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Objective: Microvascular anastomosis, particularly side-to-side (STS) bypass, is a 
complex surgical procedure. While several suture techniques exist, none of them is 
superior to the others. We assessed the association between various STS bypass 
techniques and vessel twisting using chicken wing training models.

Methods: Three suture techniques were compared over an anterior wall suture procedure. 
The unidirectional continuous suture (UCS) group used a downward “right-to-left” 
continuous suture. The reverse continuous suture (RCS) group used a downward 
“left-to-right” continuous suture. The interrupted suture (IS) group used the standard 
interrupted suture. The number of samples in each of the three groups was 30 (n=90). 
We compared the incidence of vessel twisting and rotation angles across groups.

Results: Vessel twisting occurred in 96.7%, 56.7%, and 0% of the cases in the UCS, IS, 
and RCS groups, respectively. The incidence of vessel twisting differed significantly 
in all 3 groups (p<0.001), with an apparent trend (p=0.002). The mean rotation angles 
were 201˚±90.6˚, 102˚±107.6˚, and 0˚ in the UCS, IS, and RCS groups, respectively, 
which were significantly different (p<0.001). On excluding cases without twisting, the 
rotation angles of twisted vessels in the UCS and IS groups were 207.9˚±83.7˚ and 
180˚±77.9˚, respectively, which yielded a significant difference between these groups 
(p<0.001). 

Conclusions: We found that the incidence and trend of vessel twisting differed signifi-
cantly across suture techniques. The RCS technique may aid in preventing vessel 
twisting in the STS bypass procedure.
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INTRODUCTION

Cerebrovascular bypass surgery remains a popular treatment option for complex cere-
bral vascular diseases despite recent advances in endovascular treatment.1)5)8)9)13)20)21)26) 
Owing to the complexity and inconsistent performance of the intracranial microsurgical 
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bypass procedures, particularly the side-to-side (STS) 
technique, meticulous training is essential for better 
outcomes. The training model using chicken wing 
arteries is well-known.7)15)

A neurovascular surgeon (DHJ, right-handed junior 
neurosurgeon), an author of this article, noticed differ-
ences in the occurrence of structural changes in chicken 
wing artery STS training between continuous and inter-
rupted suture groups. The structural change was a coun-
terclockwise twisting of vessels after the STS bypass, 
which occurred more frequently in the continuous 
suture group. Based on this observation, the authors 
hypothesized that the incidence of vessel twisting would 
differ depending on the suture technique used. This 
study aimed to assess the association between the STS 
technique used and vessel twisting in chicken wing 
training models.

METHODS

Preparation of the chicken wing brachial arteries
From July 1, 2020, to April 28, 2021, we dissected 

brachial arteries from chicken wings sold in refrigerated 
packaging in a local market. We prepared the arteries 
using a microscope (SZM-45B2, Madell Technology 
Corporation, Ontario, CA, USA). A total of 90 dissected 
arteries were prepared and then randomly divided 
into 3 groups of 30 arteries each. The dissected arteries 
were cut in half, and the diameter of the cut site was 
measured using a microscope. The bypass proceeded 
with 2 divided arteries. 

Bypass techniques
The arteriotomy was performed using the standard 

procedure at a ratio of 3:1 to the artery diameter. An 
Ethilon W2860 10-0 polyamide suture (Ethicon, Somer-
ville, NJ, USA) and an SZM-45B2 microscope (Madell 
Technology Corporation, Ontario, CA, USA) were 
used in all 3 groups. In all groups, the posterior wall 
sutures were performed using the same method. After 
completing the lower stay suture, the upper stay suture 

was performed using a new thread. Subsequently, the 
posterior wall suture was performed with a “right-to-
left” downward-directed continuous suture with a long 
tail of the upper stay suture thread.

In the continuous suture groups, the anterior wall 
suture was performed using the new thread, which 
started immediately below the upper stay suture. The 
suture proceeded downward for better visualization 
and to secure the suturing field.5) In the unidirectional 
continuous suture (UCS) group, a downward continuous 
suture was performed in the “right-to-left” direction. In 
the reverse continuous suture (RCS) group, a downward 
continuous suture proceeded in the “left-to-right” direc-
tion. A usual interrupted suture was performed for the 
anterior wall suture in the interrupted suture (IS) group.

Vessel twisting
Vessel twisting is defined as vessel rotation after bypass 

procedure that renders the anterior suture wall partially 
invisible (Fig. 1). The rotation angle was measured based 
on the lower stay suture knot position in the plane perpen-
dicular to the longitudinal axis of the vessels (Fig. 2). The 
12 o’clock direction was counted as 0 degree and the 
angle was measured counterclockwise. After measuring 
the rotation angle, all specimens were incised and a 
single wall suture was confirmed.

Statistical analysis
We used the SPSS (IBM SPSS Statistics Standard, 

IBM, Chicago, IL, USA) and R Studio (R 4.0.3, R Studio, 
Boston, MA, USA) programs for statistical analysis. 
The Kruskal- Wallis test was run on SPSS to assess the 
differences in artery sizes and rotation angles among 
the 3 groups. We implemented linear-by-linear asso-
ciation with SPSS to analyze the incidence of twisting 
by groups. Furthermore, the Cochrane-Armitage trend 
test was used to assess incidence on R Studio. Values are 
expressed as means±standard deviations. A p-value of 
less than 0.05 was considered significant. 
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Fig. 1. Photographs of vessel samples in this study. All twisted sam-
ples are rotated counterclockwise. (A) A 360˚-rotated sample with 
unidirectional continuous suture. (B) A 180˚-rotated sample with 
interrupted suture. (C) A non-twisted sample with the reverse contin-
uous suture technique.
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Fig. 2. Schematic illustration of the lower stay suture knot positions in the perpendicular 
plane. The rotation angle was measured based on imaginary dotted line and marked as 
green arc angle. All samples did not twist over 360 degree in this study. (A) 0 or 360 degree, 
(B) 90 degree, (C) 180 degree, (D) 270 degree twisted vessels.
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RESULTS

The total diameter of the 90 arteries ranged from 0.7 to 
2.1 mm (1.06±0.18 mm). The diameters in the UCS, IS, 
and RCS groups were 0.8–1.3 mm (1.03±0.13 mm), 
0.7–1.4 mm (1.06±0.11 mm), and 0.7–2.1 mm (1.09± 
0.15 mm), respectively. The arterial caliber did not 
significantly differ among the 3 groups (p=0.64).

Vessel twisting occurred in 96.7% (29/30) of cases 
in the UCS group, 56.7% (17/30) in the IS group, and 
0% (0/30) in the RCS group, and the twist was coun-
terclockwise in all these cases. The incidence of vessel 
twisting differed significantly among groups (p<0.001). 
We observed a trend in the incidence of vessel twisting 
(p=0.002), and the order was the highest in the UCS 
group, followed by that in the IS group and the RCS 
group (Table 1). The rotation angles from all samples 
were 201˚±90.6˚, 102˚±107.6˚, and 0˚ in the UCS, IS, and 
RCS groups, respectively. The difference was statistically 
significant among the 3 groups (p<0.001). In the post 
hoc tests, 2 groups were compared for rotation angles, 
which showed a significant difference (p<0.001). The 
rotation angle of the twisted samples was 207.9˚±83.7˚ 
in the UCS group and 180˚±77.9˚ in the IS group; the 
difference was significant (p<0.001).

DISCUSSION

Although several methods for microsurgical STS 

bypass exist,26) no method has been proven to be superior 
over the other. Most studies on cerebrovascular bypass 
procedures are retrospective studies, making compar-
isons challenging.1)8)9)13)16)18-21) Most studies on micro-
surgical bypass not confined to cerebrovascular bypass 
have considered the extent of bleeding, procedure 
time, complications, and differences in suture tech-
niques.4)12)14)17)23)24) Only few comparative experimental 
studies that are not clinical studies on bypass techniques 
exist. Hafez et al.6) and Bot et al.3) published experi-
mental studies comparing suture techniques affecting 
the quality of end-to-side (ETS) and end-to-end (ETE) 
anastomosis, respectively. Topalan et al.24) and Levi et 
al.14) studied the effects of preoperatively-created vessel 
torsion on anastomosis patency in ETE and ETS bypass, 
respectively, using a rat model. Unlike previous studies 
on preoperative conditions, our study focused on vessel 
twisting as a result of an STS bypass, which has not been 
studied before.

Structurally, the continuous suture generates an 
oblique reaction force along the suture surface. If the 
suture specimen is sufficiently large and the suture bites 
are adequately small, the reactive force will not have a 
significant effect on the suture site. However, structural 
changes may occur in microsurgery. Occurrence of 
corneal rotation during keratoplasty using continuous 
sutures is well documented.2)25) Keratoplasty is a micro-
surgery that requires connecting the cornea and corneal 
tissue of approximately 8 mm.22) The cerebral arteries 
used for bypass are much smaller than the cornea. The 

Table 1. Outcomes in 3 different suture groups

UCS group IS group RCS group p-value

Vessel twisting 29/30 (96.7) 17/30 (56.7) 0/30 (0)
<0.001*

 0.002†

Rotation angle (˚)

All samples   201±90.6
 (n=30)

 102±107.6
(n=30)

0
(n=30)

<0.001‡

<0.001§, ||

Twisted samples 207.9±83.7
 (n=29)

180±77.9
(n=17) <0.001§

UCS, unidirectional continuous suture; IS, interrupted suture; RCS, reverse continuous suture
The test for p-values: *Linear-by-linear association, †Cochrane-Armitage trend test, ‡Kruskal-Wallis test, and §Mann-Whitney test
|| Post hoc analysis was performed and the p-values were all <0.001.
Data reported as mean±SD or n (%).
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is, the superior wall suture of the RCS group, the reactive 
torque would act in a clockwise fashion (Fig. 3). In this 
study, the incidence of vessel twisting was significantly 
different and demonstrated a significant trend: UCS 
followed by IS followed by RCS. The highest incidence 
of twisting and the greatest rotational angle in the UCS 
group were likely because of the synergistic counter-
clockwise torques generated at both suture walls. In the 
RCS group, absence of twisting was likely because of the 
torque offset by the summation of counter-directional 
torques generated at both suture walls. In the IS group, 
the torque was generated at the posterior wall only 
because the interrupted suture does not generate any 
torque (Fig. 4). We believe that the varying net torques 

mean diameters of the cerebral vessels are 2.35±0.60 mm 
(A2 segment), 1.98±0.35 mm (A3 segment), 1.76±0.36 
mm (M2 segment), 1.68±0.38 mm (tonsillomedullary 
segment of the posterior inferior cerebellar artery), and 
1.07.±0.29 mm (cortical segment of the anterior inferior 
cerebellar artery).10)11) Structural changes are more likely 
to occur in a cerebral artery bypass than in a kerato-
plasty. We hypothesized that the oblique reaction force 
acts 3-dimensionally at the everted suture site, gener-
ating the torque twisting the vessel. 

Furthermore, given that the suture proceeded in the 
“right-to-left” direction downwards, the oblique reaction 
force likely acted counterclockwise. In the case of a “left-
to-right,” downward-directed continuous suture, that 

Fig. 3. Schematic illustrations of torque generation with a “right-to-left” downward-directed continuous suture at the 
suture line. Thread tightening force (green arrows) and reactive force/torque (blue arrows). (A) Planar view of the suture 
line. (B) Three-dimensional view of the suture line. Counterclockwise reactive torques are generated at the suture line.

BA

Fig. 4. Schematic illustrations of the vector sum of the torques in the transverse view. Reactive torque (blue arrows). 
(A) Counterclockwise torques at both suture lines in the unidirectional continuous suture group. These torques act 
synergistically. (B) Opposite directional torques offset each other in the reverse continuous suture group.

BA
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resulted in (1) counterclockwise vessel twists in all cases 
and (2) significant differences in the incidence and rota-
tion angles in our study.

The 56.7% incidence of vessel twists in the IS group 
suggests that even if torque is generated, the anasto-
mosis may maintain a parallel structure depending on 
the thread’s tension, which is likely the reason for the 
absence of twisting in a sample in the UCS group. These 
findings suggest that the suture tension in our study was 
not consistent, despite a single surgeon performing the 
procedures. Despite this flaw, the lack of vessel twisting 
in the RCS group is a methodologically significant result. 
According to this study, the RCS technique prevented 
structural changes. Assuming the plausibility of our 
reactive torque hypothesis, vessel twist should rarely 
occur with the upward-directed, “right-to-left,” contin-
uous anterior wall suture during STS bypass,20) owing to 
the aforementioned reasons. Also, this technique could 
be a way to avoid subtle technical difficulty encountered 
in “left-to-right” continuous suture as a right-handed 
surgeon.

The continuous suture is indispensable for the poste-
rior wall suture in STS anastomosis, even for surgeons 
experienced in microsurgical continuous techniques. 
Neurovascular surgeons may struggle tremendously with 
deep and limited operative fields of in-situ STS bypass. 
Consequently, vascular neurosurgeons should practice 
and receive training in microsurgical continuous suture 
techniques and apply adequate thread tension to prevent 
vessel twisting.

This experimental study on the morphological differ-
ences by the suture technique is the first to compare 
suture techniques in microsurgical STS bypass.

Our study had several limitations. First, this is an 
animal and cadaveric study. In the actual surgical 
setting, the arteries are affixed to connective tissue 
unlike the freely movable samples in this study. Second, 
as this study was morphologic, we could not confirm 
the patency and complications that result from vessel 
twisting. Third, one junior surgeon with limited experi-
ence in bypass surgery performed all procedures, which 
may have introduced performance bias.

CONCLUSIONS

In this study, the incidence and trends of vessel 
twisting differed significantly among the suture tech-
niques. The RCS technique might help prevent vessel 
twisting in STS bypass surgeries.
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