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Management of Vascular Sheath
Following PTCA

A. Vascular Closure Devices for Immediate Sheath
Removal after Coronary Interventions:
Luxury or Necessity?
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Coronary interventions are usually performed by
the femoral approach; the brachial approach is
showing a continuously declining trend (1). Pa-
tients undergoing the femoral approach, how-
ever, are usually immobilized overnight, which
may result in significant discomfort with in-
creased back pain and need for analgesics (2).
Noncompliance of the patients regarding strict
bedrest after the procedure has been reported to
be a substantial factor for femoral complications
after PTCA, increasing the risk of hematoma
formation and of rebleeding (3). Sandbags do
not reduce vascular complications and even in-
crease patients’ discomfort (4). Mechanical
compression devices could not effect clinically
relevant advantages (3.5).

Reducing the sheath size was presumed to re-
sult in fewer local vascular complications (6).
Although newer, 6 Fr guiding catheters even
allow safe stenting in 3.5 mm-vessels, there was
no reduction in bleeding complications related
to the reduction in sheath size (1,7,8). This mini-
aturization of equipment also led to a revival
of the transradial approach, which was initially
suggested for diagnostic angiography (9). Al-
though the transradial approach for PTCA is
more time-consuming and has a considerable

learning curve, it remarkably increases patients’
comfort and decreases bleeding complications
(10).

With the current standard stent regimen using
aspirin and ticlopidine (or clopidogrel), major
local bleeding complications may still occur in
approximately 2.5% (11,12). It has been esti-
mated that major access site complications in-
crease the hospital length of stay by approxi-
mately 2 days, adding roughly $2,000 to the
overall procedural costs (13,14). Furthermore,
glycoprotein-IIb/Illa inhibitors (GP-1Ib/IIla in-
hibitors) are increasingly used in high- and low-
risk patients; although the increased rate of
bleeding complications in the EPIC study could
be significantly reduced by decreasing the con-
comitant heparin dosage, the EPILOG and RE-
STORE trials still revealed a rate of major bleed-
ing of 1.8% and 2.5% respectively in the patients
treated with GP-IIb/Illa inhibitors and of 2.3%
to 3.1% in the placebo groups (15,16). The use
of low molecular weight heparin in patients at
high risk for stent thrombosis may also be asso-
ciated with a higher bleeding risk (17).

The clinical use of vascular closure devices
for rapid hemostasis after femoral access was
first reported in 1991 (18). Ever since, these de-
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vices undoubtedly have proven to increase pa-
tients’ comfort and decrease burden for the med-
ical staff; they may also reduce hospital costs
by shortening the length of stay. Patients may be
ambulated almost immediately after diagnostic
coronary angiography. They may also be dis-
charged many hours earlier than the 6-hour su-
pine restriction period enforced by most centers
after diagnostic catheterization (14). After coro-
nary interventions, patient comfort is addition-
ally increased by immediate sheath removal
(19-21).

The purpose of this chapter is to summarize
the basic concepts and the clinical results of the
four prevailing vascular closure devices after
transfemoral coronary interventions and imme-
diate sheath removal.

THE VASOSEAL DEVICE
Concept

VasoSeal, the ‘“Vascular Hemostatic De-
vice”” (VHD, Datascope Corp., Montvale, NJ,
USA) works predominantly by collagen-in-
duced thrombus generation. It consists of puri-
fied collagen plugs that induce the formation of a
hemostatic cap directly over the arterial puncture
site. Biodegradable collagen induces platelet ac-
tivation and aggregation, releasing coagulation
factors and resulting in the formation of fibrin
and the subsequent generation of a thrombus
(22). Collagen is ultimately degraded and re-
sorbed by granulocytes and macrophages. Anti-
genicity of purified collagen is considerably re-
duced and, although allergies to collagen are
described (23), allergic reactions to collagen
used for hemostasis have not been a clinical
problem (24-26).

VasoSeal is the oldest of the clinically used
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sealing devices (18). It is comprised of four
parts: a blunt-tipped, 11 Fr dilator, one of seven
differently sized 11.5 Fr sheaths selected by
length using a preprocedure needle-depth mea-
surement technique, and two 90 mg collagen
cartridges. (Details of these four parts are de-
scribed elsewhere [25,26].) When the sheath is
pulled, a short guidewire is inserted and the ex-
isting sheath is removed while maintaining man-
ual compression. Then the blunt-tipped, 11 Fr
dilator is inserted via the guidewire just down
to the site of the arterial puncture. The 11.5 Fr
sheath is advanced over the dilator down to the
arterial surface. While still holding pressure, the
dilator and the guidewire are removed and the
collagen cartridge is deployed with a ‘‘push-
and-pull’”” movement. We usually use only one
cartridge of collagen, since we know from previ-
ous studies that one collagen plug is as effective
as two plugs but is better tolerated (27-29). Re-
cently, VasoSeal ““ES’’ was released, introduc-
ing an enhanced guidance using a removable J-
segment wire.

Clinical Results

Over 500,000 VasoSeal devices have been de-
ployed worldwide. Reported deployment suc-
cess rates vary from 88% (30) to 100%
(20,24,31) (Table 23.1). Time to hemostasis for
sheath removal immediately after the interven-
tion varies from 5 to 8 minutes (20,25,26). A
recently published study reported a mean time to
hemostasis of 13.1 + 6.1 minutes for VasoSeal
deployment immediately after PTCA in 95 pa-
tients (32). Time to ambulation was not the pri-
mary endpoint in most controlled studies. The
lower range time to ambulation after immediate
sheath removal is 6 to 9 hours (20) with a mean

TABLE 23.1. Relevant characteristics of the four prevailing vascular closure devices

VasoSeal Angio-Seal Duett Perclose, Inc.
Deployment success rate 88%—100% 91%—-100% 98%—100% 90%—-100%
Time to hemostasis 5min—13min 2min—4min 4min—6min 11min—19min
Time to ambulation 6h—9h 6h—8h 2h—6h 4h-7h
Minor complications 8% 5.9% 21% 5.3%
Major complications up to 5.3% up to 1.3% up to 1% up to 4%

Data are based on immediate sheath removal after coronary intervention
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value of 8.7 = 5.3 hours (32). In that ‘“‘early”’
mobilization study, 52% of the patients receiv-
ing VasoSeal immediately after PTCA were mo-
bilized after 6 hours and 82% after 10 hours (32).
None of these patients was mobilized earlier
than 6 hours.

Minor local complications have been reported
in 8% and major complications in 5.3% of the
2,073 PTCA patients analyzed in 15 studies (20)
(Table 23.1). This figure is comparable to a re-
cently published single-center experience with
major local complications in 5% of the 204 anti-
coagulated patients (33). Intraarterial insertions
of VasoSeal with resultant leg ischemia have
been reported in 0.3% to 2% (15/2,229) of the
patients (20).

In our study addressing an identical sheath
dwell time, and therefore an identical level of
anticoagulation in the VasoSeal and the manual
groups, there was no statistical difference re-
garding local complications. Although the inci-
dence of medium or large hematoma was low,
the trend toward decreasing smaller hematomas
was counterbalanced by an increased risk of
larger hematomas or a major complication, and
may in part explain some of the published con-
troversial findings (29).

THE ANGIO-SEAL DEVICE
Concept

Angio-Seal, the ‘‘Hemostatic Puncture Clos-
ing Device’’ (HPCD), was originally developed
by the Kensey Nash Corporation, Exton, PA,
USA, then distributed by Quinton Instruments
and Sherwood, followed by Tyco, and now by
St. Jude Medical Devices (Minneapolis, MN). It
works predominantly by mechanical forces
(“*sandwich technique’”) and also by a collagen-
induced thrombus formation.

Angio-Seal provides a mechanical block of
the arterial puncture site with an anchor from
inside the artery, guiding and holding the colla-
gen in the tract (34). It consists of four compo-
nents within a single delivery device (*‘carrier’”)
requiring an 8 Fr sheath: an anchor, a collagen
plug, a connecting suture, and a tamper. All three
components deployed into the patient are com-
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pletely resorbable; the anchor is made from po-
lyglycolic and polylactic acids. The small plug
contains only about 15 mg collagen. The tech-
nique of its deployment has been described in
detail elsewhere (35,36). In brief, a short guide-
wire is inserted and the existing sheath removed
while hemostasis is maintained with manual
compression. The location of the end of the 8
Fr sheath is determined by the presence of blood
flow through the modified dilator. The
sheath—dilator combination is then advanced 1
cm further down the puncture site inside the ar-
tery lumen. The dilator is then removed and the
carrier device introduced into the 8 Fr sheath.
After the collagen is deployed, a tamper is
pushed downwards to compress the collagen
against the outer arterial wall; and a spring is
attached between the tamper and a metal tag
fixed to the positioning suture, thus applying
continuous pressure on the tamper.

In our study, the reduction of the spring de-
ployment time from 30 minutes to 5 minutes was
not related to an increased risk of bleeding or
other vascular complications (19). This tech-
nique makes handling of Angio-Seal easier, be-
cause the suture may be cut while the patients are
still on the table in the catheterization laboratory.
Furthermore, patients can be transferred much
faster to the intermediate care unit, thereby re-
ducing the burden on the personnel in the cathe-
terization laboratory.

Clinical Results

Angio-Seal has been used in over 400,000 pa-
tients. Deployment success rates are in the range
from 91% (37) to 100% (19,20). Data on time
to hemostasis for sheath removal immediately
after the intervention are sparse and in the range
of 2 to 4 minutes (20), reflecting our own experi-
ence in over 2,000 applications. Regarding time
to ambulation, no study specifically investigat-
ing early ambulation has been fully published.
The shortest time interval between deployment
and ambulation in a U.S. multicenter trial was
8 hours (36) (Table 23.1). For diagnostic pa-
tients, a time to ambulation of 1 hour (38), and
even 20 minutes (39) was considered to be safe.

Minor local complications have been reported
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in 5.9% (254 patients) and major complications
in 0.4% of the 254 PTCA patients (20) (Table
23.1). A recently published report on 411 con-
secutive patients revealed a major complication
rate of 1.3% (40). An inadvertent complete intra-
arterial deployment of Angio-Seal with resultant
leg ischemia requiring surgical removal of the
entire system was not published until recently
(41).

Interestingly, the 8 Fr Angio-Seal is also safe
and effective for 9 Fr sheaths (42). A newly de-
veloped 6 Fr device has been tested in France
and is now available in Europe.

THE DUETT DEVICE
Concept

The Duett is a novel vascular sealing device
(Vascular Solutions, Minneapolis, MN) which
incorporates a unique low-profile balloon-posi-
tioning catheter in combination with a biological
procoagulant mixture containing collagen and
thrombin. It works purely by generating a
thrombus.

The low-profile catheter (3 Fr) incorporates a
moveable core wire that allows in vivo modifica-
tions of the balloon dimensions. When the de-
vice is inflated, the balloon assumes an elliptical
shape with a significantly larger diameter (6
mm) and a relatively short length. This configu-
ration provides optimal temporary sealing of the
arterial puncture from the luminal side by ensur-
ing a large surface area of balloon in apposition
to the puncture site and at the same time mini-
mizing obstruction to flow through the lumen
of the vessel. The procoagulant is a suspension
comprised of 250 mg bovine microfibrillar col-
lagen (Avitene, Davol Inc., Woburn, MA) and
10,000 units bovine thrombin (Jones Medical
Inc., St. Louis, MO). This combination may be
optimal for achieving rapid hemostasis at the ar-
terial puncture site. The suspension incorporat-
ing both of these hemostatic agents is designed
to have a suitable viscosity for injecting through
the side arm of most vascular sheaths, yet have
a consistency that would be likely to maintain
the procoagulant material at the desired location
in the periarterial space at the puncture site.

455

These aspects of the device may partially explain
the remarkable absence of any delayed oozing
from the arterial access site, of the sort that fre-
quently plagues other sealing approaches, caus-
ing significant nursing and patient concerns.
Detailed descriptions of the device appear
elsewhere (43,44). In previously reported pre-
clinical studies, the Duett was able to achieve
rapid and reliable hemostasis in a canine model,
regardless of sheath size or degree of anticoagu-
lation (43).

Clinical Results

After the first clinical investigational protocol
was approved by the International Ethics Com-
mittee in Freiburg, Germany, we applied this
novel device for the first time in humans. A total
of 24 patients were enrolled (44). For the PTCA
patients, mean time to hemostasis, including de-
ployment time and compression time, was 11.4
+ 2.9 minutes with a compression time (‘‘time
to hemostasis’’ in the old sense) of 6.0 + 2.2
(44) minutes and a time to ambulation of 16.3 +
4.9 hours (44) (Table 23.1). The most important
concern related to the use of this device was
the risk of inadvertent intravascular injection.
Including measurements of several coagulation
parameters, there was no evidence of intraarte-
rial injection or leakage (44). No other major
complication occurred (44). Our study was fol-
lowed by the first U.S. feasibility trial of the
device. The preliminary results in 43 patients
were recently presented. The 11 interventional
patients with immediate sheath removal showed
a mean time to hemostasis of 4.6 + 2.1 minutes
with a mean time to ambulation of 5.4 + 2.0
hours (45). All 40 patients with ultrasound fol-
low-up showed no major complications. Consid-
ering the relatively low number of patients, de-
ployment success rates are in the range from
98% to 100% (44.,45). In a large, single-center
study (46) as well as in the multicenter European
registry with a total of 1,587 patients enrolled,
patients were ambulated 2 to 6 hours after the
intervention. Minor complications have been re-
ported in 2.1% and major complications in 1%.
An inadvertent intraarterial injection of the pro-
coagulant occurred in four patients (0.3%) and
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was successfully treated by intraarterial infusion
of urokinase in three cases and surgical repair
in one. Overall, the Duett has been applied in
over 3,500 cases worldwide. Enrollment into the
US/European multicenter SEAL trial has just
been completed, with 630 patients randomized
(5:3) to Duett or manual compression. With 391
Duett applications, the results are pending.

THE PERCLOSE, INC. DEVICES
Concept

The series of Perclose, Inc. devices (Redwood
City, CA) does not use collagen or thrombin; it
is based solely on nonabsorbable sutures (47).
The Prostar devices use four needles (two su-
tures); the Techstar devices two needles (one su-
ture). The 11 Fr and 9 Fr Prostar devices have
been discontinued; 8 Fr and 10 Fr Prostar are
available for use with 8 Fr to 10 Fr sheaths; the
6 Fr and 7 Fr Techstar devices are for use with
5 Fr to 7 Fr sheaths.

The Perclose, Inc. devices include a number
of components, including a 0.035-in. guidewire,
a knot-pushing tool, a predilator for the subcuta-
neous tissue, and the suture-containing device
itself (48). The needles exiting the device just
inside the artery are drawn through the arterial
wall and reenter the device outside the artery.
As the ends of the sutures are pulled out, the
suture loop is pulled against the arterial wall.
Once it is apparent that hemostasis will be
achieved, the guidewire is removed with further
sequential tightening of the suture pairs (48).

Recently, the use of Perclose, Inc. devices in
the brachial artery after coronary intervention
was suggested (49). To enable the insertion in
severely scarred groins, a modification of the
deployment technique has been proposed (50).

Clinical Results

Perclose devices have been deployed in over
250,000 patients worldwide. After initial experi-
ence using Prostar (48), several uncontrolled
studies have investigated the safety and efficacy
of the Perclose, Inc. series in patients undergoing
diagnostic and interventional catheterization

II. CLINICAL PROBLEMS

(51,52). The deployment success rate was 90%
(53) (Table 23.1). In a randomized trial, the
mean time to hemostasis in the interventional
group of 95 patients was 11.0 = 4.1 minutes
and time to ambulation 7.1 =+ 7.4 hours (54).
Minor complications occurred in 5.3%, major
complications in 3.2% and 4% (54,55) (Table
23.1). The relatively high vascular complication
rates of 9% with a vascular surgery rate of 2.1%
(56) may possibly be reduced after a learning
curve of more than 250 cases per user (57).

The largest database for interventional proce-
dures was reported in the STAND-II study (58).
A total of 515 patients (90% 8 Fr, 10% 10 Fr
sheaths) were randomized to either manual
compression or Prostar Plus for immediate
sheath removal. In the Prostar group the mean
time to hemostasis was 19 minutes, time to
standing was 206 minutes, and time to ambula-
tion was 240 minutes; these times were signifi-
cantly shorter compared with the manual group.
However, vascular surgery was 1.2% and groin
infection rate was 0.8%, with a total major com-
plication rate of 2.4%.

COMPARISON OF THE FOUR DEVICES

Table 23.1 shows the published data on de-
ployment success rates, time to hemostasis, time
to ambulation, and minor and major complica-
tions.

Table 23.2 lists the basic differences between
these devices. The hole in the artery is not influ-
enced by the VasoSeal and the Duett, thus de-
pending on sheath size only. The classical Vaso-
Seal does not insert anything into the arterial
lumen, whereas the VasoSeal ES and the Duett
use a temporary intraarterial device (J-wire or
balloon, respectively). Only the Angio-Seal
leaves a part (the anchor) in the artery, which
will be resorbed during the following weeks.
The tissue track is enlarged by the VasoSeal to
11.5 Fr and by the Perclose device to 21 Fr. The
VasoSeal seals the tissue track, whereas Per-
close and Angio-Seal devices leave the tissue
track open (increased risk of oozing). The Duett
seals both the artery and the tissue track.

Table 23.3 gives an overview of which sealing
device can be used for which sheath size. For 6



23. MANAGEMENT OF VASCULAR SHEATH FOLLOWING PTCA

457

TABLE 23.2. Differences in mechanisms for achieving hemostasis

Arterial puncture site

Tissue track

i

T

Diameter of the

Hemostasis by

Diameter of the Hemostasis by

arterial hole tissue track
Intraarterial ~ Supraarterial
guidance closure
VasoSeal Depending on Temporary Collagen (180 mg)  11.5Fr Collagen
sheath size J-wire
Angio-Seal 8Fr, 6Fr Resorbable  Collagen (26 mg, 8Fr, 6Fr —
anchor 13 mg)
Duett Depending on Temporary Procoagulant Depending on Procoagulant
sheath size balloon (thrombin) sheath size (thrombin)
Perclose, Inc.  6Fr/8Fr/10Fr Guide wire Suture 21Fr —

Fr, any of these devices may be used, although
immediate post-PTCA sheath removal without
a closure device using 6 Fr sheaths and weight
adjusted heparin was recently suggested (59).
For 7 Fr, VasoSeal, Duett and Perclose devices
should be preferred; the Angio-Seal would
punch an 8 Fr hole into the **7 Fr’’ artery, and
to date there are no reports on using the 6 Fr
Angio-Seal for 7 Fr sheaths. For 8 Fr, all devices
are applicable. With 9 Fr sheaths, the Duett and
Perclose devices should be preferred, although
the 8 Fr Angio-Seal may work as well (42). For
10 Fr, Perclose is the only device to be recom-
mended.

Table 23.4 describes the ‘‘ideal’” sealing de-
vice. Unfortunately, none of the four devices ful-
fills all of the ideal criteria.

In our catheterization laboratories with many
operators, several did not want to experience the
rather flat learning curve required for Perclose
(59). We have decided to use the Duett as our
prevailing sealing device. We based our decision

on the Duett’s ability to leave no sequelae in the
arterial lumen and its ability to simultaneously
seal the arterial hole and the tissue track, which
becomes increasingly more important with the
growing use of GP-IIb/IIla inhibitors. The major
reason for our extensive use of sealing devices
is not early ambulation or early discharge (in
Germany, the hospitals are predominantly paid
by the day and not by procedure) but rather im-
mediate sheath removal. Patients and nurses
equally appreciate the fact that the groin has al-
ready been ‘‘cleared’” when the patient is trans-
ferred to the ward. Patients stopped on heparin
or GP-IIb/IIIa inhibitors are usually ambulated
after 6 hours, if intervention occurred in the
morning or around noon. The afternoon patients
as well as all patients on GP-IIb/Illa inhibitors
are ambulated the next day.

Recently, two new sealing devices have been
presented. The DISC-Close-Sure (Biolnterven-
tional, Pleasanton, CA) developed a 13 Fr disc
for 6 and 7 Fr sheaths as well as a 16 Fr disc

TABLE 23.3. Sheath size as criteria for choosing a sealing device

6Fr 7Fr 8Fr 9Fr 10Fr 11Fr
VasoSeal + + + — ad .
Angio-Seal + (+) + (+) — =
Duett + - = + — =
Perclose, Inc. + + + + + 2

VasoSeal is recommended up to 8Fr Duett is recommended up to 9Fr; the Perclose series is currently available

up to 10Fr.
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TABLE 23.4. Checklist for the

II. CLINICAL PROBLEMS

“ideal” vascular closure device

VasoSeal

Angio-Seal Duett Perclose, Inc.

Deployment technique:

* hole in the artery depends on sheath size only
« diameter of tissue track is not enlarged by device
« intraarterial guidance for steerability

* reaccess after nondeployment

* no intraarterial sequelae left

» single operator

Effectiveness:

A Rapid and complete hemostasis

A no oozing (tissue track sealing)

A 100% effective

A 100% safe

—

++ | + | +

| | ++

—

| +++ | +

o
~

(+)
+
5

++ | +++

+
+

B +

for 8 Fr sheaths. X-Site Medical (Blue Pell, PA)
presented another suture device as a probably
lower-cost alternative to the Perclose series. This
X-Site PFC (Percutaneous Femoral Closure)
system was recently applied in the first 70 pa-
tients in South America.

CONCLUSIONS

With a current application rate of approxi-
mately 70,000 applications per month, vascular
closure devices have become a substantial tool
of invasive cardiology. The four major vascular
closure devices for immediate sheath removal
after coronary interventions have proven to be
comparable regarding deployment success rates,
time to hemostasis, and time to ambulation.
They all satisfy the needs of the patient and the
operator (60). Although some differences may
exist regarding local complications (21), none
of the devices have shown to reduce major local
complications. Prospective randomized studies
in patients receiving GP-1Ib/IIla inhibitors, ad-
dressing early ambulation (61) and cost/effec-
tiveness aspects are needed. Then, in the words
of ZG Turi, ‘‘the likelihood of routine arterial
sealing of nearly all patients is around the cor-
ner’’ (62).
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