 (3.57) (1.80 to 6.30) 

Transfusion 44 (14.33) (10.58 to 18.72) 

Procedural outcomes   

Paravalvular regurgitation ≥ moderate 25 (8.12) (5.32 to 11.75) 

Percutaneous closure device success 306 (99,3)  

 

VC: vascular complications 



Figure S1. Propensity score distribution in the Fluo-guided and in the US-guided group. 

 

 

 

 

 



Figure S2. Vascular, bleeding and peri-procedural complications according to Fluo-guided or US-guided vascular access: IPTW adjusted Cohorts. 

 

 

IPTW: inverse probability of treatment weighting; DAP: dose area product (Gy·cm2); Kerma: kinetic energy released per unit mass (mGy); VC: vascular complication; SD: 

standard deviation. 

OR indicates odds ratio expect for continuous variables where the mean difference between 2 groups are reported. * Calculated after log transformation 


