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Comparison of cyanoacrylate-assisted arteriotomy closure with 
conventional closure technique

Siyanoakrilat yardımlı arteriyotomi kapama tekniğinin 
konvansiyonel kapama tekniği ile karşılaştırılması

Ömer Faik ERSOY,1 Hüseyin Ayhan KAYAOĞLU,1 Alper ÇELİK,1 
Namık ÖZKAN,1 Neşe LORTLAR,2 Suna ÖMEROĞLU2

AMAÇ
Arteriyotomi sonrası, konvansiyonel dikiş tekniği ile n-bütil-
2-siyanoakrilat yardımlı kapama tekniği karşılaştırıldı.

GEREÇ VE YÖNTEM
Kırk adet Wistar sıçan randomize olarak 2 gruba ayrıldı. 
Orta hat kesisiyle abdominal aortaya standart arteriyotomi 
uygulandı. Arteriyotomi, birinci grupta aralarında 45° açıy-
la 3 adet; ikinci grupta ise 60° açıyla 2 adet dikişle kapatıl-
dı. İkinci gruba 0,1 ml (12-12,5 mg) siyanoakrilat uygulan-
dı. Operasyon zamanı, kanama miktarı ve aortanın çıkarı-
lan anastomotik segmentinde cerrahi sonrası 7. ve 30. gün-
lerde immünohistokimyasal olarak miyointimal hiperplazi-
nin şiddeti değerlendirildi.

BULGULAR
Ortalama anastomoz zamanı 1. grupta 13,5±1,64 dk, 2. 
grupta 13,0±1,75 dk idi (p=0,356). Ameliyat süresi kont-
rol grubunda 23,45±3,63 dk, tedavi grubunda 21,0±3,09 
dk olarak saptandı (p=0,027). Ortalama kanama miktarı 
1. grupta 473,75±260,5 μl, 2. grupta 327,5±155,36 μl idi 
(p=0,037). Yedinci günde yapılan ölçümde intima kalınlı-
ğı 1. grupta 80,62±7,92 μm, 2. grupta 83,24±3,42 μm; 30. 
günde 1. grupta 81,64±5,11 μm, 2. grupta 88,77±11,03 μm 
olarak bulundu. Erken ve geç ölçümlerde intima kalınlıkla-
rı benzer düzeylerdeydi (sırasıyla p=0,35 ve p=0,87).

SONUÇ
Arteriyotomilerin daha az dikişle, n-bütil-2-siyanoakrilat 
birleşimiyle rekonstrüksiyonu, daha az kanama ve daha 
kısa ameliyat süreleri ile seyreden güvenilir bir yöntemdir. 
Ayrıca, miyointimal hiperplazide artışa neden olmamıştır.
Anahtar Sözcükler: Arteriyotomi; n-bütil 2 siyanoakrilat; miyoin-
timal hiperplazi; ameliyat süresi; kanama miktarı.

BACKGROUND
We aimed to compare conventional suture closure of arte-
riotomy with N-butyl-cyanoacrylate-assisted suture closure. 

METHODS
Forty Wistar rats were randomly divided into two groups. 
Standard arteriotomy was performed to the abdominal aor-
ta through a midline incision. In the first group, arteriotomy 
was closed by 3 stitches with 45° between each and in the 
second by two stitches with 0.1 ml (12-12.5 mg) cyanoac-
rylate. Amount of blood loss, operation time and severity of 
myointimal hyperplasia by immunohistochemistry on aorta 
segments were measured on postoperative days 7 and 30.  

RESULTS
Mean anastomotic time was 13.5±1.64 in the first and 
13.0±1.75 min in the second group (p=0.356). Operation 
time was 23.45±3.63 in the control and 21.0±3.09 min in 
the second group (p=0.027). Mean amount of bleeding was 
473.75± 260.5 in the first and 327.5± 155.36 μl in the sec-
ond group (p=0.037). Intimal thickness on the 7th day was 
80.62±7.92 in the first and 83.24±3.42 μm in the second 
group, and on the 30th day was 81.64±5.11 in the first and 
88.77±11.03 μm in the second group. The early and late 
intimal thicknesses were similar (p=0.35 and 0.87, respec-
tively).

CONCLUSION
Reconstruction of arteriotomies with fewer sutures in com-
bination with cyanoacrylate is a safe method associated 
with less blood loss and shorter operation time. It also does 
not lead to increased myointimal hyperplasia. 
Key Words: Arteriotomy closure; N-butyl 2 cyanoacrylate; myo-
intimal hyperplasia; operation time; vascular injury.
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Vascular injuries are life-threatening conditions 
caused mainly by penetrating injuries, traffic acci-
dents and environmental causes.[1,2] Pure arterial in-
jury is a rare cause of emergency applications, but 
may lead to functional deformities and even amputa-
tions.[3] 

Injury to the composition of the vascular struc-
tures and manipulations in order to prevent bleeding 
lead to ischemia in the distal part of the affected area. 
Vascular damage leads to overexpression of tissue 
factor and activation of several adhesion molecules 
and cytokines, thus initiating a dense inflammatory 
reaction and increased adhesion formation that fur-
ther exaggerates ischemia in the distal part.[4]

Despite the presence of reports favoring non-op-
erative management of vascular injuries in selected 
cases,[5-7] especially in hemodynamically unstable 
patients, surgical exploration and repair is the tradi-
tional treatment for vascular injuries. However, dif-
ferent types of hemostatic agents like clamps, staples 
and biological adhesives have been used in vascular 
surgery in order to achieve appropriate hemostasis. A 
recent trend in surgical practice focuses on the utili-
zation of biological materials such as fibrin collagen, 
thrombin, and synthetic agents (i.e. cyanoacrylate 
adhesives). 

The clamping period during repair of an injured 
vessel is one of the most important issues, with isch-
emic effects observed at the end organ. With an in-
creasing ischemia period, the severity of end organ 
injury is further aggravated by exaggerated ischemia-
reperfusion injury.[8,9] Ischemia-reperfusion injury 
worsens the outcome with its local and systemic ef-
fects.[10,11] From this aspect, it is crucial to minimize 
the ischemic period in any type of vascular injury. 

In light of these data, we hypothesized that lo-
cal application of a suture line sealant may reinforce 
suture line tightness in arteriotomies. We further 

thought that decrease in the number of sutures in 
vascular repair of arteriotomy might affect the op-
erative period, amount of perioperative bleeding, and 
severity of myointimal hyperplasia (MIH). We test-
ed our method by comparing a three-stitch closure 
with two-stitch closure and N-butyl cyanoacrylate 
(NBCA) in an animal model of aortic injury.  

MATERIALS AND METHODS
Animals and Experimental Protocol 
This study was approved by the local Ethical 

Committee. Forty Wistar-albino male rats weighing 
300-350 g were randomly allocated into two groups 
(n=20 per group). All operative processes and fol-
low-up were conducted at the local Animal Stud-
ies Research Center. Two to three rats were housed 
in separate wire cages with free access to food and 
water under standard laboratory conditions (room 
temperature 23°C, 12 h light-dark cycles). Rats were 
fasted 12 h before surgery, but had free access to 
water. Anesthesia was conducted by intraperitoneal 
injection of ketamine hydrochloride (Ketalar, Ec-
zacibasi, Istanbul, Turkey) (75 mg/kg) and xylazine 
(Rompun, Bayer, Istanbul, Turkey) (10 mg/kg). The 
anterior abdominal skin was shaved, gently scrubbed 
with povidone iodine and a midline incision was per-
formed, using No. 15 scalpel. The abdominal aorta 
was dissected from surrounding structures, and com-
pletely denuded from perivascular connective tissue. 
Proximal and distal ends of the abdominal aorta were 
clamped caudal to the renal arteries by microvascu-
lar clamps. Afterwards, arteriotomy was performed 
using a sterile no. 11 surgical blade, and an incision 
traversing the long axis and extending half the cir-
cumference of the abdominal aorta was done by a 
scissor. Arteriotomies were closed by 9/0 polypro-
pylene (Prolene, Ethicon, Edinburgh, Scotland). 
In the first group, we placed three sutures, with an 
angle of approximately 45º between each, and in the 
second group by two sutures with an angle of ap-
proximately 60º between each, using a millimetric 
acetate diagram (Fig. 1). The second group received 
0.1 ml (12-12.5 mg) NBCA (Glubran 2, General En-
terprise Marketing, Viareggio, Italy) smeared on the 
arteriotomy site using a micropipette. After removal 
of the clamps, repair sites were observed for the pres-
ence of oozing. Abdominal wall layers were closed 
by continuous 2/0 polypropylene sutures, and fluid 
resuscitation was done by subcutaneous injection of 
3 ml saline in the dorsum of each animal. In the sec-
ond group, abdominal closure was performed after 
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Fig. 1. (a, b) Suture positions of the suture- and NBCA-
treated groups, respectively.

(a) (b)

45º 60º45º 60º
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NBCA entirely dried. All surgical procedures were 
performed by the same surgeon.

Procedural Times 
In all animals, the time for anastomosis and to-

tal period of operation were evaluated separately. 
Anastomotic time was accepted as the period from 
the beginning of skin incision to the completion of 
anastomosis. Total time was accepted as the period 
from the beginning of skin incision to the completion 
of last skin suture. Both durations were measured in 
all models by chronometer.

Amount of Bleeding
Just after completion of anastomosis in both 

groups, the microvascular clamps were removed 
and all rats were observed for the amount of ooz-
ing. Blood loss was measured by capillary tubes each 
containing 50 μl capacity. Amount of bleeding was 
measured and recorded in all rats. 

Myointimal Hyperplasia
Ten randomly selected rats from each group were 

sacrificed by high dose (200 mg/kg injection of thio-
pental sodium (Pental Sodyum, IE Ulugay Ilac San, 
Istanbul, Turkey) on postoperative days 7 and 30. 
The degree of MIH was assessed on postoperative 
day 7 (early) and 30 (late). The anastomotic segment 
of the aorta was resected under microscope for the 
evaluation of the severity of MIH, and assessment 
was performed by immunohistochemistry stains, as 
explained briefly hereunder: 

Formalin-fixed paraffin-embedded sections were 
first deparaffinized, rehydrated and then boiled in 
high temperature microwave oven for retrieval stage. 
After 20 min at room temperature, tissues were cir-
cled with a pap-pen (hydrophobic pen) and washed 

with distilled water and phosphate-buffered saline 
(PBS), and hydrogen peroxide was added drop-wise 
followed by application of ultra V block. After 1-h 
application of primary antibody (Elastin) diluted 
with antibody diluents, the samples were washed 
with PBS twice and the specimens were placed in 10 
min AEC (3-amino-9-ethyl carbazole) chromogen. 
Finally, the counterstain with Mayer’s hematoxylin 
was performed for 5 min. All slides were evaluated 
with Leica DM 400 B light microscope (Leica, Wet-
tlar, Germany). 

Statistical Evaluation
Statistical significance was assessed using inde-

pendent samples t test and paired samples t test. P 
values below 0.05 were considered significant.

RESULTS
All rats completed the study. No anesthesia- or 

procedure-related morbidity like infection or throm-
bosis was observed. Mean time for anastomosis 
was 13.5±1.64 min in the first (control) group and 
13±1.75 min in the second (treatment) group. Mean 
total operation time was 23.45±3.63 min in the con-
trol and 21.0±3.09 min in the treatment group. The 
difference in the anastomotic period between the two 
groups was not significant (p=0.356). However, in 
the treatment arm, a significant decrease in total op-
eration time was detected (p=0.027). 

Mean amounts of bleeding in the first and NBCA 
groups were 473.75±260.5 and 327.5±155.36 μl, re-
spectively. Blood loss was significantly lower in the 
NBCA arm (p=0.037). Mean period of anastomosis, 
mean operation time and mean amount of bleeding 
are depicted in Table 1. 

Table 1. Mean ±SD of repair time, total operation time, amount of bleeding 
and thickness of intimal layer on postoperative 7th and 30th days in 
all rats

  Group Mean ± SD p

Anastomotic time (min) Suture 13.5±1.64 0.356
 NBCA 13±1.75
Total time (min) Suture 23.45±3.63 0.027
 NBCA 21.0±3.09
Amount of bleeding (μl) Suture 473.75±260.5 0.037
 NBCA 327.5±155.36
Thickness of intima (μm) Suture 80.62±7.92 0.35
(7th day) NBCA 83.24±3.42
Thickness of intima (μm) Suture 81.64±5.11 0.87
(30th day) NBCA 88.77±11.03
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The degree of MIH was assessed on postopera-
tive days 7 (early) and 30 (late). Mean intimal thick-
nesses during the early term were 80.62±7.92 and 
83.24±3.42 μm in the suture- and NBCA-treated 
groups, respectively (Figs. 2a, b). Late-term MIH 
scores were 81.64±5.11 μm in the first group and 
88.77±11.03 μm in the NBCA arm (Figs. 3a, b). Both 
early and late MIH scores (Table 1) were similar be-
tween groups (p=0.35 and 0.87, respectively). Time 
course assessment of MIH within the study groups 
revealed a slight increase in both groups. For suture-
treated rats, the mean difference from the 7th to 30th 
days was +1.02±9.85 μm, while in the NBCA-treated 
group, this value was +5.53±11.62 μm, both of which 
were insignificant (p=0.936, p=0.362, respectively).

DISCUSSION
In the present study, we compared conventional 

suture technique with a repair model of fewer sutures 
combined with NBCA application in an arteriotomy 
model. We observed similar repair times between 
the two groups. We believe this might be due to the 
small diameter of the rat aorta and the few numbers 
of sutures. We applied only one additional stitch to 
suture-treated rats. In the NBCA group, instead of 
a third stitch, we applied NBCA and observed the 
repair site until the application dried. In the NBCA 

group, only minimal oozing was observed. However, 
in the suture-treated rats, even after accomplishment 
of arteriotomy closure, we observed oozing in almost 
all rats. This was also confirmed by higher amounts 
of bleeding in the suture-treated rats. Therefore, we 
believe that the shorter operation time in the NBCA 
arm can be attributed to shorter time needed for he-
mostasis. The benefits of reducing the number of 
sutures can lower the operation time and associated 
ischemic period, thereby decreasing both ischemic 
and reperfusion injury. In addition, the rates of anas-
tomotic narrowing and foreign body reaction, which 
are major problems in vascular surgery, could be de-
creased by suture reduction.[12] 

Derivatives of cyanoacrylates offer a number of 
advantages like easy application, rapid tissue interac-
tion, external usage, and avoidance of the need for lat-
er removal.[13] These derivatives also have the essential 
properties of biomaterials including biocompatibility, 
gradual breakdown and absence of foreign body reac-
tion. They have been used especially in the treatment 
of skin wounds and a variety of medical conditions 
including variceal bleeding, embolization, and treat-
ment of fistulas.[14-18] In this study, we investigated 
whether a standard arteriotomy might be safely closed 
with fewer sutures with the assistance of NBCA.   
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Fig. 2. (a, b) Cross-sectional view of an arteriotomy in the early phase (7th day) of suture- (a) and 
NBCA-treated (b) animals.

Fig. 3. (a, b) Cross-sectional view of an arteriotomy in the late phase (30th day) of suture- (a) and 
NBCA-treated (b) rats. 



Comparison of cyanoacrylate-assisted arteriotomy closure with conventional closure technique

In a study about sutureless arterial anastomosis 
using cyanoacrylate, it was shown that sutureless 
anastomosis was associated with similar leak rates, 
but less bleeding, less operation time and less MIH. 
The authors concluded, in parallel to our data, that 
sutureless anastomoses are associated with shorter 
completion time, less bleeding, less MIH, and equiv-
alent patency.[19] In the present study, we applied 
NBCA to the outer surface of the vessels. One of the 
reasons for the external application is the high risk 
of distal emboli seen in NBCA treatment. Also, even 
if NBCA polymerizes very rapidly, it can be washed 
away before it polymerizes completely.[20] Other pos-
sible disadvantages of NBCA as a suture line sealant 
are its high cost and occasional foreign body or local 
inflammatory reaction. 

Besides its rapid polymerization rate, cyanoac-
rylate, as a sealant, can be applied to numerous bio-
membranes,[21] and it does not carry the risk of viral 
transmission like fibrin glue, which is prepared from 
plasma pooled from human donors.[22] However, to 
date, only a few reports of viral transmission exist in 
the literature.[23] Biodegradability and lack of a recip-
rocal influence on coagulation are other points of con-
cern while using tissue adhesives. Previous reports of 
cyanoacrylate were based on preparations that degrad-
ed into formaldehyde. This product is cytotoxic and is 
responsible for the high rates of tissue reaction in ear-
lier reports based on this biomaterial.[24] However, re-
cent synthetic cyanoacrylates are not associated with 
toxic end products. Fibrin or gelatin glues function 
by activating the physiologic clotting cascade leading 
to the formation of a stable fibrin matrix. Therefore, 
they are completely biodegradable.[25] However, gela-
tin glues in particular are associated with cytotoxicity 
due to the release of formaldehyde during degrada-
tion, and they function improperly in active bleeding. 
Therefore, current policy advocates their usage for the 
control of bleeding or if the tear is just oozing.[26] 

Thrombus formation at the anastomotic site is a 
debilitating problem, and frequently requires inten-
sive work-up for resolution. Sutured anastomoses, 
when compared with biodegradable devices, are 
more commonly associated with thrombus forma-
tion.[27] Sutureless vascular anastomoses, including 
cyanoacrylates, even in the presence of vascular 
prosthesis, are associated with less thrombus forma-
tion and MIH.[28-31] Cyanoacrylates can eventually 
be used in major lacerations[32] with no toxicity to 
the vessel wall and less foreign body reaction, with 

equal tensile strength and stiffness when compared 
with conventional sutured anastomosis.[31] 

Myointimal hyperplasia occurs as a result of al-
terations in the hemodynamic status of the endothe-
lia, and has been shown to be an important adaptive 
mechanism of arterial healing against injuries. It has 
paramount importance in the remodelling of vascular 
structures and is also responsible for 30% of early 
stenosis in grafts per year.[33-35] For these reasons, it 
is an important concern in the treatment of vascu-
lar disorders. Previous reports indicate that maximal 
intimal thickening is detectable one month after in-
jury.[36] We thus assessed MIH levels on the 30th day. 
Our results have shown that external application of 
NBCA provided adequate control on arteriotomy 
repair and did not alter the MIH rates in either the 
early- or the late-term evaluation. The data presented 
here parallels the literature data indicating similar 
rates of MIH in cyanoacrylate treatment compared 
with sutured repair or oxidized cellulose.[37,38] Cellu-
lose is currently being used for hemostasis in surgical 
practice. However, cyanoacrylates have been proven 
to be more effective than cellulose[38] and sutured re-
pair[19] in bleeding control. We also detected lower 
amounts of bleeding in the NBCA-treated rats. 

Considering the risk of acute narrowing, resteno-
sis and even obstruction after each attempt to repair 
anastomotic leakage by extra stitches, we believe 
that NBCA application, by avoiding the need for 
more stitches, would be beneficial. 

Our study suggests that appropriate hemostasis 
in arteriotomy can be achieved with the application 
of NBCA. This technique is associated with shorter 
operation time, less bleeding, and unaltered rates of 
MIH, compared to suture repair. It is concluded that 
this technique should be the preferred choice in pa-
tients in poor medical condition, in whom operation 
time is crucial, and in cases where appropriate he-
mostasis can not be achieved due to technical dif-
ficulty or localization, with no side effect on intimal 
hyperplasia.
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