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Dedication
The present work is dedicated to all patients suffering from aortic valve stenosis, to
whom I wish their health situation will improve.
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List of Abbreviations
AFC

Arteria femoralis communis

AS

Aortic stenosis

AVA

Aortic valve area

BARC

Bleeding Academic Research Consortium

BMI

Body Mass Index

CAU

Caudal

CRA

Cranial

CT

Computed tomography

ES3

Edwards Sapien 3

LAO

Left anterior oblique

RAO

Right anterior oblique

SFAR

Sheath-to-femoral-artery-ratio

SIFAR

Sheath-to-ilio-femoral-artery-ratio

STS

Society of Thoracic Surgeons

TAVI

Transcatheter Aortic Valve Implantation

TAVR

Transcatheter Aortic Valve Replacement

TF

Transfemoral

THV

Transcatheter Heart Valve

VARC

Valve Academic Research Consortium

II

1. Introduction
1.1. Aortic Valve Stenosis
In the past years valve diseases have gained more and more in interest. In 2006, Nkomo
et. al showed in a population-pooled study the prevalence of valve diseases in the
American population to be 2,5%, varying from 0,7% in the 18-44-year olds rising to a level
of 13,3% in the group of over 75-year olds. In these age groups they additionally found
the prevalence of aortic stenosis (AS) to rise from 0,02% to 2,8%. [20]
Concordant with the results of Nkomo, results of the Tromso Study, an ongoing
population-based cohort study initiated in 1974, published in 2012 found the prevalence
of AS to vary between 0,2% in their 50-59-year cohort up to 9,8% for 80-89-year olds.
They also described an incidence rate of 4,9‰ per year for their study population. [8]
As these results show, valve diseases like the AS are a typical disease of the older
population. With the world population expected to increase to more than 10 billion
people by the year of 2100 while Potential Support Ratios (people aged 20-64 years
divided by people 65 years or older) drop worldwide, prevalence and absolute numbers
of degenerative AS could increase by far in the future. [10] [28]
AS is caused by a combination of multiple factors. The initiating event appears to be,
similar to atherosclerosis, an endothelial damage due to mechanical stress. The following
lipid infiltration and inflammation lead to fibrosis accompanied with leaflet-thickening
and stiffness, with the process climaxing in calcification. [7]
In the past years, echocardiography has proven itself to be the essential diagnostic tool in
diagnosing and grading the severity of AS. The European Association of Cardiovascular
Imaging and the American Society of Echocardiography have worked together to give
recommendations on the clinical assessment of AS. In their latest publication of 2017 they
defined AS peak jet velocity, mean aortic transvalvular pressure gradient and valve area
by continuity equation as the three key haemodynamic parameters for the clinical
evaluation of AS (Table 1). [3]
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Table 1: Key measurements for grading AS, modified from Baumgartner et. al (3)
AVA = Aortic Valve Area
mild

moderate

severe

Peak velocity (m/s)

2.6-2.9

3.0-3.9

≥ 4.0

Mean gradient (mmHg)

< 20

20-39

≥ 40

AVA (cm²)

> 1.5

1.0-1.5

< 1.0

Although grading of AS on the basis of these criteria seems easy, problems can occur if
these parameters show discordant measurement results. Patients with severe AS but
coexisting failure of the left ventricle can have lower peak velocity and mean gradient
measurements than expected. As described by Baumgartner et. al, for these “Low Flow
Low Gradient” patients and other specific cases additive measurements for successful
grading of AS are required. [3]
In general, the new Guidelines on management of valvular heart disease published in
2017 always recommend therapy for patients with severe and symptomatic AS. [2]
Only in asymptomatic patients with preserved ejection fraction and absence of risk
factors, a strategy of “watchful waiting” with reassessment after 6 months is
recommended by the European Society of Cardiology. For all other patients a procedure
for Aortic Valve Replacement should be initiated. This can either be done by surgical or
transcatheter approach, however the decision for Transcatheter Aortic Valve
Replacement (TAVR) should only be considered in symptomatic patients which do not
have a low risk for the surgical approach. Beyond that, a decision for or against TAVR
should be done including individual patient evaluation by a multidisciplinary heart team.
[2]

1.2. TAVR Procedure
For patients who are not suitable for surgery, TAVR with first generation devices like the
Edwards Sapien (Edwards Lifescience Inc., Irvine, California) has already proven itself to
be superior to standard medical therapy (including balloon-valvuloplasty) in 2010. [18]
In a study by Leon et. al, 358 patients between 2007 and 2009 with severe AS not eligible
for surgical replacement were randomized to TAVR or standard medical therapy. Both
groups contained 179 patients which all underwent follow-up at 30 days and after 1 year.
After 1 year, the Kaplan-Meier analysis for death by any cause showed a significantly
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lower rate in the TAVR group (30.7% vs. 50.7%, hazard ratio 0.55, 95% confidence interval
0.40 to 0.74, p<0.001). Similar significant results were found for cardiovascular death and
the composite of major stroke or death from any cause.
However, major vascular complications and major bleedings were significantly more
frequent in patients treated with TAVR compared to standard therapy after 30 days and
after 1 year as well (1-year Rate: major vascular complications: 16.8% vs. 2.2%, p<0.001.
major bleeding: 22.3% vs. 11.3%, p=0.007). [18]
These fairly high complication rates seem to be a notable problem which needs to be
addressed, especially with respect to the demographic change mentioned before as well
as when looking at a meta-analysis by Osnabrugge et al. which estimated the pooledprevalence of severe AS to be at 3,4% in the population of over 75-year olds. Above that,
they estimated for the year 2013 a total of 290,000 patients worldwide with severe AS to
be possible TAVR candidates. Worldwide a number of 27,000 patients is expected to
become eligible for TAVR each year, approximately 4,000 of them in Germany. [21]
Therefore, reducing vascular complications and bleeding events needs to be a main goal
for every TAVR performing specialist and Transcatheter Heart Valve (THV) manufacturer.

1.3. Vascular Complications of newer generation THV devices
In the all-comers multicenter GARY registry for patients treated between 2010 and 2015,
a lower rate for major vascular complications (4.1%) could be achieved compared to the
results by Leon et. al described before. [30]
Nevertheless, for the 15,946 patients mainly treated with Edwards Sapien XT or Edwards
Sapien 3 (52.6%, both Edwards Lifescience Inc., Irvine, California) and the Medtronic
CoreValve (37.7%, Medtronic Inc., Minneapolis, Minnesota), still a rate of 26.3% major
bleedings was found. [30]
For the Edwards Sapien 3 (ES3) and the Boston Scientific Lotus THV devices (Edwards
Lifescience Inc., Irvine, California; Boston Scientific Corporation, Marlborough,
Massachusetts) a significant reduction in major vascular complications compared to the
older generation Edwards Sapien XT and the CoreValve has already been described (2.5%
vs. 12%, p<0.01). [26]
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Similarly, a case-matched comparison between patients treated with the Evolut R and
CoreValve (both Medtronic Inc., Minneapolis, Minnesota) found a significant reduction in
major vascular complications as well (2.0% vs. 16.1%, p<0.001). [11]
Furthermore, the Evolut R additionally showed a lower rate of life-threatening bleeding
(0.4% vs. 5.7%, p<0.001) and major bleeding complications (1.4% vs. 9.9%, p<0.001) than
its predecessor, the CoreValve. [11]
In summary, studies comparing newer generation THV devices have revealed their
superiority to older generation valve systems. Now, it was the aim of this work to
investigate possible differences between the three most used new generation THV
devices Edwards Sapien 3, Medtronic Evolut R and Boston Scientific Lotus in a singlecenter experience, with special attention to Valve Academic Research Consortium-2
(VARC-2) defined outcome and femoral access-site complications. [22]
Beyond that, it was a secondary goal to evaluate the impact of sheath-to-femoral-arteryratio on access-site complications as well as comparing the different sheath sizes used for
the Lotus valve.
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2. Material and Methods
2.1. Patients
As a single-center study, this study is based on the 1,155 patients receiving TAVR between
January of 2014 and December of 2017 at the University of Ulm. Of these patients 1,102
were treated with either Boston Scientific’s Lotus Valve (n=274), Medtronic’s Evolut R
(n=151) or Edwards Lifescience’s Sapien 3 (n=677).
Written informed consent was obtained by all patients and approval by the local ethics
committee of the University of Ulm was given (AZ: 178/14).
Due to missing or incomplete computed tomography (CT)-Data and missing or incomplete
TAVR-intervention X-Ray images a number of 179 patients had to be excluded, as it was
not possible to collect data on their Arteria femoralis communis (AFC) status, regarding
diameter measurements, calcification or possible post-procedural complications.
Of the now remaining 923 patients, 8 had to be censored due to unknown status of
chronic pulmonary disease prior to the intervention and another 18 were erased because
of missing VARC-2 outcome data.
Therefore, of the 1,155 TAVR patients remained 897 with analyzable data while a total of
258 had to be excluded. Analyzable data included 233 Lotus, 122 Evolut R and 542
Edwards Sapien 3 patients.
A flowchart of the patient selection is shown in figure 1 on the following page and patient
baseline characteristics for the collective are depicted in Table 2 on page 14.
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1155 TAVR Patients
53 excluded (other valve systems)

1102 Patients received
Lotus, Edwards Sapien 3 or Core Valve Evolut R
179 excluded (no CT or x-ray data)

923

8 excluded (unknown status of
chronic pulmonary disease)

915

18 excluded (missing VARC data)

897

233

122

542

258

Lotus

Evolut R

ES3

excluded

Figure 1: Flowchart showing patient selection. (TAVR = Transfemoral Aortic Valve Replacement,
CT = Computed tomography, VARC = Valve Academic Research Consortium,
ES3 = Edwards Sapien 3. Transfemoral Aortic Valve Replacement patients 2014-2017 Ulm
University.)

Figure 2: Flowchart showing patient selection. (TAVR = Transfemoral Aortic Valve Replacement, CT = Computed
tomography, VARC = Valve Academic Research Consortium, ES3 = Edwards Sapien 3. Transfemoral Aortic
Valve Replacement patients 2014-2017 University of Ulm.)

6

2.2. Data Collection
Contrast agent X-Ray films of the intervention were used to measure where the accesssite has been. The side of punctuation used for the Valve System, left or right Arteria
femoralis communis was taken into account. In the XeroViewer Program (Agfa
HealthCare, Agfa-Gevaert N.V., Mortsel, Belgium), a horizontal tangential line to the
upper end of the caput femoris was drawn, as an orientation and for supportive
purposes. If the upper end was not included in the X-Ray images the lower end was used.
From the punctuation spot a measurement for distance in mm was made in a 90° angle to
the tangential orientation line described before and is displayed in figure 2. This
procedure was necessary to be able to reproduce the exact spot of punctuation later on.

A
B
A
B

Figure 2: Method of triangulation to examine the exact spot of punctuation. Horizontal tangential
support line (A) and measurement line in mm (B). (Used with the kind consent of Prof. Dr.
med. J. Wöhrle. Transfemoral Aortic Valve Replacement patients 2014-2017 Ulm
University)

Information on RAO/LAO (right/left anterior oblique) and CRA/CAU (cranial/caudal)
direction of the X-Ray images was collected in the Centricity Universal Viewer (GE
Healthcare, General Electric, Boston, Massachusetts), as it was not shown in the
XeroViewer.
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Prior to TAVR-Procedure, patients underwent contrast agent computed tomography.
Contrast agent CT-images which included the large blood vessels from Aorta thoracica
down to the femoral arteries were imported into the 3-dimensional-CT-Program 3mensio
Structural Heart (used Version 8.1, Pie Medical Imaging BV, Maastricht, Netherlands). In
3mensio, to find the exact spot of punctuation the procedures from above were
reproduced as shown in figure 3.

A

C
D

B

Figure 3: Triangulation (A), horizontal support line (C) and measurement for distance (D) in
3mensio. Also, an angiographic animation is shown by the program (B). (Used with the
kind consent of Prof. Dr. med. J. Wöhrle. Transfemoral Aortic Valve Replacement patients
2014-2017 Ulm University)
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A minimal and a maximal diameter of the AFC was measured in mm, and the resulting
mean diameter was collected and defined as the access-site AFC diameter. Possible
calcification in the spot of punctuation was described in relation to its location in the
vessel as either anterior, posterior or if both was present as circular (figure 4).

Figure 4: Diameter measurement of the AFC in mm at the punctuation spot. (Used with the kind
consent of Prof. Dr. med. J. Wöhrle. Transfemoral Aortic Valve Replacement patients 20142017 Ulm University)

Post-procedural contrast agent X-Ray images of the access-site recorded at the end of
TAVR-procedure were compared to those taken prior as shown in figure 5.

The figures 2, 3, 4 and 5 all contain images taken from the same patient as a
comprehensible example on how the data collection was put into practice.
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A

B
Figure 5: Pre- (A) and post-interventional (B) contrast agent x-ray images were compared to assess
the occurrence of complications in the Arteria femoralis communis. (Used with the kind
consent of Prof. Dr. med. J. Wöhrle. Transfemoral Aortic Valve Replacement patients 20142017 Ulm University)
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2.3. Outcomes
Outcomes were defined according to the Valve Academic Research Consortium-2
consensus document. [22]
Beyond that outcome of post-procedural access-site status was assessed. The author was
trained to identify complications in post-procedural contrast agent x-ray images of
access-site vessel by a doctor at the center in the beginning of his work. If insecurities
appeared in judging vessel status the author was granted consultation by his teaching
doctor to discuss these cases.

Access-Site complications were defined as Perforation, Dissection, Endovascular stenting,
Endovascular endothelial flap or Constriction and are shown in figure 6.

Constriction was defined as any kind of luminal narrowing in comparison to preprocedural images that could be observed by eye. If two or more complications appeared,
this was described as multiple complications. Endovascular ballooning was not defined as
a complication itself. If ballooning had to be used in the access-site, the state of the artery
afterwards was described.
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A

B

C

D

E

F

Figure 6: Post-procedural x-ray images showing Perforation (A), Dissection (B), Endovascular Stenting
(C), Endovascular endothelial flap (D), Constriction (E) and Multiple Complications (F,
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Constriction and Flap). (Used with the kind consent of Prof. Dr. med. J. Wöhrle.
Transfemoral Aortic Valve Replacement patients 2014-2017 Ulm University)

The Lotus valve system was implanted either using 22F (French) -sized (29 and 25mm
valves) or using 20F-sized (23mm valve) sheaths. The Evolut R was implanted either using
14-, 16- or 18F-sized sheaths. (In 6 cases the CV Evolut R was implanted sheathless, for
calculating the SFAR a sheath-size of 12F was selected for these cases.) The Edwards
Sapien 3 was implanted either using a 16F- (29mm valve) or 14F-sized sheath (23 and
26mm valves).

Sheath-to-femoral-artery-ratio (SFAR) was calculated by dividing sheath size through
arterial diameter.
𝑆𝐹𝐴𝑅 =

𝑠ℎ𝑒𝑎𝑡ℎ 𝑠𝑖𝑧𝑒 𝑖𝑛 𝑚𝑚
𝑎𝑟𝑡𝑒𝑟𝑖𝑎𝑙 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑖𝑛 𝑚𝑚

2.4. Statistical Analysis
Statistical analysis was done using STATISTICA Software version 7.1 (StatSoft, Tulsa,
Oklahoma). Categorial parameters were tested using Pearson’s chi-squared-test and
continuous parameters were tested by ANOVA. A p-value less than 0.05 was defined as
statistically significant. Categorial parameters are presented in tables as absolute
numbers and in percentage. Continuous parameters are presented in tables as mean and
standard deviation.
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3. Results
3.1. THV device analysis
Table 2: Patient baseline characteristics
Values are presented as n (%) or mean±standard deviation,
STS = Society of Thoracic Surgeons, BMI = Body-Mass-Index in kg/m², ES3 = Edwards Sapien 3
Transfemoral Aortic Valve Replacement patients 2014-2017 Ulm University

Lotus

Evolut R

ES3

233

122

542

Male sex

102 (43.8%)

44 (36.1%)

297 (54.8%)

<0.01

Female sex

131 (56.2%)

78 (63.9%)

245 (45.2%)

<0.01

Age, years

81.7±5.2

80.9±6.1

80.0±6.7

<0.01

BMI, kg/m²

26.4±4.4

26.7±4.6

27.4±4.9

0.01

STS Risk of Mortality, %

7.1±5.0

6.5±5.7

6.6±5.0

0.41

STS Risk of Morbidity or

28.4±11.2

26.9±10.8

27.9±11.4

0.50

Atrial fibrillation

88 (37.8%)

36 (29.5%)

214 (39.5%)

0.12

Chronic pulmonary disease

145 (62.2%)

72 (59.0%)

352 (64.9)

0.42

Diabetes mellitus

61 (26.2%)

40 (32.8%)

168 (31.0%)

0.31

Renal insufficiency

78 (33.5%)

37 (30.3%)

179 (33.0%)

0.82

Number of patients

p-value

Mortality, %
Comorbidities in medical history

Patient baseline characteristics for the three valve systems are shown in Table 2. Most
patients, approximately 60%, were treated with the Edwards Sapien 3. The ES3 was used
statistically significant more frequently in male patients (54.8% vs. 43.8% Lotus and 36.1%
CV Evolut, p<0.01), and the ES3 patients had a higher BMI in kg/m² than the two other
patient groups (27.4±4.9 vs. 26.4±4.4 Lotus and 26.7±4.6 Evolut R, p=0.01). On the other
Hand, Lotus patients showed a higher mean age in years but with a comparable maximum
age inside the first standard deviation (81.7±5.2 Lotus vs. 80.9±6.1 Evolut R and 80.0±6.7,
p<0.01). Other basic parameters like both the Society of Thoracic Surgeons (STS) Risk
Score of Mortality and the combined risk for Mortality or Morbidity showed no
difference. Also, the distribution of comorbidities in patients’ medical history prior to the
TAVR procedure was similar.
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Table 3: Arteria femoralis communis characteristics
Values are presented as n (%) or mean±standard deviation,
AFC = Arteria femoralis communis, ES3 = Edwards Sapien 3
Transfemoral Aortic Valve Replacement patients 2014-2017 Ulm University

Lotus

Evolut R

ES3

233

122

542

Any Calcification

69 (29.6%)

45 (36.9%)

181 (33.4%)

0.35

No Calcification

164 (70.4%)

77 (63.1%)

361 (66.6%)

0.35

Anterior Calcification

6 (2.6%)

9 (7.4%)

9 (1.7%)

<0.01

Posterior Calcification

58 (24.9%)

32 (26.2%)

152 (28.0%)

0.65

5 (2.2%)

4 (3.3%)

20 (3.7%)

0.54

Minimal AFC Diameter, mm

5.0

5.0

4.6

Maximal AFC Diameter, mm

11.2

10.9

11.9

7.8±1.1

7.5±1.2

7.8±1.1

<0.01

Right AFC punctured

179 (76.8%)

92 (75.4%)

415 (76.6%)

0.95

Left AFC punctured

54 (23.2%)

30 (24.6%)

127 (23.4%)

0.95

Number of patients

Circular Calcification

Mean AFC Diameter, mm

p-value

Table 3 shows the measured data of the Arteria femoralis communis at the access-site.
Rate of any calcification in the location of puncture was not different between the groups
and was present in approximately one third of all patients. Calcification was rather
located posterior in the vessel, however the Evolut R group showed a significantly higher
rate of anterior calcification (7.4% vs. 2.6% Lotus and 1.7% ES3, p<0.01). In all groups the
right femoral artery was selected as the favorable access-site vessel by slightly more than
75%.
The smallest but also the largest arterial diameter were both measured in the ES3 group.
Mean AFC diameter for Lotus and ES3 groups were equally calculated as 7.8mm (±1.1mm
standard deviation), but the Evolut R patients had significantly smaller access-site vessels,
in average by 0.3mm (p<0.01).
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Overall the measured AFC diameter almost followed Gaussian distribution with a median
of 7.6mm, as depicted in figure 7.
Overall AFC Diameter
expected Gaussian distribution
200
180
160
140
120
100

Frequency

80
60
40
20
0
3,5

4,5
4,0

5,5
5,0

6,5
6,0

7,5
7,0

8,5
8,0

9,5
9,0

10,5
10,0

11,5
11,0

12,0

AFC in mm

Overall AFC Data
Minimal AFC Diameter:
Maximal AFC Diameter:
Mean AFC Diameter:
Median AFC Diameter:
Standard Deviation:

n=897
4.6mm
11.9mm
7.8mm
7.6mm
1.1

Figure 7: Arteria femoralis communis Diameter Distribution (AFC = Arteria femoralis communis,
Transfemoral Aortic Valve Replacement patients 2014-2017 Ulm University)
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As described in Table 4, Lotus valve showed a significantly higher mean sheath-outer
diameter (7.2±0.2 vs. 4.8±0.4 and 4.9±0.3, p<0.001), concordantly patients treated with
this valve system had a significantly higher sheath-to-femoral-artery-ratio (SFAR, 0.9±0.1
vs. 0.6±0.1, p<0.001).
Table 4: Sheath-to-femoral-artery-ratio
Values are presented as mean±standard deviation,
AFC = Arteria femoralis communis, ES3 = Edwards Sapien 3
Transfemoral Aortic Valve Replacement patients 2014-2017 Ulm University

Lotus

Evolut R

ES3

233

122

542

7.2±0.2

4.8±0.4

4.9±0.3

<0.001

Mean AFC diameter, mm

7.8±1.1

7.5±1.2

7.8±1.1

<0.01

Sheath-to-femoral-artery-ratio

0.9±0.1

0.6±0.1

0.6±0.1

<0.001

Number of patients
Mean sheath-outer diameter,

p-value

mm

Outcomes for the three different valve systems according to VARC-2 criteria are depicted
in Table 5. Patients treated with the Lotus device showed a significantly (p<0.01) higher
rate of major bleeding complications classified as Bleeding Academic Research
Consortium (BARC) type 3a (5.2%) than those treated with Evolut R (0.8%) and ES3 (1.3%).
Otherwise, the Evolut R group appeared to have a lower rate of minor bleeding
complications classified as BARC 2/3a (5.7% vs. 10.7% and 10.5%, p=0.08), however a
statistically significance could not be found here.
All devices showed success rates higher than 90% and did not differ in other outcome
parameters.
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Table 5: Valve Academic Research Consortium defined Outcome
Values are presented as n (%),
BARC = Bleeding Academic Research Consortium, ES3 = Edwards Sapien 3
Transfemoral Aortic Valve Replacement patients 2014-2017 Ulm University

Lotus

Evolut R

ES3

233

122

542

215 (92.3%)

117 (95.9%)

511 (94.3%)

0.35

Early Safety endpoint (30 days)

15 (6.4%)

7 (5.7%)

24 (4.4%)

0.48

Major Vascular Complications

5 (2.2%)

0 (0.0%)

9 (1.7%)

0.29

Minor Vascular Complications

18 (7.7%)

14 (11.5%)

46 (8.5%)

0.47

Life threatening bleeding

4 (1.7%)

3 (2.4%)

8 (1.5%)

0.74

Major Bleeding BARC 3a

12 (5.2%)

1 (0.8%)

7 (1.3%)

<0.01

Minor Bleeding BARC 2/3a

25 (10.7%)

7 (5.7%)

57 (10.5%)

0.08

8 (3.4%)

2 (1.6%)

13 (2.4%)

0.55

Number of patients
Device Success

Closure-device failure

p-value

Specific femoral artery outcome, depicted in table 6, showed no statistically significant
differences. However, in the Evolut R group there was a tendency for a lower rate of
Perforation, Dissection, Endovascular Stent and Endovascular Flap when combined (9.0%
vs. 17.2% Lotus and 15.7% ES3, p=0.11). Contrariwise, there also was a tendency for a
higher rate of Constriction in the Evolut R group (36.9% vs. 25.8% Lotus and 31.4% ES3,
p=0.08).
Table 6: Arteria femoralis communis Outcome
Values are presented as n (%),
Perf = Perforation, Diss = Dissection, ES3 = Edwards Sapien 3
Transfemoral Aortic Valve Replacement patients 2014-2017 Ulm University

Lotus

Evolut R

ES3

233

122

542

Perforation

1 (0.4%)

0 (0.0%)

0 (0.0%)

0.24

Dissection

12 (5.2%)

2 (1.6%)

25 (4.6%)

0.27

Endovascular Stent

8 (3.4%)

3 (2.5%)

20 (3.7%)

0.80

Constriction

60 (25.8%)

45 (36.9%)

170 (31.4%)

0.08

Endovascular Flap

19 (8.2%)

6 (4.9%)

40 (7.4%)

0.52

Multiple Complications

10 (4.3%)

6 (4.9%)

20 (3.7%)

0.80

Combined Perf/Diss/Stent

21 (9.0%)

5 (4.1%)

45 (8.3%)

0.23

Combined Perf/Diss/Stent/Flap

40 (17.2%)

11 (9.0%)

85 (15.7%)

0.11

Number of patients

18

p-value

3.2. SFAR dependent Analysis
The patient collective was analyzed dependent on SFAR. Overall SFAR results are shown
in Table 7.
Table 7: Sheath-to-femoral-artery-ratio Characteristics
SFAR = Sheath-to-femoral-artery-ratio
Transfemoral Aortic Valve Replacement patients 2014-2017 Ulm University

SFAR
Number of patients

897

Minimum

0.391597

Maximum

1.409615

Mean

0.720621

Standard deviation

0.171559

Median

0.674684

Median SFAR was at 0.674684. The patient collective was split up according to a rounded
median SFAR of 0.67 into two groups, one with smaller and one with equal or larger SFAR
than the rounded median. Patient baseline characteristics for those two groups are
shown in Table 8.
Table 8: Patient Baseline Characteristics: Sheath-to-femoral-artery ratio dependent
Values are presented as n (%) or mean±standard deviation, groups split by rounded median SFAR = 0.67,
STS = Society of Thoracic Surgeons, BMI = Body-Mass-Index in kg/m², SFAR = Sheath-to-femoral-arteryratio Transfemoral Aortic Valve Replacement patients 2014-2017 Ulm University

SFAR < 0.67

SFAR ≥ 0.67

440

457

Male sex

253 (57.5%)

190 (41.6%)

<0.01

Female sex

187 (42.5%)

267 (58.4%)

<0.01

Age, years

80.4±6.4

80.7±6.3

0.41

BMI, kg/m²

27.6±4.9

26.5±4.6

<0.01

STS Risk of Mortality, %

6.3±4.7

7.1±5.5

0.03

27.5±11.1

28.2±11.4

0.31

Atrial fibrillation

163 (37.1%)

175 (38.3%)

0.70

Chronic pulmonary disease

273 (62.1%)

296 (64.8%)

0.40

Diabetes mellitus

135 (30.7%)

134 (29.3%)

0.66

Renal insufficiency

155 (35.2%)

139 (30.4%)

0.12

Number of patients

STS Risk of Morbidity or Mortality, %

p-value

Comorbidities in medical history
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Patients who had a SFAR equal or larger than 0.67 were rather female than those with
smaller SFAR (58.4% vs. 42.5%, p<0.01) and showed a significantly lower Body-Mass-Index
(BMI) in kg/m² (26.5±4.6 vs. 27.6±4.9, p<0.01). Additionally, the group of patients with
larger SFAR had an increased STS Score for the risk of mortality compared to those with
smaller SFAR (7.1±5.5 vs. 6.3±4.7, p=0.03).
Other basic parameters like age and the rate of comorbidities prior to the intervention
were similar in both groups.

Measurements of the Arteria femoralis communis are shown in Table 9. The rate of
calcification at the access-site was significantly higher in the group with larger SFAR
(36.5% vs. 29.1%, p=0.02), but showed no significant difference in its locational
distribution. Mean diameter of the AFC was larger, in average by 1.1mm, in the smaller
SFAR group (8.3mm±0.9 vs. 7.2mm±1.0, p<0.01). As seen before the preferred access-site
vessel was the right AFC, there was no difference in the rate of right or left punctured AFC
between these two groups.
Table 9: Arteria femoralis communis characteristics: Sheath-to-femoral-artery dependent
Values are presented as n (%) or mean±standard deviation, groups split by rounded median SFAR = 0.67,
AFC = Arteria femoralis communis, SFAR = Sheath-to-femoral-artery-ratio
Transfemoral Aortic Valve Replacement patients 2014-2017 Ulm University

SFAR < 0.67

SFAR ≥ 0.67

440

457

Any Calcification

128 (29.1%)

167 (36.5%)

0.02

No Calcification

312 (70.9%)

290 (63.5%)

0.02

Anterior Calcification

10 (2.3%)

14 (3.1%)

0.46

Posterior Calcification

107 (24.3%)

135 (29.5%)

0.08

11 (2.5%)

18 (3.9%)

0.22

8.3±0.9

7.2±1.0

<0.01

Right AFC punctured

340 (77.3%)

346 (75.7%)

0.58

Left AFC punctured

100 (22.7%)

111 (24.3%)

0.58

Number of patients

Circular Calcification
Mean AFC Diameter, mm
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p-value

Table 10 and figure 8 show the outcome data according to VARC-2 criteria. There were no
differences in occurrence rates regarding device success, the early safety endpoint after
30 days and closure-device failure between both groups. Vascular and Bleeding
complications are displayed in figure 8, which all showed higher rates in the group of
SFAR equal to or over 0.67. However, a statistical significance could only be found for the
higher rate of major bleedings type BARC 3a (1.1% vs. 3.3%, p=0.03).
P-values for major and minor vascular complications, life threatening bleeding and minor
bleeding BARC 2/3a all were between 0.31 and 0.48.
Table 10: Valve Academic Research Consortium defined Outcome: Sheath-to-femoral-arteryratio dependent
Values are presented as n (%), groups split by rounded median SFAR = 0.67,
SFAR = Sheath-to-femoral-artery-ratio
Transfemoral Aortic Valve Replacement patients 2014-2017 Ulm University

SFAR < 0.67

SFAR ≥ 0.67

440

457

415 (94.3%)

428 (93.7%)

0.68

Early Safety endpoint (30 days)

20 (4.6%)

26 (5.7%)

0.44

Closure-device failure

9 (2.1%)

14 (3.1%)

0.33

Number of patients
Device Success

p-value

12
10,7

10

Frequency in %

9,4

9,1

8
8
6

p=0.03

4

3,3
2
2

2
1,4

1,1

1,1

0
Major Vascular
Complication

Minor Vascular
Complication

Life threatening
bleeding

SFAR < 0.67 (n=440)

Major Bleeding
BARC 3a

Minor Bleeding
BARC 2/3a

SFAR ≥ 0.67 (n=457)

Figure 8: Valve Academic Research Consortium defined Outcome: Sheath-to-femoral-artery-ratio
dependent (groups split by rounded median SFAR = 0.67, SFAR = Sheath-to-femoral-arteryratio, BARC = Bleeding Academic Research Consortium, p-values are shown in red if
statistically significant. Transfemoral Aortic Valve Replacement patients 2014-2017
Ulm University)
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Specific femoral artery outcome is depicted in figures 9 and 10. Both figures show higher
rates for all kinds of complications in the SFAR equal to or over 0.67 group, except for the
rate of endovascular stenting, which was higher in the SFAR under 0.67 group although it
did not show statistical significance (3.6% vs. 3.3%, p=0.77). For the two complications
dissection and endovascular flap, rates were higher by more than 4% in the larger SFAR
group with a p-value less than 0.01. Also, there was a significantly higher rate in this
group when perforation, dissection and endovascular stenting are considered combined
as one outcome parameter (9.9% vs. 5.9%, p=0.03). Furthermore, this effect showed an
even higher difference between the groups when endovascular flap was added as well as
showing more significance (19.5% vs 10.7%, p<0.001). In the SFAR equal to or over 0.67
group the rate for multiple complications was significantly higher (5.7% vs. 2.3%, p<0.01).
For the parameter Constriction there was a tendency for a higher rate in the larger SFAR
group, though not showing statistical significance (33.5% vs 27.7%, p=0.06).

12

p<0.01
10
9,6

Frequency in %

8

p<0.01

6

6,4
4,8

4
3,6
2

3,3

2,3
0

0,2

0
Perforation

Dissection

Endovascular Stent

SFAR < 0.67 (n=440)

Endovascular Flap

SFAR ≥ 0.67 (n=457)

Figure 9: Arteria femoralis communis Outcome: Sheath-to-femoral-artery-ratio dependent 1
(groups split by rounded median SFAR = 0.67, SFAR = Sheath-to-femoral-artery-ratio, pvalues are shown in red if statistically significant. Transfemoral Aortic Valve Replacement
patients 2014-2017 Ulm University)
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40

p=0.06

35

33,5

Frequency in %

30
27,7

25

p<0.001
20
19,5
15

p=0.03

10
9,9
5

p<0.01

10,7

5,9

2,3

5,7

0
Combined Perf/Diss/Stent

Combined
Perf/Diss/Stent/Flap
SFAR < 0.67 (n=440)

Constriction

Multiple Complications

SFAR ≥ 0.67 (n=457)

Figure 10: Arteria femoralis communis Outcome: Sheath-to-femoral-artery-ratio dependent 2
(groups split by rounded median SFAR = 0.67, SFAR = Sheath-to-femoral-artery-ratio,
Perf = Perforation, Diss = Dissection, p-values are shown in red if statistically significant.
Transfemoral Aortic Valve Replacement patients 2014-2017 Ulm University)
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3.3. Lotus valve system subgroup analysis
Table 11: Patient baseline characteristics: Lotus valve patients
Values are presented as n (%) or mean±standard deviation, groups split by sheath size,
STS = Society of Thoracic Surgeons, BMI = Body-Mass-Index in kg/m², F = French
Transfemoral Aortic Valve Replacement: Lotus valve patients 2014-2017 Ulm University

20F

22F

37

196

3 (8.1%)

99 (50.5%)

<0.0001

Female sex

34 (91.9%)

97 (49.5%)

<0.0001

Age, years

82.3±5.4

81.6±5.1

0.46

BMI, kg/m²

26.6±6.0

26.3±4.1

0.67

STS Risk of Mortality, %

8.0±5.1

6.9±5.0

0.24

29.0±10.5

28.3±11.4

0.72

Atrial fibrillation

9 (24.3%)

79 (40.3%)

0.07

Chronic pulmonary disease

25 (67.6%)

120 (61.2%)

0.46

Diabetes mellitus

9 (24.3%)

52 (26.5%)

0.78

Renal insufficiency

10 (27.0%)

68 (34.7%)

0.36

Number of patients
Male sex

STS Risk of Morbidity or Mortality, %

p-value

Comorbidities in medical history

Patient baseline characteristics for the 20French- and 22French-sized sheath groups are
displayed in Table 11. 233 patients received a Lotus valve system which were implanted
either via a 20F- or 22F-sized sheath.
Only 3 men received a Lotus valve via a 20F sheath, which marked the only statistically
significant difference between the 20F and 22F groups (8.1% vs. 50.5% male, p<0.0001).
Nevertheless, for comorbidities in medical history prior to intervention a tendency for a
higher rate of atrial fibrillation could be found in the group of patients treated via a 22F
sheath (40.3% vs. 24.3%, p=0.07). The mean STS risk of mortality was higher in the 20F
sheath group, though not showing statistical significance (8.0±5.1 vs. 6.9±5.0, p=0.24).
For all other baseline characteristics as well, no statistically significant differences could
be found as they were equally distributed in both groups.
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Table 12: Arteria femoralis communis characteristics: Lotus valve patients
Values are presented as n (%) or mean±standard deviation, groups split by sheath size,
AFC = Arteria femoralis communis, F = French
Transfemoral Aortic Valve Replacement: Lotus valve patients 2014-2017 Ulm University

20F

22F

37

196

Any Calcification

11 (29.7%)

58 (29.6%)

0.99

No Calcification

26 (70.3%)

138 (70.4%)

0.99

Anterior Calcification

1 (2.7%)

5 (2.5%)

0.96

Posterior Calcification

10 (27.0%)

48 (24.5%)

0.74

Circular Calcification

0 (0.0%)

5 (2.5%)

0.33

Mean AFC Diameter, mm

7.2±0.8

7.8±1.1

<0.01

Right AFC punctured

29 (78.4%)

150 (76.5%)

0.81

Left AFC punctured

8 (21.6%)

46 (23.5%)

0.81

Number of patients

p-value

Measured data of the access-site vessel for the 233 patients which were treated with a
Lotus valve system are shown in Table 12. There were no differences in rate of
calcification or its locational distribution in the access-site between both groups.
Similarly, the rate of right or left punctured femoral artery showed no difference (p=0.81).
In the 22F-sized sheath group, the punctured vessel showed a 0.6mm larger mean
diameter than in the 20F group (7.8mm±1.1 vs. 7.2mm±0.9, p<0.01).
Regarding the access-site, this is the only parameter that showed a significant difference
between the 20F-sized and 22F-sized sheath groups.
In Table 13, calculations for the SFAR of patients treated with the Lotus valve system are
shown. Although the mean diameter of the punctured arteria femoralis communis was
significantly smaller in the 20F-sized sheath group, the sheath-to-femoral-artery-ratio did
not differ between both groups (0.93±0.11 vs. 0.95±0.13, p=0.36).
Table 13: Sheath-to-femoral-artery-ratio: Lotus valve patients
Values are presented as mean±standard deviation, groups split by sheath size,
AFC = Arteria femoralis communis, F = French
Transfemoral Aortic Valve Replacement: Lotus valve patients 2014-2017 Ulm University

Number of patients
Mean Sheath-outer Diameter, mm
Mean AFC Diameter, mm
Sheath-to-femoral-artery-ratio

20F

22F

37

196

6.67

7.34

7.2±0.8

7.8±1.1

<0.01

0.93±0.11

0.95±0.13

0.36
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p-value

VARC Outcome for the 20F- and 22F-sized sheath Lotus valve groups are depicted in Table
14 and figure 11. Device success rate was at 83.8% in the 20F group and thereby
significantly lower by 10.1% for a p-value of 0.03 than in the 22F group, which showed a
device success rate of 93.9%. Early safety endpoint after 30 days and closure device
failure showed no significant difference.
Table 14: Valve Academic Research Consortium defined Outcome: Lotus valve patients
Values are presented as n (%), groups split by sheath size
F = French
Transfemoral Aortic Valve Replacement: Lotus valve patients 2014-2017 Ulm University

20F

22F

37

196

31 (83.8%)

184 (93.9%)

0.03

Early Safety endpoint (30 days)

2 (5.4%)

13 (6.6%)

0.78

Closure-device failure

2 (5.4%)

6 (3.1%)

0.47

Number of patients
Device Success

p-value

12
11,2

Frequency in %

10
8

8,2

8,1

6
5,4

5,4

4
2

5,1

2,7
2

2
0

0
Major Vascular
Complications

Minor Vascular
Complications

Life theatening
bleeding

20F (n=37)

Major Bleeding
BARC 3a

Minor Bleeding
BARC 2/3a

22F (n=196)

Figure 11: Valve Academic Research Consortium defined Outcome: Lotus valve patients (groups
split by sheath size, F = French, BARC = Bleeding Academic Research Consortium, p-values
are shown in red if statistically significant. Transfemoral Aortic Valve Replacement: Lotus
valve patients 2014-2017 Ulm University)

Vascular and bleeding complications for both groups are displayed in figure 11. Minor
vascular and minor bleeding complications both showed a higher rate (by 2.8% and 3.1%)
in the 22F group, however, both were not statistically significant with a p-value of 0.57
(8.2% vs. 5.4% minor vasc. compl. and 11.2% vs. 8.1% minor bleedings). On the other
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hand, major vascular (2.7% vs 2.0%) and major bleeding complications (5.4% vs. 5.1%)
were observed more frequent in the 20F-sized sheath group, but similarly as for the
minor complications no statistical significance could be found here as well (p=0.80 major
vasc. compl. and p=0.94 major bleedings). Life-threatening bleeding occurred in 2% of the
22F patient group and was absent in the 20F patient group (p=0.38).

Specific femoral artery outcome for the 20F- and 22F-sized sheath Lotus valve system
patient groups is displayed in figures 12 and 13.
Dissection was more frequent in the smaller sheath group (8.1% vs. 4.6%) but was not
statistically significant (p=0.37). Contrariwise, endovascular flap was more frequent in the
larger sheath group (8.7% vs. 5.4%) but similarly it did not show a statistical significance
(p=0.50).
Perforation as well as endovascular stenting also showed non-significant differences
(p=0.66 Perforation and p=0.79 endovascular stenting) with slightly higher rates in the
22F group.
10
9
8,7

8

8,1

Frequency in %

7
6
5

5,4
4,6

4

3,6

3
2,7

2
1
0

0,5

0
Perforation

Dissection

Endovascular Stent

20F (n=37)

Endovascular Flap

22F (n=196)

Figure 12: Arteria femoralis communis Outcome: Lotus valve patients 1 (groups split by sheath
size, F = French, p-values are shown in red if statistically significant. Transfemoral Aortic
Valve Replacement: Lotus valve patients 2014-2017 Ulm University)
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40
37,8

35

Frequency in %

30
25
23,5

20
15
10

16,2

p<0.01

17,3

p=0.07

10,8

13,5

8,7

5

2,5

0
Combined Perf/Diss/Stent

Combined
Perf/Diss/Stent/Flap
20F (n=37)

Constriction

Multiple Complications

22F (n=196)

Figure 13: Arteria femoralis communis Outcome: Lotus valve patients 2 (groups split by sheath
size, F = French, Perf = Perforation, Diss = Dissection, p-values are shown in red if
statistically significant. Transfemoral Aortic Valve Replacement: Lotus valve patients 20142017 Ulm University)

The two combined outcomes showed differences in opposite directions, however for
both no statistical significance could be found (p=0.68 for Combined Perf/Diss/Stent and
p=0.87 for Combined Perf/Diss/Stent/Flap).
A 14.3% higher rate of constriction was found in the 20F-sized sheath group (37.8 vs.
23.5%) but no significance could be detected (p=0.07). Only for the 11% higher rates of
multiple complications which also occurred in the 20F-sized sheath group a statistical
significance could be verified (p<0.01).

3.4. Roundup
Patients receiving a Lotus valve showed significantly higher SFAR as well as a higher rate
of major bleedings BARC 3a. Patients with a SFAR higher than the rounded median had
significantly higher rates of calcification, major bleedings BARC 3a as well as for specific
femoral artery complications. In the Lotus subgroup analysis, the 22F-sized sheath group
showed a significantly higher rate for device success whilst having a lower rate of multiple
complications. Other outcome parameters showed no significant differences between the
20F- and 22F-sized sheath Lotus valve system patient groups.
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4. Discussion
As data on comparison of the new Transcatheter-Heart-Valve Devices is scarce, this study
aimed to address this gap by comparing the outcome of the three most commonly used
THV devices in a single-center real-world experience in an all-comers population.
In a large meta-analysis Barbanti et al. investigated publications on TAVR with new
generation devices, but only studies using one THV device were examined. [1]
In total they reviewed the clinical outcome of 37 studies including 11,822 patients, 10,184
of those receiving transfemoral TAVR. Device Success rates in the meta-analysis were
similarly high with a pooled estimate of 94.9% compared to 94.2% in this study.
Otherwise, the estimated rates of life threatening or major bleedings and major vascular
complications (3.9%, 8.3% and 4.6%) were higher in the meta-analysis than in this study
(1.9%, 2.4% and 1.3%). Nevertheless, it has to be mentioned in the meta-analysis not only
studies observing Edwards Sapien 3, Lotus or Evolut R were included, but also studies
examining Portico (St. Jude Medical, Minneapolis, MN), JenaValve (JenaValve Technology,
Munich, Germany) and Symetis Acurate (Boston Scientific Corporation, Marlborough,
Massachusetts), adding up to 15.1% of the overall patient population. Therefore, it
remains uncertain if studies using these valves may have contributed to the higher
estimated complication rates found by Barbanti compared to the results of the present
study, especially as there are no studies to be found which directly compare these
Transcatheter-Heart-Valves to the ones used in this study.[1]
Similar to the comparable VARC-2 outcome rates between ES3 and Evolut R found in the
present work, a study of Ben-Shoshan et. al already described equal post-procedural
complication rates between these two systems in 2014. [4]
For the ES3 they found rates of life-threatening bleeding to be 0.8%, major bleeding 3.2%
and major vascular complications at 3.2% as well. For the Evolut R those rates were 2.7%,
1.8% and 1.8% respectively, and showed no significant differences. In the present study
results for life-threatening or major bleeding and major vascular complications showed
comparable rates with 1.5% ES3 vs. 2.4% EvR, 1.3% ES3 vs. 0.8% EvR and 1.7% ES3 vs. 0%
EvR. Both studies showed slightly higher rates of life-threatening bleeding in the Evolut R
groups but with lower rates of major bleedings and major vascular complications on the
other hand. Despite these similarities it must be considered the study by Ben-Shoshan
was a small (232 total patients), non-randomized, single-center experience. [4]
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Furthermore, results of both studies, the present and the study by Ben-Shoshan et. al,
need to be seen carefully, as both included a rather small number of patients treated with
the Evolut R (122 and 108 patients).
In the FORWARD study, the largest multicenter prospective registry for self-expanding
THV devices, 1,038 patients treated with the Evolut R were evaluated. [14]
With 3.3% life-threatening or disabling bleeding, 6.2% major bleedings and 6.5% major
vascular complications Grube et. al reported higher rates by more than 4% compared to
the results observed in this work and Ben-Shoshan’s study. On the other hand, they
reached a minor bleeding rate of 2.4% which is lower than the 5.7% found in this work.
This discrepancy between the results for major complications however could be explained
due to the fact the patients in the FORWARD study were treated at 53 different centers.
Therefore, the number of patients treated per center resulting in a mean of 19.6, the
average experience of the operators with the Evolut R system may be less than in the two
single center studies. Thus, the incidence of major complications in patients treated with
the Evolut R at centers using this THV regularly, could be closer to the results in this study
and may be overestimated in the FORWARD study.
This consideration is supported by the results of a study which took place at 9 centers in
the United Kingdom, finding a rate for major vascular complications of 5.3% in 264
patients treated with the Evolut R. [16]
Concordantly to the low complication rates found in this work for patients treated with
the Evolut R, a propensity-score matched analysis of the Italian Transcatheter Aortic Valve
Implantation (TAVI) registry comparing the Evolut R to Medtronic’s CoreValve THV, found
equal low rates as well. [11]
For the 211 patients treated with the Evolut R they found a 0.4% rate for life-threatening
bleeding, 1.4% for major bleeding and 2% for major vascular complications, all of them
being statistically less frequent compared to the matched CoreValve group (p<0.001).
However, in a study at the present center by Gonska et. al, a comparable superiority for
vascular complications of the ES3 to the CoreValve could not be found. The results
showed similar rates for life-threatening bleeding, major bleeding and major vascular
complications for both THV devices. [12]
Nevertheless, the need for vascular surgical repair or covered stent grafting was
significantly lower in the ES3 group compared to the CoreValve group (7% vs. 21%,
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p<0.01), and also showed higher device success (97% vs. 73%, p<0.01) whilst having a
lower risk of cardiac mortality at 30 days (0% vs. 6%, p<0.01).
Still, it must be taken into account, this study is a rather small non-randomized work with
100 patients included in each valve group and implantation procedures for the CoreValve
were performed between 2011 and 2013 while the ES3 procedures took place in 2014.
[12]
In the SOURCE 3 registry, a large multicenter study evaluating data of patients treated
with the Edwards Sapien 3 between July 2014 and October 2015, slightly higher rates
than in the present work were found for life-threatening bleeding (4.3%) and major
vascular complications (4.3%), but in general these results are comparable to other
literature on ES3 outcomes described before. [31]
Except for Major Bleeding classified as BARC type 3a, there were no differences to be
found in this study concerning VARC-2 defined outcomes between the three THV devices.
Similar VARC-2 results have been found at the present center already, comparing the
Boston Lotus valve and Edwards Sapien 3. [32] [27]
In a study investigating results of 26 Lotus and 52 ES3 patients treated in the early year of
2014, comparable results between both valves were achieved. [32]
Rates for early safety endpoint at 30 days, life-threatening bleeding and major vascular
complications were slightly higher than in the present work, which could be explained by
rising operator experience throughout the four years observation period in this study.
Also, closure device failure was more frequent in the period of the early year of 2014
(>10%) compared to the results shown here. [32]
This could be due to the use of the ProStar XL closure device between 2007 and 2014 and
the use of ProGlide just starting in the process of the year of 2014 as described in a work
by Seeger et. al at this center. [25]
The ProGlide system showed superior results compared to the ProStar XL for mortality
and closure device failure as well as for bleeding complications, major and minor vascular
complications. Hence, after the results of this study the ProGlide system was used at this
center.
The propensity-score matched 30-day outcome, in a study of 202 patients treated with
Lotus and 202 patients treated with ES3 at this center showed, similar to the results
found in the patients of 2014 and to the results in the present work, no difference
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between the two THV devices concerning all-cause mortality, early-safety endpoint, lifethreatening bleeding or major vascular complications. However, the need for permanent
pacemaker implantation was significantly higher for patients treated with Boston
Scientific’s Lotus valve system in both studies. [27] [32]
Unfortunately, neither of the studies contained information on the rate of major
bleeding complications classified as BARC type 3a, which were significantly higher for
patients receiving a Lotus valve in the present study. [27] [32]
Results of the REPRISE II study showed even higher rates of major bleedings, with 17.6%
in their study cohort. Life-threatening or disabling bleeding also was more frequent than
in the Lotus group of the present study with 5%, while major vascular complications were
similarly often with 2.5%. [19]
These results undermine the concern raised in this study, the use of the Lotus valve could
be associated with a higher rate of major bleedings compared to the Edwards Sapien 3
and Evolut R, especially if REPRISE II results (17.6% major bleedings, Lotus) are compared
to the results of the FORWARD trial described before (6.2% major bleedings, Evolut R)
and the outcome of ES3 which was found comparable to Evolut R in the present work and
by Ben-Shoshan. [19] [14] [4]
Still it must be acknowledged, the REPRISE II study represents results of the early
implantation phase of the Lotus valve system (patients treated between April and
October 2013), thus, experience with this system must be considered lower than these
days, and beyond that similar to the FORWARD study it was a multicenter study taking
place at 14 different centers with only 120 patients participating. [19] [14]
Furthermore, studies like the U.K. experience with Lotus TAVR, suggest the REPRISE II
data might not reflect outcome of “real world” practice results. [23]
In their study cohort of 228 patients undergoing Lotus TAVR between March 2013 and
March 2015 they report a bleeding complication rate as a composite of life-threatening,
major and minor bleeding of 10.5%, which is even lower than the 17.6% combined
bleeding complications of this study. However, the study by Rampat et. al is also a
retrospective work. [23]
Further investigation and randomized controlled trials would be necessary to confirm the
possible association of Lotus valve and higher rates for major bleeding complications
compared to the ES3 and Evolut R found in the present work.
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To this date, no studies examining the state of the postprocedural access-site vessel in
patients treated with new generation THV devices comparable to the method in the
present study are known. Nevertheless, some studies on the older generation devices like
the PARTNER trial reported rates of 17.1% in their cohort B-TF (transfemoral) and 10.7%
in cohort A-TF on vascular dissections. Rates for vascular perforation were 6.8% and 5.4%
respectively. [9]
On the other hand, a study by Czerwinska-Jelonkiewicz found rates for femoral artery
rupture and dissection both to be at 5.1% (3/59 TF-TAVR patients) in a small single center
experience in patients treated either with Edwards Sapien or Edwards Sapien XT valve
systems. [5]
Results found by Hayashida et al. in a study of 127 patients treated with Edwards Sapien
or CoreValve showed more comparable results to the present study, with rates of 0.8%
for femoral artery rupture and 4.7% for dissection respectively. [15]
For the new generation THV devices, only few studies contain little information on
access-site vessel status after TAVR procedure.
As mentioned before, a study by Gonska et. al reported a rate of 7% for surgical repair or
covered stenting in patients treated with the ES3. [12]
Likewise, a study by Wöhrle et. al comparing results between the Lotus and ES3 reported
the need for endovascular stent grafting to be at 11.5% for Lotus and 15.4% ES3 patients.
[32]
Keeping in mind both these studies were rather small single-center studies, the lower
rates found in the present work suggests the need for endovascular stent grafting may be
overestimated by both. This thought is supported by results found in a study comparing
the ES3 to the Direct Flow Medical valve which showed a rate of 4/113 patients (3.5%)
implanted with a covered stent in their ES3 study cohort. [24]
However, the work by Schulz et. al also is a retrospective, non-randomized, single-center
experience. [24]
No studies could be found reporting rates on the incidence of endovascular flaps post
TAVR procedure. Results of this study showed a significantly higher rate for endovascular
flaps in the SFAR dependent analysis for the larger SFAR group, as well as for dissection.
When looking at the combined rate for perforation, dissection, endovascular stent
grafting and endovascular flap, the rate was almost 9% higher in the larger SFAR group
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with a p-value of 0.0002. Also, in the Valve dependent analysis a tendency for a lower
rate of this combined complication was found for the Evolut R compared to the other THV
devices. The results shown here highly recommend for this effect to be taken into
consideration, not only for future studies on THV devices but for clinical evaluation of
patients as well. In the single-center study by Hayashida et. al on Edwards Sapien and
CoreValve patients, a SFAR ≥ 1.05 was demonstrated to be an independent predictor for
VARC major vascular complications (30.9% vs. 5.6%, p<0.001). Furthermore, they also
showed major vascular complications predicted 30-day mortality (22.7% vs. 7.6%,
p=0.049) as well as an association between SFAR ≥ 1.05 and 30-day mortality itself
(18.2% vs. 4.2%, p=0.016). [15]
In this study investigating newer generation devices, no differences in the occurrence of
major vascular complications in the two SFAR groups split by a rounded median of 0.67
could be observed. However, a significantly higher rate for major bleedings type BARC 3a
was found in the larger SFAR group, which is concordantly to the results of a higher major
bleeding rate in the Lotus group which had a significantly larger SFAR than the ES3 and
Evolut R.
Contrariwise to the results found by Hayashida, several studies did not find predictive
value of SFAR to VARC defined vascular or bleeding complications. [13] [6]
These different results could be explained due to the fact in Hayashida’s trial closure of
the femoral access site was performed surgically (28/127 patients) and with the Prostar
XL 10-F closure device (99/127 patients) (Abbott Vascular Inc.), [15]
while in opposition, in Dimitriadis’ trial all 183 patients received access-site closure with
the Perclose-ProGlide device (also Abbott Vascular Inc.). [6]
As describe before, Seeger et. al found the Perclose-ProGlide device to be superior to the
ProStar XL. In fact, in their study the improved outcomes for the ProGlide device were
found despite this device was used in a patient group showing a significantly higher SFAR
(1.0 ± 0.16 ProGlide vs 0.89 ± 0.25 ProStar, p < 0.01). [25]
In a study with 255 patients treated with Edwards Sapien or Sapien XT, Krishnaswamy et.
al did find a predictive value of SFAR on vascular complications. However, only for a value
of SFAR more than 1.45 and only with a sensitivity of 64.2%. [17]
A study just recently published investigated the occurrence of vascular complications in
400 patients treated with the Edwards Sapien 3. [29]
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They found, even with this next generation THV device, relatively high rates of major
(5.8%) and minor vascular complications (15.0%) with the only predictor to be sheath-toilio-femoral-artery-ratio (SIFAR) in their study (odds ratio 7.51, 95% confidence interval
1.61 to 34.95, p=0.010). They identified a SIFAR value of 1.13 to be most predictive for
major VCs. Nevertheless, the sensitivity and specificity were low at 56.6% and 62.8%
respectively, showing a positive predictive value at 8.5% whilst the negative predictive
value being 95.9%. [29]
These results show, the SFAR might not be as predictive as thought before and other
factors like the used closure device or surgical closing technique have an important
influence on the outcome based on VARC 2 criteria.
Another possible factor associated with major vascular complications is female sex. The
PARTNER trial identified female sex as the strongest predictor for major vascular
complications within 30 days (Hazard ratio: 2.31, 95% confidence interval 1.08 to 4.98,
p=0.03). [9]
This is supported by the results found by Greason, who found female gender to be a
predictor of arterial injury as well (Odds ratio: 3.5, 95% confidence interval 1.14 to 11.61,
p=0.03). [13]
However, in conflict to these results in the present study the Evolut R patients group
contained the most females (63.9%) and did not show any major vascular complication
(0.0%). Nevertheless, it was the THV group which showed the most minor vascular
complications (11.5%). Though, the Evolut R group showed the highest device success
(95.9%) observed in this study, while even having a tendency for a lower rate of minor
bleeding complications (5.7%). Furthermore, the Evolut R patients also showed a
tendency for lower rates of the combined complication variable composed of perforation,
dissection, endovascular stent grafting and endovascular flap. Similarly, the analysis of
the Lotus valve groups by used sheath size did not show any significant higher risk for
major vascular complications (2.7% vs. 2.0%, p=0.80) although the 20F group was
composed of 91.9% females. Still, this was the group with the lowest device success
(83.8%) observed in this study and contained only 37 patients.
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4.1. Limitations
This study is a retrospective work and it was not randomized. Therefore, slight differences
in baseline characteristics did occur and a possible selection bias could be present. In the
future, a randomized controlled study could prevent this, but on the other hand due to a
lot of exclusion factors those studies often take years in execution ending up with a low
number of patients leading to questionable value. Hence, it has to be seen as a positive
fact that in this work a high number of patients could be achieved, although its purpose
was observational. Marking constriction as a complication by eye as any luminal
narrowing observable, may have resulted in an overestimation, especially as the
haemodynamic relevance must be questioned. Though, as the author is no certified
angiologist, grading constriction by contrast agent x-ray images into relevant or irrelevant
was impossible. Therefore, it was only discriminated between present constriction of any
kind and no evidence of constriction. Another limitation by this study is that no data on
the used closure-device was collected.
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5. Summary
This is a large, retrospective, non-randomized single-center experience showing high
rates of device success and rare Valve Academic Research Consortium-2 (VARC) defined
complications for the new generation Transcatheter Heart Valve (THV) devices Edwards
Sapien 3 (ES3; Edwards Lifescience Inc., Irvine, California), Medtronic Evolut R (Medtronic
Inc., Minneapolis, Minnesota) and Boston Scientific Lotus (Boston Scientific Corporation,
Marlborough, Massachusetts).
Aortic stenosis (AS), a typical disease in the elderly population is caused by multiple
factors. Its prevalence is expected to increase as the World’s population is growing and
currently is in a demographic change. Transcatheter Aortic Valve Replacement (TAVR)
with new generation devices has proven to be superior to older devices as treatment for
AS. This work aimed to compare the three most commonly used THV devices at Ulm
University with regard to VARC-2 defined outcome and specific access-site artery injuries.
1,155 patients received TAVR between January 2014 and December 2017 off which 897
were analyzed. 542 patients received an ES3, 233 Lotus and 122 an Evolut R. Data was
collected using contrast agent x-ray images of the intervention as well as contrast agent
computed tomography (CT) prior to the procedure. Post-procedural arterial state of the
access-site vessel and VARC-2 defined outcome was assessed.
Lotus valve was associated with a higher rate of major bleedings classified as Bleeding
Academic Research Consortium (BARC) type 3a than ES3 and Evolut R. The Evolut R
showed a tendency for lower rates of minor bleedings BARC type 2/3a as well as for the
composite complication of perforation, dissection, endovascular stent grafting and
endovascular flap.
Sheath-to-femoral-artery-ratio (SFAR) seems to remain an issue for patients treated with
new generation heart valves as an equal or larger SFAR than 0.67 was associated with a
higher rate of major bleedings BARC type 3a in this study. Furthermore, larger SFAR was
associated with higher rates of dissection, endovascular flap, multiple complications as
well as with the composite complication of perforation, dissection and endovascular stent
grafting and the composite complication added by endovascular flap.
Delivery of the Lotus valve via 20 French (F)-sized sheaths was associated with lower
device success and higher rate of multiple complications at the access-site. However, no
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other differences in VARC-2 defined outcome between the use of 20F or 22F-sized
sheaths were apparent.
Female sex did not seem to have an impact on the rate of major vascular complications.
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2005 – 2013

Louise-Schroeder-Gymnasium, München (Abiturnote: 1,9)

Universitäre Ausbildung:
Oktober 2013 – heute

Universität Ulm
Humanmedizin 12. Fachsemester
Note des ersten Staatsexamens (Herbst 2015): gut, 2,0
Zweites Staatsexamen im April 2019

Seit 04/2016

Teilnehmer am Herz-Lunge-Gefäße Studientrack der Universität
Ulm unter der Leitung von Dr. Matthias Thiere

Seit 2017

Beginn Promotionsvorhaben am Universitätsklinikum Ulm Innere
Medizin II – Doktorvater: Prof. Jochen Wöhrle, Arbeitstitel:
„Femoral access-site complications in Patients undergoing TAVI
procedure“

Oktober 2018

Posterpräsentation an den DGK Herztagen 2018 in Berlin,
Postertitel: „Femoral access site complications in patients
undergoing TAVI with new generation devices“ (P605)

Sonstiges:
07/2010 – 12/2010

Auslandshalbjahr am Chancellor State College, Sippy Downs,
Australia

20/05/12 – 26/05/12

Volunteer bei den Special Olympics München 2012

05/2013

Test für medizinische Studiengänge (Prozentrang 94, Note
1,1)

Sprachkenntnisse:
Deutsch:

Muttersprache

Englisch:

fließend

Hobbies:
Handball (TSG Söflingen)
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