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Aims The leading reason for delayed discharge after pulmonary vein isolation (PVI) is vascular complications. This study aimed to 
evaluate feasibility, safety, and efficacy of the Perclose Proglide™ suture-mediated vascular closure in ambulatory PVI, report 
complications, patient satisfaction, and cost of this approach.

Methods 
and results

Patients scheduled for PVI were enrolled prospectively in an observational design. Feasibility was assessed as % discharged 
the day of procedure. Efficacy was analysed as acute access site closure rate, time to reach haemostasis, time to ambulate, 
and time to discharge. Safety analysis consisted of vascular complications at 30 days. Cost analysis was reported using direct 
and indirect cost analysis. A 1:1 propensity matched control cohort was used for comparing time to discharge to usual work
flow. Of 50 enrolled patients, 96% were discharged on the same day. 100% of devices were successfully deployed. Immediate 
(<1 min) haemostasis was reached in 30 patients (62.5%). Mean time to discharge was 5:48 ± 1:03 h (vs. 10:16 ± 1:21 h in 
the matched cohort, P < 0.0001). Patients reported high level of satisfaction with the post-operative time. No major vascular 
complication occurred. Cost analysis showed a neutral impact compared to the standard of care.

Conclusion The use of the closure device for femoral venous access after PVI led to safe discharge of patients within 6 h from the inter
vention in 96% of the population. This approach could minimize the overcrowding of healthcare facilities. The gain in post- 
operative recovery time improved patients’ satisfaction and balanced the economic cost of the device.
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Graphical Abstract
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What’s new?

• There is still lack of knowledge on the use of vascular devices in the 
EP field; this paper provides evidence supporting the use of Perclose 
ProGlide™ suture-mediated vascular closure in PVI procedures.

• A shorter post-operative supine position was preferred by patients.
• Analysis of costs showed a neutral economical impact of vascular 

closure device use in PVI.

Introduction
Pulmonary vein isolation (PVI) for the treatment of atrial fibrillation 
(AF) is an increasingly performed procedure worldwide.1 The proced
ure workflow has been improving quickly through both the implemen
tation of new ablative technologies and peri-procedural management, 
so that PVI is now routinely performed within 120 min.2 Although pro
cedure time has been shortened significantly, the post-operative man
agement of patients undergoing PVI has remained almost unchanged.3

Thus, the possibility to perform these procedures in a same day dis
charge setting presents an interesting prospect in the electrophysiology 
(EP) field. To date, the possibility of a rapid discharge after PVI is limited 
by post-procedural adverse events, driven mainly by vascular complica
tions.1,3 The incidence of serious complications such as femoral pseu
doaneurysm, arteriovenous fistula, and retroperitoneal bleeding are 
approximately 1.5% and increase with the number and size of sheaths 
used.1,3 In addition, the intensive peri-procedural anticoagulative regi
men recommended at the time of PVI procedures aggravates the 

incidence of minor complication such as bleeding or haematomas.4 In 
order to reduce complications related to the venous puncture, an ultra
sound approach for venous accesses has been adopted, resulting in a 
drastic decline in puncture-related complications.5–7 As for the post- 
operative management, a figure-of-eight suture and/or manual com
pression (MC), followed by post-operative bedrest (up to 8 h) is still 
the standard approach in many centres.5–7 Hence, the application of de
vices that can reduce the bedrest time after EP procedure is an inter
esting clinical opportunity.8–10 The aim of this study was to evaluate 
the feasibility, safety, and efficacy of using Perclose ProGlide™ suture- 
mediated vascular closure in percutaneous PVI procedures for the pur
pose of enabling a workflow without any bedrest after recovery from 
anesthesia. We evaluated the feasibility of this method to achieve early 
mobilization of patients undergoing PVI. We also investigated patients’ 
clinical symptoms and satisfaction. Incidence of vascular complication at 
Days 1, 7, and 30 following the intervention were analysed. Hospital 
costs compared to the standard of care (SOC) in our hospital was as
sessed considering direct and indirect costs.

Methods
Study design
We performed an observational prospective single-centre cohort study of 
patients admitted for PVI with Perclose ProGlide™ system use, from 
January 2020 to May 2021.

Data were prospectively collected; an electronic case report form 
(e-CRF) was promptly completed. Source data and database quality control 
was performed by investigators. A detailed description of the study design 
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had been previously accepted by the local ethical committee. A Clinical 
Events Committee was recruited for the follow-up clinical events 
evaluation.

Variables and definitions
The primary endpoint (feasibility of an ambulatory PVI strategy) was as
sessed as the percentage of patients being able to be discharged the same 
day of the procedure. The secondary endpoints were analysed only for pa
tients who met the primary endpoint. Acute vascular device closure per
formance was evaluated as the number of successful deployments out of 
total number of devices utilized (two for single PVI). Immediate haemostasis 
(< 1 min from device deployment) rate was recorded as a proportion of the 
total number of procedures. Post-procedural time to reach haemostasis 
was measured as the time from the delivery of the closure device to con
firmed venous haemostasis in those patients needing further manual com
pression after device deployment. Time to ambulation was analysed as time 
from the removal of closure device to patients’ ability to walk. Time to be 
deemed suitable for discharge was calculated as the time from the removal 
of closure device to the medical assessment that deemed discharge possible. 
Time to discharge was considered as the effective time from the removal of 
closure device to patient discharge. Patient satisfaction was evaluated using 
the Post Ablation Procedure Patient Survey (see Supplementary material 
online). Minor and major vascular complications were calculated as the 
number of patients with venous access-related issues both requiring or 
not investigation, medical management, or surgical intervention out of the 
total number of patients enrolled.

Inclusion/exclusion criteria
All patients scheduled for elective PVI were considered eligible for study par
ticipation. All patients participating accepted to be enrolled in the study and 
signed the informed consent after detailed discussion. Exclusion criteria 
were: age <18 years, previous adverse event after vascular access resulting 
in prolonged hospitalization, previous vascular surgery in either leg or in 
the aorto-iliac axis, nonstandard ablation (i.e. need for more than two fem
oral punctures), known history of bleeding diathesis, coagulopathy, hyper
coagulability or platelet count < 100 000 cells/mm3, history of deep vein 
thrombosis (DVT), pulmonary embolism or thrombophlebitis, significant an
aemia or renal insufficiency, haemodynamic or electrical instability, body mass 
index (BMI) > 45 kg/m2 or < 20 kg/m2, active liver disease or hepatic dysfunc
tion, severe renal dysfunction, defined as an estimated global filtration rate 
(eGFR) < 30 mL/min/1.73 m2 unless the patient is in renal support therapy.

Procedure
All subjects provided written informed consent prior to the PVI procedure. 
Patients were admitted to the hospital at the same day of the intervention. 
All procedures were performed under uninterrupted anticoagulation, if in
dicated, and heparin was administered during the procedure in order to get 
an activated clotting time (ACT) of 300 s or greater.1 No anticoagulation 
was given on the morning of the procedure itself. All procedures were per
formed under general anaesthesia. Two sheaths with 8 and 8.5 French diam
eter, respectively, were placed in the right common femoral vein via an 
US-guided approach. No local anaesthetic was given at any site during 
any phase of the procedure. At the end of the procedure, a Perclose 
ProglideTM-closure system was used for each sheath. After discharge 
from the anaesthesiology recovery unit, patients were kept in observation 
in an ambulatory recovery room, in a sedentary position without further 
bedrest, until discharge was deemed possible by the attending physician. 
A transthoracic ultrasound to exclude pericardial effusion was part of the 
pre-discharge assessment as per the standard of care for all patients in 
our institution.

Endpoint
The primary endpoint was the rate of patients discharged the same day of 
the procedure. Secondary endpoints were: (i) acute vascular device closure 
performance, (ii) post-procedural time to reach haemostasis, (iii) time to 
ambulation, (iv) time to possibility of discharge, (v) time to discharge, and 
(vi) patient satisfaction. Prior to discharge, all patients were asked to com
plete the Post Ablation Procedure Patient Survey questionnaire (see 
Supplementary material online) in which scores from zero (very unsatisfied) 

to 10 (very satisfied) were assigned. Level of pain, need for analgesic med
ications, and patient’s satisfaction were also evaluated using the ‘Post 
Ablation Procedure Patient Survey’ questionnaire (see Supplementary 
material online). The secondary safety endpoint was the incidence of minor 
and major vascular complications within 30 days after the procedure and 
according to the Clinical Event Committee (CEC) analysis.

Analysis of costs
Cost comparison considered direct and indirect costs including time and 
staff allocation spent in the EP lab and the ward. Procedure timings and rela
tive costs were provided by the cardiology department of OLV Aalst. Costs 
related to nursing staff salaries are in accordance with the mandatory bare
ma scales and expert opinion was sought for clinician staff costs. A detailed 
description of the process and methodology of the cost comparison is pro
vided as a Supplementary material online to the manuscript.

Follow-up
Patients were followed-up for a period of 30 days after the procedure. 
Photographs of the puncture site were collected from the patients or their 
caregivers at Day 1 and/or Day 7 after the procedure. Patients were in
structed to inform the investigators at any time with new cases of symp
toms. A CEC consisting of three independent members evaluated the 
occurrence of adverse events.

Statistical analysis
For descriptive analysis, categorical variables are presented as absolute 
numbers and their relative percentages, continuous variables are presented 
as mean ± standard deviation (SD) and/or median and interquartile range 
(IQR) according to normal or non-normal distribution. Baseline character
istics are presented as numbers (%) for categorical variables and as means ± 
standard deviation for continuous variables. Differences between groups 
were analysed using the Student’s t-test or the Mann–Whitney U test for 
continuous variables, and the χ2 test or Fisher’s exact test for categorical 
variables, as appropriate. Propensity score (PS)-matching was used to re
duce selection bias between the PROPVI group and the general population 
and to adjust for significant differences in the patients’ baseline characteris
tics. The propensity score was computed by a logistic regression model, and 
the matching was performed using the nearest neighbour method with a 1:1 
ratio.

Matching criteria were age, sex, BMI, hypertension, diabetes, smoking ha
bit, peripheral arteriopathy (PAD), and creatinine clearance. Analyses were 
performed with R version 3.5.2 (R Foundation for Statistical Computing, 
Vienna, Austria). A P-value of 0.05 was considered statistically significant.

Results
A predefined number of 50 patients were enrolled (Table 1). All pa
tients underwent PVI with radiofrequency (RF) ablation. No intra- 
procedural complications occurred. At the end of the procedure, 
two Perclose ProglideTM systems were placed—one for each vein. In 
total 48/50 (96%) patients were discharged on the day of the procedure 
(Table 2). 49 patients (98%) were deemed to be suitable for discharge, 
but one patient requested to prolong the admission for non-medical 
reasons. One patient was kept supine due to discomfort until an ultra
sound evaluation was carried the day after which excluded severe com
plications. Successful Proglide deployment was observed in all 48 
patients that met the primary endpoint (96/96 devices, 100% success 
rate). After the procedure, anticoagulation was reversed by protamine 
administration in two patients (4%). Immediate haemostasis was 
reached in 30 patients (60%), with 20 subjects (40%) requiring short 
additional manual compression. In this last group, the mean and median 
time to achieve haemostasis were 4 min and 34 s (± 3:27) and 3 min 
(2–15), respectively. During the post-operative stay, two patients 
(4.2%) experienced minor bleeding, stopped after additional short man
ual compressions. Mean and median time to ambulation was 3 h and 
18 min (± 1:05) and 3 h and 11 min (1:26–6:23), respectively. The 
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mean and median time to discharge in the 48 patients was 5 h and 
48 min (± 1:03) and 5 h and 51 min (3:38–7:57) (Figure 1 and 
Table 2). By using the ‘Post Ablation Procedure Patient Survey,’ patients 
reported high levels of satisfaction for the total duration of the supine 
position, as well as for discomfort and access-related pain during the 
post-operative supine position. The mean score assigned to ‘satisfac
tion about the total duration of lying position after PVI’ was 7.8/10, 
vs. a score of 4.7/10 that was assigned had a hypothetical supine pos
ition lasted 2–3 h longer. Similar results were observed regarding the 
discomfort and access-related pain during the post-operative supine 
position (Figure 2 and Table 3). Post-operative pain required manage
ment in only three patients, consisting of two single doses of salicylic 
acid or paracetamol and one repeated administration of paracetamol. 
There was no need for local analgesia or long-term analgesia prescrip
tion (Table 2). All patients concluded the 30-day follow-up period. They 
all received phone calls at Days 1, 7, and 30. No major vascular compli
cations as well as necessity of any invasive intervention were described 
in the overall population (Table 2). Post-procedural haematomas bigger 
than 6 cm occurred in three patients (6.25%) which spontaneously re
solved during the follow-up time with no further assessment or man
agement needed. In 15 (31%) patient,s an asymptomatic superficial 
haematoma <6 cm occurred, and in one patient (2.08%) a transient ac
cess site-related nerve injury was reported (Table 2). For the analysis of 
cost, this workflow was compared to the figure-of-eight approach that 
represents the standard of care in our centre. With respect to the 
figure-of-eight method, the use of Perclose ProGlideTM increased the 
overall cost of the procedure (device and staff costs included) by 
259,15€ favouring figure of eight closure. However, considering the time 
spent in the ward after the ablation, the use of Perclose ProGlideTM re
duced the time to discharge by 60 min. This reduction potentially in
creases the cost effectiveness of the PVI unit by improving efficiency 
and flow-through of patients with the potential to increase the number 
of procedures being carried out (for example diuretic administration 
for treatment of heart failure). The above staff and procedure efficien
cies offset the cost of the Perclose ProGlideTM system, resulting in a 
neutral economic impact for the hospital for a single patient (Figure 3).

From the contemporary cohort of patients undergoing PVI with 
standard-of-care treatment including figure of 8 suture, 166 patients 
were matched in a 1:1 ratio with the PROPVI study group. No differ
ences were observed across baseline characteristics of the matched 
population (Table 4). Details of the propensity score matching are re
ported in Supplementary material online, Figures S1 and S2. Mean 
time to discharge for the control cohort was 10:16 ± 1:21 h (P < 

0.0001 for comparison to the study group). Time to ambulation was 
not available for the control group as it does not apply to our standard 
figure of eight workflow.

Discussion
Although the PVI procedures have been shortened significantly over 
the last years, the post-operative management of patients undergoing 
PVI has remained almost unchanged normally requiring a post- 
operative bedrest up to 6 h and an intra-hospital observation up to 
24 h.1,11 As a consequence, the number of PVI procedures performed 
is limited by the available bed capacity which was particularly affected in 
the era of restrictive rules applied for the COVID-19 pandemic con
tainment.12 Thus, the possibility to perform PVI, and in general ad
vanced procedures, in a day care setting, represents an interestingly 
prospect in the electrophysiology (EP) field, and emerging data support 
feasibility of same day discharge approaches using several ablation mo
dalities.13,14 Existing data also support a potential for cost saving driven 
by a reduction in hospital costs, although there are little prospective 
controlled data available on this topic.15,16 The advantages of using 

Table 2 Endpoints and outcomes

Total population, n (%) 50 (100%)

Primary endpoint

Discharge in the same day, n (%) 48 (96)a

Outcomes

Success of device deployment, n (%) 96 (100)

Necessity of post-deployment manual 

compression > 1 min, n (%)

20 (41.7)

Late recurrence of bleeding, n (%) 2 (4.16)

Mean/median time to reach haemostasis (mm:ss)b 4:35 (± 3:27)/3:00 
(2:00–15:00)

Mean/median time to ambulation (hh:mm)—IQR 3:18 (± 1:05)/3:11 
(1:26–6:23)

Mean and median time to be deemed suitable for 
discharge

4:55 (±00:54)/4:48 
(2:50–7:30)

Mean/median post-procedural time to be 
discharged (hh:mm)—IQR

5:48 (± 1:03)/5:51 
(3:38–7:57)

Major vascular complications needing surgical 

intervention, n (%)

0 (0)

Major vascular complications needing further 

medical evaluation/investigation, n (%)

0 (0)

Hematoma > 6 cm, n (%) 3 (6.25)

Asymptomatic superficial bruising ≤ 6 cm, n (%) 15 (31.25)

Necessity of pain medication, n (%) 3 (6.25)

Paracetamol, n (%) 2 (4.16)

Single administration, n (%) 1 (2.08)

Repeated administration, n (%) 1 (2.08)

Salicylic acid, n (%) 1 (2.08)

a49 patients (98%) were deemed to be suitable for discharge. One of them wanted to 
prolong the hospital stay for non-medical reasons. 
bDescribed only for patients in which haemostasis within 1 min was not achieved.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Patient demographic, clinical, and procedural 
characteristics (overall population)

Patient demographic, clinical and procedural 
characteristics

Total population, n (%) 50 (100)

Median age (IQr) 64 (28–80)

Male sex, n (%) 38 (76)

Median BMI (IQr) 26.3 (21–42)

Hypertension, n (%) 20 (40)

DM, n (%) 11 (22)

Smokers, n (%) 4 (8)

Necessity of protamine administration (%) 2 (4)

Median ACT (s) 318 (225–355)
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devices for vascular closure have already been assessed in the context 
of arterial procedures.17 In particular, they were shown to reduce the 
rate of complication and the necessity of bedrest, shortening the total 
hospital stay.17 Despite the use of large femoral sheaths (up to 12 
French) in the EP field, there is still a lack of knowledge about vascular 
closure devices. However, based on the low-pressure of the venous cir
culation, the effect of these systems can be even more advantageous 
than for arterial procedures. Recently, in a multicentre retrospective 
study investigating the usefulness of vascular closure devices after cath
eter ablation, a significant reduction of access-site complications, and 
ambulation time were observed.8 In another randomized multi-centre 
trial that assessed the use of the VASCADE MVP Venous Vascular 
Closure System, improvements were demonstrated with time to am
bulation, total post-procedure time, time to discharge eligibility, time 
to haemostasis, and patient satisfaction.9 Our study demonstrates 
that an ambulatory strategy for pulmonary vein isolation procedure is 
feasible considering time to achieve haemostasis, time to ambulation, 
and time to discharge. This is of considerable importance for such in
creasingly rapid procedures, performed during intense anticoagulation 
and in an era favouring day case management. Since the majority of 
complications leading to prolonged hospitalization are related to the 

vascular approach, the use of a system able to properly close the fem
oral access is of critical importance to improve the femoral access 
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Admission

PVI: Sedentary position afte r PVI in

Admission to end of procedure: 2 hours Suitable  for discharge after PVI

PVI GA recovery Sedentary position Suitable for discharge

9:00 AM 12:00 PM 14:00 PM

in 5 hours

1 hour 3 hours

Figure 1 Patients’ flow in the PROPVI study. The timeline exposed in the figure is realized according to data from the population that reached the 
primary endpoint; to: admission in hospital; yellow arrow: waiting (pre and post) times, blue arrow: operative time; green arrow: endpoint GA = general 
anesthesia.
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Figure 2 Visual extract from the post ablation procedure patient survey. Patient’s preference for shorter supine position, less discomfort, and less 
pain. All three parameters can be achieved by using Perclose Proglide™ system.
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Table 3 Patients’ reported satisfactions after PVI

Parameters of satisfaction n Mean SD

Appreciation of the length of time spent in supine 

position

47 8.0 2.2

Discomfort laying position after PVI 47 7.9 2.1

Pain after PVI 46 7.8 2.2

Appreciation of the length of time spent in supine 
position if it was 2–3 h longer

45 4.5 2.8

Discomfort, if laying position was 2–3 h longer 45 4.3 2.7

Pain after PVI, if laying position was 2–3 h longer 45 4.7 2.9

Patients were asked to assess satisfaction for each parameter in a range from 0 (very 
dissatisfied) to 10 (very satisfied). 
SD, standard deviation; PVI, pulmonary vein isolation.
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management after the procedure. Furthermore, patient satisfaction 
with post-operative time was considerably higher than in the case of 
a postoperative stay longer than 2–3 h. In a time of shortage of health
care workers and stress on hospital resources, the efficiency gain from 
medical technology innovations can be extremely beneficial. In our 
study, the Perclose ProGlideTM system, despite bringing an upfront in
cremental cost than the standard treatment, improves hospital effi
ciency and patient satisfaction. Reducing the ward stay and the staff 
costs, the Perclose ProglideTM closure approach offsets the cost of 
the Perclose ProGlideTM system, resulting in a final neutral impact for 
the hospital per single patient.

Limitations
There are several limitations in this study. The main limitation is the ob
servational nature of the study design, making definitive comparisons 
with other established workflows impossible. However, to provide a 
basis for comparison, we performed a retrospective comparison with 
a propensity-matched cohort that can serve as a reference point for 
the time to discharge. Similarly, the analysis of costs for the comparator 
treatment is based on the price of the materials at the time the data 
were collected without setting a case control study. Also, patients 
were all managed with the Perclose ProglideTM closure device; thus, 
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Table 4 Propensity matched population comparison

Matched 
population (n = 50)

PROPVI 
population (n = 50)

Total population 
(n = 100)

P value

Age mean (SD) 59.9 (11.46) 61.06 (11.71) 60.48 (11.54) 0.618

Gender male n (%) 38 (76%) 38 (76%) 76 (76%) 1.000

BMI mean (SD) 27.70 (4.05) 27.56 (4.95) 27.63 (4.50) 0.875

Hypertension n (%) 18 (36.0%) 20 (40.0%) 38 (38.0%) 0.680

Diabetes n (%) 11 (22.0%) 11 (22.0%) 22(22.0%) 1.000

Smoke habit n (%) 4 (8%) 4 (8%) 8 (8%) 1.000

PAD n (%) 1 (2%) 2 (4%) 3 (3%) 0.558

Creatinine clearance Mean (SD) 74 (25.7) 81 (27.05) 77(26.5) 0.236

hours for discharge Mean (SD) 10.16 (1.21) 5.48 (1.03) 7.98 (1.12) <0.001

conversion to in hospital management n (%) 4 (8%) 1 (2%) 5 (10%) 0.1

1366                                                                                                                                                                                 D. Fabbricatore et al.



satisfaction analysis was based on a comparison on an only ‘virtual’ ex
perience for patients.

We have chosen to only study uncomplicated PVI procedures in a 
first stage, excluding patients with higher probability of access related 
complications. Nevertheless, the stated exclusion criteria appear un
common in straightforward PVI as zero patients scheduled for such 
procedures were ineligible for the study protocol.

Finally, the time to discharge in our study group is obviously the out
come of a micromanaged patient population and may very well re
present the best achievable scenario. When comparing the time to 
discharge in the study group with the propensity-matched control 
group, it is important to keep in mind no particular efforts were 
made to optimize the time to discharge for the latter.

Regarding technical aspects of our workflow, we only assessed safety 
and feasibility using two venous sheaths with 8F diameter. We cannot 
extrapolate results to workflows using three or more sheaths. In add
ition, a two-sheath workflow where one sheath is large bore (e.g. cryo
balloon) was not tested either. The authors do report anecdotal 
experience supporting feasibility of a three-sheath approach, and also 
report feasibility of large access closure if appropriate device recom
mendations are followed (specifically for the study device, the use of 
pre-close rather than post-close and the potential consideration of 
two devices per access site).

Conclusion
The PROPVI trial demonstrates that the ambulatory management of 
PVI by using the percutaneous Perclose ProglideTM closure device is 
safe and effective, appropriately closing venous accesses. The use of 
the closure device for PVI led to safe discharge of patients within 6 h 
from the intervention in 96% of the population with no major compli
cations observed in the follow-up period. The ambulatory management 
described in the article is useful to reduce the post-PVI recovery time 
leading to a significantly improved patients’ experience. The cost of the 
Perclose ProGlideTM devices is balanced by savings made with the re
duced use of day case department and by the decreased nursing time 
required. Further randomized trials are needed to better demonstrate 
the benefits of this approach.

Supplementary material
Supplementary material is available at Europace online.
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