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ABSTRACT
Introduction: In transcatheter aortic valve implantation, some closure
devices can be used as an alternative to the surgical exploration of the femoral
artery for vascular access. This study aimed to compare closure devices and
surgical exploration techniques in terms of vascular access complications,
particularly in geriatric patients.
Materials and Methods: This study included 169 patients who had
undergone transcatheter aortic valve implantation at a cardiology clinic
between August 2014 and January 2019. The patients’ mean age was 76.62
years; 53.30% were male. The preferred access site was the femoral artery in all
the patients. Patients in whom a closure device was used were included in the
Prostar and ProGlide groups, and those who underwent surgical exploration of
the femoral artery were included in the Surgery group. The endpoints of the
study were postoperative bleeding, infection, and a recurring need for surgical
repair.
Results: Of the patients, 55.60%, 29.60%, and 14.80% were included in the
Prostar, ProGlide, and Surgery groups, respectively. No significant differences
were observed between the Prostar and ProGlide groups regarding the rate of
need for emergency surgery due to bleeding. During post-procedure followups, the emergency surgery and bleeding rates were significantly higher in the
Prostar and ProGlide groups than those in the Surgery group.
Conclusion: Although no difference exists between the closure devices
used for vascular access in terms of complications, surgical exploration reduces
the rate of bleeding-related complications thereby reducing the complication
risk, except for the possible occurrence of surgical site infections.

Keywords: Transcatheter Aortic Valve Replacement; Vascular Closure
Device; Femoral Artery
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INTRODUCTION
Transcatheter aortic valve replacement (TAVR) is
an alternative to conventional aortic valve replacement in patients with symptomatic severe aortic
stenosis (1). Transcatheter aortic valve implantation
(TAVI) was first adopted in 2002. Since then, it has
been increasingly used globally to reduce mortality
and morbidity in patients with high or prohibitive
surgical risks (2). In the recent years, TAVI has also
been frequently and successfully performed as an
alternative to the cardiopulmonary bypass (CPB)
technique, which is currently used for aortic valve
replacement, particularly in geriatric patients. The
elderly population is a rapidly growing demographic characteristic of Western countries. By 2050, the
global number of individuals aged ≥60 years is expected to reach nearly 2 billion, and the population
aged ≥80 years is projected to exhibit a 26-fold increase (3).
According to the Guidelines on Valvular Heart
Diseases published in 2017 by the European Society
of Cardiology (ESC), TAVR should be considered a
primary treatment option in patients with symptomatic severe aortic stenosis who also have a history
of porcelain aorta, radiation therapy, and sternotomy along with a Society of Thoracic Surgeons or
Euro SCORE II > 4% and a logistics Euro SCORE I
> 10% (4).
During the initial days of the employment of
the TAVR technique, various methods have been
used for vascular access, including the transapical
approach (5). The transfemoral approach is recommended by international guidelines owing to its advantages in terms of reduced procedure time and
risk of cerebrovascular injuries. (4, 6). Although various closure devices are used in TAVR, Prostar and
ProGlide (Abbott Vascular Inc., Santa Clara, CA, US)
are the most commonly used devices. Surgical exploration is another option in cases of anatomical
unsuitability, device failure, or vascular complications.
This study aimed to compare the two different

closure devices used for access in TAVI procedures
that are commonly performed worldwide, particularly in geriatric patients using the open approach,
that is, femoral artery exploration, in terms of mortality and morbidity. Impairment of the vascular
structure, especially in elderly patients, can reduce
the success of these closure devices, thereby leading to bleeding or the need for emergency surgery.
In elderly patients, repairing the artery used as an
access route for TAVI with closure devices provides
benefits such as shorter operative time, less sedation, and lower surgical stress. Moreover, reduction
of risk factors is vital in this age group, as geriatric
patients are often considerably frail. In patients with
unsuitable vascular structures for closure devices
(anterior artery calcification and plaque structure),
accessing the artery with surgical exploration and
performing primary repair after the procedure appears to minimize potential complications.
MATERIALS AND METHODS
Patients who were symptomatic owing to severe
aortic valve stenosis with comorbidities and in whom
conventional surgery posed a high risk were evaluated for TAVR by the cardiology and cardiovascular
surgery clinics in a single center. Anatomical features were evaluated using computed tomography
(CT) and coronary angiography. The patients were
informed if they were suitable for TAVR, and the
procedure was planned by the heart surgery team.
Ethical approval was obtained from the local ethics
committee (27.09.2019-350399), and patient recruitment was initiated.
The data of 189 patients who underwent TAVR
between August 2014 and January 2019 were retrospectively analyzed. The first 10 patients in the closure device group were excluded to minimize the
statistical effects of the learning curve. A total of 169
patients were included in the study. The mean age
was 76.62 years (standard deviation [SD]: 6.30) with
an age range of 65–92 years, and 90 of the patients
were male (53.30%). All patients were considered
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to be in the geriatric age group. The patients were
divided into three groups according to vascular closure type: Prostar, ProGlide, and Surgery. For TAVR,
three types of transcatheter valves (Edwards Sapien, Edwards Lifescienses Corporation, Irvine, CA,
USA), Abbott Symetis (Abbott Laboratories, Illinois,
USA), and Medtronic CoreValve (Medtronic Corp.
Minneapolis, MN, USA) were used. The endpoints
for vascular access were the need for emergent
re-exploration for bleeding and groin infection. All
patients were contacted for follow-up checks on the
15th day and at the first and third months after the
intervention. The patients were examined for access site complications, heart rhythm, and echocardiography was performed.
Statistical Analysis
The Statistical Package for the Social Sciences (SPSS
21, Chicago, IL, USA) was used for the data analysis.
The distribution of continuous variables was determined using the Kolmogorov–Smirnov, and Shapiro–Wilk normality tests in the data analysis. Parametric data were expressed as mean ± standard
deviation values, whereas nonparametric data were
expressed as median (minimum-maximum) and
categorical data were expressed as percentage values. The Kruskal–Wallis test was used to compare
more than two groups that did not conform to the
normal distribution. The Mann–Whitney U test was
used to determine the relationships between the
two groups. The chi-square test (crosstab) was used
to compare categorical data, and statistical significance was set at p < 0.05. The characteristics of the
groups and comorbidities are presented in Table 1.
RESULTS
For TAVR, the Edwards Sapien, Abbott Symetis,
and Medtronic CoreValve transcatheter valves were
used in 116 (68.60%), 32(18.90%), and 21 (12.40%)
patients, respectively. The Prostar group consisted
of 94 (55.60%) patients, and the ProGlide group
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consisted of 50 (29.60%) patients. The remaining 25
(14.80%) patients underwent surgical exploration of
the femoral artery and primary closure because of
unfavorable vascular anatomy. The mean age of this
group was 76.62 years. The mean EuroSCORE was
7.40, and the valve types and rates in the groups are
provided in Table 2.
There was no significant difference in the rates
of need for emergency surgery due to bleeding
between groups 1 and 2 (p = 0.292). The rates of
postoperative emergency surgery and bleeding
were significantly higher in both groups that were
treated with closure devices than in group 3 (p =
0.001) (Table 2).
There was a history of peripheral arterial disease in 66 patients, of whom 26 (56.50%) underwent
emergency surgery because of bleeding. This value
was statistically significant (p= 0.007) (Figure 1).
There was a history of diabetes mellitus in 96 patients, of whom 32 (33.33%) underwent emergency
surgery because of bleeding. This value was statistically significant (p= 0.009) (Figure 1).
There was a history of transient ischemic attacks
in 36 patients, of whom 23 (63.90%) underwent
emergency surgery because of bleeding. This value
was also statistically significant (P = 0.006) (Figure 1).

Figure 1. Comparison of bleeding events between the
etiological factors of the three groups
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Table 1. Preoperative demographics and surgical characteristics of the patients
Group 1

Group 2

Group 3

P

94 (47/47)

50 (27/23)

25 (16/9)

0.456

Age (years)

76.06

77.30

77.36

0.412

Ejection Fraction

38.19

38.30

34.60

0.105

Body Mass Index

27.15

27.04

27.06

0.123

EuroSCORE

7.40

7.12

7.22

0.101

41 (43.60)

20 (40)

13 (52)

0.613

Reoperation

7 (7.40)

4 (8)

3 (12)

0.761

Hypertension

51 (54.30)

28 (56)

13 (52)

0.946

2 (2.1)

2 (4)

4 (16)

0.014

Coronary Disease

28 (29.80)

16 (32)

9 (36)

0.832

Chronic Renal Failure

10 (10.60)

4 (8)

3 (12)

0.830

Peripheral Arterial Disease

40 (42.60)

14 (28)

12 (48)

0.143

47 (50)

33 (66)

16 (64)

0.134

30 (31.90)

6 (12)

0

0.001

Sex (M/F)

Chronic Obstructive Pulmonary
Disease n (%)

Aortic Regurgitation

Diabetes Mellitus
Transiant Ischemic Attack

DISCUSSION
Vascular complications, which are frequently observed during TAVR, may affect early mortality and
morbidity. Suture-based closure devices generally
shorten the operative time and reduce bleeding-related vascular complications (7–9). The effectiveness
of such devices varies depending on the diameter
of the access artery, device quality, presence of a
calcified plaque structure, and diameter of the system to be used. There are many problems related
to vascular structures that can negatively impact the
effectiveness of these closure devices, especially in
geriatric patients (10). Therefore, exploration of the
femoral artery, which is an alternative option, combined with primary repair of the entry site, is the
safest option, and features the lowest complication

rate in the patients in this study. Few studies have
compared the results obtained using Prostar and
ProGlide. To the best of our knowledge, no study
has compared the results of the two devices with
the results of artery exploration and primary repair.
In addition to comparing both devices, this study
also compared the effects of arterial exploration
and primary repair, a procedure that is considered
more reliable in terms of preventing complications,
on the mortality and morbidity of patients using
these devices. This study showed that the complication rates of both closure devices were similar.
However, the rates of bleeding and emergency surgical complications, excluding postoperative entry
site infection, were significantly higher than those in
the exploration and primary repair groups.

207

2021; 24(2): 204-211

Table 2. Valve types, times, and postoperative details in all groups
Group 1

Group 2

Group 3

Sapien

76.6% (n=72)

76% (n=38)

24% (n=6)

Symetis

9.6% (n=9)

12% (n=6)

68% (n=17)

CoreValve

13.80% (n=13)

12% (n=6)

8% (n=2)

Bleeding

32 (34) *

14 (28) *

0^

0.292*, 0001^

54*

57*

82^

0.610*, 0.001^

Infection

0

0

2 (8)

0.001

Mortality

7 (7.4)

3 (6)

2 (8)

Operative Time (min)

Major and minor complications of TAVI-related
vascular interventions are listed in the VARC II classification. These include stenosis, occlusion, dissection, surgical repair, suture rupture, bleeding, the
need for endovascular stenting, and pseudoaneurysm formation (11, 12). The rates of these complications were 34% (n = 32) in the Prostar group and
28% (n = 14) in the ProGlide group. There were no
complications in the surgical exploration group. The
complication rates reported for both devices were
comparable to those reported in previous studies
(13, 14). However, it is noteworthy that no complications were observed in the surgery group, in which
only two patients had surgical site infections during the postoperative period. Nevertheless, their
length of hospital stay was higher than that of the
other two groups, with 10 days of regular antibiotic
use and wound care.
The mean age and EuroSCORE of the patient
population were similar to those of patients who
underwent the TAVI procedure in similar clinics and
fell within the range required to qualify for official
health insurance coverage in Turkey (15). The mean
follow-up period for the patients was 12 months,
which is believed to be sufficient for comparing
mortality and morbidity beyond the length of hospital stay. There were no significant correlations
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P

between the EuroSCORE values and the rates of
bleeding and emergency surgery (p = 0.101).
A previous study showed that the sex of the
patient influenced the rate of TAVI complications;
women were at greater risk (16). This increased risk
is thought to stem from the smaller vessel diameter
and the fact that vessels can rupture more easily in
women (17). According to the results of the present
study, there was no significant difference between
men and women with respect to complications (p =
0.456, chi-square test).
Many studies have reported that anticoagulation, peripheral artery disease, or the EuroSCORE
value do not have a significant effect on vascular
complications on their own (2, 18, 19). In this study,
no significant difference was detected in intergroup
comparisons of patients with peripheral artery disease, but the rate of complications such as bleeding
and the need for emergency surgery was found to
be significantly higher according to the intragroup
comparison. It is recommended that patients who
are on long-term anticoagulants should be treated
with TAVI through open exploration instead of using a closure device. Owing to the atherosclerotic
and fragile vascular structure in geriatric patients,
being selective in terms of preferred access to the
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femoral artery for TAVI is essential. CT angiography
images should be evaluated in detail, and the use
of closure devices through the femoral artery access
route should be the first option if no calcification is
detected in the anterior wall of the femoral artery.
When diffuse calcification and plaque are detected
on CT examination, closure devices should not be
insisted on, and surgical exploration of the femoral
artery followed by primary repair of the artery entry
site should be performed with local anesthesia and
sedation. This would prolong the operative time by
nearly 20 minutes but would lead to a significant increase in mortality and morbidity.
This study also showed that although there was
no significant difference between the patients with
peripheral artery disease included in each of the
closure device groups according to the intergroup
comparison, the rates of bleeding and the need for
emergency surgery were significantly higher than
those found in intragroup comparisons. In our opinion, the sole presence of peripheral artery disease
does not require an open exploration approach.
However, the presence of a calcified plaque at the
access site extending to the anterior wall or lateral
walls according to the tomographic examination requires the use of a closure device, which is effective
in relation to the calcification of the posterior wall
of the access vessel. Therefore, all patients should
be examined thoroughly to evaluate vascular structures before the procedure (20, 21).
Another result obtained in our study was that in
patients with diabetes mellitus, the rates of bleeding and the need for emergency surgery were significantly higher in the groups treated with closure
devices. Since damage to the vascular structure
caused by diabetes is well known, TAVI with open
exploration and primary repair for diabetic patients
is also recommended (22, 23).
Bleeding is known to have a significant effect on
12-month mortality; it is the most important complication of closure devices (24, 25). Although many
studies have shown that Prostar causes life-threat-

ening bleeding more frequently than ProGlide, in
the present study, there was no significant difference between the two groups.
A closure device was used in 144 patients, and 46
patients underwent urgent medical intervention. Of
these 46 patients, 32 were in the Prostar group and
14 in the ProGlide group. Furthermore, 25 patients
who were previously treated with femoral exploration did not require emergency medical intervention after primary repair. Recovery problems related
to the wound site were identified in only two of the
25 patients; accordingly, the length of hospital stay
was extended to 8–12 days. There was no significant
difference between these patients in terms of the
12-month postoperative mortality.
No clear data have been found to determine
what lies beneath a vascular complication in the
literature, but possibilities can be foreseen to a
far enough extent to allow a cardiac team of cardiologists and cardiovascular surgeons, when combined with their clinical experience, to make a TAVI
decision. In all patients, access angles should be
observed with CT angiography for calcifications,
plaques, artery wall irregularities, and folds at the
access site, particularly in geriatric patients. Surgical
exploration of the femoral artery and subsequent
primary repair is believed to be more effective because the diameter of the system is wider in some
valve models, especially in patients who will receive
valve no. 29. Furthermore, we believe that closure
materials should not be used in cases where the diameter of the femoral artery is less than 8 mm, particularly when the anterior or lateral walls are covered by a calcified plaque. In our opinion, posterior
wall calcification alone does not prevent the use of
closure materials, and the effectiveness of closure
devices is decreased in patients with a high skin-artery distance, high body mass index, and thick subcutaneous adipose tissue.
This study had some limitations, including its retrospective and non-randomized design. The sample size was relatively smaller than that in previous
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reports. Nevertheless, the researchers attempted to
avoid bias in patient selection. Second, the distribution of the devices used for vascular closure was
not homogenous because the Prostar device was
more frequently used, particularly in early-stage
TAVI implantations at our center, whereas the use
of the ProGlide device was started later. Therefore,
our surgeons had more experience with the Prostar
device. Third, the sheath diameter was only altered
in the Edwards Sapien valves, although it is known
that different sheath sizes could lead to varying extents of vascular injury. Fourth, there was no significant difference between the groups with respect to
the baseline characteristics. However, there was a
trend toward male patients, which could influence
the course of vascular complications and mortality.
Although vascular closure devices provide
shorter operative times and allow local anesthesia, patients may require surgical re-exploration for
vascular complications. There were no differences
between the two devices in terms of complications.
We suggest that the type of intervention should be
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