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Abstract

Introduction. Microvascular training constitutes a foundational element of many highly specialized surgical fields.
This manuscript describes my experience (D.A. Devia) as a neurosurgical resident during the advanced microsurgi-
cal course guided by the senior author (Ye. Akelina) at the Microsurgery Training and Research laboratory, Dept
of Orthopedic Surgery, Columbia University Irving Medical Center.

Methods. The technical aspects of advanced vascular exercises performed in the microsurgery laboratory are
reviewed and presented, accompanied by figures of each exercise accomplished.

Conclusions. Microsurgery vascular training is an important tool in every cerebrovascular surgeon, or any other
specialty interested microvascular procedures. The experience and exercises demonstrated in this paper are ex-
tremely useful for microvascular practice and should be included in any advanced course around the world for every
surgeon interested in this field.

Keywords: microsurgery, training, skills, neurosurgery, training programs on the basics of microsurgery.

Conflict of interest: the authors declare the absence of obvious and potential conflicts of interest related to
the publication of this paper.

Financial disclosure: no author has a financial or property interest in any material or method metioned.

For citation: Devia D.A., Akelina Ye. Specialized microsurgery simulation training models for the

neurosurgery residents. Issues of Reconstructive and Plastic Surgery. 2022;25(1):53-58.
doi 10.52581/1814-1471/80/06

CHEIIUAJIN3NPOBAHHBIE MUKPOXUPYPTHMYECKHUE
CUMYJSIHUOHHBIE MOJIEJIN 1J1S1 OBYYEHUS OPJIJUHATOPOB
IO HEMPOXUPYPI'U

A.A. Aesua', E. Akeanna’

' Vuusepcumemckuii ocnumane Can-Henacuo, ITanckuil ynusepcumem Xasepuana,
Bozoma, Korymbus

* Koaymbuiickuii ynusepcumem,
Hutwo-Hopx, CIIIA

Annomauyus

Beeaenne. O6ydenue paboTe ¢ MUKPOCOCYAAMH SIBASIETCSI OCHOBOIIOAATAIOIINM 9AeMEHTOM MHOTUX Y3KOCIIEIJHAAH-
3MPOBAHHBIX 00AACTell XUPYprur. B cTaThe OmuCHIBAETCS OMBIT OOYYEHUS PE3UAECHTA U3 HEHPOXUPYPIUIECKOTO Ae-
TapTamMeHTa Ha HPOABHHYTOM Kypce 110 MUKPOXMPYPIHH B y4e6HO-MCCAEAOBATEABCKOI A260PaTOPHI MUKPOXMPYPIHH
Aemapramenta oproneaun Meaununckoro nentpa Mpsunra Koaym6uitckoro yausepcurera (Hoio-Hopx, CILIA).
MeToabl. PaccMoTpeHDI M TpeACTaBACHBI TEXHUYECKHE ACTIEKTBI KKAON MAHHUITYASIIMH Ha COCYAAX, BHITOAHAEMOM
B A200PaTOPHU MUKPOXHPYPIHUHL.

3akarouenne. ObydeHre MUKPOXUPYPIUIECKAM HABBIKAM SIBASIETCS BOKHBIM MHCTPYMEHTOM KOKAOTO XHPYpra, 3aHH-
MAIOIIETOCsI AeYeHNeM IiepeOpOBacKyASPHBIX 3ab60AeBanuit. OIBIT U yIIpaKHEeHs, IIPOASMOHCTPHPOBAHHbIE B 9TOM
CTaTbe, YPe3BHIYANHO IIOAE3HBI AAS MUKPOCOCYAMCTOM IIPAKTUKU U AOASKHBI OBITh BKAIOUEHBI B AF0OOM IPOABUHYTHIH
KYPC I10 BCEMY MUPY AAS KXKAOTO XUPYPra, CIIeIHAAM3UPYIOIIErocs B Hefp OXHPYPTHH.
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INTRODUCTION

Microvascular training constitutes a founda-
tional element of many highly specialized surgical
fields, including neurosurgery, plastic surgery,
orthopedic surgery, cardiac surgery, and others.
There are many different models to improve mi-
crosurgery skills: non-living and living ones [1].
The golden standards living models for practicing
are rat models.

Different groups have described practicing
models in rat common carotid arteries (CCA),
common iliac arteries (CIA), or femoral artery and
vein for end-to-end (ETE), side-to-side (STS), or
end-to-side (ETS) anastomosis [2—4]. This manu-
script describes my experience (D.A.Devia) as a
neurosurgical resident during the advanced micro-
surgical course guided by the senior author
(Ye. Akelina) at the Microsurgery Training and
Research laboratory, Dept of Orthopedic Surgery,
Columbia University Irving Medical Center.

Five rat models were used during the advanced
microsurgery course, October 2021. All training
protocols were approved by the Institutional Ani-
mal Care and Use Committee (IACUC). The rats
were anesthetized intraperitoneally using a keta-
mine (75-95mg/kg) and xylazine (5-8 mg/kg)
cocktail and constantly monitored for the depth of
anesthesia. All the procedures were performed with
the research and training laboratory microscopes
(Model OPMI MD; Carl Zeiss, Inc., Oberkochen,
Germany).

SURGICAL APPROACH-TECHNICAL
NOTE

End-to-End Common Carotid
Artery Anastomosis

A standard anterior midline cervical approach
was used on the subjects. Proper hair removal of
the rat in the anterior cervical area was followed
by a midline incision. Blunt dissection using cotton
tip applicators allowed separation of the neck mus-
cles, which provided a wider surgical exposure and
an easier way to find the carotid sheath.

Puc. 1. AnacToM03 0611l COHHO¥ APTEPHH II0 THITY <KOHeI]-
B-KOHeI>»

The carotid sheath was incised, and the internal
jugular vein, the vagus nerve, and sympathetic
trunk were displaced from the CCA. As a general
measure, we applied lidocaine solution directly on
the common carotid artery to reduce vasospasm.
A little piece of blue rubber background was posi-
tioned behind the artery, serving 3 different pur-
poses: generating an adequate contrast, preventing
near structures damage, and having a blood-free
field (i.e., a clean surgical field). After positioning
the background, a double approximator clamp was
placed, making sure there was a slack in the vessel
between the clamps, so it was not too tightened.
Then the carotid artery was transected and flushed
with a heparinized saline solution using an oph-
thalmic cannula. The next step was preparing
the edges of the lumen with adventitia trimming,
following three basic principles: highest magnifica-
tion, vessel submerging in saline solution, and
keeping scissors parallel. Completion of carotid
preparation was done by dilating the vessel edges.

Approximation of the vessel ends was per-
formed by bringing the clamps together and then
suturing began. A twelve o’clock stitch with rota-
tion technique was executed first, and the one-way
up technique was used for microvascular anasto-
mosis. This technique consists of completing the
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posterior wall before completing the anterior wall,
precluding the need for approximator clamp flip-
ping, minimizing blood vessels compromise, and
simulating a more real-life scenario.

During the course we chose the CCA as the
preferred vessel to perform this type of anastomosis
for two reasons: deeper location than the femoral
artery, creating a more difficult set-up, improving
the skills of the student, and a relatively more simi-
lar diameter to the middle cerebral artery (MCA),
one of the most used intracranial vessels when do-
ing cerebrovascular procedures, which is slightly
bigger than the femoral artery.

In the neurosurgical area this type of anastomo-
sis is known with different names: end-to-end anas-
tomosis or bypass, re-anastomosis, or reconstruc-
tive bypass [7], and has been utilized during the
last four decades to treat complex aneurysms and
skull base tumors [8]. Practicing this technique
allows neurosurgery residents and junior neurosur-
geons to experience a simulation of aneurysmal
pathology excision or tumor resection, with the
respective re-joining of the transected ends of the
artery to restore blood flow, without needing a graft
[7]. Generally, ETE anastomosis could be achieved
in any cerebral artery, although the ideal location is
one with a long arterial loop (e.g., MCA or PICA
(postero-inferior cerebellar artery)) and fusiform
aneurysm morphology.

Side-to-Side Common Carotid Arteries Anasto-
mosis

The anterior cervico-thoracic approach was
performed on the subjects via a midline incision
after proper hair removal, the sternoclavicular joint
was dissected, and the first two ribs were exposed
on their medial half. An induced costochondral
separation of the first two ribs was added bilaterally
as part of the surgery to gain more space and dis-
sect both CCAs more proximally to their origin

Fig. 3. Carotid arteriotomies

Puc. 3. KapoTupHbIE apTepHOTOMHHU

(Fig. 2), which served as a maneuver for an easier
CCAs approximation.

Fig.2. Common carotid artery exposure after cervico-
thoracic approach with costochondral separation of the
first two ribs

Puc. 2. BoipeaeHne o011efi COHHOI apTEPHHU MOCA€ LIEHHO-
IPYAHOI'O AOCTYIIA C pebepHO-XpsIIIeBOii cerapalieii mepBbx
ABYX pebep

The carotid sheath was incised, and the internal
jugular vein, the vagus nerve, and sympathetic
trunk were displaced from the CCA. The single
clamps (4) are positioned as far as possible, 2
proximal and 2 distal on both CCAs.

The CCAs preparation began with adventitia
removal, followed by arteriotomies in front of each
other (Fig. 3 4, b). We perform these arteriotomies
elevating the artery using an adventitia remnant
that was left intact on purpose, by elevating the ar-
tery a little cut with the microscissors can be done,
then the microscissors are inserted in the vessel and
a longer cut is accomplished (approximately 2 or 3
times the vessel’s diameter, i.e., 2 or 3 mm long).
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Both CCAs were approximated with the apical
sutures (Fig. 4), obviating the use of aneurysm clips
to bring them together, as they were loose enough
by performing the extended cervico-thoracic ap-
proach. Both apical sutures keep the appropriate
length of the thread (not too long to avoid tan-
gling), as this will be used for the back and front
running sutures. In my case (right-handed) I per-
formed the back wall first starting from the right,
which was sutured continuously with approxi-
mately 8 loops (Fig.$S), then it is secured to the
shorter tail of the front wall suture thread. Finally,
the anastomosis was completed suturing the front
wall starting from the left and using the long tail of
the front wall suture thread (Fig. 6), securing it by
knotting it with the shorter tail of the back wall su-
ture thread which was left intact.

Fig. 4. Common carotid artery approximation with apical
sutures

Puc. 4. CoamkeHne 06mieit COHHOM apTepUH BepXylIeYHbIMA
IIBaMH

Fig. 5. Back wall was sutured

Puc. S. 3apHA4 cTeHKa ymuTa

Fig. 6. Front wall was sutured

Puc. 6. IlepepHss cTeHKa ymuTa

The STS anastomosis is a communicating by-
pass between two arteries that mimics the brain’s
anterior and posterior communicating arteries [9].
During the microsurgical course, we learn to per-
form these procedures at the femoral vessels before
starting to work at the carotid level. Arteriovenous
anastomosis, although providing a good example
for STS practice, is not an approximate equivalent
for arterial anastomosis as those performed in cere-
brovascular practice. This is the reason why we pre-
fer using both carotid arteries for an adequate
learning curve during advanced courses. I find the
STS anastomosis is very useful in cerebrovascular
practice, it used in many types of bypasses, for ex-
ample, an “R p3 PICA-L p3 PICA in-situ bypass”
[9] for a fusiform aneurysm on the left lateral me-
dullary segment of PICA, during this procedure
you preserve distal postero-inferior cerebellar ar-
tery (PICA) flow by joining both PICA’s distal
segments, in cases in which a proximal aneurysm
isn’t amenable for surgical clipping.

Ent-to-Side Common Carotid and Femoral Arter-
ies Anastomosis

During the training, an interpositional arterial
bypass between both carotid arteries was per-
formed. CCAs and one femoral artery were dis-
sected and prepared as described before. The
femoral artery graft was prepared first, the mur-
phy branch was ligated and coagulated, then it
was cut to free the femoral artery, which was dis-
sected as long as possible and then was excised
and left on saline solution. The CCAs preparation
began with adventitia removal, followed by arte-
riotomies in front of each other (1.0-1.5 mm of
diameter), and the femoral artery was positioned
between both CCAs through bilateral ETS anas-
tomosis (Fig. 7).
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Fig.7. Bilateral End-to-Side (ETS) - Simulating Inter-
positional bypass

Puc. 7. BuAaTepaAbHbIfA OB <KOHeI|-B-00K>»> — MMHTAIUS
MEKIIO3HIJMOHHOTO 00X0Aa

This exercise also simulates real-life vascular
surgical procedures, for example, an “OA-RAG-a3
AICA interpositional bypass” for bilateral VA oc-
clusions and vertebrobasilar ischemia [10]. This
bypass locates the radial artery (RA) as an interpo-
sitional graft between the occipital artery (OA) and
the third segment of the anterior-inferior cerebellar
artery (AICA), to preserve cerebellar blood flow
from the external carotid artery (through the OA)
in cases of posterior circulation vascular damage.
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