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Introduction
Recent estimates suggest that over 965,000 percutaneous coro-

nary interventions are performed in the United States annually.1 
Although the prevalence of radial catheterization is increasing, 
many cardiac procedures and most peripheral angiography and 
interventional procedures are performed via femoral vascular 
access.2 According to information from the CathPCI Registry, 
based on the National Cardiovascular Data Registry, among the 
percutaneous coronary interventions reported in 2014 a total of 
172,880 (25.2%) were performed via radial access and 510,783 
(74.5%) were performed via femoral access.3

Among patients undergoing percutaneous diagnostic and in-
terventional cardiovascular procedures, recent estimates suggest 
that the prevalence of femoral access site complications ranges 
from 1% to 11%, with a higher frequency of complications for 
interventional procedures4; indeed, some reports suggest that these 
rates have remained largely unchanged over the past decade.5,6 A 
2020 analysis of vascular complications following percutaneous 
coronary interventions reported that major vascular complications 
requiring treatment occurred in 53/2833 (1.9%) cases over 42 

months; of these, 24.5% required surgical repair and 75.5% were 
treated endovascularly.7 

Results from a study of the CathPCI Registry indicate that be-
tween 2008 and 2011, the rate of bleeding complications among 
patients undergoing a percutaneous coronary intervention (within 
72 hr of the procedure) was 5.8%.8 The average increase in cost 
per access site attributed to a bleeding complication is $5,440.9 
Therefore, the average predicted cost of these bleeding compli-
cations per 1,000 cases is $315,520. Given these estimates, a 1% 
reduction (to 4.8%) in the rate of complications per 1,000 patients 
corresponds to a cost savings of $54,400. In short, improvements 
in percutaneous coronary intervention complication rates can 
lead to better clinical outcomes and improved patient satisfaction, 
and may lead to substantial cost reductions. This is particularly 
noteworthy given the increasing awareness among physicians and 
hospitals of practicing cost-conscious medical care.

Initial studies with early-generation vascular closure devices 
suggested they were associated with higher rates of vascular com-
plications, compared with manual compression.5,10 Although the 
risk of complications vary between devices, more recent studies 
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have demonstrated that vascular closure devices are generally 
safe relative to manual compression and allow for earlier mobil-
ity following the procedure, earlier patient discharge, improved 
patient satisfaction, and reduced groin complications (in particu-
lar, bleeding complications).4,11-13 These improvements may be 
related to newer generations of vascular closure devices as well 
as greater operator experience, which likely lead to reduced cost 
and complications.4,5

The VASCADE® Vascular Closure System (VCS; Cardiva 
Medical, Inc., Santa Clara, CA, USA) is approved for use by the 
US Food and Drug Administration (FDA)14 and holds a CE mark 
for use in Europe14 for closure of 5-7 Fr (inner diameter) arterial 
and venous femoral access sites (Figure 1). Another device, the 
VASCADE® MVP15 is indicated for larger bore venous femoral 
access closure up to 12 Fr (inner diameter). In the prospective, 
randomized RESPECT pivotal study, compared with manual 
compression, the VCS was associated with faster times to hemo-
stasis, ambulation, and discharge as well as a lower incidence of 
minor complications.11 In fact, patients who underwent femoral 
access procedures and received the VCS had a median time to 
hemostasis of 3.0 min, median time to ambulation of 3.2 hr, and 
median time to discharge of 3.6 hr compared with 20.0 min, 5.2 
hr, and 5.7 hr, respectively, for manual compression. Importantly, 
the manual compression and the VCS treatment arms had no 
major complications,11 distinguishing the VCS as one of the few 
closure devices with this safety record.16

The VCS was also evaluated in a real-world setting through 
a multi-center, single-arm, post-market registry. The ANTE-
GRADE-PVD registry included patients who underwent pro-
cedures involving antegrade femoral access for treatment of pe-
ripheral arterial disease, with the VCS used during access site 
closure. Among the 52 enrolled patients, procedural success was 
achieved for 98% of patients, mean time to hemostasis was 5.87 
± 2.44 min, and mean time to discharge was 5.97 ± 5.85 hr; 
major and minor access site–related complications each occurred 
in 1.9% of patients.17

It has become apparent that the VCS has several advantages. 
It can be placed through a standard 12-cm introducer sheath re-
quiring no special catheters or sheath exchanges. The retractable 
nitinol footplate facilitates placement in femoral arteries with vas-
cular disease. The extravascular bioabsorbable closure minimizes 
intravascular device-related complications and does not stimulate 
intense fibrosis at the closure site. Finally, deployment is rapid, 
usually taking less than 30 seconds to place.18

Health care systems are in the process of a payment-related 
paradigm shift, in favor of a focus on value rather than volume.19,20 
This shift is based on the notion that value-based care models lead 
to better clinical outcomes, lower costs, and improved patient 
satisfaction. In keeping with those goals, risk-sharing agreements 
(RSAs) must be developed between health care providers and 
manufacturers to connect quality metrics (outcomes) with costs 
to derive value for patients and the clinic, while also managing 
financial risks.21

The goal of the VCS is to substantially reduce the rate of 
access site complications among patients undergoing catheter-
based vascular procedures. To that end, the VCS Performance 
Guarantee is an RSA implemented by Cardiva Medical, Inc. that 
forms a partnership with health care providers to focus on improv-
ing patient outcomes and reducing complications by sharing the 
cost of qualified complications that result following use of the 
VASCADE® VCS. This novel RSA incentivizes the reporting 
of vascular access site complications.

Methods
As part of the VCS Performance Guarantee, in the event of a 

qualified access site–related bleeding complication when using the 
VCS, Cardiva Medical Inc. will share with the enrolled hospital 
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Figure 1. VASCADE® VCS. VASCADE® Mid-bore VCS for 
access site closure following vascular catheterization proce-
dures. VCS, vascular closure system.

Figure 2. VASCADE® VCS Performance Guarantee com-
plication reporting form. To report a qualifying access site– 
related complication, institutions complete a short, one-page 
form that does not require any protected health information, 
meaning it can be submitted via email. BP, blood pressure; 
IFU, instructions for use; VCS, vascular closure system.
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or practice the cost associated with managing the complication,19 
thus sharing any perceived risk of implementing new technol-
ogy. The VCS Performance Guarantee also prescribes use of the 
femoral access technique that minimizes patient risk for compli-
cation. In addition to the emphasis on reducing complications, 
the Performance Guarantee program provides an incentive to 
immediately report complications and to ultimately eliminate 
underreporting of procedural complications. Furthermore, the 
program provides a focus on quality metrics and the underlying 
causes by including a quarterly business review, a mechanism 
by which to review complication rates in an effort to facilitate 
continuous improvement. 

The VCS Performance Guarantee is a standalone agreement, 
not a market share agreement tied to pricing. Only patients who 
received the VCS can be covered by the Performance Guaran-
tee, and all device operators must be trained and have used ≥10 
devices. All patients treated with the VCS, in accordance with 
the instructions for use, at a participating institution are eligible. 
Qualified complications were defined using the FDA-approved 
criteria used in the RESPECT pivotal study.11 In the event that  ≥1 
qualified complications occurs when the Performance Guarantee 
is in place, Cardiva Medical, Inc. will provide a $1,000 credit, 
memo, or check to the hospital to share in the cost of the qualified 
complications. Reporting of complications in the Performance 
Guarantee program requires timely completion and submission of 
a one-page form (Figure 2). It should be noted that the report-
ing form does not require any protected health information; in 
fact, the completed form can easily be submitted to the device 
manufacturer via e-mail. Qualified access site–related bleeding 
complications are described in Table 1.

Single-site cost calculations were performed using observa-

tional room costs of $100/hour. A cost of $5,440 was attributed 
to any bleeding complication.9 With vascular closure, we noted 
patients were able to be discharged an average of 3 hours sooner 
than non-closure patients, and they experienced an absolute 3% 
reduction of vascular complications.

Results
From mid-2016 through early 2020, a total of 104 centers in 

the United States implemented the VCS Performance Guarantee. 
Overall, 71,700 VCS units were distributed and 62 qualifying 
complications were reported (Figure 3A). Among the 104 par-
ticipating centers, 28 sites reported ≥1 qualifying complication 
(Figure 3B). The majority of the 62 qualifying complications 
were due to hematoma (40%), pseudoaneurysm (26% thrombin + 
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Table 1. Performance guarantee–qualified access            
site–related bleeding complicationsa

Major complications

Access-related bleeding requiring transfusion
Retroperitoneal hemorrhage requiring transfusion or surgery (unrelated to high 
stick or backwall stick)
Vascular injury requiring repair (via surgery)
Infection related to access
Pulmonary embolism

Minor complications

Access site–related hematoma >6 cm
Arteriovenous fistula
Pseudoaneurysm (clinically significant requiring treatment with thrombin injection; 
unrelated to high stick or backwall stick)
Retroperitoneal hemorrhage not requiring transfusion or surgery

aExcludes certain cases described in the instructions for use, in the contraindica-
tions as well as the warning and precautions sections.

Figure 3. Performance Guarantee qualifying complications overall (A) and among 104 sites (B) since 2016. Since mid-2016, a 
total of 71,700 VASCADE® VCS units have been distributed to 104 participating centers. In that time, 62 access site–related com-
plications that meet the Performance Guarantee criteria have been reported. Results are based on internal data between Q2 2016 
and Q1 2020. PG, Performance Guarantee; VCS, vascular closure system.
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10% surgery), and retroperitoneal bleed (11%; Figure 4). In total, 
the number of qualifying complications account for <0.1% (<1 in 
1,000) of the total VCS units distributed to participating centers. 

Discussion
Previous studies with the VCS have demonstrated significant 

reductions in post-procedure time relative to manual compres-
sion.11,12 In addition to potential cost savings associated with re-
duced complications, institutional cost savings may also result 
from shorter lengths of stay in observation units for each patient. 
For example, in the AMBULATE trial VASCADE® was associ-
ated with an observation time 3 hr shorter than that with manual 
compression.22 Based on our institutional observation cost of  $100 
per hour for a post-catheterization patient, the institutional cost 
savings would be $300 per patient. With respect to our facility 
in particular, for every 100 patients enrolled in this program, 
our institution estimates a cost reduction of nearly $15,000 for 
vascular access complications and an observation cost reduction of 
$30,000. Costs will, of course, vary among institutions throughout 
the country.

The low rate of complications (<0.1%) reported above is con-
sistent with two previous studies of VASCADE® closure de-
vices, the RESPECT pivotal study (ClinicalTrials.gov Identifier: 
NCT01297322)11 and the ANTEGRADE-PVD post-market 
registry study.17 The open-label RESPECT trial reported minor 
complications among 1% of patients treated with the VCS closure 
device compared with 7% of patients treated with manual com-
pression; no major complications were reported for either treat-
ment group.11 In the ANTEGRADE-PVD study, the major and 
minor complication rates were each 1.9% among patients treated 
with the VCS.17 Furthermore, according to a recent systematic 

review, among a handful of clinical trials, rates of complications 
for several active closure devices ranged from 0.5% to 7% (Table 
2).16 As such, the rate of complications reported for the RSA Per-
formance Guarantee program (<0.1%) is lower than that reported 
for several other vascular closure devices, including the aforemen-
tioned clinical studies of VASCADE® closure devices.11,17 This 
finding is particularly noteworthy because procedures included 
in the Performance Guarantee program involved a real-world 
patient population, in stark contrast to the select patients who 
meet eligibility for randomized controlled trials.4

Key factors for successful implementation of an RSA include 
the following: an easily defined patient population, easily iden-
tifiable outcome measures not involving longitudinal follow-up, 
a device that effectively addresses a medical problem (eg, it has 
a larger effect size), and outcomes for which results are quickly 
perceptible (1 year is recommended).20,21 In fact, the VCS Per-
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Table 2. Access site–related complications among studies of 
active vascular closure devices 

Device
Complication rate  

(vs. manual compression)a

Angioseal Vascular Closure Device (Terumo 
Medical Corporation, Somerset, NJ, USA)

0.5–7%16

Mynx Vascular Closure Device (Cardinal Health, 
Dublin, OH, USA)

0.5% (major                 
complications)16

Starclose SE™ Vascular Closure System       
(Abbott, Abbott Park, IL, USA)

2.2%23

VASCADE® VCS (clinical trial data) 1.1%11,17

VASCADE® VCS Performance Guarantee <0.1%

Abbreviation: VCS, vascular closure system.

aIncludes rates of major complications, minor complications, and major bleeding.
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formance Guarantee is optimally designed to meet these ideal 
characteristics. In addition to being an incentive to immediately 
report complications, the Performance Guarantee complication 
reporting process is simple and does not require protected health 
information, allowing the form to be submitted via e-mail. As 
such, this simple and quick process represents an excellent step 
toward eliminating underreporting of procedural complications. 
The Performance Guarantee program does have limitations, in-
cluding minimum threshold qualifier for institutions to imple-
ment the program and guidance that the VCS must be the sole 
extravascular product (in addition to Perclose and Angio-Seal™).

Conclusion
The VCS Performance Guarantee program is a unique and 

viable RSA partnership between Cardiva Medical, Inc. and par-
ticipating institutions that demonstrates the integration of industry 
with end-users in a value-based care environment. The program 
incentivizes the reporting of complications and has been described 
as an early-warning system due to increased awareness of the com-
plications associated with vascular closure. Moreover, the Per-
formance Guarantee supports a continuous quality-improvement 
process—the manufacturer and institution will have heightened 
awareness if a complication occurs and, therefore, can closely 
monitor the situation to make any necessary changes,21 ultimately 
leading to better outcomes for patients. In this era of value-based 
care, the need for improvements in procedural efficiency and 
reductions in resource usage have driven the adoption of vascular 
closure devices. These improvements are particularly important 
given the cost of vascular access complications and the available 
range of closure methods.4,11 The results from recent studies with 
the VCS have demonstrated hastened time to hemostasis, time 
to ambulation, and time to discharge eligibility. Consistent with 
the low rate of complications reported here, the Performance 
Guarantee program represents an opportunity to minimize the rate 
of access site complications and eliminate under-reporting while 
reducing overall health care costs and improving patient care.  n
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