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Summary: End-to-side arterial anastomoses require a high level of technical com-
petency. The main challenge to a successfully patent anastomosis is intimal inter-
position during the standardized microvascular suturing. Technical errors during
arteriotomy pose a significant challenge for the microsurgical technique, making
the end-to-side anastomosis prone to failure. We describe a basic yet fundamental
method of performing an arteriotomy, the “crater” technique, which facilitates
good visualization of all vessel layers before placement of microsurgical sutures.
Using curved microsurgical scissors, the adventitia layer is dissected off the outer
surface of the side vessel, a V-shaped cut is then made obliquely at a 30-45 degrees
angle to the longitudinal axis of the vessel, and a full thickness oblique cutis made
along an elliptical circumference, as the curved scissors enable the creation of
a slope-like crater. This concept ensures the intimal layer is adequately exposed
through the complete circumference of the arteriotomy rim, while enabling a
variable increase in the arterial wall hypotenuse-width circumference. When per-
formed in a standardized manner, the crater arteriotomy can minimize the risk of
endothelial misalignment and further technical errors during suturing, thus mini-
mizing the risk of anastomotic failure. (Plast Reconstr Surg Glob Open 2020;8:e3014;

doi: 10.1097/GOX.0000000000003014; Published online 28 October 2020.)

End-to-side (ETS) microvascular anastomoses have
been reported to be equally successful to “end-to-end”
anastomoses, with the former often being preferred in
cases of vessel size discrepancy.! Technical competency has
been shown to be paramount in achieving patent vessels
and producing a successful outcome, following a micro-
vascular anastomosis procedure.” One of the most techni-
cally challenging steps is vessel interposition in suturing,
during which unintended misalignment of the intima can
cause failure of the anastomosis.®
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Such failures presumably result from intimal hyper-
plasia at the suture line, impacting blood flow and caus-
ing turbulent currents. It is widely accepted that creating
a smooth opening in the arterial wall is challenging and
time-consuming’; however, it is imperative in preventing
intimal injury. Studies in the literature report that direct
visualization of the intimal surface during microsuture
placement can indeed reduce the risk of intimal dislodge-
ment and sub-intimal dissection, consequently minimiz-
ing the occurrence of anastomoses failures.”

There are many different micro-arteriotomy tech-
niques described, which can be broken down into 3
broad categories: (1) simple slit arteriotomies, creating
a longitudinal or transverse cut in the vessel wall using a
knife,*® (2) “inside-out” arteriotomies performed with a
“micropunch” to create a clean elliptical arteriotomy, as
described by Hallock et al in an experimental study in the
living rats,™” (3) excision arteriotomies that involve excis-
ing from “outside-in” and for which several techniques
have been described, such as circular arteriotomy.* In this
article, we describe the “crater” technique, which is a type
of “excision arteriotomy.”
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THE TECHNIQUE

Using curved microsurgical scissors, the adventitia
layer is dissected off the outer surface of the side vessel
to be used for the ETS anastomosis. This creates a “clean”
area, which is slightly larger than the end-vessel diameter,
ensuring that the adventitial strands do not interfere with
the arteriotomy rim and ultimately the anastomosis.

Using microsurgical forceps (5s), the external 30%—
50% of the vessel diameter is gripped transversely, tent-
ing the vessel upwards. A V-shaped cut is then made
obliquely, at about a 30-45 degree angle to the longitudi-
nal axis of the vessel, using adventitia scissors (Fig. 1A).
Following that, a full thickness cut is made into that
30%-50% of the vessel external diameter, until blood is
seen to extravasate, indicating that the intimal layer has
been breached.

To make space for the subsequent cut, the vessel needs
to be taut enough. To achieve this, the tip of the V-shaped
cut in the arterial wall is gripped and gently pulled at
45degrees to the vessel in the longitudinal direction,
while rotating the microsurgical forceps (5s) 90degrees.
Finally, the scissors are rotated so that their convex side
is parallel to the vessel and a cut is made at each side of
the “V,” at a 30-45-degree angle (Fig. 1B, C). The 2 cuts
should eventually meet, creating a bi-convex/oval hole in
the vessel wall (Fig. 1D).

The curve of the adventitia scissors helps form this
elliptical-shaped slope-like crater, ensuring the intimal
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Fig. 1. A step-by-step representation of the crater arteriotomy technique.
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layer is adequately exposed through the complete cir-
cumference of the arteriotomy rim (Fig. 2). (See Video
[online], which displays the crater arteriotomy for ETS
microvascular anastomosis.)

DISCUSSION

Alternative micro-arteriotomy techniques for ETS
microvascular anastomosis have been previously described:
transverse or longitudinal slit arteriotomies without defect,
excision arteriotomies with traction suture in triangular
or diamond shape, or even an excision arteriotomy with
a vascular micropunch. A noteworthy advantage of the
excision versus slit techniques is that the former facilitate
the placement of sutures by creating a broad aperture, an
advanced microsurgical technique that requires experi-
ence and expertise.*® However, most techniques, being
operator-dependent, suggest that the end result can vary
from surgeon to surgeon. Particularly when performed by
less-experienced microsurgeons, the risk of erroneous ves-
sel defect may prove challenging.” The micro-arteriotomy
using curved adventitia scissors has been described as
easy, reproducible, and effective technique, with a result-
ing uniform width and clear-cut vessel wall edges. The
crater concept enhances the excisional micro-arteriotomy
with curved adventitia micro-scissors, by allowing wall cut-
ting from inside out, preventing delamination in cases of
atherosclerosis, and further adjusting the ratio between
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A: Tunica adventitia
B: Tunica media
C: Tunica intima

Fig. 2. Elliptical crater arteriotomy. A, Tunica adventitia; B, tunica media; C, tunica intima.

arteriotomy aperture and end vessel, with carefully tai-
lored oblique cuts to increase the length of the hypote-
nuse, as demonstrated in Figure 2.*

The vessel wall configuration after a micro-arteriotomy
may pose technical challenges when sutured by an inexperi-
enced microsurgeon or when ETSis notroutinely performed.
We therefore believe that precise handling of the vessel,
oblique cutting with curved scissors to increase or decrease
the arterial wall hypotenuse-width circumference, and a cra-
ter layer exposure of the media and intima, allows easier and
more accurate interposition during microsuturing.

Onoda et al” reported that the main cause of failure
in arterial anastomosis is endothelial layer misalignment.
The crater arteriotomy technique ensures that all layers
of the vessel wall are adequately visualized, even without
the help of an assistant, and enables accurate intimal clo-
sure with each suture “bite,” with the “side” vessel intima
protruding into the arteriotomy rim and then overlap-
ping with the intimal layer of the “end” vessel (Fig. 2).
We believe that this oblique intimal and media overlap
allows optimal intimal alignment while suturing, which
can ensure faster and uncomplicated neo-intima regen-
eration and vessel wall healing.” Nevertheless, evidence
regarding healing of the total circumference of the inti-
mal suture line remains questionable due to the inability
to visualize the interior of the anastomosis, once the free
tissue has been transferred and connected intraopera-
tively. When the side vessel media is relatively thick, the
end vessel can be bevelled into a truncated cone, so that

the media thicknesses of end and side match. The step-
by-step nature of the micro-arteriotomy using adventitia
curved scissors, allows refinements of the crater formed.
This can be achieved through adjusting the obliqueness
of the arterial wall cut, allowing subsequent a variable
increase in arterial wall hypotenuse-width circumfer-
ence and opposing medias, while overlapping and seal-
ing the anastomosis suture line with the intima layer."’

The crater arteriotomy technique provides a succinct
step-by-step guide, on the precise placement of sutures,
enabling a consistent and adequate intimal exposure, thus
achieving successful alignment when performing ETS
anastomosis.

CONCLUSIONS
We describe a simple, step-by-step guide to a consistent
and reliable technique, the crater arteriotomy. This tech-
nique aims to facilitate optimal visualization of the vessel
walls, and assists in reducing technical errors caused by
misalignment and an intimal surface deformity, which
lead to anastomotic thrombosis.

Georgios Pafitanis, MD

Group for Academic Plastic Surgery
The Blizard Institute

Queen Mary University of London
4 Newark Street

London E12AT, United Kingdom
E-mail: g.pafitanis@qmul.ac.uk


mailto:g.pafitanis@qmul.ac.uk?subject=

ACKNOWLEDGMENT
The authors express their gratitude to Mr. Kyriakos Pafitanis

for the video production and editing.

REFERENCES

1. Tsai YT, Lin TS. The suitability of end-to-side microvascular anas-

tomosis in free flap transfer for limb reconstruction. Ann Plast
Surg. 2012;68:171-174.

2. Wilasrusmee C, Lertsithichai P, Kittur DS. Vascular anastomo-

sis model: relation between competency in a laboratory-based
model and surgical competency. Eur | Vasc Endovasc Surg.
2007;34:405-410.

. Onoda S, Kimata Y, Matsumoto K, et al. Histologic evaluation of
lymphaticovenular anastomosis outcomes in the rat experimen-
tal model: comparison of cases with patency and obstruction.
Plast Reconstr Surg. 2016;137:83e-91e.

. ElRifai S, Boudard J, Haiun M, et al. Tips and tricks for end-to-
side anastomosis arteriotomies. Hand Surg Rehabil. 2016;35:85-94.

10.

PRS Global Open © 2020

. Pafitanis G, Veljanoski D, Ghanem AM, et al. Intimal surface

suture line (End-Product) assessment of end-to-side micro-
vascular anastomosis. Plast Reconstr Surg Glob Open. 2017;5:
e1409.

. Ragnarsson R, Berggren A, Ostrup LT. Microvenous end-to-side

anastomosis: an experimental study comparing the Unilink sys-
tem and sutures. | Reconstr Microsurg. 1989;5:217-224.

. Hallock GG, Rice DC. Use of a micropunch for arteriotomy in

end-to-side anastomosis. | Reconstr Microsurg. 1996;12:59-62; dis-
cussion 62.

. O’Brien T, Walsh M, McGloughlin T. Altering end-to-side anasto-

mosis junction hemodynamics: the effects of flow-splitting. Med
Eng Phys. 2006;28:727-733.

. Lidman D, Daniel RK. The normal healing process of micro-

vascular anastomoses. Scand [ Plast Reconstr Surg. 1981;15:
103-110.

Sen C, Hasanov A. Comparative geometric analysis of diamond
and hole techniques in end-to-side microvascular anastomosis.
Microsurgery. 2008;28:262-264.


https://doi.org/10.1097/SAP.0b013e3182275cf8
https://doi.org/10.1097/SAP.0b013e3182275cf8
https://doi.org/10.1097/SAP.0b013e3182275cf8
https://doi.org/10.1016/j.ejvs.2007.05.015
https://doi.org/10.1016/j.ejvs.2007.05.015
https://doi.org/10.1016/j.ejvs.2007.05.015
https://doi.org/10.1016/j.ejvs.2007.05.015
https://doi.org/10.1097/PRS.0000000000001884
https://doi.org/10.1097/PRS.0000000000001884
https://doi.org/10.1097/PRS.0000000000001884
https://doi.org/10.1097/PRS.0000000000001884
https://doi.org/10.1016/j.hansur.2016.02.002
https://doi.org/10.1016/j.hansur.2016.02.002
https://doi.org/10.1097/GOX.0000000000001409
https://doi.org/10.1097/GOX.0000000000001409
https://doi.org/10.1097/GOX.0000000000001409
https://doi.org/10.1097/GOX.0000000000001409
https://doi.org/10.1055/s-2007-1006870
https://doi.org/10.1055/s-2007-1006870
https://doi.org/10.1055/s-2007-1006870
https://doi.org/10.1055/s-2007-1006454
https://doi.org/10.1055/s-2007-1006454
https://doi.org/10.1055/s-2007-1006454
https://doi.org/10.1016/j.medengphy.2005.10.013
https://doi.org/10.1016/j.medengphy.2005.10.013
https://doi.org/10.1016/j.medengphy.2005.10.013
https://doi.org/10.3109/02844318109103422
https://doi.org/10.3109/02844318109103422
https://doi.org/10.3109/02844318109103422
https://doi.org/10.1002/micr.20482
https://doi.org/10.1002/micr.20482
https://doi.org/10.1002/micr.20482

	﻿﻿INTRODUCTION
	﻿THE TECHNIQUE
	﻿DISCUSSION
	﻿CONCLUSIONS

