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Collagen hemostat significantly reduces time to
hemostasis compared with cellulose: COBBANA,
a single-center, randomized trial
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Abstract
BACKGROUND: This single-center, randomized trial compares the hemostatic effectiveness of

microfibrillar collagen and oxidized cellulose in arterial bypass surgery.
METHODS: In patients undergoing arterial bypass surgery, 2 hemostats, microfibrillar collagen and

oxidized cellulose, were randomly used to achieve hemostasis. The primary endpoint was the time to
hemostasis. The secondary endpoints were the complication rate, mortality, number of hemostats
required, handling, and adhesion.

RESULTS: Collagen achieved hemostasis significantly faster than cellulose, with considerably less
hemostats. In addition, its ease of use was rated substantially better.

CONCLUSION: In arterial bypass surgery, microfibrillar collagen is more effective than oxidized
cellulose in achieving hemostasis.
! 2013 Elsevier Inc. All rights reserved.

In arterial bypass surgery, hemostasis is more difficult to
achieve because arterial and graft sutures and anastomoses
must be carefully performed; this is often under a high dose
of antiplatelet medication for cardiovascular comorbidities.
The lack of elasticity of polytetrafluorethylene (PTFE), a
bypass graft material widely used when no autologous
saphenous vein is available, may cause suture hole bleeding,

which can be controlled with various success by different
hemostats.1–5

Preclinical studies strongly suggest that collagen hemo-
stats are more effective than those made out of oxidized
regenerated cellulose.6 Although they both have been in clin-
ical use for many years, no direct clinical comparison has
been performed yet. Therefore, the COBBANA (COntrol
of Bleeding after Bypass ANAstomoses) trial was designed
to show the superiority of microfibrillar collagen in this sur-
gical setting.

Methods

To ensure transparency, the study protocol of the COB-
BANA trial has already been registered (www.clinicaltrials.
gov), published,7 and approved in its final version by the
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Ethics Committee of the Landesärztekammer Hessen, Frank-
furt, Germany. It was sponsored and conducted by Aesculap
AG, Tuttlingen, Germany. The Coordination Center for Clin-
ical Trials (Koordinierungszentrum für Klinische Studien),
Heidelberg, Germany, was responsible for database mainte-
nance and biometrics. Patients were enrolled at 1 center in
Germany (Klinikum Hanau GmbH).

Study objectives

The primary objective of this trial was to show that
Lyostypt (Aesculap AG, Tuttlingen, Germany), a microfi-
brillar collagen hemostat, is more effective than Surgicel
(Johnson & Johnson Medical Ltd, North Yorkshire, UK), an
oxidized cellulose hemostat, in stopping suture hole bleeding
after arterial bypass surgery. The primary endpoint was the
time to hemostasis, which was determined from the release
of the cross-clamp, to themoment thewoundwas completely
or sufficiently dry as judged by a single investigator.

To assess the safety of the hemostat, complications (eg,
recurrence of bleeding, infection and occlusion of the PTFE
prosthesis, stenosis, thrombosis of the leg artery, reopera-
tion, wound infections, and healing disorders) within 30 6
10 days after surgery were used as secondary endpoints. The
form and shape of the hemostat and its tissue adhesion are
important to enable proper handling, which is essential to
control bleeding.5 Therefore, the number of hemostats
required, surgical handling, and adhesion (rated in terms
of ease of use) were evaluated as secondary endpoints. The
base for scales was a modified Likert scale. For adhesion,
the following categories were possible: ‘‘immediately adher-
ing,’’ ‘‘after a short while adhering,’’ ‘‘repositioning,’’ or ‘‘no
adhesion’’ and for surgical handling ‘‘easy placement/no
repositioning needed,’’ ‘‘easy placement/repositioning
needed and possible,’’ ‘‘difficult placement repositioning/
no additional product needed,’’ or ‘‘difficult placement (ie,

sticks to the instruments or glove)/additional product
needed.’’ In addition, the postoperative mortality within 30
days was also recorded.

Eligibility and intervention

The inclusion and exclusion criteria (Table 1) and the
surgical procedures are described in detail in the published
study protocol.7 Written informed consent was obtained
from all participating patients.

The same standard procedure was used in each case.
A saphenous vein could not be used in the participating
patients. In all randomized patients, the use of a PTFE graft
was indicated. A PTFE prosthesis with a diameter of 6 or
8 mm was implanted using nonabsorbable polypropylene
suture material (United States Pharmacopeia 5-0). The
surgeon first performed the distal anastomosis. Then, he
released the clamp and checked for bleeding at the suture
line. If it was still bleeding, he closed the clamp and opened
a randomization envelope containing the study material.
Then, he removed the clamp at the distal anastomosis and ap-
plied the randomized hemostat, cut in half, around the anas-
tomosis for 3 minutes timed by a stopwatch. Observing the
suture line, he recorded the time required to achieve hemosta-
sis. If it was not achieved after 3 minutes, he placed another
hemostat of the same kind on the wound and checked for he-
mostasis at 5 and 10 minutes. If it was not achieved within 10
minutes or if additional interventions were required, it was
considered a treatment failure. At the proximal anastomosis,
the same procedurewas repeated. The number and type of he-
mostats and the time after clamp removal were recorded.
Both devices were removed after hemostasis.

The artery wall was described as normal in 5 patients; in
23 patients, a soft plaque was recorded and in 1 a calcified
plaque (data not shown). All patients received heparin
(3,000 U) as a standard in the clinic independent from the

Table 1 Eligibility

Inclusion criteria Exclusion criteria

Patients .18 years Emergency surgery
Informed consent Patients with coagulopathy or uremia
Indication for a peripheral vascular reconstruction caused
by peripheral vascular disease including femorofemoral,
fermoropopliteal, and femorocrural reconstructions or
the need of a crossover including femorofemoral or
ilacofemoro reconstruction

Reoperation within 1 month at the same location
Known or suspected allergies or hypersensitivity to any of the
used devices

Pregnant and breast-feeding women

Suture hole bleeding of peripheral arterial bypass
anastomosis using PTFE graft

Patients requiring continuous postoperative anticoagulation

Severe comorbidity (ASA R4)
Life expectancy less than 12 months
Current immunsuppressive therapy
Chemotherapy within last 4 weeks
Radiotherapy on the treated region within the last 2 weeks
Severe psychiatric or neurologic diseases
Lack of compliance

ASA 5 American Society of Anesthesiologists.
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body mass index of patients but without protamine. The
hemostats, Lyostypt (5 ! 8 cm) and Surgicel (oxidized
regenerated cellulose, 5 ! 7.5 cm) were used.

Lyostypt is a g-sterilized, absorbable, wet-stable hemo-
stat made of collagen from cattle skin of a controlled herd
in Germany, slaughtered in controlled abattoirs, and treated
with sodium hydroxide and acetone to inactivate the scrapie
agent (reduction factor .6 log 10). Its biocompatibility was
shown in tests according to ISO 10993.

Randomization

Sequentially numbered (1–32), opaque, sealed envelopes
were used to allocate the patients according to a random-
ization list prepared by a statistician to receive either
microfibrillar collagen (COLL) or oxidized cellulose
(ORC). The patients were divided into 4 equally large
groups: group 1: distal COLL/proximal ORC, group 2:
distal ORC/proximal COLL, group 3: distal and proximal
ORC, and group 4: distal and proximal COLL.

Anuntreated control groupwas not included because of the
nature of the study and because animal studies have clearly
shown that the time to hemostasis increases if no hemostat is
used.8–12 The products make blinding impossible.

Sample size estimation

This study used a 2-step design. Bleeding times obtained
from preclinical evaluations served as a basis for sample
size calculation (internal, unpublished data). It was esti-
mated that 28 patients would need to be enrolled. The test
was performed with a significance level of a1 5 .0102. The
exact number was dependent on the number of patients
with bleeding anastomoses, as they were accrued until 56
instances of randomized hemostat application had been re-
corded. The main test was carried out as the parameter test
outlined in the statistical analysis section.

The trial was to be stopped for success if the null
hypothesis was rejected with a one-sided p-value lower
than a1, and for futility if it was higher than .50. For the fi-
nal analysis, applying the approach of Bauer and Köhne,13

the level of significance was set at a2 5 .00380/p1, p1 being
the p-value from the one-sided test of the primary endpoint
in the interim analysis. The significance level was main-
tained at .025 and with a power of 80%, values obtained
by simulation based on 300 replicates.

Statistical analysis

To evaluate the primary endpoint, the anastomosis was
used as the observational unit. Time to hemostasis, the
primary endpoint censored at 10 minutes, was included as
the response parameter in an accelerated failure time
regression model assuming a Weibull distribution14,15 for
bleeding time with the following explanatory parameters:
treatment of anastomosis (COLL/ORC), treatment of

opposite anastomosis (COLL/ORC), and site of anastomo-
sis (proximal/distal). Subjects were included as shared
frailty terms with log-normal distribution. The formal null
hypothesis to be tested at a level of a 5 .025 was as fol-
lows: ‘‘Anastomosis bleeding time under COLL is at least
as long as under ORC.’’

The primary endpoint was analyzed using PROC
NLMIXED (SAS Institute Inc., Cary, NC, USA) with a
Weibull distribution and subjects used as log-normal random
effects. Exact and sign tests were used. Convergence problems
made it impossible to capture hemostasis at 5 and 10 minutes,
the complication rate within 30 6 10 days after surgery, and
the number of additional hemostats required as intended in a
logisticmixedmodel. Subjects were treated as randomeffects.

Ease of use was rated on a 4-point scale for adhesion and
on a 5-point scale for handling and separately modeled
using a linear mixed model with equidistant responses. This
model used the same covariates as the main model as fixed
effects and the surgeon and subject as random effects.
Every adverse event was recorded. Patients were analyzed
using the intention-to-treat principle.

Results

Recruitment

Between February and July 2009, 32 patients, 4 more
than originally planned, were recruited at 1 center (Klini-
kum Hanau GmbH, Department of Vascular Surgery) to
allow randomization into 4 blocks of 8 (ie, ORC-COLL,
COLL-ORC, COLL-COLL, and ORC-ORC). One patient
died 25 days after surgery from heart failure (Fig. 1).

Demography

In the 4 groups, there was no significant difference
in age and sex (Table 2) and American Society of Anes-
thesiologists status. More obese patients (ie, body mass in-
dex R30 kg/m2) were randomized into the ‘‘ORC distal/
COLL proximal’’ group. Six women and 3 men were
smokers. More than half of them were randomized into
the ‘‘COLL distal/ORC proximal’’ group. Nine patients
had diabetes mellitus (COLL-COLL: n 5 3; COLL-ORC:
n 5 3; ORC-COLL: n 5 2; ORC-ORC: n 5 1).

Surgical intervention

Most reconstructions were supragenual femoropopliteal
reconstructions with distal anastomosis (n5 23) in addition
to a few infragenual femoropopliteal (n 5 4), femorofe-
moro crossover (n 5 4), and femorocrural reconstructions
(n 5 1). Suture hole bleeding occurred in all patients at
both anastomosis sites who were all treated according to the
study protocol.

A PTFE prosthesis from Gore (Putzbrunn, Germany) was
mainly used for the intervention. There were only 2 cases in
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which a PTFE prosthesis from Bard (Crawley, UK) was
applied. The average length of the PTFE prosthesis used was
40 cm, and a diameter of 8 mm was commonly used. There
wereonly 2 cases inwhich a prosthesiswith a diameterof6mm
was used (data not shown). No other grafts were implanted.

Primary endpoint

The primary endpoint was time to hemostasis (ie, the
mean bleeding time). For COLL, it was 124.7 6 66.8

seconds (minimum5 29 seconds, maximum5 296 seconds;
ie, 117.4 6 62.2 seconds at the distal and 131.9 6 72.5
seconds at the proximal anastomosis). In contrast, for
ORC, the mean bleeding time was 416.3 6 226.2 seconds
(minimum 5 82 seconds, maximum 5 843 seconds; ie,
443.7 6 200.3 seconds at the distal and 389.3 6 253.0
seconds at the proximal anastomosis (Fig. 2). The differ-
ence is statistically significant (P , .001). The side of
the anastomosis (distal or proximal) had no influence on
bleeding time (P 5 .7578).

Table 2 Demography and baseline characteristics

Treatment group: COLL-COLL (n 5 8) COLL-ORC (n 5 8) ORC-COLL (n 5 8) ORC-ORC (n 5 8)

Sex
Men 7 5 5 4
Women 1 3 3 4

Age (y)
Men 69.7 6 7.0 71.6 6 8.4 66.6 6 9.8 71.0 6 2.9
Women 80.0 62.7 6 4.0 70.7 6 3.1 70.5 6 8.2

BMI (kg/m2) mean 6 SD 26.8 6 4.2 24.9 6 4.0 30.0 6 4.1 25.2 6 3.5
ASA
P1 2
P2 1 1 2 3
P3 7 5 6 5

Smoking yes
Men 3
Women 1 2 3

ASA 5 American Society of Anesthesiologists; BMI 5 body mass index; SD 5 standard deviation.

Figure 1 A flowchart of COBBANA patients according to consolidated standards of reporting trials (CONSORT).27
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In 27 of 32 cases, hemostasis was achieved within
3 minutes using COLL but only in 8 using ORC. It was
achieved within 3 to 5 minutes in 5 cases using COLL and
in 3 using ORC. In 13 cases, 5 to 10 minutes were needed
using ORC. ORC treatment failed (longer than 10 minutes)
8 times versus none for COLL (Table 3).

In the ORC-COLL and COLL-ORC groups, 5 patients
treated with ORC had a bleeding time .10 minutes and
none treated with COLL (P 5 .03125, one sided). In the
ORC-ORC group, 2 patients had a bleeding time .10 min-
utes in 3 cases and none in the COLL-COLL group (P5 .25,
one sided). The overall result was significant at the one-sided
0.025 level. In the ORC-COLL and COLL-ORC groups, 11
patients treated with ORC had a bleeding time .5 minutes
and none of those treated with COLL (P5 .0005, one sided).
Seven of 8 patients in the ORC-ORC group had a
bleeding time .5 minutes but none in the COLL-COLL
group (P 5 .0004, one sided). The result was significant
at a one-sided .025 level (data not shown). No additional
suturing was required.

Secondary endpoints

Number of hemostats. In all cases using COLL, one
hemostat sufficed to achieve hemostasis but in only 11 of
32 (34%) using ORC. In all other cases (n 5 21, 66%),
a second ORC hemostat was required. Thus, in total,
32 COLL and 53 ORC hemostats were required.

Ease of use rating. Five surgeons rated the ease of use
of the hemostat on a 4-point scale for ‘‘adhesion’’ and on a
5-point scale for ‘‘surgical handling’’ (data not shown). The

surgeons rated the COLL hemostat significantly better
regarding both factors and expressed their preference for
this hemostat.

Complication rate at 30 days postoperatively. Only one
adverse event unrelated to treatment was reported. One
patient suffered a myocardial infarct on the day of surgery
and died 25 days later. This corresponds to a postoperative
mortality rate of 3% (1/32).

Interim analysis. The interim analysis yielded a P value
lower than its prespecified level, thus rejecting the null
hypothesis. The trial was stopped for efficacy.

Comments

Several preclinical studies in different animal models
have shown the efficacy of the ORC and COLL hemo-
stats,16–20 but they have never been directly compared as in
this COBBANA trial. ORC decreases pH and generates an
artificial clot.21 It does not stimulate platelet aggregation.
On the other hand, the efficacy of collagen hemostats has
also been shown in man.22–26 Hemostasis is induced by col-
lagen in 2 ways: first it activates the aggregation of throm-
bocytes, and second it invokes factor XIII, which promotes
the formation of a fibrin clot. The advantages of COLL lie
in rapid hemostasis, low tissue reaction, and fast absorp-
tion. In addition, any excess can be teased away without
reinitiating bleeding.

In comparison to the ORC hemostat, the COLL he-
mostat significantly reduces bleeding time and is more
economic by 40%. It would reduce surgery time by about
9 minutes. With a calculation of $65 to 130 per operation
minute, the application of COLL can potentially save
$585 to 1,170. The cost advantage associated with the
use of microfibrillar collagen is in most cases at least $2 per
anastomoses.

In conclusion, COLL stops suture hole bleedings sig-
nificantly faster than ORC, much less COLL hemostats are
needed to achieve hemostasis, it decreases costs, and it was
considerably better rated than ORC for ease of use (adhe-
sion and surgical handling). The single-center design and
the lack of blinding because of the nature of the products
constitute limitations of our study. Furthermore, time to
hemostasis was assessed subjectively, which is a possible
source of bias. However, this is acceptable when no better
method is available as comparable studies show.28–31 In
summary, our findings indicate that collagen hemostats
should be preferred in this setting.
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Figure 2 Bleeding times measured at the anastomoses.
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