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Abstract: The most decisive step during free tissue transfers and
replantation surgery may be respected as microvascular anastomosis.
The conventional end-to-side anastomosis technique with simple
interrupted sutures is well established and proven to be successful.
On the other hand, conventional technique can be time consuming
and can cause vascular thrombosis, vessel narrowing, and foreign-
body reactions. Search for a more rapid and secure alternative to
conventional technique is carried on. In this study, we defined a new
technique for end-to-side anastomosis with fish-mouth incisions and
application of fibrin glue and compared our results with those we
obtained with conventional end-to-side anastomosis. We evaluated
end-to-side anastomosis of carotid arteries of a total number of
64 Wistar-Albino rats. In control group (n = 32), conventional
anastomoses with 8 to 10 sutures were performed. In experimental
group (n = 32), fish-mouth incisions were applied first on the re-
cipient artery, followed by performing anastomosis with only 2
corner sutures and applying commercially available fibrin glue. Time
taken to perform the anastomosis was significantly shorter with the
experimental group (P = 0.001), whereas early and late patency and
aneurysm rates were comparable to those achieved with control
group. Histological evaluation did not point out any significant
differences between the groups. We have defined a rapid and safe
alternative technique of end-to-side anastomosis with the use of
fibrin glue. This method may be an alternative especially where
multiple anastomoses are required or where it is difficult to approach

anastomotic line, as it is easily performed, rapid, safe, and not in-
volving any complex equipments.
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M icrovascular anastomosis may be accepted as the most deci-
sive step of replantation and free-flap procedures. Among the

2 major anastomotic techniques, end-to-end and end-to-side, the
prior is mostly preferred. End-to-end anastomosis is well established,
relatively simple, and mostly successful. On the other hand, in cir-
cumstances such as to preserve the physiological arterial flow distal
to the anastomotic site, to manage size discrepancies, or to avoid
possible vascular spasm, end-to-side anastomosis is the technique
to be preferred.1

Conventionally, either end-to-end or end-to-side anastomosis
is performed with simple interrupted microsutures following ap-
propriate approximation of vessel ends. Despite that the conven-
tional method is widely accepted as the criterion standard, several
difficult situations are to be met in clinical settings. Most end-to-side
anastomoses have to be performed in depth of a wound especially
in lower-leg reconstruction, which makes anastomosis technically
even more challenging. Thus, simple interrupted sutures may be time
consuming, and elongated clamping time and possible iatrogenic
intimal injury may cause thrombosis and anastomotic failure.2Y4

Application of tissue adhesives in microsurgery is among several
techniques to overcome these disadvantages. Matras5 described the
use of fibrin glue in microvascular anastomosis in detail. Gestring
et al6 used fibrin glue in a sutureless end-to-side anastomosis
model. Evidence supporting the application of fibrin glue has ex-
panded since then.7Y11

This study describes a novel technique for end-to-side anas-
tomosis with fibrin glue in an experimental rat model, presents our
results, and discusses the evaluation of methods developed for end-
to-side anastomosis.

MATERIALS AND METHODS
Common carotid arteries of the laboratory rat are a proven

and ideal model for end-to-side anastomosis studies.12 Common
carotid arteries are easily accessible and have adequate vessel size
and patency. Seventy-five Wistar-Albino rats (250Y300 g in weight)
are used to complete 2 groups consisting of 32 rats each. Eleven
rats, which died most likely because of anesthetic complications or
asphyxia during surgical procedure or early postoperatively, were
excluded.
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Rats were anesthetized with intramuscularly administered keta-
mine HCl 100 mg/kg (Ketalar, Parke Davis, Morris Plains, NJ) and
xylazine 10 mg/kg (Rompun; Bayer, Leverkusen, Germany). No antic-
oagulants were administered at any time. Institutional guides for the care
and use of laboratory animals were followed. Rats were prepared and
immobilized supine. All surgical procedures were completed by the
same individual. A transversely oriented incision at the caudal end of
the trachea was made. Blunt dissection was used to separate sterno-
hyoideus and sternomastoideus muscles to expose the carotid sheath
bilaterally. Microvascular dissection was carried on under a Leica
(Leica Microsystems CMS GmbH, Wetzlar, Germany) tabletop mi-
croscope to expose common carotid arteries without harming vagus
nerve or internal jugular vein. Left common carotid artery was ligated
proximally, and the cephalic end was passed to the right side through a
tunnel posterior to the trachea. After appropriate-size approximating
clamps were applied, an arteriotomy was performed with curved
microscissors on the right carotid (Fig. 1). In all cases, lidocaine was
used to prevent vasospasm.

In the control group, the left common carotid end was anasto-
mosed to the side of the right common carotid artery in standard fash-
ion with 8 simple interrupted 10/0 Ethilon (Ethicon, Sommerville, NJ)
sutures, placing the 2 initial sutures 180 degrees apart (Fig. 2).

In the experimental group, midlateral fish-mouth incisions
were performed on the left carotid, placing the incisions 180 degrees
apart. The lengths of the incisions were adjusted as approximately
one half to two thirds of the vessel diameter. Two sutures were placed
between the apex of the fish-mouth incisions and the most proximal
and distal end of the arteriotomy edges. At this point, care was taken
to prevent the free edges of the left carotid neither to be folded nor
to invert inside the lumen of the right carotid. After placing the
sutures, the distal clamp was released temporarily for a very short
moment, to prevent vascular collapse. Beriplast-P (Aventis-Behring,
Marburg, Germany) fibrin adhesive was applied gently over the
anastomosis by dropping 0.2 mL of fibrinogen containing set-I solu-
tion and 0.2 mL of thrombin containing set-II solution sequen-
tially, to prevent excess glue deposition (Fig. 3). After waiting for an
approximately 5-minute period, clamps were released, and gentle
pressure was applied. Anastomosis time was recorded as the time
interval between application and release of the clamps. The imme-

diate patency of the anastomosis was checked 20minutes after clamp
removal in both groups, as described by Acland.13

Rats were assigned to groups by alternating the technique
with each surgery/rat, continuing sequentially throughout the study.
Eight rats from each group were killed on the 3rd, 7th, 14th, and 21st
days to inspect late patency and aneurysm formations. Vessel speci-
mens containing the anastomosis segment were taken for histologic
analysis.

Data, in terms of vessel patency, anastomosis time, and an-
eurysm formation, were clinically assessed and statistically analyzed.
We used the Kruskal-Wallis test to compare the quantitative para-
metric data and the Dunn test to compare the quantitative non-
parametric data among the control and experimental groups. The
Fisher exact test was used to compare the qualitative data. In all
cases, we adopted a 5% level of significance (P G 0.05).

RESULTS
The results are summarized in Table 1). The time taken to

perform the anastomoses in the first group, anastomosis with con-
ventional technique, varied from 26 to 32 minutes (mean, 29.4 min-
utes), whereas the time taken to perform the anastomoses in the
second group, fish-mouth anastomosis with 2 sutures and fibrin
glue, varied from 14 to 21 minutes (mean, 17.25 minutes), which
was significantly shorter than the first group in statistical terms
(P = 0.001). In the comparative analysis of the subgroups, there
were no significant differences in the conventional anastomosis
group (P = 0.684) regarding anastomosis time, whereas there was a
significant difference between the subgroups of the experimental
group (P = 0.04). The difference was particular between the 3rd and
14th day and 3rd and 21st day subgroups. This difference between
the subgroups of the experimental group may be interpreted as a
result of a slight increase in experience.

The immediate patency rate was 100% in both groups. The
late patency rate in the control group was 96.6% (31 of 32), whereas
it was 93.75% (30 of 32) in the experimental group (Fig. 4). There
was no statistical difference between the groups or subgroups
(Table 2).

One case of aneurysm formation was clinically observed in
the experimental group, at the 21st day. Despite the presence the
aneurysm, good patency was noted (Fig. 5). The comparison of
groups or subgroups also did not reveal any significant difference
(Table 3).

Histological analysis did not reveal any significant difference
between 2 groups, presenting evidence of patent anastomosis, com-
pleted epithelialization at the 21st day, no sign of fibrin deposits in
the experimental group, and a slightly more intense inflammatory
response in the control group (Fig. 6).

DISCUSSION
Although the early and late results of end-to-end and end-to-

side anastomoses are clearly proved to be similar,14Y16 end-to-end
FIGURE 2. End-to-side anastomosis with conventional simple interrupted
sutures. Patency was visually observed.

FIGURE 3. Anastomosis with 2 sutures and fibrin glue application.

FIGURE 1. Left carotid was passed through to the right side, posterior to
trachea and paratracheal muscles. An arteriotomy was performed on the side
of the right carotid.
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anastomosis is recognized as easier to perform and widely used. On
the other hand, end-to-side anastomosis remains the only option for
the microsurgeons in certain circumstances.

Awide range of techniques has been described and advocated,
all in common aiming to overcome the complexity of the conven-
tional end-to-side anastomosis procedure with interrupted sutures. In
short titles, these techniques can be categorized as continuous and
back wallYfirst suture end-to-side anastomosis techniques, techni-
ques using instruments, rings and prosthesis developed for end-to-
side anastomosis, laser-assisted end-to-side anastomosis, and tissue
adhesiveYaided end-to-side anastomosis techniques.17Y26

In our study, we used the fish-mouth incision technique and
fibrin glue for end-to-side anastomosis. Fish-mouth incision is ini-
tially described by Harashina and Irigaray26 as method to overcome
vessel size discrepancies in microvascular anastomosis. Later on,
Turan et al27 used the fish-mouth technique to facilitate anastomosis
for the first time by reducing the number of sutures, thus accom-
plishing end-to-end anastomosis with only 4 sutures. While em-
phasizing the lesser trauma caused on the vessel walls, they also
pointed out the need for extra vessel length at both sides as a
drawback. Tellio?lu28 successfully adopted the fish-mouth incision
for end-to-side anastomosis, achieved good patency rates with
shorter operative time, and defined the technique as end-on-side
anastomosis. Egemen et al29 combined the fish-mouth incision and
fibrin-glue application and presented comparable results for end-to-
end anastomosis. We similarly benefited the structural advantages of
fish-mouth incision for end-to-side anastomosis. Instead of any
permanent or temporary lateral mattress sidewall stitches, we applied
fibrin glue and completed the anastomosis with only 2 sutures at the
apex of fish-mouth incisions. Our results revealed a significant re-
duction in operative time without any considerable compromise on

patency or aneurysm formation rates. We completed the conven-
tional end-to-side anastomosis at a mean time of 29.4 minutes, which
is parallel to data obtained in previous studies.7,23 The mean oper-
ative time spent to complete the anastomosis in the experimental
group was significantly shorter than that in the control group. This
reduction would be even more significant at the clinical settings,
where multiple anastomoses are frequently required.

Among the 2 major types of tissue adhesives, cyanoacrylates
and fibrin glue, the latter has been proven to be safe for clinical use
and gained popularity since Matras et al30 successfully introduced
the application of fibrin glue in microvascular anastomosis. There are
reports of fibrin glue application in replantation and free flap pro-
cedures with excellent outcomes.31,32

Despite an important number of clinical and experimental
studies standing for the use of fibrin glue, there are still some con-
cerns and drawbacks about the application of fibrin glue in micro-
vascular surgery, such as high rate of aneurysm formation, increased
thrombogenicity, and disease transmission.33Y35 The tensile strength
of fibrin glueYassisted anastomosis is shown to be less than that of
conventional anastomosis, which may result in high aneurysm for-
mation rates.36,37 On the other hand, Isogai et al9 proved fibrin glue
to be efficient to prevent vascular leak in the dopamine-induced
hypertensive rats with high arterial pressure rates up to 250 mm Hg.
At this point, combination of least possible number of sutures and
fibrin glue application appears to obtain optimal results.8 We used 2
stay-sutures to provide adequate initial strength and observed an-
eurysm formation at 1 case in the experimental group on the 21st day.
Comparing statistically, these data do not reveal any significant
difference with the control group. Yet, further studies can provide
more detailed information on the relation of aneurysm formation and
fibrin glue application in the long term.

FIGURE 4. End-to-side anastomosis with fish-mouth incision and 2 sutures
at the 21st day.

TABLE 2. Patency Rates and Statistical Comparison of the Subgroups

Patency
Conventional
Anastomosis

Experimental
Anastomosis P

3rd day Patent 8 (100%) 7 (87.5%) 0.302

Thrombosed 0 (0%) 1 (12.5%)

7th day Patent 8 (100%) 8 (100%) 1

Thrombosed 0 (0%) 0 (0%)

14th day Patent 7 (87.5%) 8 (100%) 0.302

Thrombosed 1 (12.5%) 0 (0%)

21st day Patent 8 (100%) 7 (87.5%) 0.302

Thrombosed 0 (0%) 1 (12.5%)

TABLE 1. Results Summary

Conventional Anastomosis Experimental Anastomosis

Anastomosis
Time, min

Patency
Aneurysm
Formation

Anastomosis
Time, min

Patency
Aneurysm
FormationRat, n Subgroup Immediate Control Immediate Control

8 3rd day 29.1 8/8 8/8 V/8 18.38 8/8 7/8 V/8

8 7th day 29.1 8/8 8/8 V/8 17.38 8/8 8/8 V/8

8 14th day 29.6 8/8 8/8 V/8 16.63 8/8 8/8 V/8

8 21st day 30 8/8 8/8 V/8 16.60 8/8 7/8 1/8

Mean 29.45* 17.25*

*P = 0.001.
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The vascular patency rates were very similar between the
experiment and control groups in our study. Our results confirm
several previous studies proving there is no increased thrombo-
genicity with fibrin glue application in microvascular anastomosis.8

By mimicking the last steps of the coagulation cascade,
thrombogenicity is intentionally induced by fibrin adhesives, to
prevent any leakage and hemorrhage at the lumen periphery. On
the other hand, leakage of the fibrin adhesive into the lumen is re-
sponsible for vascular failure.38 Regarding the controversy, tempo-
rary sutures are among the techniques advised to prevent fibrin
leakage into the lumen.39 While fibrin glue is used to reduce the
number of sutures in conventional microvascular anastomosis, the
possibility of having open spaces between the sutures is inversely
correlated with the number of sutures. With fish-mouth incisions
for end-to-side anastomosis, arteriotomy edges are covered, without
leaving behind any open space between the lumen and the periphery.
Unique structural feature of this technique may attribute to the results
in our opinion.

Fibrin glue application theoretically has a potential of dis-
ease transmission such as HIV, hepatitis B, hepatitis C, Epstein-Barr
virus, and parvovirus B19.40 More than 1 million of disease-free
fibrin glue applications prove it as a safe procedure so far.41

Another issue to mention is the additional cost of fibrin glue
in short terms. Apparently, fibrin glue application may particularly
benefit the costs when multiple sutures are to be performed. Yet,
cost-benefit analysis of fibrin glue application is subject to another
study.

In conclusion, with fish-mouth incision and fibrin glue ap-
plication, we managed to complete end-to-side anastomosis in an
easier, faster way. This technique may be evaluated as a noteworthy
experimental technique, which is relatively easy to learn, and there is
no need for any special devices or instruments. Fibrin adhesives are
commercially available and already in use for many clinical settings.

Further clinical investigations may be followed by widespread ap-
plication of fibrin adhesives in a variety of microvascular anasto-
mosis techniques.
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