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Clinical evaluation of the use of novel and completely autologous fibrin glue during

surgical procedures: Prospective open multicenter trial of the CryoSeal® FS System

Masaru Shimizu", Nobuhiro Wakimoto®, Masahiko Tsurumaru®, Masaaki Usui”,
Nobuya Koyama® and Kiyoshi Hiruma®
The CryoSeal" FS System in Patients Undergoing Preoperative Blood Transfusion Trial Group *

Objective: Evaluate the clinical efficacy and safety of autologous fibrin glue (AFG) prepared by CryoSeal®.
Background: Control of oozing during surgery remains an important task for surgeons. Although commercial adhe-
sives and hospital made fibrin glue are often used to control oozing, the risk of pathogen transmission and allergic re-
action cannot be completely avoided.

Methods: A multicenter, open-label, non-randomized study was conducted with 74 patients undergoing surgery with
preoperative autologous blood transfusion. CryoSeal®” was used to prepare autologous cryoprecipitate and thrombin
from patient blood. Hemostatic effects were assessed in 62 of 74 patients.

Results: On average, 263.8 = 26.7 ml of plasma was collected, and 5.3 1.2 m! of both cryoprecipitate and thrombin
were prepared. Median in vitro clotting time for AFG was 4.1 seconds (range, 1.3-195.2 seconds). The hemostatic effect
against oozing was effective in 54 of 62 patients (87%). The effective rate in patients with thrombin activity =20 U/mI
was 96% (46 of 48 patients), which was significantly higher than 54% (7 of 13) in patients with thrombin activity <20
U/ml! (p<0.001, Fisher's test). Complications attributable to the use of AFG were not observed.

Conclusions: AFG produced by CryoSeal® was prepared in a short time and clinically effective in stopping oozing.
Our results show that AFG could be used for adjunct hemostasis as well as commercial adhesives and hospital made

fibrin glue.
Keywords: autologous blood, fibrin glue, fibrin sealant, anticoagulant, oozing

Abbreviations: Autologous fibrin glue (AFG), autologous red cell concentrate (ARCC), Clotting time (CT), Good
clinical practice (GCP), Thrombin activity (T A)

INTRODUCTION

Although surgery has advanced with recent im-
provements in surgical techniques and materials,
achieving favorable hemostasis continues to be impor-

tant in any surgical situations”. Particularly, oozing is

often difficult to manage?, so that fibrin glue is widely
used in many surgical procedures”. Both commercial
adhesives and hospital made fibrin glue are generally
used. Commercial fibrin glue uses pooled human

plasma and bovine aprotinin, which raise concerns
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about the risks of infection such as human parvovirus

B19", allogenic immunity, allergic reaction””

, and prion
transmission”. Hospital made fibrin glue is prepared at
hospitals using patients’ own blood for cryoprecipitate,
but using thrombin prepared from pooled human
plasma, which has the risks of infection”, allogenic im-
munity and allergic reaction”®.

Autologous fibrin glue (AFG) is made from cryopre-
cipitate and thrombin using patients’ own plasma. The
CryoSeal® FS System can automatically prepare AFG
in about 1 hour®. AFG could have more benefits than
the others. We evaluated efficacy and safety of AFG
prepared by CryoSeal® in surgical departments where
autologous blood transfusion and hospital made fibrin

glue have been actively utilized.

MATERIALS AND METHODS

Design

The study was designed to enroll at least 60 patients
at 6 medical institutions in Japan. Four departments,
which are cardiovascular, gastrointestinal, orthopedic
surgery, and neurosurgery, were targeted. Each de-
partment was selected from 2 medical institutions with
at least 15 patients per department.

In this open-label, non-randomized study, patients
were registered over a 7-month period from July 2003
to January 2004. This study wasn't designed as a com-
parative study using commercial adhesives because
the patients wanted preoperative autologous blood
transfusion intending to eliminate the risk from alloge-
neic blood transfusion and animal origin materials.

Patients

Patients were scheduled to undergo preoperative
autologous blood collection and surgical procedures us-
ing fibrin glue. Four hundred milliliters of preoperative
autologous blood was collected from patients who pro-
vided written informed consents.

Device

CryoSeal” (Thermogenesis, CA, USA) is a device that
prepares cryoprecipitate and thrombin from plasma
(CS-1) with disposables of plasma processing units and
applicators.

Preparation and usage of fibrin sealant

Plasma was separated from whole blood within 6
hours after blood collection and stored at 4C or room
temperature, and then used to prepare cryoprecipitate
and thrombin by CryoSeal®, which were stored at
< —20T up to the day of surgery. They were thawed
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at room temperature or 37°C, and used within 6 hours
to apply to the surgical site with the spray tip or the dot
tip.

Hemostatic effects

Hemostatic effects of AFG were assessed as either

” o«

“effective” or “ineffective”. “Effective” was defined as
promptly obtained hemostasis by use of AFG on the
experience of conventional FG, and “ineffective” was
defined as other situations that hemostasis was not ob-
tained promptly by use of AFG, and then a patient re-
quired other additional treatments such as suture, sta-
ples and electrocautery method.

Coagulation tests

Fibrinogen contents of AFG before and after prepa-
ration were measured by clotting time (CT), and throm-
bin activity (TA) by the synthetic substrate method.
Using a part of each sample of AFG, in vitro CT was
measured by the bead rotation method (KC1A micro;
Sigma Diagnostics, Germany) at the test laboratory
(SRL, Tokyo, Japan). CT was assessed in the following
4 grades: <5 seconds (quickly coagulated); 5-9 seconds
(normally coagulated); 10-59 seconds (somewhat slowly
coagulated); and =60 seconds (slowly coagulated). De-
partment, sex, total volume of donated blood, total vol-
ume of plasma used, before and after preparation of
plasma fibrinogen, before and after preparation of
plasma TA, CT, APTT, INR, TAT, FXIII, time of sur-
gery, blood loss, total volume of cryoprecipitate and
thrombin used were included as dependent variables
for multiple logistic regression analysis.

Adverse events

Irrespective of causality, all adverse events during
the study including abnormal changes in clinical labo-
ratory tests were recorded by the investigators using
the MedDRA/]J classification system (version 7.1, 2004).

Ethics

The present clinical study was conducted in accor-
dance with the Japanese Medical Device GCP (1992).
The institutional review boards of each medical institu-
tion reviewed the protocol before patients were en-
rolled. Written informed consent was obtained from
each patient before the study.

Statistics

The number of patients was determined according
to the notice issued by the Ministry of Health, Labour
and Welfare, “Matters concerning application for ap-
proval of medical devices” (1999). Multiple logistic re-

gression analysis was conducted as a factor analysis for
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Participants
(n=74)

Safety assessment
(n=72)

AFG was used for purposes other

Efficacy assessment
(n=62)
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= Assessment not possible (n=1)
*Not used during surgery (n=1)

S

- Prevent cerebrospinal fluid leakage (n=5)

*Prevent cerebrospinal fluid leakage/filling (n=2)

- Prevent cerebrospinal fluid leakage/bone adhesion (n=1)
*Bone adhesion/filling (n=1)

* Coverage without hemostasis (n=1)

Fig. 1 Analytical flow of patients

ineffective hemostasis. Sixteen dependent variables
were included at first, but 7 dependent variables were
selected by variable selection method to eliminate in-
significant variable until convergence. Statistical sig-
nificance was assumed at a p-value of less than 0.05. A
Fisher’s test was used for intergroup comparison. SAS
version 8.2 was used for statistical analysis, and unless
otherwise noted, summary statistics were expressed

as mean * standard deviation (SD).

RESULTS

Study population

A total of 74 patients who underwent elective sur-
gery with preoperative autologous blood collection
participated in the study (Fig 1). The hemostatic effects
of AFG prepared by the study device were assessed in
62 patients (45 men [73%], 17 women [27%)]) except that
AFG was not used in 2 patients and was used for other
than hemostasis (such as stopping cerebrospinal fluid
leakage) in 10 patients. Of 62 patients, 17 (27%) under-
went surgery for cardiovascular disease, 18 (29%) for
gastrointestinal disease, 18 (29%) for orthopedic disease,
and 9 (15%) for brain disease. Characteristics of the pa-
tients are shown in Table 1. ARCC were given in 44 pa-
tients and cryo-poor plasma in 40 patients.

Product characterization

For 62 patients, mean volume of autologous blood
collection was 392.3 = 25.2 m/ (range, 300400 mI), and
mean plasma volume after separation was 263.8 + 26.7
ml (range, 205-300 mI). Mean volume of cryoprecipitate
was 5.3*1.2 ml (range, 3.0-8.9 mI), and the same amount

of thrombin was also prepared.

Hemostatic effects

In 62 patients, AFG was used for hemostatic pur-
poses and evaluated at 73 locations: 20 at vascular anas-
tomosis/suture, 11 at joints, 9 at mediastinum, 5 at dura
mater, 4 at gastrointestinal anastomosis, 4 at trachea,
3 each at pancreas, bone stump, and floor of the sella
turcica, as well as 11 at other locations (vascular sur-
face, bone graft/formation and bone defects). When
AFG was used in 2 or 3 different locations in 5 patients,
hemostatic effects in each patient were assessed in the
worst outcome among the locations. Hemostatic effects
were assessed as “effective” in 54 patients §7%) and “in-
effective” in 8 patients (13%).

Multiple logistic regression analysis was conducted
in 61 patients. Only TA of AFG preparations was sig-
nificant (p=0.0148, Table 2). Between patients with =20
U/ml of TA and those with <20 U/m], significant differ-
ences were seen in hemostatic effects (p<0.001, Fisher’s
test). By stratified analysis of TA, hemostatic effects of
48 patients with =20 U/ml of TA were “effective” in
46 patients (96%) and “ineffective” in 2 patients (4%). Of
13 patients with <20 U/m! of TA, hemostatic effects
were assessed as “effective” in 7 patients (54%) and “in-
effective” in 6 patients (46%) (Table 3).

Coagulation tests

Average fibrinogen concentration and T A in plasma
in 62 patients were 2865+ 72.3 mg/dl and 24+1.0 U/
mli, respectively, and those values of AFG were
2,348.8+720.9 mg/dl and 28.7+11.8 U/mI, respectively
(Fig. 2). The in vitro CT of AFG was measured in 60 pa-
tients, and median time was 4.1 seconds (range, 1.3-195.2

seconds). Hemostatic effective rate in 49 patients with
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Table 1 Demographics and preoperative characteristics of patients assessed he-

mostatic effects

Characteristic Categories n (%)
Cardiovascular surgery 17 27
Department Gastrointestinal surgery 18 29
P Orthopedic surgery 18 29
Neurosurgery 9 15
Cardiovascular surgery Angina 10 16
Aortic aneurysm 4 6
Heart valve disease 3 5
Gastrointestinal surgery Esophageal cancer 18 29
Disease Orthopedic surgery Knee arthropathy 11 18
Spondylopathy 4 6
Hip arthropathy 3 5
Neurosurgery Brain tumor 4 6
Brain aneurysm 3 5
Arterial stenosis/occlusion 2 3
Male 45 73
Gender Female 17 27
20-39 2 3
Age 40-59 24 39
(vears) 60-79 36 58
Mean (*+SD) 61.5 (=10.0)
30-49 10 16
Body weight 50-79 43 77
(kg) 80-99 4 6
Mean (+SD) 61.6 (=11.6)
100-199 2 3
Fibrinogen 200-399 43 70
(mg/d)) 400-699 17 27
Mean (+SD) 349.0 (=109.2)
Total 62

Table 2 Multiple logistic regression analysis

Parameter OR OR 95% CI p-values
Fibrinogen conc. in plasma  0.988 0.970-1.006 0.1947
APTT 1.225 0.927-1.619 0.1545
TAT 1.131 0.888-1.442 0.3186
Thrombin activity 1.220 1.040-1.431 0.0148
Time of surgery 0.997 0.989-1.005 04194
Total blood loss 0.997 0.993-1.001 0.1972
Amount of AFG used 1.333 0.819-2.169 0.2477

Odds ratio and p-values were calculated using multiple logistic
regression analysis measuring ineffective hemostasis. Results
were considered significant at p-values less than 0.05.

OR: odds ratio

CL confidence interval

APTT: activated partial thromboplastin time

TAT: thrombin-AT-IIl complex

AFG: autologous fibrin glue

CT <10 seconds was 92% (45/49) compared to 70% (7/10)
in 10 patients with CT 10-60 (Table 3). Although in vitro
CT could not be measured in 2 patients due to clots in
the samples, AFG was used during surgery, and hemo-

static effects were assessed as effective in one patient,

and ineffective in the other. The patient with the long-
est CT (195.2 seconds) showed enough hemostatic ef-
fect, in spite of clot formation in the preparation which
has 2,750 mg/d! of fibrinogen and 12.8 U/mI of TA.

Adverse events

No complication defined to relate to AFG administra-
tion was observed. No adverse reaction such as vasova-
gal reactions was observed during autologous blood

donation.

DISCUSSION

In Japan, hospital made fibrin glue has been pre-
pared using autologous cryoprecipitate, and used as a
hemostatic agent and adhesive in surgery for long.
However, pooled human plasma is used as the raw ma-
terial of thrombin, and the infection risk is not com-
pletely avoided. Because commercial adhesives contain
fibrinogen and thrombin made from pooled human
plasma and use bovine aprotinin, they cannot exclude

the risk of prion transmission. Moreover, it has been
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Table 3 Clinical hemostatic effect of AFG based on thrombin activity

and in vitro clotting time

n Effective ]?gfz:::;;)e Ineffective
Thrombin activity* (U/ml) 61
> 50 2 100 0
40-49.9 9 100 0
30-39.9 19 18 95 1
20-29.9 18 17 94 1
10-19.9 9 5 56 4
<10 4 2 50 2
Clotting time T (seconds) 60
<5 36 33 02 3
>5and < 10 13 12 1
> 10 and < 60 10 7 70 3
> 60 1 1 100 0

*: Thrombin activity was not measured in one patient due to clots in the sample.

*: Clotting time was not measured in two patients due to clots in the samples.
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Fig. 2 Fibrinogen concentrations and thrombin activity in plasma and preparation

concerned recently that a group of patients in Japan
may have been infected with the hepatitis C virus
through fibrin glue prepared from contaminated fi-
brinogen products. In addition, allergic reactions can
occur in rare occasions”, and a patient died of anaphy-
lactic shock was reported”.

Thrombin activity (TA) of AFG (28.7+11.8 U/ml) in
the present study was lower than that of commercial
adhesives (250-500 U/mI) or hospital made fibrin glue
(500-1,000 U/m1l). According to in vitro data obtained
by Yoshida et al, adhesive strength reached a peak at
50 U/ml! of TA, and actually decreased as TA in-

creased”. Furthermore, other studies have reported
that clotting time (CT) reached a plateau at >20 U/m!
of TA'™. In the present study, the effective rate of AFG
was 87% overall, and 96% (46 of 48 patients) in patients
with =20 U/mI of TA after preparation was effective
compared to 54% (7 of 13 patients) with <20 U/mI of
TA (Table 3). Moreover, the thrombin generated by
CryoSeal® showed comparable activity with commer-
cial thrombin by thromboelastograph measurements'”.
This suggests that TA of AFG is not necessary to be
as high as that of commercial adhesives or hospital

made fibrin glue. The effective rate for commercial ad-
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hesives in similar clinical studies was ranged from
about 83% to 97% 2", suggesting that the efficacy of
AFG in the present study is comparable to that of com-
mercial adhesives. The FDA (Food and Drug Admini-
stration) has recently approved CryoSeal® as adjunct
for hemostatic purposes in patients undergoing liver
resection. This supports our result because a resected
liver is a representative of oozing surface resisting he-
mostasis.

The hemostatic effects of AFG are influenced not
only by AFG activity, but also surgery-related factors.
In the present study, AFG was thawed at either 37C
or room temperature and used within 6 hours. Since it
is reported that the TA of AFG was affected by the
time after thawing and storage temperature'?, further
investigations remain to be resolved. With regard to
side effects, none was attributable to AFG in this study.

In conclusion, CryoSeal® is capable of preparing au-
tologous thrombin and cryoprecipitate from a single
unit of plasma in a short time within a closed sterile sys-
tem. Favorable hemostatic effects were obtained for
oozing, and blood collection process was safely per-
formed. Furthermore, because there is no risk of infec-
tion or allogeneic immunity, AFG prepared by
CryoSeal® could be used as well as commercial adhe-
sives or hospital made fibrin glue in surgery in the fu-
ture.
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