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Usefulness of Collagen Plugging With VasoSeal®
After PTCA as Compared to Manual Compression
With Identical Sheath Dwell Times

Sigmund Silber,* mp, Aina Bjorvik, Holger Miihling, mp, and Andreas R6sch, mp

This study investigated the usefulness of collagen plugging with VasoSeal® in patients
after PTCA compared to a control group having identical sheath dwell times and therefore
comparable levels of anticoagulation. A total of 150 patients were enrolled in this
prospective and randomized study. Sheaths were pulled at exactly 5 h after arterial
puncture. Time to hemostasis and local complications were determined. There were no
statistical differences in baseline characteristics. The mean time to hemostasis in the
collagen group was significantly shorter (3 £ 3 min) than that of the control group
(17.4 = 7 min). At 24 h, 23% of the collagen group patients had a small, 1% a medium and
4% a large hematoma. In the control group, 32% had a small, 4% a medium sized, but no
patient a large hematoma. After collagen, one patient developed a pseudoaneurysm
needing vascular surgery. In the control group, no major complication occurred.
Compared to patients with manual compression at an identical sheath dwell time and an
identical level of anticoagulation, there was a significant reduction in time to hemostasis
but no statistical difference regarding local complications. Although the incidence of
medium or large hematoma was low, the trend towards a decreased risk of smaller
hematomas seemed to be counterbalanced by an increased risk of larger hematomas.
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INTRODUCTION

Several randomized trials clearly established that colla-
gen plugging of arterial puncture sites significantly
reduces time to hemostasis [1-4]. On the other hand,
there are controversial reports whether collagen plugging
concomitantly reduces the rate of local complications:
Some authors found a significant reduction in local
complications [2,5], whereas other findings were noncon-
clusive [1]. In contrast, some reported an increased
incidence of minor [3] or major complications [4], and
therefore described collagen plugging of arterial puncture
sites as a “‘deep disappointment” [6].

In these trials, the collagen groups were not compared
to the control groups at identical conditions: the sheaths
were pulled immediately in the collagen groups, whereas
in the control groups the sheaths were pulled several
hours later [2,5,7,8] or even the next day [7,9]. The sheath
dwell time, however, represents one of the risk factors for
local complications [3,10] and intrinsically determines
the level of anticoagulation and therefore time to hemosta-
sis. Since there is no study comparing the patients after
collagen plugging with a control group at identical conditions,
we performed such a prospective randomized study with both
groups having identical sheath dwell times.

© 1998 Wiley-Liss, Inc.

METHODS

PTCA’s were performed using eight F sheaths. All
patients received 10,000 units of heparin as a standard
dose. A reversal of the effect of heparin was not per-
formed. Prolonged duration PTCA patients requiring an
additional bolus of heparin, patients with need for over-
night heparin infusion or coumadin were not enrolled.
Further exclusion criteria were as follows: inadvertent
penetration of the dorsal arterial wall with the puncture
needle, previous application of collagen sealing of the
femoral access site, known allergy to collagen, peripheral
artery disease, patients with acute myocardial infarction,
status postthrombolytic therapy, known coagulation de-
fects or known platelet dysfunction, severe, uncontrolled
arterial hypertension (systolic > 220 mmHg or diastol-
ic > 120 mmHg), preexisting hematoma, hematoma de-
veloped during the procedure or patients with a venous
femoral sheath. Marked obesity or age were not exclusion
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criteria, since they do not seem to be related to the rate of
vascular complications nor to the success of collagen
application [9,11]. After informed consent was obtained,
150 patients were randomly assigned to either collagen
sealing or manual compression. Exactly 5 h after femoral
puncture, sheaths were pulled. Blood pressure and PTT
were measured prior to sheath removal. The sheaths were
removed independent of these results (normal upper value
for PTT in our laboratory is 45 s). In control patients, the
sheath was removed and hemiostasis obtained with standard
manual compression {no C-clamp or other mechanical de-
vices were used). Patients assigned to collagen received local
anesthesia before the collagen plug was inserted.

The Vascular Hemostatic Device (VHD, VasoSeal®;
Datascope Corp., Montvale, NJ) consists of purified
collagen plugs that induce the formation of a hemostatic
cap directly over the arterial puncture site. The method of
its application is described in detail elsewhere [1,12]. In
brief, VHD comprises four parts: a blunt-tipped 11 F
dilator, one of seven differently sized 11.5 F sheaths
selected by length using a preprocedure needle depth
measurement technique and two 90 mg collagen car-
tridges. When the sheath is pulled, a short guide wire was
inserted and the existing sheath was removed while
maintaining manual compression. Then the blunt-tipped
11 F dilator was inserted over the guide wire just down to
the site of the arterial puncture. Guidance was obtained
by feeling the resistance of the dilator against the outer
surface of the artery as well as by the marker on the
dilator. Then the 11.5 F sheath was advanced over the
dilator down to the arterial surface. While still holding
pressure, the dilator and the guide wire were removed and
the collagen cartridge was deployed with a “push and
pull” movement. In this study, we used only one cartridge
of collagen, since we know from previous studies that one
collagen plug is as effective as two plugs but is better tolerated
{13,14]. After the application of the collagen plug, light
pressure was sustained for 2 min to obtain hemostasis.

By partially releasing manual pressure in the collagen
group at 2 min after sheath removal, time to hemostasis
was measured at 5 min, continuing in 5-min intervals
until complete hemostasis was obtained. In the manual
group, 5-min intervals were applied. The protocol for
determination of time to hemostasis in the control group
was identical. The first time at which no bleeding
occurred was taken as the time to hemostasis. Then a
pressure dressing was applied to all patients. Since time to
ambulation was not an endpoint of this study, patients had to
stay in bed until the next morning. Patients were then asked to
characterize the local symptoms as comfortable, slightly
uncomfortable, or uncomfortable. Hematoma size was mea-
sured just prior to ambulation and described as small
(<7 cm), medium (7 cm to 15 cm), or large (>>15 cm).

TABLE I. Baseline Characteristics of Enrolied Patients*

VHD Control

Patients n=74 n=76
Female 22% 24%
Age (years) 59.8 +9.0 580+ 9.2
Mean height (cm) 171 £ 8.5 171 £ 8.7
Mean weight (kg) 81.1 £ 11.6 80 + 12.2
Risk factors

Smokers 35% 33%

Hypertension 55% 59%

High cholesterol 74% 71%

Diabetes 25% 19%
At sheath removal

Systolic BP (mmHg) 1257 = 13.6 1279 = 185

Diastolic BP (mmHg) 77.8 £ 8.7 75.7 £ 12.1

PTT (s) 494 *+ 31.0 454 * 33,

*There was no statistical difference in demographic characteristics as well
as in blood pressure or PTT at time of sheath removal.

According to the VHD multicenter trial [1], major
complications were defined as one of the following:
thrombosis or loss of distal pulses, large pseudoaneurysm
or AV-fistula, bleeding with need for transfusion, or any
vascular surgery. Bleeding from puncture site not needing
transfusion or vascular surgery as well as small pseudoan-
eurysm treated medically were classified as a minor
complication.

Statistics

Data with normal distribution were analyzed using the
two-tailed r-test, variables not normally distributed were
analyzed using the unpaired Mann-Whitney U test. For
comparison of discrete variables, the chi-square test was
used. Results are presented as mean value * SD; P =
0.05 was considered significant.

RESULTS

One-hundred-fifty patients were enrolled. Seventy-
four were assigned to collagen and 76 to the manual
control group (Table I). There were no statistical differ-
ences in gender, age, height, weight, or cardiovascular
risk factors between the two groups (Table I). Blood
pressures and PTTs just prior to sheath removal were also
comparable (Table I).

Fifty-five patients had a normal and 19 patients a
prolonged PTT in the collagen group, whereas 56 patients
of the control group had a normal and 20 a prolonged PTT
(Fig. 1a,b). The need for atropine due to vagal reactions
during sheath removal was not statistically different
between the two groups (0.33 + 0.58 ml per patient in the
collagen group, 0.44 = 0.67 ml in the control group).
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Distribution of PTT’s at sheath removal in the collagen group (upper panel) and

distribution of PTT’s in the control group (lower panel). The vertical line represents the upper

limit of normal.

Time to Hemostasis

The mean time to hemostasis in the collagen group was
3 + 3 min (2—-15 min) and statistically shorter (P < 0.001)
than that of the control group with 17.4 = 7 min (5-75
min; Fig. 2). At the first check (2 min), 63 patients with
VHD showed complete hemostasis, yielding a hemostasis
success rate of 85% at 2 min (Fig. 2).

The answers to the inquiries the next morning regard-
ing the patients’ classification of their groin discomfort
revealed “comfortable” in 90.5% of VHD and 97% of
control patients, “slightly uncomfortable” in 6.7% of
VHD, and 3% of control patients. ‘‘Uncomfortable” was
answered in 2.8% of patients receiving VHD. There was
no statistical difference between both groups.

Local Complications

Major local complications: one patient, after collagen
application and rapid hemostasis (2 min, PTT at time of
insertion was 68 s), developed a large hematoma; ultra-
sound revealed a pseudoaneurysm needing vascular sur-
gery. In the control group, no major complication occurred.

Minor local complications: At 24 h after sheath pulling
17 collagen group patients (23%) had a small, one patient
(1%) a medium, and three patients (4%) a large hema-
toma. In the control group, 24 patients (32%) had a small,
three (4%) a medium sized, but no patient a large
hematoma (Fig. 3). There was no statistical difference
between the groups regarding the development of a
hematoma.
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Fig. 2. Presence of complete hemostasis at each checking interval in patients that received
VHD (dotted bars) compared to the control group (black bars).
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Fig. 3. Presence and size of hematomas in the collagen (dotted bars) and control (black bars)
groups. Data are displayed in percent of patients.

The mean duration of hospital stay was 4.1 = 4.2 days in whom sheaths are left indwelling overnight require
in the collagen group and 5.2 = 6.9 days in the control  prolonged anticoagulation, either one of these risk factors
group (not significant). could lead to an increased incidence of bleeding [3,11].
Therefore, the reported advantage of a sealing device in
DISCUSSION reducing lqcal complic;ations may have b@en artifactual

due to an increased risk of hemorrhage in the control

After PTCA, a sheath dwell time of >24 h is a risk group caused by longer sheath dwell times [2,5]. On the
factor for local complications [10]. Another risk factor is other hand, a control group with immediate sheath
prolonged anticoagulation [10,11]. Since PTCA patients removal and manual compression would have been
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TABLE IIl. Published Data on Time to Hemostasis Using VHD as Compared
to Control Groups in Randomized Studies in PTCA Patients?

Time to
No. of Randomized Sheath ACT(s) or Hemostasis
Authors Pat. to Removal PTT(s) (min)
Sanborn et al. [1] 85 VHD-on heparin immediate ~ 52.9 £ 50.9 7.6 £ 11.6*
71 VHD-off heparin delayed 36.2 £ 16.9 43 £ 3.7*
134 control delayed 37.9 = 18.2 33.6 £ 242
Slaughter et al. [3] 51 VHD immediate 381 = 152 5% (3-15)
50 control delayed 151 = 71 27 (18-40)
v. Hoch et al. [4] 117 VHD immediate —_ 5% (4-6)
114 control 2-3 hrs — 27 (20-32)
current study 74 VHD 5 hrs 494 = 31.0 3+ 3% (2-15)
76 control 5 hrs 454 * 33.1 17.4 = 7 (5-75)

{Differences may be explained based on different study designs regarding time of sheath removal and

levels of anticoagulation.

*Significant difference (P < 0.05) as compared to control.

unethical in PTCA patients [1]. Only one study reported a
collagen group with late sheath removal, but no data was
provided regarding the sheath dwell times [1].

As our results show, collagen sealing of femoral
arterial puncture sites in patients after PTCA at compa-
rable PTT’s and identical sheath dwell times significantly
reduces time to hemostasis, but does not reduce groin
complications.

Purified bovine collagen has been used in vascular,
abdominal, and dental surgical procedures since late 1960
as an adjunct to hemostasis when control of bleeding by
ligature or other conventional methods was insufficient
[15-17]. The biodegradable collagen plug induces local
platelet activation and aggregation, releasing coagulation
factors, and resulting in the formation of fibrin and the
subsequent generation of a thrombus [18]. It is assumed
that anticoagulation with heparin or even antiaggregation
with aspirin does not affect hemostasis induced by
collagen [12,19]. Collagen is ultimately degraded and
resorbed by granulocytes and macrophages. These cells,
releasing their collagenase enzymes, invade the plug and
selectively digest the collagen as a function of the
physical properties of the different collagens [20]. Antige-
nicity of purified collagen is considerably reduced and,
although allergies to collagen are described [21], allergic
reactions to VHD have not been a clinical problem
[1,2,12].

Time to Hemostasis

Time to hemostasis is defined as the time elapsed from
initial compression at removal of the sheath until the
completion of compression. However, the measurement
of time to hemostasis is not standardized: results for time
to hemostasis intrinsically depend on the time interval to
the first and between the subsequent checks for bleeding.
Of course, the choice of the time interval between the
bleeding checks is an ambiguous decision: too short

intervals may not be sufficient to give enough time for
thrombus formation and increase—particularly in the
manual control groups—the time to hemostasis. In three
studies, all patients automatically received a pressure
dressing [22], vascular C-clamp [23], or an air cushion
device [7], so that the determination of time to hemostasis
was not possible.

In our study we decided on a rather short time interval
of 2 min for the first check, with subsequent measure-
ments at 5 min intervals, in order to make both groups as
comparable as possible. Comparing our results for time to
hemostasis in PTCA patients to those of others is limited
to only three studies (Table II). Our somewhat lower
numbers for time to hemostasis in the VHD group (3 min
vs. 5 to 7 min) and also in our control group (17 min vs.
27 to 33 min) is explained by the study design regarding
the time of sheath removal and the corresponding level of
anticoagulation (Table II). Nevertheless, our findings
regarding the significant reduction of time to hemostasis
are in accordance with the other studies (Table II).

Local Complications

The complication rates reported for collagen plugging
are somewhat confusing, because several studies did not
differentiate between diagnostic and interventional proce-
dures and various classifications of complications with
different methods of measurement were used: In the
European multicenter trial, only the overall complications
were reported for the 105 patients receiving the collagen
plug after diagnostic and 140 patients after interventional
procedure, despite significant differences in the doses of
heparin (5,715 * 4,615 U vs. 15,378 = 3,025 U). ACTs
or PTTs were not reported [12].

In our study, a learning curve was not relevant due to
our prior extensive experience with this sealing device
[14]. According to the classification used [1], one major
complication occurred in the collagen group in our study
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and none in the control group. When comparing minor
complications in both groups, no statistical difference
was found for the development of any hematoma. Com-
bining patients with small and medium sized hematoma
into one group, however, results in statistically significant
differences: 18/74 patients assigned to collagen signifi-
cantly less often developed a small/medium sized hema-
toma than 27/76 patients assigned to manual compression
(24% vs. 36%, P < 0.05). In contrast, significantly more
patients assigned to collagen (4%) developed a larger
hematoma than patients assigned to conventional sheath
pulling (0%). There is an overall trend towards reduction
of minor hematomas, counterbalanced by an increased
risk of larger hematomas or even a major complication.
This may in part explain some of the controversial
findings mentioned above.

LIMITATIONS

The fact that patients assigned to collagen did not feel
more comfortable than patients after manual hemostasis
may be related to our study design. Using VasoSeal® for
sheath pulling immediately after PTCA, patients’ comfort
may be different [1-3]. Furthermore, our study was not
addressed to prove whether length of hospital stay may be
reduced by VHD. The decision to discharge was left to
the physicians on the wards. Nevertheless, patients with
collagen sealing were discharged one day earlier than the
control group. This is in good agreement with a US study,
which reported a significant decrease from 2.4 * 0.98
days (control group, 56 patients) to 1.53 = 0.8 days
(collagen group, 47 patients) [25]. The overall length of
stay in our study (4 vs. 5 days) seems rather long and may
in part be explained by the compensation system of the
German health insurance companies (pay by day and not
by a fixed fee for the whole procedure). To prove the
possible cost reduction of a reduced hospital length of
stay would probably require a large-scale trial [26].

Power Calculations

Whereas the VHD-related reduction in time to hemosta-
sis from 17.4 to 3 min is highly significant and clinically
relevant, the statistical power regarding local complica-
tions in our study is limited. Assuming a rate of major
local complications in a control group of 2% and a
device-related reduction to 1%, one would need to
perform a randomized study (alpha-error of 0.05, two-
sided) in 4638 patients to achieve a power of 80% and in
6206 patients for a power of 90%. These data simply do
not exist for any hemostatic device. A recent overview of
all relevant publications regarding collagen devices [27]
and the meta-analysis of the published randomized stud-
ies in 6007 patients [28] could not detect a device-related
reduction in major local complications.

CONCLUSIONS

The use of a single collagen plug in patients after
PTCA is highly effective for achieving rapid hemostasis.
As compared to patients with manual compression at an
identical sheath dwell time and therefore at an identical
level of anticoagulation, there is no statistical difference
regarding local complications. Although the incidence of
medium or large hematoma was low, the trend towards
decreasing smaller hematomas is counterbalanced by an
increased risk of larger hematomas or a major complica-
tion and may in part explain some of the published
controversial findings.
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