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Summary

Fibrin glue is a two-component biological material obtained as result of extemporaneous
preparation of equal volumes of fibrinogen concentrate and thrombin solution. On a mass
scale fibrin glue is acquired either commercially by way of plasma fractionation, or in labo-
ratory setting by chemical precipitation or cryoprecipitate method. Fibrin glue mimics the
blood clotting mechanism. Thrombin converts fibrinogen into fibrin clot, which — due to
hemostatic properties-contributes to sealing the wound and supporting damaged tissue rege-
neration. The clot adheres to adjacent tissues, and the structure becomes a natural scaffold
for precursor and effector cells as well as hematopoietic growth factors that actively promote
wound healing. Fibrin glue has found application as wound sealant mostly for patients with
coagulation factor deficiencies and problems with spontaneous wound repair. The material
1s commonly used i.a. in general surgery (wound sealing or vascular suture), regenerative
surgery (bone implant fixation), plastic surgery (better cosmetic results, prevention of unaes-
thetic scarring), skin tissue regeneration for burn injury, neurosurgery (prevention of cere-
brospinal fluid leak and nerve repair), cardiovascular surgery and stomatology. Fibrin glue
embedded with drugs, antibiotics, cytostatic agents or stem cells, may increase the effective-
ness of therapy and facilitate targeted delivery of active substances for localized drug release.

The aim of the article is to present the current state of knowledge on the methods of prepa-
ration and application of fibrin sealants as well as on other possible use in various fields of

medicine.
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Introduction

For years now, scientists and clinicians have
conducted research to develop a cheap, easily ap-
plicable material to be used both for sealing and
dressing wounds as well as supporting wound
healing — a material that would induce no inflam-
matory responses. An alternative to classical
surgical sutures or suture support are synthetic,
semisynthetic or natural glues which adhere to ad-

J. Transf. Med. 2021; 14: 214-224

jacent tissues through adhesion mechanisms such
as van der Waals forces, capillary forces, hydrogen
bonding, static electric forces, and chemical bonds.
The natural processes of tissue healing and regen-
eration are intensified by glues of natural origin
which are rapidly adsorbed. Moreover, adhesive-
embedded wound dressings create impermeable
barriers against microorganisms and potential
contaminants. Glues can be used together with sur-
gical sutures or as separate dressings/patches, e.g.
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when the tissue is too thin or too sensitive for
classic suturation. The production of tissue ad-
hesives is based on substances such as fibrino-
gen, gelatin, polyethylene glycol, polyacrylate
(e.g. cyanoacrylate), chondroitin sulfate, collagen,
dextran, albumin or chitosan. Literature reviews
show that the most common synthetic prepara-
tions are cyanoacrylate-based adhesives while the
most widely used natural adhesives are based on
fibrinogen concentrate.

Cyanoacrylates are polymers derived from
many molecules of ethyl cyanoacrylate. In the
presence of water polymerization proceeds rap-
idly so cyanoacrylates are widely used not only in
medicine and industry, but also in everyday life, as
the so-called “super glues”. They isolate the wound
completely as they are waterproof and imperme-
able to body fluids. They are not however intended
for internal use due to increased risk of causing
inflammatory reactions. Applied externally, cya-
noacrylates have no toxic properties, although in
rare cases they may induce allergic reactions [1-3].

Unlike synthetic and semi-synthetic adhe-
sives, natural sealants are fully biodegradable.
Moreover, the immune system does not recognize
this biological dressing as a foreign body so no pro-
inflammatory reaction is initiated. An example of
such material are two-component fibrin glues (FG)
also called fibrin sealants (FS) obtained by mixing
solutions of fibrinogen and thrombin in the pres-
ence of calcium chloride. FG also contains factor
XIII and fibronectin. Both solutions, mixed in a 1:
1 volume ratio, give fibrin glue which mimics the
natural blood coagulation mechanism. When mixed

with thrombin, soluble fibrinogen is transformed
into insoluble fibrin. The complicated fibrin net-
work forms a fibrin clot, which has sealing and
hemostatic properties that promote wound healing
(Fig. 1). When the dressing comes into contact with
tissue of enhanced fibrinolytic activity, it is also
advisable to use antifibrinolytic agents (aprotinin
or aminocaproic acid) to delay clot adsorption [4, 5].

The role of fibrin in wound healing

There are three stages of wound healing;
inflammatory phase (stage 1), proliferative phase
(stage 2), remodeling phase which finally leads to
wound closure and scar formation (stage 3).

Apart from its sealing (hemostatic) proper-
ties, the fibrin clot is also a natural matrix/scaffold
for adhesion, proliferation and differentiation of
precursor cells, e.g. fibroblasts. In the first stages
of tissue regeneration, effector and precursor cells
migrate to the fibrin network (the so-called scaf-
fold); growth factors also penetrate into the fibrin
network and initiate the healing process. Tissue-
specific stem cells proliferate and mature into
adult cell type. In the final stage of regeneration,
the clot exfoliates and the wound contracts. The
process of regeneration is additionally intensified
by fibronectin (FN) — a glycoprotein that par-
ticipates in cell growth, migration, differentiation
and adhesion. In the process of healing, the clot
is gradually dissolved by plasmin. The existing
matrix (fibrin network with trapped red blood
cells, platelets, etc) is thus rebuilt into healthy
tissue [4, 6-8].
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Figure 1. Mechanism of action of fibrin glue — simulation of the blood clotting mechanism. Author’s own diagram
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Figure 2. Chemical method of preparation of fibrinogen concentrate using polyethylene glycol (PEG). Author’s own
diagram. RT — room temperature; % m/V — mass-volume concentration; g — spin force

Historical outline

The first attempts at making use of plasma
proteins, fibrinogen and fibrin reach back to the
time of World War I when Gray and Harvey applied
fibrin swabs to control bleeding from the abdominal
parenchymal organs. In 1940, Young and Medawar
used plasma as a natural binder to connect periph-
eral nerves, and in 1944 Cronkite mixed fibrinogen
concentrate with bovine thrombin to obtain the
first fibrin glue which was used for fixation of
skin graft. Cronkite’ s method of glue prepara-
tion has been subjected to constant modifications;
fibrinogen concentration has been increased and
various active substances have been added. In
1949 the production of first cyanoacrylate-based
adhesives was launched but due to high frequency
of allergic reactions attention was soon switched
to natural adhesives e.g. fibrin glue. In 1970 the
first commercial Tissucol fibrin glue was produced
from pooled plasma (Immuno AG). In the 1980s,
other fibrin glue preparations from pooled plasma
were approved for the markets of Europe, Japan
and Canada: Beriplast (ZLB Behring, Germany),
Bolheal (Fujisawa, Japan), Hemassel (Haemacure
Corporation, Canada), Tissel (Baxter, Austria), Tis-
sucol (Baxter, Austria), Quixil (Omrix, Belgium).
In the USA the first commercial glue was approved
in 1998 (Tissel by Immuno AG, now Baxter). The
Food and Drug Administration (FDA) explained the
delay in giving its approval for commercial fibrin
sealants by concern for higher risk of pathogen
transmission; the solvent/detergent (SD) method
for pathogen inactivation in pooled plasma was not
yet in use at the time. The approval for clinical use

of commercial tissue adhesives was given in the
USA only after implementation of improved virus
inactivation techniques such as nanofiltration and
the SD method. As there was no FDA approval
for commercial fibrin glues in the USA, the years
1970-1998 witnessed the development of numer-
ous methods of fibrinogen concentrate preparation
in laboratory setting [3, 4, 9-11].

Methods of obtaining fibrinogen
concentrate — the basic component
of fibrin glue

Chemical methods

The first laboratory methods of obtaining
fibrinogen concentrate were based on chemical
precipitation. Fibrinogen precipitates from plasma
in the presence of chemical substances such as
ammonium sulfate, ether, ethanol, polyethylene
glycol (PEG) or glycine (“cold” precipitation).
One of these substances is added to plasma in
appropriate proportion, then the mixture is incu-
bated in strictly programmed conditions. As result,
fibrinogen precipitates and the supernatant is cen-
trifuged to obtain fibrinogen concentrate which is
then dissolved to a desired volume, e.g. in citrate
buffer (Fig. 2). The preparation may be stored for
up to 3 weeks at —20°C.

To increase fibrinogen concentration, the
polyethylene glycol (PEG) concentration was
increased (by 10-15%) or freezing-thawing of the
precipitate was included. No doubt, chemical pre-
cipitation has the advantage of producing higher
yields of fibrinogen concentrate but it must be
kept in mind that the chemical substances cannot
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be completely eliminated from the final material.
Moreover, by increasing PEG concentration the
amount of impurities in the final product grows
and residual amounts of chemical compounds
may affect the physical and chemical properties
of fibrin glue. Residual ethanol for instance may
accelerate clotting and activate factor XIII which
renders the clot less resistant to stretching. When
the procedure is performed in an open system, as
is the case with chemical precipitation, even the
use of sterile disposable equipment does not reduce
the high risk of bacterial contamination. Due to
the above-mentioned limitations of the chemical
method (sterile reagents and sterile disposable
equipment, preparation in an open system in class
A clean rooms), more attention is now being paid
to cryoprecipitation. The cryoprecipitate method
allows to isolate fibrinogen concentrate in a closed
system which markedly reduces the risk of patho-
gen transmission [10, 12, 13].

Cryoprecipitate method

The starting material for isolation of fibrino-
gen concentrate is autologous or allogeneic plasma
obtained from whole blood either by manual or
automated plasmapheresis. Allogeneic plasma
must be subjected to quarantine or pathogen inac-
tivation with one of the PRT inactivation systems
(Theraflex MB Plasma, Mirasol PRT, Intercept).
The plasma must also be ABO and RhD compatible
with the recipient’s blood type. Cryoprecipitate
method consists in slow thawing of one unit of
fresh frozen plasma (FFP) at 2-6°C, followed by
centrifugation to obtain 20 to 30 ml of cryoprecipi-
tate rich in plasma proteins such as: fibrinogen,
fibronectin, factor VIII, IX and von Willebrand
factor (Fig. 3). The material can be stored for up
to 12 months at —80°C or up to 4 hours at room
temperature [2, 4, 5, 9].

The concentration of fibrinogen is lower
than that obtained with chemical precipitation.
However, the material has the advantage of be-
ing prepared within a closed system with sterile
connection device (SCD) used for cutting tube
segments which markedly reduces the risk of
pathogen transmission. Fibrinogen concentration
can be increased by applying additional isolation.
In contrast to commercial products, where the
amount of active substance per vial is standardized
(same amount for each batch), laboratory-prepared
(in house) fibrinogen concentrates are not. Factors
such as quality of raw plasma, donor characteri-
stics as well as conditions of collection, preparation
and storage may affect fibrinogen concentration.

Manual method
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Figure 3. Fibrinogen concentrate prepared by cryoprecip-
itate method. WB — whole blood; RBCC — red blood cell
concentrate; FFP — fresh frozen plasma; V — (average)
volume. Author’s own diagram

In laboratory conditions fibrinogen concentrate is
prepared approximately within two days of blood/
/plasma collection. The fact should be taken into
account while planning the procedure; it is of
particular significance in the case of autologous
preparation [10, 12, 13].

An automated CryoSeal system was devel-
oped (Thermogenesis, USA) which allowed to
shorten preparation time and obtain 4 portions
of fibrinogen concentrate and thrombin solution
from one unit of plasma in a closed system. The
CryoSeal system consists of a cryochamber,
a Thrombin Processing Device (TPD) kit and a set
of 4 pairs of 3 ml barcoded syringes. Fibrinogen
concentrate is obtained by cryoprecipitate method,
and thrombin is produced through activation of
plasma prothrombin by negatively charged ce-
ramic beads. When the process is terminated, the
syringes are filled with equal volumes of thrombin
solution and fibrinogen concentrate (Fig. 4). At
application, the two solutions mix to give fibrin
glue. The whole procedure lasts approximately
60 minutes. The Vivostat (Vivostat A/S, Denmark)
1s another available system though based on whole
blood instead of plasma. Whole blood collected
from the patient is subject to chemical precipita-
tion. In this system, biotin-batroxobin mixture and
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Figure 4. CryoSeal (Thermogenesis) system [10]

buffer with appropriately selected pH are used to
obtain fibrinogen concentrate and thrombin. In the
Vivostat system the entire procedure takes ahout
30 minutes [8, 10].

Fibrin glue — properties and application

The physical and chemical properties of fi-
brin glue primarily depend on the concentration of
thrombin and fibrinogen. Higher thrombin concen-
tration induces faster clot formation; at low throm-
bin concentration (400 IU/ml), the clot is formed
within a minute, with higher thrombin concentra-
tion (2000 IU/ml) and 3:1 thrombin/fibrinogen ratio
the clot is formed within seconds. Higher thrombin
concentration is preferable for rapid wound sealing,
while lower concentrations are better for proce-
dures requiring time and precision (skin grafting).
On the other hand, the higher fibrinogen concen-
tration, the stronger tissue adhesion with positive
impact on bleeding arrest. Sometimes thrombin is
replaced by batroxobin — a thrombin-like serine
protease from the venom of Bothrops atrox moojeni.
Batroxobin binds fibrin with higher affinity than
thrombin, and is not inhibited by antithrombin and
antithrombin homologs [6, 9, 14-17].

To date, numerous modifications of fibrin
glue have been developed. Dyes (such as indigo
carmine) have been added to the otherwise col-
orless material to facilitate glue application and
to mark the wound site. To upgrade the physical
properties of fibrin glue, research is underway to
develop mixtures of fibrin with other materials
(hybrids), e.g. to obtain fibrin-chitosan or fibrin-
alginate. This would largely expand the scope of

Syringe

Application needle

Duploject double
syringe clip

Connecting device

Figure 5. DUPLOJECT syringe for application of fibrin
glue (source: Tissel product characteristics — http://
chpl.com.pl/data_files/2012-12-03_v2_20121122_tisse-
al_frozen_spc.pdf) (access: 10.10.2021)

application of fibrin glue. Apart from modifications
in proportion or composition of fibrin glue, various
active substances such as antibiotics or stem cells
can also be added (section “Fibrin glue as carrier of
active substances”). Tissue adhesives are quickly
absorbed at application site (after 3 weeks on aver-
age) [7, 17].

Commercial fibrin glues (Tissel, Beriplast
etc.) are available as frozen or in form of lyophilis-
ate. The material is prepared immediately before
use — it is dissolved in a special buffer or thawed
at the temperature indicated by the manufacturer.

Laboratory-prepared fibrin glues are usually
stored frozen and thawed at 37°C. Glue is applied
by extemporal mixing of the two basic components
1.e. fibrinogen concentrate and thrombin solution to
form a fibrin clot at the bleeding site. The compo-
nents of fibrin glue are mixed either simultaneously
or sequentially. When both substances are applied
simultaneously, a two-syringe set with a com-
mon cannula is used, which, if necessary, can be
extended with a teflon tube (for hard-to-reach ap-
plication site, endoscopic surgery) (Fig. 5) [2, 10].

The components of fibrin glue can also be
mixed sequentially in a Petri dish to obtain a thin,
film-like layer of glue to be transferred to the surgi-
cal field. Some procedures, like skin grafts require
separate application of the component, eg thrombin
solution on facial muscles, and fibrinogen solution
on the transplanted tissue. For a large surgical
surface or a minor-bleeding area spray application
is recommended which allows to obtain extra thin
layers of fibrin. The volume of the applied glue
depends on numerous factors such as applica-
tion method (syringe/spray), site (dry/wet tissue,
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Figure 6. Drug release kinetics 1) common drug 2) drug
with prolonged release. Author’s own drawing

good/poor adhesion), size of the treated area and
the presence/absence of bleeding. The volume of
1 cm? of fibrin glue has been demonstrated to cover
the surface of 10 cm? with syringe and 25 cm? with
spray application [2, 3].

Fibrin glue as carrier of active
substances

The unique features of fibrin, such as network
structure, biocompatibility, controlled biodegrad-
ability or potential for target delivery of active sub-
stances, render it a suitable carrier for antibiotics,
cytostatic agents, growth factors and stem cells,
bacteriophages or genetic vectors. Comparison of
drug kinetics (curve 1, Fig. 6,) and kinetics of the
cross-linked form — drugs immobilized in fibrin
glue (curve 2) shows the latter to have prolonged
and targeted action, so the concentration of active
substances in blood does not fluctuate ( therapeutic
range is above the subthreshold and toxic ranges).
This is brought about by constant, slow release of
active substance from the drug-embedded fibrin
glue. Therapy with cross-linked substances is
therefore more effective [18].

Site-directed application of drug-embedded
fibrin glue (e.g. with lidocaine, sisomycin, doxoru-
bicin) may support postoperative pharmacotherapy.
Physicians from Harbin Medical University have
successfully used sustained-release lidocaine from
fibrin glue to relief post-tonsillectomy pain and
subpectoral breast augmentation. In the absence
of metastases, the punctual effect of cytostatics
delivered to tumor site via fibrin carrier, may be
used as alternative to devastating chemotherapy.
Mesenchymal stem cells (MSCs) suspended in the
fibrin network were applied for esophageal recon-
struction (stromal cell autografting), regeneration
of damaged peripheral nerves and skin regenera-
tion [19-22].

An open wound is the gateway for microor-
ganisms and fibrin glue (like plasma) —an ideal
medium for their growth and multiplication. Al-
though fibrin has been demonstrated to delay
colonization of microorganisms to the wound,
antibiotics are sometimes added to either com-
ponent of fibrin glue with the aim of inhibiting
bacterial infection. Wound-healing is accelerated
and antibiotic activity significantly extended
which counteracts drug resistance. Staphylo-
coccus aureus for instance, has been shown to
activate prothrombin through its own coagulases
and to form a fibrin “shield”. On the other hand,
the pathogen has been demonstrated as easily
removed from the organism due to adhesion to
fibrin. Scientists from the Department of Cardiac
Surgery at the University of Tokyo evaluated the
effectiveness of site-directed delivery of vanco-
mycin-embedded fibrin sealant to Staphylococcus
aureus (MRSA strain)-infected hospital rats.
Following application of vancomycin-embedded
fibrin glue, small amounts of vancomycin were
detected in rat serum whereas no bacteria were
detected in microbiological tests. Targeted ad-
ministration of antibiotic-saturated fibrin glue
was therefore found to resolve infection with
no significant effect on the rest of the organism.
The study also assessed sustained vancomycin
release from fibrin and disc diffusion assays
were performed to detect vancomycin-resistant
Staphylococcus aureus MRSA. Vancomycin release
from fibrin glue lasted 14 days and the antibac-
terial activity was strong throughout the period
[24]. It must be noted however that antibiotics
added to components of fibrin glue may alter the
physical properties of fibrin, e.g. clotting time or
adhesive strength. Greco et al. demonstrated that
cefotaxime disturbs the process of clot formation.
The effect of mesocillin on adhesive strength of
fibrin glue was also observed. The study of Kram
et al. demonstrated that gentamicin and neomycin
extend clotting time. In conclusion, the proper-
ties of the clot as well as time of clot formation
should always be checked in laboratory setting
before using fibrin glue as a drug delivery system
[7, 14, 23-25].

In some cases, eg. when a bacterial biofilm
1s formed or infections caused by drug-resistant
bacteria occur, the application of bactericidal or
bacteriostatic agents may prove insufficient. Ac-
cording to recent scientific reports, bacteria are
becoming increasingly resistant to most common
antibiotics, which only suggests that in the future
antibiotics may prove completely useless. Phage-
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based therapy seems to be the solution here. Scien-
tists led by Evgenia Rubalski investigated the use
of fibrin glue with embedded PA5 bacteriophages.
Biocompatibility of bacteriophages embedded
in the fibrin network was studied with scanning
electron microscopy (SEM); the release was moni-
tored and activity against Pseudomonas aeruginosa
(responsible for most hospital-acquired infections)
was measured. Numerous bacteriophages were
shown to be evenly incorporated into the fibrin
network, and the structure of bacteriophage-fibrin
glue was identical with control glue. PA5 phage
release was observed an hour after immobiliza-
tion, and continued until fibrin breakdown (about
11 days). After the blood clot is resolved products
of fibrin degradation remain in the blood stream
with no influence on bactericidal effect of phages.

Other types of viruses, e.g. viral vectors
with transgenes can also be site-delivered with
fibrin glue. In 2010, study reports appeared on
successful use of fibrin glue with an adenovirus
vector and f-galactosidase transgene for trans-
formation of eukaryotic cells. Cells transfected in
a mixture of fibrin glue and vector contained more
p-galactosidase transcripts than cells transfected
with the virus alone. The supportive effect of
fibrin glue may be important for upgrading the
techniques of site-directed therapy for genetic
diseases (absence of enzyme, topical treatment)
or for development of more effective viral vector-
based vaccines [27].

Clinical application

Fibrin glue has found wide application in many
fields of medicine as sealant, adhesive, healing aid
or for facilitating site-delivery of active substances.
As emphasized earlier, changes in the concentra-
tions of the two basic components of fibrin glue may
significantly affect the nature of the clot [3, 9, 13].

Regenerative surgery

Regenerative medicine uses fibrin glue for
bone reconstruction. Fibrin network serves as
a scaffold and supportive material for bone debris
or bone-forming cells (osteoblasts), incorporated
into the broken, chipped or fractured sites. Bony re-
construction is usually based on bone grafts or syn-
thetic bone implants (e.g. made of stainless steel).
Homogeneous biografts are rare while synthetic
bone substitutes are usually maladjusted, integrate
poorly and are susceptible to fibrosis instead of be-
ing osteoinductive. A modern bone bio-substitute
should consist of a scaffold (fibrin network), bone

debris or osteoblasts, and substances which stimu-
late new-bone development and growth. For joint
injuries or fine-grained fractures (with small bone
fragments) traditional methods of graft immobiliza-
tion (metal plates, wires and screws) do not work.
Cavities of less than 1 cm in diameter can be “re-
paired” with bone debris with fibrin glue. Compared
to traditional materials such as wires and screws,
fibrin glue is absolutely natural, the components
may be autologous and properties modified by al-
tering the concentration of the basic components.
For better wound healing, the preparation can be
enriched with platelet-rich plasma or platelet con-
centrate which contains numerous growth factors
to support tissue regeneration (platelet-derived
growth factor, PDGF; transforming growth factor
TGF etc.). Such implants have osteoinductive
and osteoconductive properties and are fully bio-
compatible, the patient therefore does not have
to be subjected to re-surgery for screw or wire
removal. Moreover, during the clotting process,
fibrin integrates the elements of tissues and graft
which markedly facilitates surgeon’s work. Fibrin
glue also supports cartilage, tendon and ligaments
repair. Scientists from Sao Paulo research center
removed 5 mm fragments of rat thighbone (femur)
and the defect was filled with a mixture of fibrin,
calcium phosphate and stem cells. Following the
period of convalescence, spontaneous differentia-
tion of cells into osteoblasts was observed as well
as gradual deposition of bone matrix on a fibrin
scaffold (C.V. Cassaro, L.A. Justuli, 2019) [32].
A Chinese research group used an in vitro pre-
pared chondrocyte-microtissues laden fibrin gel
scaffold for reconstruction rabbit’s ear (A. Noori,
S.J. Ashrafi, 2017) [18]. Technological advancement
opens opportunities for fibrin glue application still
further. An example here is bioink for 3D printing
of the desired tissue [9, 18, 28].

Fibrin glue is also used in reconstructive urol-
ogy. In a study performed by a center in Texas,
fibrin glue was successfully applied for reconstruc-
tion of the organs of gentitourinary tract in 17/18
men. No incidents of hematoma, seroma or pleural
effusion were reported. Postoperative complica-
tions occurred in 1/18 patients and were rather
related to the patient’s preoperative condition as
well as complexity of the procedure itself [29].

Aesthetic medicine

In aesthetic surgery, fibrin glue is primarily
used for affixing/securing large skin surfaces or
skin grafts (particularly in facial or hand burns).
Numerous experiments demonstrate that the use
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of fibrin sealant in aesthetic surgery increases the
chances of skin graft tolerance; the graft adheres
more firmly, has a longer life span, fewer hemato-
mas are formed, and the wound requires no special
drainage. Sutures are more flexible than surgical
threads, and the final scars are more pleasing to
the eye which is of crucial importance in aesthetic
surgery. Fibrin glue can be applied in hard-to-reach
sites or in places susceptible to bending or stretch-
ing. It has been proved beneficial for face lifting
and wrinkle removal e.g. in neck modeling with
fascial and temporal muscle suspension. Fibrin
glue is also used in burnt wound cleansing, oral
and maxillofacial surgery, in otorhinolaryngology,
e.g. mandible reconstruction or filling in empty
spaces after a surgical intervention (tissue exci-
sion). Treatment with fibrin has been shown to
reduce the frequency of seroma, eg. during breast
and arm-pit surgery.

Application of fibrin glue to 100 patients
undergoing facial surgery, eliminated the need
for drainage, dressings or use of compression
underwear. No postoperative complications were
observed and the patient’s satisfaction and well-
being were much improved. Additionally, prolif-
eration of granulation tissue at wound-site was
observed to increase significantly. Physicians from
the South Alabama University searched hospital
archives for medical histories of patients with
burns on 10% of body surface. They compared the
effects of two techniques of skin grafts fixation;
with fibrin glue (study group) and staples (control
group). In the study group, transplant rejections
were much less frequent, and on average patients
were discharged two days earlier than control
patients. A Philadelphia center reported shorter
surgery time by approx. 40 minutes and convale-
scence by approx. 3 days. There was no need for
negative pressure wound therapy for patients with
split-thickness skin grafting (STSG). In another
study, neck contouring with fibrin sealant was
performed and convalescence was shortened from
7-10 days to 2-3 days with reduced post-surgery
swelling, petechiae and less frequent seroma.
During a face lifting procedure, a research team
from California center used fibrin glue only on
half of the face surface. 24 hours after surgery,
seous fluid was collected; 10 ml from the fibrin
glue-treated part and 30 ml from the other half.
Physicians from a center in Nottingham applied
fibrin for removal of hair cyst from the sacrococ-
cygeal region (pilonidal cyst). After two rounds
of curettage, the method was found 97% effective
[9, 26, 30-36].

Other applications of fibrin glue

Apart from wide application of fibrin glue in
regenerative medicine and aesthetic surgery, the
sealant is also used in dental surgery, general sur-
gery, ophtalmic surgery, laryngology, neurological
surgery, cardiovascular surgery, thoracic surgery,
gynecology and urology.

Fibrin glue is administered to patients with
coagulation disorders (haemophilia A, B, or von
Willebrand’s disease) when surgery or tooth ex-
traction is indicated. Fibrin glue achieves hemo-
stasis in patients with prolonged clotting time on
anticoagulant medication.

The decision to apply fibrin glue does not
necessarily mean discontinuation of anticoagulant
therapy. Hemostatic properties of fibrin may af-
fect the number of transfused blood components
(FFP rich in coagulation factors) and contribute to
rational blood management. Moreover, fibrin glue
adheres to moist and slippery tissue surfaces and
can therefore be applied in parenchymal-sparing
surgery. Its application reduces the risk of bleeding
from the testicles, liver, kidneys, spleen or pan-
creas and the flesh is more likely to be spared from
partial or total resection. Fibrin glue has also been
found effective in endoscopic surgery of gastric
ulcers, ruptured esophageal varices or closure of
perianal and rectovaginal fistulas. Physicians from
a South Korean center applied fibrin glue for fixa-
tion of surgical mesh in 78/160 patients subjected
to inguinal hernia repair. Patients who were admin-
istered fibrin glue required fewer painkillers than
patients who were treated with traditional staples
(H. Vossoughinia, M.A. Zarringhalam, 2020) [36].

The effectiveness of fibrin embedded with
adipose tissue stem cells (ATSCs) was evaluated
at Marmara University for the treatment of rats
following delayed tooth replantation. Stem cell-em-
bedded glue was used to bind teeth and was found
to accelerate regeneration and reduce ankylosis
(teeth stiffening so frequent after tooth replanta-
tion) by 61% as compared to control. Scientists
from the Ahmedabad center tested the viability of
human dental pulp stem cells (HDPS) in 2D and
3D fibrin scaffolds of various concentrations. They
found that 25% fibrin glue prolongs HDPS viability
which may be of great importance for regenerative
endodontics [9, 36-40].

Fibrin glue is also in common use for eye sur-
gery. Surgical suture of eye tissue often leads to red
eye symptoms, irritation, infection, and sometimes
even transplant/graft rejection. Natural tissue
adhesives (e.g. fibrin) are a much safer and more
convenient for tissue binding in ophthalmology. Fi-
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brin glue is used for eye reconstruction and eyelid
surgery, conjunctival closure following pterygium
excision, strabismus surgery, closure of corneal
perforation and corneal ulcers, cornea transplant
or to prevent leakage following glaucoma surgery.

Fibrin glue is also used by otolaryngologists
during tympanoplasty, tonsillectomy, and other
head- and- neck involving procedures. Doctors
from the Catholic University of Korea described
the novel procedure of applying commercial Tis-
sel glue for endoscopic nasopharyngeal angio-
fibroma removal. Endoscopic tumor surgery is
burdened with heavy bleeding so the procedure
is difficult often brings about complications. How-
ever, it also helps to limit disease recurrence.
Fibrin glue seals blood vessels, arrests bleeding
and helps to avoid embolization which is another
source of further postoperative complications.
Endoscopic injections of fibrin glue were used
by physicians from several Iranian centers for
pharyngocutaneous fistula (PCF) removal after
complete laryngectomy. Fistula closure was re-
ported after a month which suggests that fibrin
glue can be effectively used for fistula repair in
otolaryngology [9, 25, 39-42].

Fibrin glue is also used in neurological sur-
gery. Cerebrospinal fluid consists mostly of water
(approx. 99%) with small amounts of proteins
(e.g. coagulation factors) so it has no hemostatc
properties. Fibrin glues are used to stop the leak-
age of cerebrospinal fluid during such procedures
as dura mater repair or intracranial meningeal
hernia closure. Physicians from a center in Rome
applied Hemopatch with fibrin glue as dural seal-
ant in cranial and spinal surgery of 22 patients. No
cerebrospinal fluid leaks were reported. Moreover,
they confirmed the effectiveness of fibrin glue for
microvascular decompression, rhizotomy, laminec-
tomy (removal of spinous processes and vertebral
arches) and tumor craniotomy. The outcome of
studies on rat models demonstrated that neuro-
trophic factor-embedded fibrin glue can success-
fully be used for targeted therapy [9, 43].

In cardiovascular surgery, small amounts of
glue are used for sealing complex sutures, for
circulatory atomosis and immobilization of venous
cannulation. Fibrin glue has been demonstrated as
effective for heavy mediastinal bleeding, for stop-
ping pericardial fluid discharge or for arterial suture
sealing. One study suggested that connective tis-
sue growth factor (CTGF) embedded adhesive can
be effectively used for covering vascular prosthe-
ses. Z. Yan, J. Wei et al. used glue for embolization
and sclerotherapy in arteriovenous malformation

and found that in 20/25 patients the frequency of
embolic episodes was reduced by 90%, by 75% in
3 and by 50% in 2. The results are clearly indica-
tive that procedures supported by fibrin glues are
absolutely safe and effective for treatment of small
and medium congenital maxillary defects [9, 44].

Application of fibrin glue in thoracic surgery is
more problematic due to the anatomical structure
and physiological properties of the lungs (constant
volume change, moist surface). Despite the ob-
stacles, fibrin glue is successfully applied to stop
postoperative air leakage (during segmentectomy
or lobectomy), for closure of bronchopleural fistu-
las, or for suture reinforcement following thora-
cotomy. Already in 1993, there appeared reports on
successful application of fibrin glue in pleurodesis
of neonatal persistant pneumothorax. Scientists
from the Tokyo center reported reduction in the
incidence rate of postoperative complications fol-
lowing partial lung cancer surgery and the use of
fibrin glue [9, 44-47].

Fibrin adhesives have also found application
in gynecology, eg. in preterm prelabor rupture of
membranes (PPROM) which result in higher peri-
natal morbidity and mortality. The adhesive was
injected prior to cervical cerclage insertion and in
the days that followed it was prophylactically ap-
plied into the genital tract to stop further leakage.
Integration of the amniotic and allantoic fluids was
reported. Intrauterine infections were infrequent.
In urology, on the other hand, fibrin glue is used to
repair bladder fistulas, in nephrectomy, renal tu-
mor and cyst resection. As compared to traditional
methods of stones removal, the use of fibrin glue
results in fewer recurrences. Since 2005, there have
appeared reports on the use of fibrin glue as sealant
for 3-suture vasovasostomy. One of the advantages
is shorter procedure time [48, 49].

Further advancement in traumatology may be
the development of autologous fibrin bandages.
A biological bandage obtained from autologous
blood would not only arrest bleeding (like ordinary
gauze dressings) but would also actively support
wound repair [9].

Summary

Application of fibrin glues is a non-invasive
method of supporting tissue regeneration and
wound healing. The preparations are increasingly
safe as they are based on fibrinogen concentrate
obtained either from autologous plasma or from
pathogen inactivated allogeneic plasma. Moreover,
fibrin glues prepared in a closed system of labora-
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tory setting significantly reduce the risk of bacteria
transfer. Fibrin glues are routinely used in various
fields of medicine but on top of that, adhesives are
increasingly popular in targeted chemotherapy or
modern genetic engineering. Despite extensive
literature which illustrates the effectiveness of ad-
hesives in various areas of surgery, in Poland fibrin
glues are not so common. The aim of the paper was
therefore to proximate the issues related to fibrin
glue, with special focus on the increasingly wide
scope of their application.
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