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What is the effect of Bioglue® tissue adhesive on saphenous
vein graft endothelium exposed to high pressure? An

experimental model

Bioglue® doku yapistiricisinin yiiksek basinca maruz kalan safen
ven greft endoteline etkisi nedir? Deneysel bir model
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ABSTRACT

Objective: This study aims to investigate the effect of BioGlue (BG) in preventing cellular
damage due to pressure increase in saphenous vein grafts (SVGs) used in coronary artery
surgery.

Method: Twenty volunteers were accepted into this ex vivo study. SVGs were kept in
circulation in the cardiopulmonary bypass (CPB) machine for 60 minutes at a pressure of
120 mmHg and a flow rate of 250 ml/min.

Results: In the BG treatment group; Type 1 endothelial damage was observed in five
samples (25%), Type 2 endothelial damage in nine samples (45%), and Type 3 endothelial
damage in two samples (10%). No endothelial damage was observed in 4 samples.
Conclusion: It was observed that the application of BG on the saphenous vein graft under
high pressure did not cause endothelial damage due to tissue stiffness that developed.
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Amac: Bu calismanin amaci koroner arter cerrahisinde kullanilan safen ven greftlerinde
(SVG) BioGlue’'nun (BG) basing artisina bagl hiicresel hasari 6nlemedeki etkisini
arastirmaktir.

Yontem: Bu ex vivo calismaya yirmi gonilli kabul edildi. SVG'ler, 120 mmHg
basingta, 250 ml/dk akis hizinda kardiyopulmoner bypass (CPB) makinesinde 60 dakika
sirkiilasyonda tutuldu.

Bulgular: BG tedavi grubunda; bes 6rnekte (%25) Tip 1 endotel hasari, dokuz 6rnekte
(%A45) Tip 2 endotel hasari ve iki 6rnekte (%10) Tip 3 endotel hasarl gozlendi. Dért
ornekte endotel hasar1 gézlenmedi.

Sonug: Safen ven greftine yliksek basing altinda BG uygulamasinin gelisen doku sertligi
nedeniyle endotel hasarina neden olmadigi gézlendi.

Anahtar kelimeler: Koroner arter hastaligl, safen ven grefti, endotel hasari
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INTRODUCTION

The aim of coronary artery bypass graft (CABQ)
is to increase the quality and duration of life.
Therefore, it is important that the grafts used have
a high patency rate. It is known that the patency of
saphenous vein grafts (SVGs) is shorter compared
to arterial grafts. Many factors affect patency rates
in SVGs. Among these, the surgical techniques
used are as important as the risk factors of the
patient.

In one study, the angiographic patency rates of
both arterial and venous coronary grafts were
95.7%, 90.1%, and 92.2% in the early period,
first year, and fifth year, respectively. SVGs
angiographic patency rates were found to be
93.1%, 85.6%, and 91.3%, respectively (1).

Thromboembolic events in the saphenous vein
due to early endothelial damage may cause graft
occlusion (2). Therefore, minimizing SVG damage
will significantly increase the quality of life and
duration of patients. After CABG operation,
tension-related endothelial damage occurs in
the SVG wall exposed to arterial pressure. The
inflammatory process begins secondary to this
developing damage. Uncontrolled proliferation
and cell migration in endothelial cells, hyperplasia
in vascular smooth muscle cells, and myofibroblast
formation result in neointimal hyperplasia (3,4).
Therefore, SVG occlusion may develop in the
early period. In order to prevent endothelial
damage secondary to high arterial pressure, there
are many studies in the literature on perivenous
support treatments, tissue adhesives, and medical
treatments (5-7).

This study aims to show the effect of hardening
that occurs when BioGlue (BG) is applied to the
tissue on SVG endothelium under high pressure.

MATERIALS AND METHODS

This ex vivo study was initiated after the local
ethics committee’s approval (Ethics Committee
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Date: 16/06/2021 No: 2021-11/4). Our
experiment was performed on SVG taken from
patients who underwent coronary artery surgery
in a cardiovascular surgery clinic. Twenty patients
were included in our study. For the experiment,
two saphenous veins with an average length
of 3 cm were prepared from each patient. The
materials were divided into two groups. The
first group is the treatment group, and BG was
applied to the outer surface of the saphenous vein
by squeezing. The second group was called the
control group and the saphenous vein was used
without any treatment. A total of 40 test samples
were examined.

Pine-tipped cannulas were connected to both
ends of the SVGs. The stoppers on the venous
line side of the pine-tipped cannulas inserted
into the saphenous vein were removed. Thus, the
obstructing pressure factors in the flow direction
were removed. An arterial system model was
created using a cardiopulmonary bypass (CPB)
machine by connecting an arterial line to one
end of the saphenous vein and a venous line
to the other end (Figure 1). A manometer was
connected to the venous line to measure the
pressure of the saphenous vein. BioGlue®
(Cryolife Inc., Kennesaw, GA) was sprayed onto
the exterior of one of the SVGs and allowed to dry
for 3 minutes. This material was included in the
treatment group. The other SVG did not receive
any treatment and was included in the control
group. This arterial system model was exposed to
blood flow for 60 minutes at an average pressure
of 120 mmHg and a flow rate of 250 ml/min using
a CBP machine. In the experiment, the patient’s
own blood was used in the CPB machine. At the
end of the experiment, the materials were sent to
the laboratory for histopathological examination.

In this experimental study, patients who underwent

surgery,
surgery, had insufficient saphenous vein graft,

off-pump underwent emergency
had hematologic or oncologic comorbidities, and

were not volunteers were excluded.
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Figure 1. A: Perivascularly applied BG for external support to one of the saphenous vein grafts prepared from the same patient.
B: Establishment of the experimental setup and creation of the artery model using the CPB machine.

Histopathological examination

The extracted SVGs were stored for 24 hours in a
10% buffered formaldehyde solution. Preparations
stained with hematoxylin-eosin (H&E) were
examined and the preparations that best
represented vessel morphology were selected.
In the immunohistochemical study, endothelial
markers CD31 (clone EP78) rabbit monoclonal
antibody Cell Marque and CD34 (clone QBend-10)
mouse monoclonal antibody Cell Marque dyes
were used. Immunohistochemical staining was
performed with an automatic stainer (Ventana
BenchMark Ultra).

The  histomorphological  classification  of
endothelial damage was made according to the
classification made by Ip et al. as follows (8).

No damage: All endothelial cells are
interconnected. There is no change in cell sizes
and no separation between layers.

Type 1 damage: Endothelial cell integrity is
preserved and all the cells are in contact with
each other, but a decrease in the diameter of the
endothelial cells is observed. There are slight
separations in the intima and/or media layers of
the vessel.

Type 2 damage: The connections between
endothelial cells are broken in places and there
is a loss of endothelial cells in places. There are
more distinct separations in the intima and/or
media layers of the vessel (Figure 2).

Type 3 damage: The endothelial cell layer is lost.
There are significant separations in the intima
and/or media layer of the vessel (Figure 2).

Statistical analysis

The data are categorical and calculated using IBM
SPSS Statistics v.25. The Chi-Square method was
used to analyze two independent categorical
data. Pearson Chi-Square method was used for
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Figure 2. A: Localized loss of endothelial cells (black arrows) and separation in the intimal layer (white arrows) (H&E, x4).
B: Endothelial cells marked with CD31 and areas of endothelial cell loss in between (black arrows) (CD31 IHC, x10).

C: Significant loss of endothelial cells (black arrows) and marked separation of layers (white arrows) (H&E, x10). D: No labeling
of the endothelium with CD31 (black arrows). Adhesive surrounding the vessel is indicated by white arrows (CD31 IHK, x10).

analysis if the expected count below 20% of the
cells was less than 5 cells. Fisher’s Exact Test was
used when over 20% of the cells’ expected count
was less than 5 cells. Continuity Correction was
used when the expected value over 20% of the
cells was between 5-25 and Pearson Chi-Square
was used when the expected value over 20% of
the cells was greater than 25.

RESULTS

When endothelial damage classification is
made, no significant injury was observed in four
specimens (20%) in the control group, type 1
injury was detected in seven specimens (35%),
type 2 injury in seven specimens (35%), and
type 3 injury in two specimens (10%). In the BG
treatment group, Type 1 endothelial damage
was observed in five samples (25%), Type 2
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endothelial damage in nine samples (45%), and
Type 3 endothelial damage in two samples (10%).
No endothelial damage was observed in four
samples (20%) in this group.

In the control group, an increase in SVG diameter
secondary to increased intraluminal pressure and
endothelial damage due to severe distension
occurred. There was no significant change in the
saphenous vein diameter in the treatment group.
Hardening was observed on the saphenous vein
due to BG application. Therefore, endothelial
damage secondary to intraluminal pressure is
less developed. Similar endothelial damage
and tunica media defects were observed in the
histopathological examination of both groups.
When the results are compared, a similar number
of endothelial damages were observed in the
treatment group and the control group (Table 1).
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Table 1. Distribution of saphenous vein injury in the groups as per classification.

Vascular damage class Group 1 (BG) (n: 20) Group 2 (Control) (n: 20) P value
No injury n (%) 4 (20) 4 (20) 1.000
Type 1 Endothelial damage n (%) 5 (25) 7 (35) 0.490
Type 2 Endothelial damage n (%) 9 (45) 7 (35) 0.519
Type 3 Endothelial damage n (%) 2 (10) 2 (10) 1.000

DISCUSSION

The long-term success of CABG operations
is closely related to the patency rates used.
Endothelial damage in venous grafts results in
neointimal hyperplasia which plays an important
role in morbidity and mortality by causing graft
occlusion.

Multiple factors cause bleeding in heart surgery,
increasing both morbidity and mortality. BioGlue®
is a two-component surgical adhesive that
contains 45% pure bovine serum albumin (BSA)
and 10% glutaraldehyde. The two components
are administered in a predetermined ratio from
a double-barrel syringe and mixed within the
delivery tip. The glutaraldehyde molecules
covalently connect (crosslink) the BSA molecules
to each other and, when applied, to the tissue
proteins at the healing site, forming a mechanical
closure that is independent of the coagulation
cascade (9).

Perivascular application of fibrinogen glue on
the saphenous vein showed a protective effect
against endothelial damage secondary to high
intraluminal pressure. In this study, Fibrin Glue
(FG) application showed that it provided external
support to the graft without any chemotactic
effect and provided primary protection for the
graft against endothelial damage caused by high
pressure. For this reason, we believe that graft
patency rates will be better thanks to the effect
of preventing endothelial damage caused by the
mechanical and chemical means, as well as the
hemorrhage-stopping effect of FG. However,
more in vivo studies are needed to investigate the
effects of the graft in the long term (9). Azadani et
al.'° reported that normal physiological vascular

dilatation may be limited due to the mechanical
strength it creates around the BG tissue. The effect
of BG on tissue support on human SVG segments
is comparable to our study of cyanoacrylate,
another tissue adhesive used (6). We show that
the perivenous cyanoacrylate adhesive support
provides external support to the graft without
any chemotactic effect in SVGs and provides the
vaccine’s primary protection against damage
from excessive stress. We achieved the same
protective effect in this study.

Stoker et al. conducted a similar investigation
on the saphenous vein at modest intraluminal
pressures (60 mmHg) and found that providing
appropriate external vein support with fibrin
glue prevented severe straining and endothelial
damage (11). The distinction between our study
and theirs is that we showed that BG protects
against alterations in SVG under 120 mmHg
pressure. Table 1 summarizes the findings of our
research. In 2011, the case report of Han and
friends found a narrowing in the SVG secondary
to the use of BG in a patient who underwent
coronary bypass and reported that this narrowing
developed due to the use of BG (12). In this
report, we think that BG is used when there is no
pressure in the saphenous vein and that stenosis
is caused by the mechanical compression effect of
BG. In our study, no stenosis was observed in the
SVG, since we applied BG under pressure.

Ip et al.® divided endothelial injury into three
types. Endothelial damage was defined as: type
1 injury: normal morphology despite functional
changes in the endothelial layer; type 2 injury:
endothelial layer detachment, local peeling,
and preservation of the inner elastic lamina and
medial layer despite intimal damage; type 3
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damage: peeling of the endothelial layer followed
by the formation of lower endothelial tissue and
intimal and medial damage in the corresponding
classification. They reported that especially type 3
injury may result in stenosis and occlusion in the
coronary artery. Table 1 summarizes the findings
of our research.

Okazaki et al.'® classify endothelial damage in five
stages.

Stage 1: normal morphology

Stage 2 and 3: minor or widespread adhesion of
blood cells (corresponding to type 1 injury)
Stage 4: rarely isolated detachment of endothelial
cells (corresponding to type 2 injury)

Stage 5: generalized endothelial cell deficiency
(corresponding to type 3 injury)

In particular, the development of type 3 (stage
5) injury and the formation of a common lower
endothelial layer will lead to platelet aggregation
and thrombus formation as a result of the
contact of this layer with blood components. In
this circumstance, mitogens will cause smooth
muscle to migrate and proliferate and as a result,
the anastomotic region may experience early or
late stenosis or occlusion.

Slezak et al.' reported widespread inflammation
in the rabbit aorta of BG caused by lymphocytes,
plasma cells, and eosinophilic granulocytes.

When endothelial damage was classified in our
study, no significant injury was observed in four
specimens in the control group, type 1 injury
was detected in seven specimens, type 2 injury
in seven specimens, and type 3 injury in two
specimens. While endothelial damage was not
observed in four samples in the treatment group,
type 1 damage was observed in five samples,
type 2 damage was observed in nine samples,
and type 3 endothelial damage was observed in
two samples. When the results are compared,
we obtained statistically similar results in the
control and treatment groups (Table 1). In this
study, we showed that the application of BG
on the perivenous SVG provides extravascular
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support. In addition, we have shown that BG
application does not have an increasing effect on
endothelial damage due to intraluminal pressure
and mechanical stress. However, further research
will be needed to find solutions to coronary graft
failure.

CONCLUSION

BG adhesive application did not increase
endothelial damage secondary to high intraluminal
pressure. External vein graft support with BG
may provide adequate protection against SVG
damage in the early period and may support the
remodeling of the vein graft according to arterial
wall properties. In this way, it provides protective
support against complications that may occur in
the anastomosis area and on the graft. In addition
to the hemostatic effect of BG, we believe that
graft patency rates will be better since it does
not increase endothelial damage caused by
mechanical and chemical means.

LIMITATIONS OF THE STUDY

The major limitation of our study is the lack of
long-term results. Another limitation is that it is

done with a small number of samples.
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