
Introduction

The surgical suture, both when realized with the
traditional threads and with the most modern mecha-
nical staplers, represents the “classic” method for
wound repair. All surgeons, however, sometimes have
to deal with wounds hard to recover because, due to
stretching and ischemic events of variable extent,
complications such as hematomas, granulomata, dehi-
scences and fistulae may occur, impairing the tissue
healing.

Therefore, the ideal solution would be to have
wound healing with no need of sutures, capable to su-
stain a certain mechanical stretching and with optimal
conditions for a rapid recovery without leaving forei-
gn substances in the wound area. On the other hand

this concept, even in an empiric way, was already
known by the ancient doctors of Great Greece who
used vegetal resins for wound healing purposes.

Fibrin’s properties, interactions, mechanical
strength and resistance to fibrinolysis have been tho-
roughly studied and described in many publications.
Fibrin sealant was developed in 1972 by Matras et al.,
who successfully used a fibrinogen cryoprecipitate in
peripheral nerve anastomoses on animal models. The
development of a special cryoprecipitation process
enabled the production of a high concentration fibri-
nogen solution with a high Factor XIII content. Mo-
reover, the introduction of aprotinin, a natural anti-
proteasic substance, allowed to solve other problems,
such as fibrinolysis inhibition and early fibrin degra-
dation.
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Abstract. Human Fibrin Glue (HFG) is made of two components contained in separate vials: a freeze dried
concentrate of clotting proteins, mainly fibrinogen, Factor XIII and fibronectin (the sealant) and freeze dried
thrombin (the catalyst). The first component is reconstituted with an aprotinin solution that inhibits tissue
fibrinolysis. The second component (thrombin), available in 500 I.U. concentration, is dissolved with calcium
chloride. It is so a set of substances involved in the hemostatic process and in the wound healing, conferring
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of the last step of the physiological coagulation; biostimulation, which favors the formation of new tissue ma-
trix. The indications for the use of human fibrin sealant are numerous and present in all the surgical bran-
ches. A randomized controlled trial of 50 patients undergoing hernia repair according to Lichtenstein’s te-
chnique under local anesthesia was performed. Patients had concurrent coagulopathies as a consequence of
liver disease or long-term treatment with anticoagulants for ischemic heart disease or cardiac rhythm distur-
bances. Coagulopathies were defined according to the following criteria: prothrombin time <10.5 seconds,
activated partial thromboplastin time < 21 seconds, and fibrinogen <230 mg/dL. Patients were randomized
in a 1:1 ratio with (group A) or without (control group B) use of human fibrin glue. Postoperative he-
morrhagic complications were significantly reduced in group A (4%) compared with group B (24%). This
study showed that human fibrin glue is effective in preventing local hemorrhagic complications after ingui-
nal hernia repair in patients with concurrent coagulation disorders.
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Characteristics, properties and modalities of applica-
tion

Fibrin sealant is made of two components contai-
ned in separate vials: a freeze dried concentrate of clot-
ting proteins, mainly fibrinogen, Factor XIII and fi-
bronectin (the sealant) and freeze dried thrombin (the
catalyst). The first component is reconstituted with an
aprotinin solution that inhibits tissue fibrinolysis. The
second component (thrombin), available in 500 I.U.
concentration, is dissolved with calcium chloride.

It is so a set of substances involved in the hemo-
static process and in the wound healing, conferring to
the product the following important properties:

– hemostatic and sealing action, through the
strengthening of the last step of the physiologi-
cal coagulation;

– biostimulation, which favors the formation of
new tissue matrix.

Let’s examine the main components of Tissucol
and its most important mechanisms of action by eva-
luating the effects on hemostasis, adhesion and tissue
healing.

Fibrinogen. It is a high molecular weight protein,
precursor of fibrin, which represents the basic element
of the clot. The transformation of fibrinogen into sta-
ble fibrin occurs by means of thrombin and factor
XIII, which in turn are activated by thrombin. Fibrin
has a strong affinity with the factors derived from pla-
sma or of cellular origin and with collagen. The fibrin
clot that forms in a wound seems to act as a guide to
the healing process, attracting the fibroblasts and pro-
moting the formation of granulation tissue.

Factor XIII. It is a transglutaminase, carrying out
some important functions:

• it catalyzes the formation of intermolecular
bridges between a lysin and a glutaminic residue
of fibrin molecular chains;

• it stabilizes with the same mechanism the link
between fibronectin and fibrin and between fi-
bronectin and collagen, thus increasing the mo-
lecular stability of the three-dimensional
network of the clot;

• it links alpha2 antiplasmin to the clot, so
slowing down the action of plasmin and conse-
quently regulating the fibrinolysis.

Fibronectin. It is a high molecular weight glyco-
protein, which:

• interacts with fibrinogen and preferentially with
polymerized fibrin, forming covalent links ca-
talyzed by Factor XIII, which lead to the con-
centration of both molecules: fibronectin is then
an integral part for adhesion and migration of
fibroblasts to the wound area;

• it gets linked to collagen with molecular affinity
interactions: this link favors the interaction of
collagen with other reparation structures, favo-
ring the regeneration of a new matrix;

• it interacts with the cells, and this adhesion to
fibronectin seems to be very important for va-
rious types of cells;

• it is also a substrate for Factor XIII.
The main characteristics of fibronectin consist of

participating in the formation of the mixed fibrin clot,
of increasing the adhesive property between cells and
substrate and between one cell and another, and of fa-
voring their growth and migration.

Aprotinin. It is a polypeptide that blocks plasmin
and other serin-proteases. Through the addition of
aprotinin, it has shown to be the best inhibitor of fi-
brinolysis which can be delayed, resulting in a signifi-
cant increase of the healing processes, enhancing the
formation of connective tissue. Thus, the survival of
fibrin sealant can be controlled through suitable dosa-
ges of aprotinin, after having evaluated the fibrinoly-
tic activity of the relevant area.

Thrombin. It is a serum protease with important
functions: the transformation of fibrinogen into fibrin,
activation of Factor XIII and stabilization of the
network formed by fibrin and other proteins are the
main ones.

Calcium chloride. Ca++ ions are indispensable in
various coagulation steps, for example in the transfor-
mation of prothrombin into thrombin and in the acti-
vation of Factor XIII; the polymerization processes are
accelerated by the presence of Ca++ ions.

In order to make the preparation and application
of Tissucol easier and more effective, in the various in-
dications, special devices and methods have been deve-
loped (application needle, Tissuspray, DuoFlo, Duplo-
Tip and catheters), enabling to use the product in dif-
ferent areas – constricted, large or difficult to access.
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Indications

The properties of the main components, the pos-
sibility to add variable quantities of antifibrinolytic
substances and to influence the consolidation time,
the availability of special application devices, make the
product extremely easy to handle and with practically
limitless application fields in surgery. Its therapeutical
significance and tolerability have been demonstrated
at the international level in many fields of general and
specialistic surgery, both as the sole suture element
and as adjuvant of other means of surgical synthesis
and hemostasis. In the light of its peculiar characteri-
stics, many authors have specifically evaluated this
product in patients with coagulation disorders, with
absolutely specific problems and risks in case of surgi-
cal treatments.

The indications for the use of human fibrin sea-
lant, also thanks to evident practical and economic ad-
vantages of the product, are numerous and present in
all the surgical branches. The most significant are the
following ones.

– Abdominal and general surgery
The adhesive, sealing and hemostatic properties

of Tissucol are particularly useful in this kind of sur-
gery. The hemostatic property, in particular, is helpful
in parenchymal surgery, mostly in liver, pancreas and
spleen surgery, above all in case of partial resections
and when it is necessary to favor the hemostasis of lar-
ge injured areas, with massive bleeding. The conside-
rable reduction of blood loss, correlated to seeping he-
morrhages, diminishes blood transfusions or even
makes them unnecessary. The use of the preparation
also allows to avoid additional traumas to the residual
parenchyma, reducing the suture stitches that strongly
harm such friable tissues (1-5). In pancreatic surgery,
fibrin sealant has been used also to treat the pancrea-
tic stump with no pancreo-digestive anastomosis (6).

The adhesive action of Tissucol is very useful in
intestinal surgery, where it is necessary to carry out a
complete and tight suture of the walls, which is not
always possible. The use of Tissucol allows to obtain a
complete and integral reparation of the tunicae, opti-
mally resuming the continuity and tightness of the in-
testinal tract: many authors have carried out experi-

mental and clinical researches which have demonstra-
ted a reduction in the rate of dehiscences, both in the
manual and mechanical anastomoses (7). Human fi-
brin glue has also been used to treat fistulous compli-
cations of digestive anastomoses in a conservative way,
without having to re-operate (8). The use of Tissucol,
for the same reasons, has shown to be particularly use-
ful for the non-surgical treatment of anal and peri-
anal fistulae (9).

Moreover, excellent results have been described
for the prevention of axillary lymphorrhea after breast
surgery (10), as well as for the prevention of compli-
cations in prosthesic surgery of hernias, both tension-
free and laparoscopic (11).

– Thoracic and cardiovascular surgery (12-15)
These types of specialistic surgery benefit by the

adhesive, hemostatic and sealing properties of Tissu-
col in many indications.

In cardiosurgery, the hemostatic and adhesive
properties, are particularly crucial especially in coro-
nary surgery, in case of valve plasty and in congenital
cardiac pathologies, both with or without the use of
prostheses. Furthermore, the preparation has enabled
to obtain extraordinary therapeutical results in the
surgery of dissecting aneurysms. Tissucol has shown
to be a valuable tool to solve contingent situations and
technical problems, sometimes life-threatening.

In peripheral vascular surgery, the sealing pro-
perty is particularly useful. This type of surgery could
be in practice compared to microsurgery, where the
possibility to avoid sutures is certainly advantageous.
Moreover, a rapid sealing allows to obtain a stable
consolidation within short time, certainly sooner than
with the traditional sutures.

In thoracic surgery, the indications to the use are
mainly bronchial and parenchymal sutures, where the
control of air leak through the sealing properties re-
sults in a post-surgical rapid and safe course. In pul-
monary surgery, if a complete aerostasis is not achie-
ved, the time of hospitalization increases because of
the necessity to perform thoracic drainages.

– Urological surgery (16)
Also in this field, fibrin sealing can represent a va-

lid technical tool in many procedures. The complete
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compatibility with the tissues, as well as the hemosta-
tic and sealing effects for anastomoses, confer to this
product some irreplaceable peculiarities, allowing to
realize tissue synthesis in the best possible way. In uro-
logical surgery, in fact, it is necessary that sutures, being
in direct contact with urines, are carried out in such a
manner to avoid the possible occurrence of an urinose
fistula. Just the adhesive property of Tissucol for any
tissue allows to consolidate within a very short time the
traditional sutures, making them more airtight. It is al-
so extremely important the possibility to obtain a safe
and perfect hemostasis in the presence of parenchymal
sections, as in the conservative kidney surgery, or of
large injured areas with seeping bleedings, as for exam-
ple in the pelvic excavation after total cystectomy.

– Plastic surgery (17-20)
In this field there are many indications mostly re-

lated to the adhesive property. The take of the free flaps
of transplanted skin is conditioned by two factors: the
adhesion of the flap that has to be as much complete as
possible and immediate, and the absence of hematomas
that cause the failure of the take. Fibrin sealant, due to
its sealing property, together with the hemostatic pro-
perty, thus represents an ideal tool. Moreover, it can al-
low the biological cover in large injured areas, so repre-
senting a biologically favorable bed for skin transplanta-
tion. At last, the application of the product is particu-
larly suitable for suturing delicate areas such as face or
eyelids, or to be used in the skin cover of fingers.

Personal experience (21) 

Our purpose was to establish the efficacy of hu-
man fibrin glue in preventing coagulative complica-
tions after inguinal hernia repair in patients with coa-
gulation disorders.

A randomized controlled trial of 50 patients un-
dergoing hernia repair according to Lichtenstein’s te-
chnique under local anesthesia was performed. Pa-
tients had concurrent coagulopathies as a consequen-
ce of liver disease or long-term treatment with anti-
coagulants for ischemic heart disease or cardiac
rhythm disturbances. Coagulopathies were defined
according to the following criteria: prothrombin time

<10.5 seconds, activated partial thromboplastin time
<21 seconds, and fibrinogen <230 mg/dL. Patients
were randomized in a 1:1 ratio with (group A) or
without (control group B) use of human fibrin glue.

Postoperative hemorrhagic complications were
significantly reduced in group A (4%) compared with
group B (24%).

This study showed that human fibrin glue is ef-
fective in preventing local hemorrhagic complications
after inguinal hernia repair in patients with concurrent
coagulation disorders. This implies that the use of hu-
man fibrin glue reduces the costs of prolonged hospi-
talization related to such complications.

Conclusions

The important role of the biological sealant in
surgery is highlighted by the long experience acquired
on international level: in fact, so far more than 3,000
scientific papers have been published and millions of
patients have been treated. The literature has always
confirmed the effectiveness of the product and has al-
so demonstrated the excellent local tolerability and the
complete absence of undesirable effects and contrain-
dications.

The authors often report also the favorable cost-
benefit ratio, mainly due to the reduction of the ho-
spitalization time, thanks to the rapid wound healing,
to the early drainage removal and to the reduction of
complications such as hematomas, sepsis, dehiscences
and formation of fistulae (21, 22).

In conclusion, it is possible to affirm that Tissu-
col has to be considered a product with an excellent
efficacy-safety ratio, as a result of more than 30 years
of experience and experimentation. We can certainly
declare that thanks to its properties, it has allowed to
obtain considerable advantages, for example the possi-
bility to improve the surgical procedures and in some
cases to realize new techniques, hard to achieve until
then.
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