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PREAMBLE
The membership of the Society of Interventional Radiology (SIR)
Standards of Practice Committee represents experts in a broad
spectrum of interventional procedures from both the private and
academic sectors of medicine. Generally Standards of Practice
Committee members dedicate the vast majority of their professional
time to performing interventional procedures; as such they represent a
valid broad expert constituency of the subject matter under
consideration for standards production.
Technical documents specifying the exact consensus and literature
review methodologies as well as the institutional afﬁliations and professional credentials of the authors of this document are available upon
request from SIR, 3975 Fair Ridge Dr., Suite 400 N., Fairfax, VA 22033.

METHODOLOGY
SIR produces its Standards of Practice documents using the following process. Standards documents of relevance and timeliness are
conceptualized by the Standards of Practice Committee members. A
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recognized expert is identiﬁed to serve as the principal author for the
standard. Additional authors may be assigned depending on the
magnitude of the project.
An in-depth literature search is performed by using electronic
medical literature databases. Then, a critical review of peer-reviewed
articles is performed with regard to the study methodology, results, and
conclusions. The qualitative weight of these articles is assembled into
an evidence table, which is used to write the document such that it
contains evidence-based data with respect to content, rates, and
thresholds. With regard to this document, the authors performed a
review of the literature through manual and MEDLINE keyword
searches of relevant journals between 1990 and July 2013.
When the evidence of literature is weak, conﬂicting, or contradictory,
consensus for the parameter is reached by a minimum of 12 Standards of
Practice Committee members by using a Modiﬁed Delphi Consensus
Method (Appendix A). For purposes of these documents, consensus is
deﬁned as 80% Delphi participant agreement on a value or parameter.
The draft document is critically reviewed by the Standards of
Practice Committee members by telephone conference calling or faceto-face meeting. The ﬁnalized draft from the Committee is sent to the
SIR membership for further input/criticism during a 30-day comment
period. These comments are discussed by the Standards of Practice
Committee, and appropriate revisions are made to create the ﬁnished
standards document. Before its publication, the document is endorsed
by the SIR Executive Council.

INTRODUCTION
Since the introduction of the Seldinger technique for obtaining
percutaneous transarterial access, the challenge of achieving postprocedural hemostasis has been traditionally addressed with manual
compression. Manual compression usually requires sustained partially
occlusive pressure over the arterial access site for approximately 15–20
minutes, followed by 4–6 hours of patient immobilization. Although
this method successfully achieves hemostasis in the majority of cases,
there are drawbacks. These include patient discomfort associated with
the applied groin pressure and the subsequent restricted ambulation.
This patient discomfort can lead to noncompliance, potentially resulting in signiﬁcant bleeding. Manual compression may not be as effective
in obese patients or those with coagulopathy. In addition, as increasingly complex transarterial interventions frequently use devices that
require larger sheath sizes, the risk of hematoma formation and/or
other arterial access-related complications following manual compression has increased (1).
In cardiovascular interventions, the advent of multiagent anticoagulation and antiplatelet regimens, as well as the increased arterial
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sheath dwell times, has increased the risk of noncoronary complications. For example, although complication rates for diagnostic cardiac
catheterization procedures are typically less than 1%, those for routine
percutaneous coronary interventions (PCIs) range from 1% to 3%. This
difference can be ascribed to a combination of increased sheath size (6
F or 7 F versus 5 F), increased patient-related risk factors, and the
concomitant use of anticoagulant and antiplatelet agents (2). Bleeding
complications not only increase costs but are also associated with poor
prognosis, as well as increased short- and long-term mortality rates in
coronary interventions (3).
The ability to achieve satisfactory hemostasis after transarterial
interventions while maximizing patient satisfaction, minimizing complications, and decreasing postprocedural monitoring time is highly
desirable. Consequently, multiple innovative strategies for reducing
time to hemostasis and decreasing the duration of the requisite
immobilization have been developed since the mid-1990s. One such
innovation involves the use of specialized devices to aid in accomplishing these objectives. These devices, known collectively as vascular
closure devices (VCDs), operate through a variety of mechanisms and
are commonly used in clinical practice today. Although potential
beneﬁts of VCDs over manual compression include reduction of
bleeding complications, hemostasis, and earlier time to ambulation,
the use of these devices has also resulted in a variety of previously
unencountered complications such as nontargeted deployment, intravascular embolization of closure device components, arterial thrombosis, and infection of closure material.
VCDs have undergone several iterations of research and development, and the clinical use for these devices continues to grow, with the
global market for VCDs projected to reach nearly $1 billion in 2013.
However, to date, there are limited published guidelines regarding the
safe and appropriate use of these devices, particularly for interventional
radiology procedures.
This statement is a summary of clinically available VCDs and an
overview of the current data regarding their indications, contraindications, efﬁcacy, and complications. This includes a review of available
clinical trials related to individual devices as well as metaanalyses of
VCD use compared with manual compression. Although use of VCDs
in nonfemoral arterial access sites has been reported, the present
document focuses on their use following femoral arteriotomy. The
document concludes with guidelines, which are written to be used in
quality improvement programs to assess the safe and appropriate use of
VCDs. The most important processes of care are (i) patient selection, (ii)
performing the procedure, and (iii) monitoring the patient. The outcome
measures or indicators for these processes are indications, success rates,
and complication rates. Outcome measures are assigned threshold levels.
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Therefore, setting universal thresholds is very difﬁcult, and each
department is urged to alter the thresholds as needed to higher or
lower values to meet its own quality improvement program needs.
Complications can be stratiﬁed on the basis of outcome. Major
complications result in admission to a hospital for therapy (for
outpatient procedures), an unplanned increase in the level of care,
prolonged hospitalization, permanent adverse sequelae, or death.
Minor complications result in no sequelae; they may require nominal
therapy or a short hospital stay for observation (generally overnight;
Appendix B). The complication rates and thresholds here refer to major
complications. However, it is important to realize that the deﬁnitions of
major and minor complications are not universal, and that there may
be variations in the deﬁnitions of these terms among the trials
referenced in this document.

Manual Compression
The most commonly used technique for achieving hemostasis following
percutaneous arterial access and the current “gold standard.” The
technique requires an operator to maintain controlled pressure over
the access artery, centered over the estimated position of the arterial
entry site following removal of the vascular sheath or catheter. Initially,
near-occlusive pressure is maintained and is gradually reduced over
approximately 15–20 minutes, although the actual required duration of
compression may vary depending on a multitude of factors, including
arteriotomy size. If bleeding occurs upon cessation of compression,
near-occlusive pressure is reapplied and the process is repeated.

Vascular Closure Device
A VCD is a medical device designed to achieve hemostasis following
percutaneous arterial access. An ideal VCD would exhibit numerous
characteristics, principal among which would be the ability to safely
achieve complete hemostasis and closure of the arteriotomy, independent of the size of the defect in the arterial wall, patient related risk
factors, or anticoagulation status. The device should be easy to use,
with successful deployment every time and a complication rate that is
less than or, at most, equal to that of manual compression. The device
should be easily directed to the arteriotomy site to minimize nontarget
deployment. Upon deployment, the device should pose no risk for
downstream embolization of material or occlusion of the target artery.
Also, as patients may require repeat interventions, the device should
cause no signiﬁcant periarterial inﬂammatory changes that would
prevent repeat arterial access. Additional desirable features include
nonimmunogenic and bioabsorbable implanted components and low
cost. No currently available closure device satisﬁes all of these criteria.
However, each possesses unique advantages and disadvantages based
on the mechanism of action.

DEFINITIONS
Although practicing physicians should strive to achieve perfect outcomes (eg, 100% success, 0% complications), in practice, all physicians
will fall short of this ideal to a variable extent. Thus, indicator
thresholds may be used to assess the efﬁcacy of ongoing quality
improvement programs. For the purposes of these guidelines, a
threshold is a speciﬁc level of an indicator that should prompt a
review. “Procedure thresholds” or “overall thresholds” reference a
group of indicators for a procedure, eg, major complications. Individual complications may also be associated with complication-speciﬁc
thresholds. When measures such as indications or success rates fall
below a (minimum) threshold, or when complication rates exceed a
(maximum) threshold, a review should be performed to determine
causes and to implement changes if necessary. For example, if the
incidence of pseudoaneurysm is one measure of the quality of VCD
placement, values in excess of the deﬁned threshold should trigger a
review of policies and procedures within the department to determine
the causes and to implement changes to lower the incidence of the
complication. Thresholds may vary from those listed here; for example,
patient referral patterns and selection factors may dictate a different
threshold value for a particular indicator at a particular institution.

TYPES OF VCDs
VCDs can be broadly categorized as active closure devices, compression assist devices, or topical hemostasis devices (Table 1) (1,3–37).
Active devices use a variety of methods to directly close the arteriotomy site; examples include collagen-based products, suture-based
products, and products that use staples or clips. Compression assist
devices include mechanical clamps designed to provide sustained,
targeted pressure at the arteriotomy. Topical hemostasis devices consist
of procoagulant pads or water-soluble sealants that serve as an adjunct
to manual compression.

ACTIVE CLOSURE DEVICES
Mechanical Plug Devices
One type of mechanical plug device is the collagen plug-based device.
These VCDs function by delivering bovine collagen to the arteriotomy
site, which serves to promote closure of the arterial defect in two ways.
First, the increased availability of collagen augments the body’s natural
ability to form a clot. The natural healing mechanism at the site of
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Table 1 . Summary of VCDs and Clinical Data (1,3–37)
Type/Device/Study, Year

Quality of Clinical Data

No. of Pts.

Complication Rate (vs Manual)

Active closure devices
Angio-Seal
Kussmaul et al, 1995 (11)

Multiple RCTs (11–16)
435

Bleeding 7% (vs 15%),* arterial
injury 3% (vs 2%)*

Kapadia et al, 2001 (14)
Applegate et al, 2002 (15)

280
4,525

Chevalier et al, 2003 (12)

612

Major complications 0.5%
Major complications 1.1% (vs 1.8%)*
Major and minor complications
5.9% (vs 18%)†

Mynx
Scheinert et al, 2007 (18)
Fields et al, 2010 (20)

One prospective nonrandomized
study, retrospective studies,

190

Major complications 0.5%

case reports (18–21)

135

Intravascular sealant 18%,
pseudoaneurysm formation 11%
(retrospective study)

ExoSeal
Wong et al, 2009 (3)
Perclose

Randomized prospective
trial and retrospective study (3,22)

Gerckens et al, 1999 (17)
Baim et al, 2000 (23)
Fram et al, 2001 (28)

Major complications 0% (vs 0%)

600
515

Major complications 1.3% (vs 2.7%)*
Major complications 2.4% (vs 1.1%)*

1,097

Balzer et al, 2001 (30)
Rickli et al, 2002 (26)
StarClose

401

Multiple RCTs (1,12,17,23–30)

Major complications 2.2%

930
193

Major and minor complications 7%
Major complications 0% (vs 0%)

596

Major complications 1.1% (vs 1.1%)

Retrospective trial

94

Major complications 0%,
minor complications 3%

Prospective nonrandomized trial

96

Major complications 0%

RCT and case reports (10,31–33)

Hermiller et al, 2006 (32)
Compression assist devices
Axera
Fortes et al, 2013 (4)
Boomerang/Catalyst
Doyle et al, 2007 (34)
External/topical hemostasis devices
Syvek patch
Nader et al, 2002 (5)
Clo-Sur
Nguyen et al, 2007 (6)
Chito-Seal
Nguyen et al, 2007 (6)
D-Stat Dry
Hallak et al, 2007 (7)
FemoStop

Randomized prospective trial

1,000

Major complications 0.1%

Prospective trial

184

Major bleeding 0% (vs 0% for no pad)

Prospective trial

184

Major bleeding 0% (vs 0% for no pad)

376

Major complication 0.5% (vs 1.1%)†

101

Major and minor complications
2.4% (vs 22.4%)

Randomized prospective trials (7–9)
Randomized prospective trials (35–37)

Sridhar et al, 1996 (35)

Deﬁnitions of major complication varies between trials but generally includes adverse events that require surgical or nonsurgical
intervention, blood transfusion, or antibiotics or that result in limb ischemia or permanent nerve injury. Minor complications included
prolongation of bleeding requiring manual compression or hematomas o 5 cm or those that did not require further intervention.
RCT ¼ randomized controlled trial.
n
No statistically signiﬁcantly difference between device use and manual compression.
†
Statistically signiﬁcant difference between device use and manual compression.
arterial puncture is driven by the exposure of clotting factors in the
blood to collagen and smooth muscle cells in the walls of the artery,
which in turn triggers a clotting cascade resulting in platelet aggregation, activation, and clot formation. Second, the physical expansion of
the device’s collagen plug following deployment causes a mechanical
barrier that seals the artery and tissue tract. The collagen plug is then
completely degraded by phagocytes by 4 weeks in an animal model (1).
The principal advantage of this VCD design is the dual mode of action

of promoting clot formation and providing a mechanical seal.
However, a signiﬁcant drawback of collagen-based devices are the
potential risks attendant to immediate repeat puncture, which include
infection and dislodgment of the hemostatic plug resulting in distal
embolization. Moreover, the inﬂammatory response incited by the
collagen plug has been implicated as a cause for scarred groin. Some
data exist to suggest that these concerns may be overstated (38).
Examples of collagen-based VCDs are the VasoSeal (Datascope,
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Montvale, New Jersey) and Angio-Seal (St. Jude Medical, St. Paul,
Minnesota) devices.
Non–collagen-based mechanical plug devices are similar in concept to collagen-based devices, as a bioabsorbable plug is delivered to
the external aspect of the arteriotomy. The lack of collagen incites a
minimal inﬂammatory response and does not directly promote coagulation. The plugs employed in these devices function via a mechanical
sealant effect on the arteriotomy. Given the biologically inert composition of these plugs, theoretical advantages include decreased postprocedural discomfort as well as minimization of tissue scarring that
could impede reaccess. The Mynx (AccessClosure, Mountain View,
California) and ExoSeal (Cordis, Bridgewater, New Jersey) devices are
examples of VCDs that use noncollagen plugs.
VasoSeal. VasoSeal was one of the ﬁrst commercially available
VCDs, receiving Food and Drug Administration (FDA) approval for
clinical use in 1995. Although no longer marketed or used to any
signiﬁcant clinical extent, this device is included for historical
completeness and because outcomes data with the use of this device
are included in several metaanalyses and retrospective studies. The
device deployed a bovine collagen plug at the arteriotomy site and
left no residual intravascular component. Early prospective
randomized trials demonstrated that VasoSeal device use yielded
signiﬁcant reductions in hemostasis times following diagnostic and
therapeutic coronary angiography (39). However, the VasoSeal
device was associated with an increased risk of vascular
complications relative to manual compression, primarily following
diagnostic cardiac catheterization (40,41). Given the mounting
evidence of the device’s risk proﬁle, the VasoSeal device is not
used in clinical practice today.
Angio-Seal. The Angio-Seal device was ﬁrst approved in 1996. An
intraarterial component is integral to the Angio-Seal device, in contrast
to the VasoSeal device. During deployment, a T-shaped anchor is
delivered through a customized sheath into the arterial lumen and
is then securely apposed against the intraluminal arterial wall to seal
the puncture site. An extravascular collagen plug is subsequently
compressed against the arteriotomy by an absorbable suture.
Hemostasis is therefore achieved by mechanical compression of the
arteriotomy between the intravascular anchor and the extravascular
collagen plug, as well as by the promotion of the hemostatic cascade by
the collagen plug. The anchor, plug, and suture are absorbed by
30 days.
Mynx. The Mynx device, approved in 2007, works through the
existing procedural sheath and requires no sheath exchange or
subcutaneous tract dilation. A temporary intraarterial balloon is
advanced through the procedural sheath and pulled back against the
arterial wall, and a water-soluble polyethylene glycol sealant plug is
then delivered through the procedural sheath along the tissue tract.
When it has been delivered, the material rapidly absorbs blood and
expands, effectively creating a mechanical seal and a scaffold to which
platelets may adhere and initiate clot formation. The plug is fully
resorbed by 30 days. As no intraarterial anchor is used, the risk
of distal embolization is diminished, the risk of stricture or occlusion
is theoretically reduced, and immediate repeat puncture can be
performed. A short duration of manual pressure is still recommended
with the use of this device.
The most recent model of the Mynx closure device is termed
MynxGrip and contains a modiﬁed formulation of the sealant plug.
Composed of a new conﬁguration of polyethylene glycol, the
MynxGrip sealant is marketed to improve adherence of the plug to
the arterial wall as well as swell by 300%–400% of its original size upon
absorption of blood and ﬂuid.
ExoSeal. The ExoSeal device uses a bioabsorbable extravascular
polyglycolic acid plug that is deployed by the device atop the femo-
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ral arteriotomy site. Hemostasis is therefore achieved by mechanically occluding the arteriotomy without activating the coagulation
cascade, analogous to the closure method of the Mynx device. Unlike
the Mynx device, the ExoSeal device incorporates a unique visually
guided deployment system and does not rely on tactile feedback or a
temporary intraarterial balloon tamponade.
Duett. The Duett device (Vascular Solutions, Minneapolis, Minnesota) is a mechanical plug-based VCD that employs an intravascular balloon catheter to occlude the arteriotomy intraluminally (1). A
mixture of thrombin and collagen are then injected into the tissues
overlying the arteriotomy to promote hemostasis. The balloon is then
deﬂated and retracted, leaving behind no intravascular component. The
Duett device is not used in clinical practice today and is only included
for historical completeness.

Active Arteriotomy Approximation Devices
Active arteriotomy approximation devices achieve a limited form of
surgical closure. In an open surgical arterial closure, sutures are placed
at approximately 1-mm intervals around the arteriotomy; in this class
of VCDs, however, only one or two sutures or a nitinol clip are placed,
and therefore the suture density of a surgical arterial closure is not
replicated (1). Nevertheless, these devices are popular because of their
ability to cause complete apposition of the walls of the arteriotomy
defect. This theoretically obviates subsequent manual compression or
the administration of procoagulant material as with the Angio-Seal
device. As such, the concerns regarding immediate repeat puncture or
inﬂammation from the implanted material resulting in patient discomfort or scarred groin do not apply to the use of these devices. There
are two major active arteriotomy subgroups, based on the device
mechanism of action: suture-based devices, of which the Perclose
family of devices is the prototype, and nitinol clip-based devices, such
as the StarClose device.
Perclose. The Perclose device was the ﬁrst FDA-approved suturebased VCD, receiving approval in 1997. The device has undergone
several revisions designed to facilitate ease of use and accommodate
larger sheath sizes. The preponderance of clinical data for this group of
devices revolves around the Techstar 6-F model (Abbott Laboratories,
North Chicago, Illinois) and ProStar 8-F model (Abbott Laboratories).
The most recent model of this device, the Proglide, features a pretied
knot as well as a suture composed of polypropylene monoﬁlament,
which allows for easier knot advancement; a distal suture-cutting
mechanism adds to the device’s ease of use. These devices can successfully ensure hemostasis following the use of larger-caliber sheaths,
and currently available devices are indicated after the use of devices or
sheaths up to 10 F in caliber. The practice of “preclosure,” in which
sutures are placed before the initial dilation of the arteriotomy, extends
the applicability of VCD use to even larger sheath sizes without the
need for a surgical approach; the data regarding this technique will be
discussed separately.
The SuperStitch device (Sutura, Fountain Valley, California) uses a
similar mechanism of action (42) but has fewer clinical data regarding
its safety and efﬁcacy relative to other suture-based VCDs. However,
this device has the distinct advantages of being deployable through
an existing procedural sheath as well as accommodating larger
arteriotomies, as large as 12 F (43). This device is no longer on the
market and is included for historical completeness.
StarClose. The StarClose device (Abbott Laboratories) is the
prototypical clip-based VCD. This device applies a 4-mm ﬂexible
nitinol clip to create a completely circumferential extravascular
approximation of an arteriotomy and accommodates 5-F or 6-F
sheaths. Before clip deployment, small ﬂexible wings are extended
from the device and positioned along the undersurface of the arterial
wall to conﬁrm the correct positioning of the clip. Activation of the
StarClose device results in the nitinol clip grasping the adventitia of the
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artery with small tines to pull the edges of the arteriotomy together,
simulating a purse-string suture. As with the suture material used in the
Perclose device, the nitinol clip of the StarClose device is essentially
biologically inert and does not incite an inﬂammatory response. As the
clip is extraluminal, StarClose device is designed to minimize the risk of
deforming the arterial lumen. One unique limitation is the local
susceptibility artifact created by the metallic clip during magnetic
resonance imaging that may limit the image quality of adjacent structures.

Compression Assist Devices
Passive arteriotomy approximation devices are a class of VCDs that
assist in coapting the walls of the arteriotomy without the use of
retained sutures or clips. As such, they possess several theoretical
advantages versus other techniques, including a reduced infection risk
and a negligible embolization/arterial occlusion risk given the lack of
implanted material. One drawback to this class of devices is the
ancillary need for manual compression despite the use of a VCD,
albeit for a reduced duration of time.
Axera. The Axera device (Arstasis, Redwood City, California) is
unique compared with other VCDs in terms of its mechanism of
augmenting hemostasis. This device relies on no additional sealant,
procoagulant, or suture material, instead capitalizing on the improved
apposition of an arteriotomy afforded by the use of a very shallow
needle trajectory during arterial access. The Axera device is used at
the initiation of the arterial access to convert a standard arterial
puncture into a low-angle one, (approximately 51), through which the
arteriotomy is subsequently dilated to accommodate the procedural
access sheath. The improved arterial overlap allows for more rapid
hemostasis as well as intrinsic tract compression as a result of the
radially oriented pressure of blood ﬂow within the lumen; in essence,
the latter effectively results in “autotamponade” of the arteriotomy.
Manual compression is still necessary after the sheath is removed. No
retained material is left in the patient, and therefore the attendant risks
of embolization or infection are not a concern for this VCD (4).
Boomerang and Catalyst. The Boomerang system (Cardiva,
Mountain View, California), which was approved for use in 2004,
consists of an 18-gauge wire with a nitinol braided mesh disc that is
inserted through the procedural sheath at the end of the procedure (43).
Upon deployment, a low-proﬁle conformable disc is expanded at the
intraarterial end of the wire. As the working sheath is removed and
gentle traction is applied to the wire tether, targeted internal
compression by the intravascular nitinol disc is generated at the
arteriotomy site. The device tether is ﬁxed in place externally, and
the patient is kept in the supine position for 30 minutes. After this time,
the device is removed in its entirety, with no residual retained
component, and light manual compression is then provided for 5–7
minutes (44). The device can be used for 5–7-F arteriotomies.
The Boomerang device has been succeeded by the Catalyst family of
devices (Cardiva). The Catalyst II device is a modiﬁcation of the
Boomerang system that incorporates a biocompatible coating to assist
in hemostasis. A further device modiﬁcation, Catalyst III, is coated
with protamine sulfate for use in patients undergoing heparinization.

External/Topical Hemostasis Devices
The passive closure devices class of VCDs includes procoagulant patches
or pads and clamps for assisted compression. These devices are intended to
accelerate hemostasis or apply targeted compression to reduce the duration
or diminish the physical burden of manual compression, respectively. No
material is implanted with these devices, and manual compression is
required if these devices are used alone. However, they can also be used
supplementally following the use of another VCD. Clinical data regarding
the efﬁcacy and safety of these devices varies, but is limited overall.
The Syvek patch (Marine Polymer Technologies, Danvers, Massachusetts) is a topical pad composed of poly-N-acetyl glucosamine that is
FDA-approved for hemostasis in patients following femoral access
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procedures with anticoagulation. The patch is placed over the dermatotome, and manual compression is applied over the patch (1,45). In a study
of 1,000 consecutive patients undergoing diagnostic or interventional
cardiac procedures with sheaths ranging from 4 F to 12 F (5), the Syvek
patch was applied during manual compression and resulted in hemostasis
with minimal complications.
The Chito-Seal (Abbott Laboratories) and Clo-Sur devices (Medtronic Vascular, Santa Rosa, California) are other proprietary hemostatic
patches. These were compared with manual compression alone following
PCIs in a single trial (6), which demonstrated a statistically signiﬁcant,
though small, decrease in time to hemostasis with the use of the pads
during manual compression compared with manual compression alone.
There was no overall difference in time to ambulation.
The D-Stat Dry pad (Vascular Solutions, Minneapolis, Minnesota)
was compared with manual compression alone in a randomized trial of
376 patients (7) and was found to result in a statistically signiﬁcant, but
slight, decrease in time to ambulation. However, no difference in time to
discharge was found with this device (7,8), and higher rates of major and
minor vascular complications were identiﬁed compared with the use of
Angio-Seal or StarClose devices in one trial (9).
The FemoStop device (RADI Medical Systems, Wilmington, Massachusetts) is a mechanical compression device that has been used in the
control arms of clinical trials of other VCDs. The device consists of a rigid
plastic frame and a pneumatic dome that is inﬂated over the arteriotomy; the
dome is ﬁxed by a belt that is wrapped around the patient’s hips. The dome
is pressurized via a hand pump and kept in place for approximately 15
minutes. Randomized trials and single institution studies comparing the
FemoStop device versus manual compression showed similar or decreased
rates of complications with the use of the device (2).
The Safeguard device (Maquet Cardiovascular–Datascope, Fairﬁeld, New Jersey) is a single-use disposable external compression assist
device that has a polyurethane window and pneumatic bladder that is
inﬂated over the arteriotomy and secured in place via a sterile adhesive
backing. The Safeguard device has a clear window that facilitates
visualization of the access site without removal or manipulation of the
device during its use, which is typically of 15 minutes duration.

INDICATIONS
Limitations of Currently Available Trial Data
Regarding VCD Use
Primary data regarding the effectiveness and complication rates
associated with the use of VCDs are mostly derived from the
cardiovascular literature. Unfortunately, these data give an incomplete
picture of the appropriate clinical use of VCDs for numerous reasons.
Most clinical trials of VCDs range in patient enrollment from 100 to
650 patients and compare VCDs with manual compression as the gold
standard. The majority are single-institution investigations that include
patients who have few to no risk factors for increased vascular
complications during cardiovascular procedures. Examples of such risk
factors include age greater than or equal to 70 years, female sex, a body
surface area less than 1.6 m2, renal failure, calciﬁed femoral arterial
atherosclerosis, and the use of glycoprotein IIb/IIIa inhibitors (10).
Most trials involved low- to moderate-risk procedures and enrolled
patients who underwent diagnostic coronary angiography or routine
PCI. Patients with multiple risk factors, including those with known
peripheral arterial disease or coagulopathy, and those who underwent
high-risk procedures, such as emergent PCI, lengthy multivessel
angioplasty, or stent implantation were excluded for the most part,
as were those who underwent procedures that involved sheath sizes of 8
F or greater. Given their enrollment size, these clinical trials were often
underpowered to detect uncommon complications of VCDs. Outcome
analyses may not have been blinded. Finally, standard deﬁnitions as to
what constitutes a major vascular complication or an effective outcome
of VCD use were not employed. These limitations pose a signiﬁcant
hurdle to the legitimacy of extrapolating these trial data to procedures
that are performed in patients at higher risk.
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Device-speciﬁc Trial Data Regarding VCDs
Angio-Seal. Some of the largest prospective randomized trials of
VCDs have been conducted with Angio-Seal devices. Kussmaul et al
(11) showed a signiﬁcant decrease in time to hemostasis following the
use of Angio-Seal devices, with 76% of patients in the Angio-Seal arm
showing hemostasis within 1 minute. Any complication, including
bleeding or hematoma, was less common in the Angio-Seal arm than in
the manual compression control arm. Although anticoagulation with
heparin increased the complication rate in the control arm, there was
no effect on time to hemostasis or complications in the device arm.
These ﬁndings were corroborated in a subsequent randomized trial
(12). The improved mean time to hemostasis is unaffected by factors
such as anticoagulation status (11,13,14) or use of larger sheaths
(13,15). Length of hospital stay has been reported to be shorter with the
use of the Angio-Seal device (13,14), and rates of postprocedural
hematoma formation have been reported to be lower (16).
Complication rates with the use of the Angio-Seal device range in the
literature from 0.8% to 3.6% (11,13,46–50), values that were signiﬁcantly
increased compared with manual compression in only one study (50).
The most commonly occurring complication was arterial occlusion
of the femoral artery at the puncture site (47), possibly caused by
arterial luminal narrowing or foreign body reaction caused by the intraarterial anchor. The rate of occlusion for the Angio-Seal device is comparable to those of other VCDs, including non–collagen-based devices
(13,15,17,49). As the Angio-Seal device relies on a bioabsorbable
intravascular anchor, distal embolization of this retained component is
a potential risk. Indeed, case reports of migration and distal arterial
occlusion of the anchor and suture complex have been reported (51).
Mynx. In a prospective single-arm trial of 190 consecutive patients
undergoing diagnostic or interventional cardiac procedures (18), the
use of the Mynx device resulted in a mean time to hemostasis of 1.3
minutes; time to ambulation was 2.6 hours. No major device-related
complication was identiﬁed (18).
Data regarding the safety proﬁle of the Mynx device are varied.
Case reports have been published detailing distal embolization of
sealant material, resulting in lower-limb ischemic symptoms and
requiring surgical excision (19). Fields et al (20) reported on 26
patients who underwent Mynx closure following neurointerventional
diagnostic or therapeutic procedures and subsequently were evaluated
with diagnostic femoral angiography for indications unrelated to the
VCD use; median time to follow-up imaging was 6 days. Of these
patients, 18% were found to have an intravascular ﬁlling defect at the
initial arteriotomy site, one of which was conﬁrmed surgically to
represent intravascular sealant (20). Moreover, three patients were
found to have pseudoaneurysms, two of which were treated with
thrombin injection. Although this high complication rate is alarming, it
is interesting to note that all patients were asymptomatic. A possible
reason for intraarterial deployment is poor contact between the
temporary intraarterial balloon and the arterial wall when the sealant
is released. In a more recent retrospective analysis of 31 patients who
underwent neurointerventional procedures followed by repeat femoral
angiography within a median time of 5.5 days (21), no intraluminal
ﬁlling defects were identiﬁed. It is unclear how to reconcile the widely
discordant ﬁndings between these two trials (20,21), although one can
speculate that variables such as operator experience and patient risk
factors including obesity and arterial calciﬁcations may play a role.
ExoSeal. Ensure’s Vascular Closure Device Speeds Hemostasis Trial
(3) was a nonblinded multicenter trial of 401 patients randomized to
undergo ExoSeal or manual compression following diagnostic or
interventional cardiovascular procedures through 6-F sheaths. Mean
time to hemostasis was signiﬁcantly shorter in the device arm (4.4 min
versus 20.1 min), as was the time to ambulation (2.5 h vs 6.2 h). No
major complications were identiﬁed in the trial. It is important to note
that exclusion criteria for this trial were extensive, as patients with
femoral arterial disease, moderate calciﬁcations at the site of sheath
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insertion, or recent femoral artery access were not enrolled. The ability
of the device to achieve hemostasis in arteriotomies greater than 6 F
was not evaluated. In a retrospective study, Boschewitz et al (22)
evaluated 682 ExoSeal device deployments and found a 95.5% success
rate for achieving hemostasis. The rate of minor complications was
1.17%, and no major complications were reported.
Perclose. Rates of hemostasis provided by Perclose devices alone
have been reported as ranging from 85.7%–99% (1). The overall time to
hemostasis is reduced with Perclose device use, requiring approximately
6.4–20 minutes (17,23). The anticoagulation status of the patient does
not signiﬁcantly affect the time to hemostasis (1). Likewise, the time to
ambulation is signiﬁcantly improved with the use of Perclose devices
(13,17,23–27). For example, in a 600-patient randomized trial comparing
Perclose device use with manual compression (17), the time to
hemostasis following VCD use was 7.8 minutes, compared with 13.2
minutes in the manual compression arm; similarly, the time to
ambulation in the device arm was 4.5 hours, compared with 17.8
hours in the manual compression arm. No statistically signiﬁcant
increase in the number of vascular complications was found following
Perclose device use compared with manual compression, and, in fact,
vascular complications were less common in the device group for patients
undergoing diagnostic cardiac procedures. In a trial of 1,097 consecutive
patients in whom a Perclose device was applied by experienced operators
following cardiac procedures (28), the overall complication rate was
3.4%, with hematoma formation greater than 4 cm occurring in 2.1% of
cases, and with the need for vascular surgical repair of the arteriotomy
following the use of the Perclose device in 0.6% of cases.
The major disadvantage most frequently cited for the Perclose device
is the relative complexity of operating the device. Published deployment
success rates range from 89% to 100% (1), with conversion to manual or
mechanical compression required in 4%–14% of patients (1). Concern has
also been raised regarding the risk of infection as a result of the
indwelling suture component; Fram et al (28) reported an infection rate
of 0.4% in their patient series, but the rate has been reported as high as
1.6% (1), compared with 0% with manual compression (29). Suture-based
devices have the theoretical risk of causing deformity and/or stenosis
of the artery. However, this risk has not been corroborated in the available clinical data, with follow-up angiography or ultrasound demonstrating no signiﬁcant stenosis or deformation following Perclose device use
(30). The presence of peripheral vascular disease is considered a relative
contraindication, as mural calciﬁcations may prevent the proper
deployment of the sutures; however, there are data to suggest that the
Perclose device may be used safely and effectively in patients with arterial
calciﬁcations as well (30).
StarClose. The Closure in Percutaneous Procedures (CLIP) trial
(10,31,32) compared the safety and efﬁcacy of the StarClose device with
that of manual compression. This was a randomized prospective trial of
596 patients, of whom 208 underwent diagnostic coronary angiography
and 275 underwent PCI. In the diagnostic subset, mean time to hemostasis
was 1.5 minutes and mean time to ambulation was 163 minutes in the
device arm, compared with 15.5 minutes and 269 minutes, respectively, in
the manual compression arm. No major complications were noted in
either arm following diagnostic procedures. In the interventional arm, the
mean time to hemostasis was 8 minutes, compared with 29 minutes with
standard compression; notably, there was no statistically signiﬁcant
improvement in mean time to ambulation with the StarClose device
compared with manual compression, with mean times of 411 minutes in
the device group and 466 minutes in the manual compression group. The
major complication rate (1.1%) was identical for both arms of the
interventional subset, and there was a trend toward fewer minor
complications in the device arm. A follow-up US examination at 30
days was performed on 96 trial subjects to evaluate for short-term
complications. No hematoma, pseudoaneurysm, or arteriovenous ﬁstula
was noted in the StarClose arm; there was also no evidence of arterial
stenosis or occlusion in these patients.
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Case reports of clip embolization from misplacement during device
activation have been described (33), though this complication was not
encountered in the CLIP trial (10,31,32). There were no instances of
infection associated with the indwelling clip noted in the CLIP trial. One
important drawback is the rate of device failure, which was 11% in the
PCI subset of the CLIP trial (10). Additionally, robust data regarding safe
repeat puncture of the ipsilateral groin within 90 days following StarClose
device use are not available.
Johnson et al (52) queried the FDA and Manufacturer and User
Facility Device Experience databases for occurrences of complications
following StarClose device use from July 2009 to October 2010. They
identiﬁed 1,118 complications related to this device’s use during the
speciﬁed time period. Many of these complications were related to
improper deployment and functioning of the device. For example,
inability to complete the deployment sequence constituted 24% of the
complications, and inability to remove the deployment device represented
20%. These ﬁndings are remarkable considering that they differ
signiﬁcantly in frequency and character compared with published
clinical trials.
Compression Assist Devices. Few published data are available
regarding the Axera device. In a retrospective study, Fortes et al (4)
evaluated the use of the Axera device in 84 patients. They found that
the median time to hemostasis with the use of this device was 4 minutes
of manual compression, with a minor complication rate of 3%.
The Boomerang device has been studied in a limited number of
clinical trials. In a study of 96 patients undergoing diagnostic cardiac
catheterization (34), the deployment success rate for Boomerang was
99%. Time to ambulation following the use of a Boomerang device was
2–4 hours, with a mean time of 82 minutes. The authors noted that this
device was used successfully in a limited number of patients with
arterial calciﬁcations, as well as in patients with arteriotomies that were
not in the common femoral artery or profunda femoris artery; the trial
was not powered to assess use in these circumstances rigorously (34).

Meta-analyses and Registry Data of VCDs
Given the dearth of available large randomized controlled trials, an
important source of data on the safety and efﬁcacy of VCDs is from
metaanalyses and registry data mining. Overall, these data appear to
conﬁrm the efﬁcacy of VCDs but do not provide concrete evidence of
an improved safety proﬁle relative to manual compression. They also
do not provide a comparative analysis of the merits of individual
VCDs.
Data from the American College of Cardiology–National Cardiovascular Data Registry, which incorporated information from 59
institutions, were analyzed by Tavris et al (53,54). More than 160,000
VCD deployments, which predominantly involved the use of suturemediated and collagen-mediated devices, were performed during
diagnostic and interventional cardiac procedures and were included
in the registry data. The authors found that, as a result of lower rates of
bleeding and pseudoaneurysm formation, there was an overall
decreased risk of vascular complications in diagnostic procedures in
which a VCD was used. The exception was those cases in which a
VasoSeal device was used, as there was a higher complication rate
associated with this device compared with manual compression (odds
ratio, 2.38). However, given the retrospective nature of this study,
limitations such as reporting bias and recall bias are important
considerations.
Several metaanalyses of VCDs have been conducted. Koreny et al
(55) aggregated data from 4,000 patients across 30 randomized trials
comparing VCD use versus manual compression. They concluded that
time to hemostasis with the use of VCDs was decreased by 17 minutes.
However, the authors noted that there was a high degree of heterogeneity
in the results of the included trials, many of which were of poor
methodologic quality. Likewise, Biancari et al (56) compared data
across 31 prospective trials totaling more than 7,500 patients who were
randomized to receive VCD closure or manual compression following
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diagnostic coronary angiography or other transarterial procedures. In this
metaanalysis as well, there was a very statistically signiﬁcant decrease in
time to hemostasis with VCDs.
Nikolsky et al (40) pooled data from 37,066 patients to compare
the relative safety of VCDs versus manual compression and found
manual compression to be marginally safer than VCD use. There was a
trend toward improved safety with the use of VCDs following
diagnostic cardiac catheterization procedures, with the exception of
the VasoSeal device. Similarly, Vaitkus et al (41) aggregated data from
16 randomized trials and found that use of Angio-Seal and Perclose
devices was marginally safer than manual compression, whereas there
was an increased risk of vascular complications relative to manual
compression when a VasoSeal device was used.

Evidence of VCD Use in Interventional Radiology
The majority of available data on the safe and effective use of VCDs
has been acquired through trials designed to investigate VCD use
following low-risk diagnostic or interventional cardiac procedures.
However, patients undergoing interventional radiology procedures
may beneﬁt from VCD use, and there is a growing body of literature
investigating the use of VCDs during interventional radiology procedures.
Anticoagulation following peripheral arterial angioplasty and/or
stent placement can lead to prolonged sheath dwell times, with
associated discomfort that could be reduced or resolved via use of a
VCD. Likewise, the larger-sized sheaths used in many interventional
radiology procedures require longer manual compression and immobilization times, both of which could be improved with the use of a VCD.
In patients undergoing peripheral vascular intervention, Balzer et al
(30) showed that Perclose device use resulted in rapid hemostasis and
early ambulation in the majority of patients, with complication rates
comparable to those in other patient populations. Additionally,
although there is a relative contraindication to the use of the AngioSeal device in patients with peripheral vascular disease, two trials
(57,58) have demonstrated no signiﬁcant differences in complication
rates between the use of this device and manual compression, but a
signiﬁcant improvement in time to hemostasis.
StarClose device use in the interventional radiology setting has
been investigated to a limited extent. Imam et al (59) studied 200
consecutive patients who underwent diagnostic (12%) or therapeutic
(88%) procedures followed by arteriotomy closure by StarClose device.
The therapeutic procedures performed were primarily suprainguinal
angioplasty (20%), infrainguinal angioplasty (58%), and iliac stent
placement (8%), and were performed through 6-F sheaths, with the
exception of two procedures that required 7-F sheaths. Although
parameters such as time to hemostasis or time to ambulation were
not reported, the authors note that “immediate” hemostasis was
achieved in 96% of patients. The operators in the trial also enjoyed a
greater device success rate than those of the CLIP study (10,31,32),
with a failure rate of only 4%. No complications related to StarClose
closure of 7-F arteriotomies were noted in the two patients in this
trial (59).
One metaanalysis and one data registry regarding the use of
VCDs in interventional radiologic procedures have been published.
Das et al (60) reviewed 34 studies in which four VCDs (Angio-Seal,
StarClose, Perclose, and Duett) were used in a variety of interventional
radiologic procedures that included uterine artery embolization,
transhepatic chemoembolization, and various neurointerventional
procedures. Procedures requiring nonfemoral access or sheaths larger
than 8 F were excluded. In a pooled analysis of all VCDs, there was a
nonsigniﬁcant decrease in complications noted with device use versus
manual compression. Reekers et al (61) developed a Cardiovascular
and Interventional Radiological Society of Europe registry of VCDs in
2009 that collected data from 28 centers across 10 European countries,
with a total enrollment of 1,107 patients. All VCDs included in the
study consisted of an intraarterial anchor and collagen plug (AngioSeal). Device deployment was successful in 97.2% of cases, with failures
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rarely attributed to vascular calciﬁcation. The complication rate was
2.4%, of which half were considered serious.

Evidence Regarding “Preclosure” Technique
The preclosure technique is an application for VCDs as a means of
securing nonsurgical closure of very large arteriotomies, created during
procedures such as aortic endograft, percutaneous cardiac valve, or left
ventricular assist device placement. These procedures may require the
use of arterial sheaths or devices ranging from 12 to 24 F in size. In the
preclosure technique, one or more VCDs are deployed before the initial
dilation of the arteriotomy. Potential beneﬁts of the preclosure
technique include the avoidance of a surgical cutdown (surgical arterial
exposure and arteriotomy), with the resultant improved patient
comfort and decreased wound complications such as infection, femoral
neuropathy, and those arising from lymphatic disruption (62–65).
The most commonly used VCDs for this technique are the suturemediated devices, particularly the ProStar device, which deploys two
sutures. The ProStar VCD received CE Mark approval in 2009 to treat
punctures from sheaths up to 24 F (62). Other devices, including the
Mynx, have also been applied in this setting (63). It is important to note
that the use of VCDs in the preclosure setting constitutes an offlabel use.
A metaanalysis of ProStar-mediated closures of femoral arteriotomies greater than 10 F (62) found technical success rates for VCD
closure (deﬁned as the acquisition of adequate hemostasis without
requiring surgical cutdown) ranging from 64.4% to 100%, with a
weighted average of 91%. This metaanalysis included data from
randomized controlled trials, nonrandomized controlled trials,
observational studies, case series, and case reports; however, of the
20 trials, only one was a randomized controlled trial, and only seven
compared the use of a ProStar device versus surgical cutdown. Other
studies have likewise found an equivalently high technical success rate
with VCD-mediated closure compared with an open surgical approach,
with similar short-term and long-term complication rates, but
decreased hospital length of stay with VCD use (66).
Lee et al (64,65) performed a retrospective single-institution study
evaluating preclosure in patients undergoing endovascular aortic
aneurysm repair and compared them with a contemporaneous cohort
of patients who underwent surgical cutdown for vascular access; the
selection for VCD versus cutdown was determined by operator
preference. All patients in this series were followed for at least 6
months. The success rate in the VCD group was 94%. Failures usually
required open surgical arteriotomy repair; risk factors for failure
included obesity, device malfunction, severe arterial calciﬁcations, or
nonideal puncture sites. Early complication rates for the VCD group
and cutdown group were statistically similar.

Comparison of Efﬁcacy and Complications
between VCDs
Few studies have compared the relative efﬁcacy and complication rates
between different types of VCDs. As highlighted by registry data
mining and metaanalyses, differences may be subtle and may require
large trials to elicit statistically signiﬁcant differences (10,13,40,
41,54,55,67). There is presently insufﬁcient evidence to suggest that
deployment success rates, time to hemostasis, time to ambulation, or
major complication rates are signiﬁcantly different among VCDs, with
the exception of the VasoSeal device, which demonstrated increased
rates of vascular complications (14,15).

VCD Use in Locations Other than the Common
Femoral Artery
Although the vast majority of available data on VCDs apply to their
use in femoral arteriotomies, there are published reports of their
successful implementation for other vascular access sites. In a retrospective study of 238 patients who underwent closure with Angio-Seal
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devices following brachial arterial access, Lupattelli et al (68) described
a high rate of hemostasis in a carefully selected patient population.
Similarly, other studies have revealed a high deployment rate and low
complication rate with Angio-Seal device use in brachial access sites
(69). A case of Boomerang device–assisted compression device use
following brachial artery access has also been reported (70). A
successful Mynx device closure of an inadvertent subclavian arterial
catheterization has been reported (71). Given that the preponderance of
data regarding VCD is relevant to only femoral artery access, the
present document does not make speciﬁc recommendations regarding
VCD use at nonfemoral arterial access sites.

Cost-effectiveness of VCD Use
Several studies have suggested that VCD use is superior to manual
compression in terms of efﬁcacy and cost as a result of the decreased
periprocedural physician time as well as a possible decreased duration of
hospital stay (1,72,73). For example, Rickli et al (26) evaluated the costeffectiveness of VCD use versus manual compression in a cohort of
patients undergoing elective cardiac catheterization. Patients who underwent closure by a suture-mediated device were allowed to ambulate
within 4 hours, whereas patients who underwent manual compression
were restricted to bedrest until the following day. A cost analysis, which
included cost of the VCD as well as personnel costs, procedural costs, and
infrastructure costs, concluded that overall expenses were reduced with
the use of VCDs. However, the topic of cost-effectiveness for VCDs is
complicated, and any cost/beneﬁt analysis must take into consideration
all the ramiﬁcations of VCD use, including the cost of managing
complications as well as of follow-up imaging; neither of these was fully
examined in this trial (26), partly given its sample size. Conclusive
evidence for health care savings through the use of VCDs relative to
manual compression has yet to be demonstrated.

VCD Use in Children
It is not uncommon for pediatric interventional procedures to require
placement of access sheaths or intravascular devices sized 8 F or
greater. The use of VCDs in children has been documented (74);
however, there are insufﬁcient data available on which to base
recommendations regarding VCD use in this population.

VCD Use in Access Sites Involving Synthetic
Material
There are no relevant clinical data regarding the use of VCD closure
devices in arteriotomies that involve punctures through stents or
synthetic graft material. In fact, access in this manner was an exclusion
criterion for some clinical trials. Given that the safety of this practice
cannot be evaluated, the present document does not endorse the use of
VCDs in this setting.

THRESHOLDS
Appropriate indications for the use of VCDs include promoting
hemostasis, improving patient comfort, and decreasing the duration
of bedrest following femoral arteriotomy. We recommend a proper
deployment success rate threshold of 90% and a successful hemostasis
success rate threshold of 90%.

COMPLICATIONS
VCD use and manual compression are associated with several well
known complications, including arterial thrombosis, hematoma, sustained
bleeding, and formation of pseudoaneurysms or arteriovenous ﬁstulas.
The use of VCDs also introduces a new subset of possible complications,
including distal embolization of device material, deployment failure, and
infection.
In the past two decades, reported complication rates for VCDs
have been trending downward; whereas published rates were as high at
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Table 2 . Guidelines for Acceptable Major Access Site-related
Complication Rates for Manual Compression and VCD Use
Major Complications (%)
Treatment

Reported

Acceptable

Manual compression

0–3

3

VCD use

0–7

3

Complications in patients for whom VCDs are used should be
no more frequent than in patients for whom manual compression is employed.
6% in the 1990s, more recent trials have reported rates of approximately
2% (10), on par with the complication rates that are associated with
manual compression (Table 2). This phenomenon may be attributed to
several factors, including improved patient selection, less potent
anticoagulation regimens, device design improvements, improved VCD
placement techniques, and operator experience (10,44). The routine
performance of femoral angiography to exclude VCD use in patients
with suboptimal arterial access sites represents one such example of
improved technique that has led to fewer complications. Some data exist
suggesting that VCD use is associated with complication rates lower
than that of manual compression (75–77). However, this conclusion is
not universally shared by all clinical trials comparing VCDs versus
manual compression. For example, McDonald et al (78) reviewed the
Premier Perspective database for vascular access complication rates in
patients undergoing carotid stent placement between 2006 and 2011. In a
sample size of 12,287 patients, approximately half of whom underwent
VCD deployment, they found a minimally decreased risk of minor
complications and no improvement in major complications with VCD
use compared with manual compression.
Given the unique complication proﬁle for VCDs, in some institutions, the use of these devices is regarded as an independent procedure.
As such, at the conclusion of the principal procedure, the patient’s
arterial access site is prepared again, and clean sterile drapes are applied,
to minimize the risk of infection from an indwelling component of the
VCD. Before the initiation of the principal procedure, separate informed
consent for the use of a VCD is obtained. Antibiotic agents may be
administered prophylactically before routine closure device use as well.
Although infections associated with the use of VCDs have been reported
(79), there is no evidence to support the practice of routine prophylactic
antibiotic agent administration. In some circumstances (eg, intraarterial
catheter-directed thrombolysis), an arterial access sheath is left indwelling for a prolonged time period. In such cases, a stronger consideration
may be made for prophylactic antibiotic agent administration, although,
again, there is no supporting evidence.

Contraindications to Closure Device Use
Many of the patient-related risk factors associated with manual
compression–related complications also impact VCD use. These
include age older than 65 years, female sex, diabetes, hypertension,
recent catheterization, peripheral vascular disease, and anticoagulation.
Obesity is also an important independent risk factor for complications
following VCD use (80).
Access site location is an important consideration and should be
evaluated before VCD use. Most VCDs are contraindicated for use in
suboptimally positioned arteriotomies such as those involving the superﬁcial femoral or profunda femoral artery, those located at the common
femoral arterial bifurcation or above the inferior epigastric artery and/or
inguinal ligament, or ones in which multiple punctures were required. For
this reason, it is recommended that femoral angiography always be
performed before VCD deployment to evaluate the anatomy of the
arterial puncture. Pertinent ﬁndings include the presence of heavy arterial
calciﬁcations, small arterial caliber, vessel tortuosity, and the location of
the arteriotomy. Ipsilateral repeat puncture of an artery within 30 days of
VCD use is contraindicated in certain devices, including the Angio-Seal

device; some authors have suggested the safety of immediate repeat
puncture if it is performed 1 cm proximal to the original access site (10).
Angio-Seal devices should not be used in patients who may undergo
surgical cutdown, as this may lead to disengagement of the absorbable
suture and embolization of the intraarterial anchor.
There is a lack of data for the use of VCD in several clinical
settings. These include the use of VCDs involving a vascular stent or
graft, or those in which an ipsilateral venous sheath is also present.
Most manufacturers also warn that there is a lack of data for the safe
use of VCDs in patients receiving anticoagulant agents, including
antiplatelet drugs, glycoprotein IIb/IIIa inhibitors, and thrombolytic
drus; however, the interventional cardiology literature generally indicates no increased risk of complications in this patient population
(44). A notable exception was published by Dangas et al (81), who
found a higher rate of complications including hematoma formation,
hematocrit decrease, and need for surgical repair following VCD use
compared with manual compression in patients undergoing PCI. It is
important to note that, in this retrospective, nonrandomized study (81),
VCD use was left to the operator’s discretion, and only 8% of these
patients underwent VCD deployment. Moreover, the use of antiplatelet
drugs by patients in the VCD group or the manual compression group
was not reported.

CONCLUSIONS AND RECOMMENDATIONS
Quality of Available Data
A. Currently available data are heavily weighted toward cardiovascular procedures, low-risk procedures, and procedures in patients at
low to moderate risk.
B. The relevance of the available data to interventional radiologic
procedures is limited, as interventional radiology patients may be at
higher risk, and the procedures may use different techniques and
devices and larger sheaths.
C. There are some data on the utility of VCDs in interventional
radiology.
D. There are no clinical safety data regarding the use of VCDs in
arteriotomies through stent or graft material.

Conclusions from Available Data
A. Deployment success rates for VCDs, independent of mechanism,
are very high.
B. The use of VCDs, independent of mechanism, result in shorter time
to hemostasis and decreased time to ambulation.
C. VCDs, independent of mechanism, are generally safe, with complication rates not signiﬁcantly greater than that of manual
compression, with the VasoSeal device representing a notable
exception.
D. There are insufﬁcient data to support comparative analysis of the
relative efﬁcacy and safety of different types of VCDs.
E. Although the preclosure technique represents an innovative and
potentially beneﬁcial approach to the treatment of large arteriotomies, there is at present a paucity of data to establish its
noninferiority or superiority to traditional surgical approaches.

Recommendations
A. Further study of the safety and efﬁcacy of VCDs in patients
undergoing interventional radiologic procedures is needed.
B. Femoral angiography should be considered before deployment of a
VCD.
C. The use of VCDs may be considered a safe method to reduce time
to hemostasis and duration of bedrest following transarterial
intervention. The potential beneﬁts of these devices should be
balanced by a careful evaluation of patient-related risk factors,
vascular anatomy, body habitus, and bleeding risk. The appropriate duration of bedrest and manual compression following VCD
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use vary among different devices, and the individual manufacturer’s
recommendations should be followed.
Institutional complication rates for VCDs should be, at minimum,
equivalent to the complication rates of manual compression
(Table 2).
VCDs should not be used for the explicit goal of reducing vascular
complications.
There is insufﬁcient evidence to support the routine use of VCDs in
arterial grafts or stents.
There is insufﬁcient evidence to support the routine use of VCDs
for the explicit purpose of health care cost reduction.
Some institutions regard the use of VCDs as an independent
procedure, requiring separate informed consent, repeat preparation
of the sterile ﬁeld, and/or use of prophylactic antibiotic agents. This
document neither endorses nor discourages such practices, though
discussing the unique risks and beneﬁts of VCDs with patients
before the initiation of any procedure in which such devices may be
used is recommended.
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APPENDIX A: CONSENSUS METHODOLOGY

Major Complications

Reported complication-speciﬁc rates in some cases reﬂect the aggregate
of major and minor complications. Thresholds are derived from critical
evaluation of the literature, evaluation of empirical data from Standards of Practice Committee members’ practices, and, when available,
the SIR HI-IQ System national database.

C. Require therapy, minor hospitalization (Z 24 h but o 48 h)
D. Require major therapy, unplanned increase in level of care,
prolonged hospitalization (4 48 h).
E. Cause permanent adverse sequelae
F. Result in death.

APPENDIX B: SOCIETY OF INTERVENTIONAL
RADIOLOGY STANDARDS OF PRACTICE
COMMITTEE CLASSIFICATION OF
COMPLICATIONS BY OUTCOME
Minor Complications
A. No therapy, no consequence
B. Nominal therapy, no consequence; includes overnight admission
(r 23 h) for observation only.

SIR DISCLAIMER
The clinical practice guidelines of the Society of Interventional Radiology attempt to deﬁne practice principles that generally should assist in
producing high quality medical care. These guidelines are voluntary and are not rules. A physician may deviate from these guidelines, as
necessitated by the individual patient and available resources. These practice guidelines should not be deemed inclusive of all proper methods of
care or exclusive of other methods of care that are reasonably directed towards the same result. Other sources of information may be used in
conjunction with these principles to produce a process leading to high quality medical care. The ultimate judgment regarding the conduct of any
speciﬁc procedure or course of management must be made by the physician, who should consider all circumstances relevant to the individual
clinical situation. Adherence to the SIR Quality Improvement Program will not assure a successful outcome in every situation. It is prudent to
document the rationale for any deviation from the suggested practice guidelines in the department policies and procedure manual or in the
patient’s medical record.

