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This paper is dedicated to the memory of Hans Rensema (1948-2020), medical artist of Microsurgical
Developments Foundation.
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at the Erasmus University of Rotterdam. Experimental microsurgery and techniques training for larger groups of
bio-technicians and researchers started at Utrecht University in 1993, and later at Groningen University. The first
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This paper presents the current state-of-the-art training in the Netherlands and some future perspectives.
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OTa craThs nocssaleHa naMmatu ['anca Percema (1948—2020) , MEAUIIMHCKOTO XyaoxHuKa Ponpa pa3pa60TOK
B 00AACTH MUKPOXUPYPTHH.

Hcropust 06y4eHNs] MUKPOXHUPYPIUYeCKAM M 9KCIIEPUMEHTAABHBIM MeTOAMKaM B HupepAaaHAaX BOCXOAUT K
1960-m rr. O6ydyeHne B OCHOBHOM IIPOXOAHMAO HHAMBHAYaAbHO. KAMHMYecKkne Xupypri MOTAH HIPOMTH Kypc 00yde-
Hus «Wet-Lab» B Yausepcurere Jpasma B Porreppame. Obydenne skcriepuMeHTaABHON MUKPOXUPYPIHU U METO-
AM AAST OOABIIVX IPYIIIT GUOTEXHIKOB M HCCACAOBATEACH HA9aA0Ch B YTPeXTCKOM yHHBepcurere B 1993 1., a 3areM —
B I'ponunrenckom yHusepcurere. IlepBoe ofOydeHne Ha KOMMEpPYECKOH OCHOBE COCTOSIAOCH B MeXXAyHapOAHOM
yae6HOM nenrpe mukpoxupypruu (IMTC) B Aeaucrape B 2002 r. B HacTosmelt cTaThe IPeACTABACHBI COBpEMEHHbIE
MeTOABI 00y4eHust MUKpOoxXupypruu B HupepaaHaax 4 HeKOTOpbIE IIePCIIEKTHBH Ha OyAyIee.

ITpodeccop Pemu nsydaa papmaruio B I'pornnrenckom yausepcurere. [locae 3aBepienus y4e6s: B 1983 r. on
CIIE[IMAAMBHPOBAACS Ha (papMaKOAOTHH M 3aLUTHA AMCCepTanuio Ha crertens PhD 1o npecuHanTiyeckoi MOAYAILIAK
HOpaApeHeprudecKoil HeMPOTPAHCMICCUE B CBOOOAHO ABIDKYIIEHCS BOPOTHOM BeHe KPpbIChL. OH IPHCOeAMHUACS
K Solvay Pharmaceuticals B kagecTBe pyKOBOAUTEAS IPYIIIBL IO $aPMAKOAOIHH, CIIELUAAM3UPOBAACS B 0bAaCTH
A260paTOPHBIX XUBOTHBIX (YTpexrckuil yausepcutet, 1991) U cTaA CIEHUAAMCTOM MO AA6OPATOPHBIM XUBOTHBIM U
3amuTe XUBOTHBIX B Solvay Pharmaceuticals 1 Fort Dodge Animal Health Holland. ITpodeccop Pemu siBasietcs
npeacepaTeseM POHAQ MUKPOXUPYPIIIECKHX Pa3pabOTOK B HECKOABKHX JTHCTHTYIIMOHAABHBIX KOMUTETOB 10 YXOAY
u ucrioansosanmio sxusoTHX (IACUC). B mepuoa ¢ 1997 o 2012 r. Pene Pemu sBASACS TPOYECCOPOM CreIHaAb-
HOM KadeApHl MUKPOXHPYPIUH U 9KCIIEPUMEHTAABHON TEXHHUKU Ha AAGOPaTOPHBIX SKMBOTHBIX B I'pOHMHIeHCKOM
LIeHTpe UCCACAOBAHHI A€KAPCTBEHHBIX CPEACTB, a TakKe KapeApbl GMOMOHUTOPUHIA U CEHCOPUKH YHUBEPCUTET-
ckoro rieHTpa $papmareTruky I'pornHreHckoro yuusepcurera. OH SIBASETCS FeHepaAbHbIM AUPEKTOPOM YueOHOro
nentpa 3-R's Training Center BV u aupexropom Llenrtpa xupyprudeckux HasbikoB Pene Pemu (www.rrssc.eu).

Hpen Kyacra Ko6o moayuraa cremnenp 6akaraBpa 6M0AOTHH U PUHOTEPAIINH, @ TAKKE MATUCTPa MAHYaAbHOM
Teparmu B Yrusepcurete Xaon (Mcnanus). Pa6orasa Ha kadeape GUBHOAOTHH B TOM K€ yHHBEPCHTETe C TAMOMaMH
y KpbIC in vivo, a 3aTeM B aaboparopun CAR Madrid, rae saHnMaAach aHaAM30M 06pasijoB KPOBU CIIOPTCMEHOB.
SBagercs crapmuM HHCTpYKTOpoM LlenTpa xupyprudeckux HaBbikos Pene Pemu.

OaBuH CIIO9ABCTPA MOAYYHMA CTelleHb MAarucTpa $papMaleBTUKH U CIIEIIMAAU3UPOBAHHOH CTepeOTaKCHIeCKOM
XUPYPIUU U MUKPOAMAAM3a Ha Kpblcax. Pazpaboras HecKOABKO MeTOAOB Ha Mbimrax. ITocaepHre 10 AeT mocBsiTHA
pas3paboTke AM3aiiHa KaTETEPOB U HCCAEAOBAHUSIM KPOBH.

Karouesspie caoBa: aKcnepumMeHmarvHvie mMermoodol, 00yHeHUe MUKPOXUPYP2UL, KPbLCbl, MbLULL, HCUBOMHDLE
modeau, 3Rs.

KOH(I)AI/IKT HHTEpEeCOB: ABTOPBI IIOATBEPIKAAIOT OTCYTCTBHE KOH(l)APIKTa HHTEPECOB, O KOTOPOM HeO6XOAI/IMO

COOOIUTB.

IIpospaunocTh puHaH-
COBOM AeATEeAbHOCTH:

HHKTO 13 aBTOPOB HE UMEET (l)PIHaHCOBOﬁ 3aHMHTEPECOBAHHOCTH B IIPEACTABA€HHBIX
MaTepHaAaX HAH METOAAX.

AA4 DUTHPOBAaHMA: Pemu P., Kyacra Ko6o .M., Crioaasctpa E.H. Mukpoxupyprus 8 Hupepaanaax c axc-
IIepUMEHTAABHOM (papMaKOAOTHIECKOH TOUKH 3peHus. Bonpocwt pexoncmpyxmueroti u
naacmuuecoii xupypauu. 2021;24(1):39-47. doi: 10.17223/18141471/76/4

THE BEGINNING present state of perfection. In 1951, Littmann, of

the Carl-Zeiss Co., manufactured a prototype of
the OpMi-1, a microscope equipped with coaxial
illumination for use as a colposcope or otoscope,

The introduction of the (operating) microscope
and the fundamental techniques of vascular

anastomosis were indispensable throughout the
history of microsurgery. Implementation of the
operating microscope led to a revolution in almost
every surgical discipline. Nylén, a clinical assistant
in otorhinolaryngology in Karolinska Medical
School, first recognised the need for magnification
in ear surgery and used a monocular microscope in
a few chronic cases of otitis and pseudo-fistula
formation in 1921. Holmgren (1923§)reported the
first microsurgical fenestration for otosclerosis
using a binocular operating microscope. Therefore,
otorhinolaryngology is considered to be the cradle
of microsurgery. Without the operating micro-
scope, it could not have been developed to its

still used today. It became commercially available
in 1953 when it began to be used quite rapidly and
increased in the operating room [35].

In 1902, Alexis Carrel first performed end-to-
end (ETE) vascular anastomosis by hand using a
'3-stay suture technique’, a fundamental vascular
surgery technique (see RF.Rickard and
D.A. Hudson, 2014 [31] for a historical overview).
Jacobson and Suarez (1960) published a brief
historical article on microsurgery for 1-mm blood
vessel anastomosis. Recognising the difficulty
in doing this with the naked eye, they introduced
the operating microscope into small vascular

surgery.
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Work in experimental microsurgery began in
the late 1950s. Dr Sun Lee (Korean name Sil Heung
Lee) the renowned “Father of Microsurgery”, was
born in Korea and emigrated to the USA in 1950.
At that time, rats were seldom used in surgical
laboratories, despite a long history of rat usage in
allied biological research. Encouraged by Dr Fisher,
Dr Lee started his pioneer experiments, performing
portacaval shunts in rats in 1957, using end-to-side
anastomosis. After many attempts and failures, Lee
perfected an end-to-side portacaval shunt in 1958,
thus creating the discipline of experimental
microsurgery. Microsurgery opened an avenue to
conducting allied physiological research and
transplantation investigation. In those early years,
Lee started to develop kidney and heart-
transplantation models in the rat, and in the years
that followed, many organs were transplanted
between different rat strains. His research raised
immunology, then in its infancy, to unknown
heights. Today, 95% of organ-transplantation
research projects are performed wusing small
rodents. Professor Sun Lee died on October 4,
2015, at the age of 95.

MICROSURGERY
IN THE NETHERLANDS

The first International Microsurgical Work-
shop was held on September 4-5, 1970, organised
by Dr van Bekkum in Rijswijk. It was the first meet-
ing of the International Microsurgical Society
(IMS), and since then it has continued biennially.
In those early days, several groups in the Nether-
lands were using these new microsurgical tech-
nique possibilities. At the Erasmus Medical Centre,
Drs Kort and Marquet specialised in small bowel,
heart and liver transplantation surgery, and trained
students in microsurgery in the 'Wet-Lab'. Simulta-
neously, Drs Hess and Jerusalem at the Radboud
University of Nijmegen developed a heterotopic
auxiliary liver-transplantation technique. They later
worked on fibrous microvascular polyurethane
prosthesis [24, 26]. Dr Wildevuur and colleagues
at Groningen University worked on experimental
microsurgery and focused, a.o., on lung transplan-
tation in the rat. Teaching was mostly limited to
individuals or small groups. Dr Remie and Mr Bar-
tels trained several scientists, technicians, and some
dental surgeons at Groningen University in the late
1970s.

However, nonclinical biomedical researchers
were slow to discover the additional benefits of us-
ing the microscope, along with microsurgical tech-
niques. In the early 1970s, in vivo pharmacological
research and drug discovery were performed with
few exceptions on anaesthetised animals. Freely-
moving animal models were rarely seen. Resear-

chers physically restrained the animals, thus cir-
cumventing unwanted effects of anaesthetics on
the parameters to be measured. Researchers could
create freely-moving animal models used for re-
peated experiments with microsurgery, thus saving
many animal lives [28, 29].

Today, a quick search on PubMed shows over
2300 papers published on microsurgical training.
Interest in the application of microsurgical tech-
niques was stimulated in the mid-1980s during the
revival of the concept of the 3-Rs, originally sug-
gested in 1959 by William M.S. Russell and Rex L.
Burch in their book “The Principles of Humane Ex-
perimental Technique” [32]. Refined surgical tech-
niques in experiments were recommended, leading
to an eventual reduction of animal numbers [2,
30]. However, if researchers want to take advantage
of microsurgery benefits, they need some tools for
learning the proper technique. Hence, we describe
the development of several (non-animal) tools for
microsurgical training.

MICROSURGICAL DEVELOPMENTS
FOUNDATION

In 1982, a group was formed around several
equal-minded people interested in furthering train-
ing, in microsurgical and experimental techniques.
This group organised the first European Society for
Parenteral and Enteral Nutrition (ESPEN) work-
shop in August 1987. In 1990, the group founded

the Microsurgical Developments Foundation
(MD, www.microdev.nl).
The main objective of this nonprofit

organisation is the production of educational tools
for life-sciences research. Since the early papers on
microsurgical techniques often lacked a clear and
detailed description, we compiled the Manual of
Microsurgery on the Laboratory Rat. Experimental
and microsurgical techniques are described and
illustrated in great detail [28, 29]. While micro-
surgery skills can not be mastered purely through
books, MD also compiled ten detailed and explicit
videotapes of several operations and general
techniques used in rats.

When learning microsurgical techniques, it is
crucial to develop the ability to concentrate on the
visual images seen through the microscope, to use
fine instruments, and to coordinate one's
movement. At that time, the use of anaesthetised
animals was often advocated for training purposes,
but it is difficult for students to divide their attention
between mastering a technique and taking proper
care of the animal. The animals often died untimely,
resulting in students feeling disappointed. Due to
these and other factors, the number of animals
needed in the initial training phase is often
remarkably high [3, 16]. Therefore, during these
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courses, it became apparent that there was a need
for a simple device to practice basic techniques.

THE ANASTOMOSIS DEVICE

Many attempts were made to replace animals
for (super) microsurgical training purposes [8, 10,
14, 15, 20, 23, 27]. T. Kaufman et al. (1984) were
the first to introduce the foliage leaf for microvas-
cular surgery training [17]. A.M. Awwad (1984)
introduced the so-called Practi-Card, which con-
tains 16 small compartments consisting of two
cardboard pieces with a small rubber piece in be-
tween [4]. Freys and Koob (1988) described a
training method for increasingly difficult proce-
dures without using live animals [12]. They started
with rubber gloves, continued with silicon tubing, a
chicken's sciatic nerve, and ended with a coronary
arterial vascular anastomosis of a pig's heart.
S.Ayoubi (1992) reported using placentas in
microvascular exercises [S]. K.E.Korber and
B.A. Kraemer (1989) described using small-calibre
Gore-Tex grafts as another alternative for micro-
surgical training [19].

Our MD-anastomosis device is made of PVC;
it is smooth, easy to manufacture, and easy to
clean. The device consists of three rings. A surgi-
cal glove is clamped between two rings, and the
third ring is pushed or pinned over it. Students
can be trained in hand-eye coordination, instru-
ment handling, needle and suture handling, pla-
cing knots, and ergonomics (the primary body
and hand positions to avoid tremor and fatigue).
In this stage, we break down all movements to
specific elements, e.g. knots are tied in 16 separate
steps. After mastering these basics, students can
establish interrupted and continuous sutures in
various directions. The device can also be used to
clamp small-diameter silicone or latex tubing to
practice suturing and knotting procedures in stan-
dard (ETE) and end-to-side (ETS) anastomoses.
By turning the device upside down, the students
can simulate suturing in deep cavities.

End-to-end anastomosis (termino-terminal
anastomosis)

Before starting with the anastomosis, the vessel
ends must be free from blood or blood clots, best
achieved by intraluminal irrigation, with a diluted
heparin solution (5-101U/ml) and a blunt 32G
needle. The stay- or corner sutures can be placed in
several ways. The most straightforward technique
is placing the second stay suture at 180° from the
first, "the symmetric bi-angulation". John Cobbett
in England published a paper on the fundamentals
of microvascular surgical techniques in 1967, in
which he particularly stressed the importance of

"eccentric stay suture at 120 degrees" or "asymmet-
ric bi-angulation." Compared with ordinary stay
sutures 180° apart, the needle seldom catches the
posterior wall when inserted in the vessel's anterior
wall, as the vascular lumen stays open due to the
stretching of the stay sutures [9]. However, E. Kim
et al. (2016) could not show a significant difference
between the bi-angulation and tri-angulation tech-
niques, when done in cryopreserved rat aortas [18].
The tri-angulation was, in fact, a modification of
eccentric, asymmetric bi-angulation, as suggested
by Alexis Carrel in 1902. The Cobbett technique is
used as a standard in our training [ 1, 7, 25].

Fig. 1 shows the positioning of the first two
sutures, which are placed at '10 o'clock’ and at
2 o'clock’. By doing this, one can ensure that the
vessel's opposite side is not grasped by mistake,
thus avoiding a through-stitch. Note that the dis-
tance between the needle insertion and the vessel's
edge is approximately 0.15-0.25 mm. The bite's
size may vary according to the vessel's diameter, the
vascular wall's thickness, the suture and needle size.
If it is difficult to see the colourless, translucent ves-
sel, place a piece of coloured plastic (blue or yel-
low) beneath the vessel to better view its fine de-
tails. Once the (stay or corner) sutures have been
made and tied, some tension must be put at the
ends to flatten the vessel wall and expose the anas-
tomosis using small bulldog clamps.

When passing the needle through the vessel
wall, do not take the tissue's full thickness between
the forceps jaws, as this will cause a great deal of
damage. The correct way of passing the needle
through is to lift the vessel wall at the adventitia, or
place the left-hand forceps on the tissue's under-
side, and gently push the vessel wall up, which is
then easily penetrated.

Subsequently, the needle should pass perpen-
dicularly through the other side of the vessel wall.
Again, do not take the entire thickness of the ves-
sel, but take the adventitia, or use the forceps to
support the vessel's topside just beyond and be-
side the place where the needle should emerge.
When the needle-holder reaches the tissue, the
needle must be released and can be grasped at the
other side.

When pulling the needle through the tissues, let
it follow its curvature. If one does not do this, the
stitch holes will become unnecessarily enlarged.
Pull the needle through and let the thread follow
the entry-exit line, reducing damage to the tissue by
angulating the thread at both the entry and the exit
hole. The next suture is placed at 12 o'clock’ posi-
tion (in the middle of the stay sutures) and tied.
If the vessel's circumference is divided into equal
parts, and the other end of the vessel matches, the
edges can be brought together evenly, achieving
the optimal result. If not, the anastomosis is des-
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tined to be crude and distorted, and stenosis will
often make it unsuccessful.
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Fig. 1. Schematic drawing of the steps in an ETE anasto-
mosis: A — the corner sutures are placed at 120° ("2
o'clock” and "10 o'clock"); B - light tension is put on the
corner sutures, and the next three sutures are placed. The
arrow indicates the first suture to be placed; C - the anas-
tomosis is rotated, and the "6 o'clock” suture is placed; D -
the "6 o'clock” suture is retracted to the right, and the next
three sutures are placed; E - the "6 o'clock” suture is re-
tracted to the left, and the anastomosis is completed

Puc. 1. CxemaTnHueckoe H306pakeHHe 3TAalOB AaHACTOMO3a
ETE: A - yraoBble MBI HAKAAABIBAIOTCS TOA yraoMm 120 ° (B
nosumun «2 waca» u «10 wacos»); B — yraosbie mBbI
CAerKa HaTATHBAIOT M HAKAAABIBAIOT CAEAYIONIHE TPHU IIBa
(cTpeakoit moKa3aH MepBbIi MIOB, KOTOPHIA HYXHO HAAO-
sxu1b); C — aHACTOMO3 IOBOPAYUBAIOT U HAKAAABIBAIOT IIOB
«6 9acoB>»; D — moB «6 4acoB> OTBOAST BIPAaBO M HAaKAA-
ABIBAIOT CAeAyIOIHe TpH mBa; E — moB «6 4acoB>» oTBeACH
BA€BO, aHACTOMO3 3aBepIIeH

After finishing the anterior wall, rotate the ves-
sel, as shown in Fig. 2. There are two ways to do
this: rotating the clamps or rotating only the su-
tures. When possible, clamp rotation is best. Now
the anterior wall has become posterior (this was
the back wall). Subsequently, place a central suture
in the original 6 o'clock position. The next sutures
should be placed halfway between 6 o'clock and
2 o'clock, and between 6 o'clock and 10 o'clock,
while the 6 o'clock suture is placed under some ten-
sion. Depending on the diameter of the vessel, be-
tween 6 and 12 sutures should be placed equidis-
tantly. The distance between stitches in a 1-mm
artery must be approximately 0.35 to 0.4 mm,
meaning that between 6 and 8 stitches are required.

In microsurgery, vessel approximators are fre-
quently used. They are available with and without
cleats to hold the stay sutures. A piece of Silastic

Fig. 2. Rotation of the anastomosis: 1 — the anterior wall
has been sutured; 2 — Clamp rotation: the clamps (C) are
rotated, and the corner sutures (A and B) are repositioned;
3 - Suture rotation: the corner sutures are repositioned,
while the clamps retain their position, resulting in slight
torsion of the vessel; A and B — Corner sutures; C —
Clamps.

Puc. 2. Poranus anacTomo3a: 1 — nepeaHss CTeHKA YIINTA;
2 — Bpamenue 3axuma: 3axumbl (C) TOBEPHYTHI, a yTAOBbIE
mss1 (A 1 B) mepememensl; 3 — poTanus MIBOB: YTAOBbIe
IIBBI MEPEMEIANOTCS, 3a)KAMbI COXPAHSIOT CBOE MOAOXKe-
HHUe, YTO IIPUBOAUT K HeGOABIIOMY TepeKPyIHBaHUIO COCY-
Aa; Anb - yraospie mBp1; C — 3axumbl.

tubing (1-2 mm in diameter) or latex will ideally
serve as a substitute blood vessel as you begin to
master the end-to-end anastomosis technique in
experimental microsurgery.

End-to-side anastomosis (termino-lateral an-
astomosis)

After making a hole in the main vessel wall,
which corresponds to the side vessel's internal di-
ameter used for the anastomosis, one stay sutures
should be placed at 9 o'clock and 3 o'clock, then
tied. Using a continuous suture technique, leave
the suture's standing end (the one without the nee-
dle) alittle longer than the working strand, and use
it to put some tension on the anastomosis. The
other end with the needle is used for suturing. If the
vessel cannot be turned over for direct visualisation
of the posterior wall, the posterior wall should be
sutured first from the inside (Fig. 3).

In case the vessel can be turned over, the ante-
rior wall should be sutured first. Then, after turn-
ing over the vessel, which allows the anterior wall
to become posterior, the posterior wall can be
inspected from the inside. Subsequently, the new
anterior wall is sutured, completing the anasto-
mosis.
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Fig. 3. Detail of the first stitches in the posterior wall: R -
Corner suture

Puc. 3. BoimoAHeHHe NepBBIX IIBOB 3apHel cTeHkH: R —
YTAOBOM IOB

The MD PVC-Rat

After some years of experience with the anas-
tomoses device (Fig. 4), we felt a need for a model
to simulate a complete surgical technique. Again,
the goal was to separate the attention to the tech-
nique and the animal. We discussed several options
ranging from a stylistic approach to a true-to-life rat
model. With a grant from the Platform Alternatives
to Animal Use Program (PAD), Ministry of Public
Health, Welfare and Sport in the Netherlands, we
started developing in 1994, in close cooperation
with Solvay Pharmaceuticals, Solvay Plastics, Uni-
lever, and Museum Technical Works Foundation
in Groningen.

Fig. 4. The anastomoses device in use

Puc. 4. Ucnoab3yemblii aHaCTOMO3

Several difficulties had to be addressed, such
as the most suitable material to make the blood
vessels and properly fixate these vessels into the
model. We also wanted to produce the MD PVC-
Rat in a cost-efficient way to allow as many people
as possible to buy the rat at a low cost. The final

model is made of PVC, while blood vessels and
other structures are made of latex, and the organs
made of polyurethane (Fig. 5).

Fig. 5. The MD PVC-Rat
Puc. S. Anaromuyeckast moaeab kpoicet MD PVC-Rat

Both experienced and inexperienced microsur-
geons evaluated the model, and we used their
comments to improve it. A prototype of the model
was presented at the Second World Congress on
Alternatives and Animal Use in the Life Sciences,
held in Utrecht, in 1996. The final model became
available in 1999. The MD PVC-Rat can be used in
conjunction with the anastomoses device to train
students in more than 25 advanced experimental
and microsurgical techniques (e.g., catheterisation
of portal, renal, and jugular veins, making porta-
caval shunts using button and suture techniques,
and transplantation of blood vessels, kidneys, and
hearts). After mastering the technique, students
must be trained in perioperative care (patient mon-
itoring). It is essential to understand that unlike
physicians or veterinarians, most scientists are
not trained in surgery. Therefore, we decided to
develop a computer program that would simulate
the anaesthetic process and problems that can
occur during surgery. The PAD also funded the

Ne 1 (76) 2021

Bonpocbl peKOHCTPYKTMBHOWM U NNacTUYECHON XUpyprum



45

REMOTE project when the Product-Group Bio-
Simulations of the Van Hall Institute in Leeuwar-
den designed the software.

Depending on the surgeon's skill, the program
will generate problems with parameters such as
body temperature, respiratory rate, and heart rate.
The student is now forced to concentrate on the
animal's welfare, correct the problem, and continue
with the technique.

We must also make sure that future scientists,
whose research involves surgical intervention in
animals, are familiar with the basic principles of
aseptic technique. Asepsis is an often-neglected
part of the surgery in rats and mice, but it can
quickly be learned using the MD PVC-Rat.

After introducing the MD PVC-Rat in our mi-
crosurgery courses, we saw further progress in our
students' performance. Numerous mistakes that
would generally cost animal lives were circumvented,
and students felt much more at ease when they per-
form their first operation on a living animal [2, 30].
We have found that using the model reduced the
number of animals used during scientists and ani-
mal-technician training by approximately 90%.

MD was also involved in setting up an intro-
ductory microsurgery course at the Department
of Laboratory Animal Science (LAS), Utrecht Uni-
versity, in 1993. It was a three-day course in micro-
surgical and experimental techniques. Until 2001,
these courses were given three times a year, one of
which was in English, and linked to the Interna-
tional Course on LAS. In 2002 International Mi-
crosurgical Training Centre (IMTC) was founded.
The Centre could accommodate 16 students. The
training was extended to five days, with participants
practising a model of their choice with experienced
instructors' help on the final day. IMTC stopped in
2009, and 3-R's Training Centre took over under
the name RRSSC (www.rrssc.eu).

Anatomical knowledge is crucial when per-
forming experimental microsurgical techniques.
Unfortunately, there were no suitable rat anatomi-
cal models available in the early 1990s. Therefore,
MD started to develop a 3-dimensional, four-times
life-size anatomical model of the rat (Fig. 6). In
this model, hundreds of anatomical structures are
shown, and students can learn the optimal ap-
proach to the structures of interest.

Today at RRSSC, we start with training on the
anastomosis device and continue in the MD PVC-
Rat. On day two, we focus on vascular catheterisa-
tion, followed by super microsurgery on the rat's
femoral artery. We repeat this on the third day and
add the end-to-end (ETE) of the abdominal aorta.
During the last two days of our clinical Module A,
we train end-to-side (ETS) anastomosis (porta-
caval shunt) free-flap transplantation (superficial
epigastric artery and vein), and sciatic-nerve repair.

It is a training program similar to the one described
by A. Beris et al., 2020 [6].

Fig. 6. The MD 3-D anatomical model of the rat

Puc. 6. 3D-aHaTOMHYeCKast MOAEAD KPBICHI

In Module B for experimental surgery, we focus
on participants' needs, e.g. catheterisation tech-
niques, myocardial infarction, transverse aortic
constriction, intrathecal administration, CSF sam-
pling, radio-telemetry implants, and many other
techniques.

ASSESSMENT TOOLS

At RRSSC we use the QAPLAS quality assured
pedagogy (https://qaplas.net/).

Intended learning outcomes (ILOs), teaching
and learning activities (TLAs), assessment criteria
(AC) and assessment task/-s (ATs) were identified
and described.

In doing so, the course structure was enhanced,
specific course obstacles to teaching and learning
were identified, and good pedagogy practice versus
good laboratory practice and 3R was implemented.

In our courses at the Karolinska Institutet,
Stockholm, Sweden, we used a set of assessment
tools composed of:

e Instrument choice

e Instrument handling/knowledge

e Suture handling

e Quality of the knot

¢ Hand position and motion

® Respect for the tissue

e The flow of the operation

e Quality of the final product

We evaluated students during days two and five
of the course, to monitor learning. The assessment
is best done by an expert who is not involved in the
actual training. Several other assessment tools have
been developed for clinical microsurgery [36].

ONLINE TRAINING

Like many other businesses, we are affected by
our clients' travel restrictions due to the Corona
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pandemic, and subsequently, the number of course
participants being able to follow our training
modules has decreased. Although surgical training
is best achieved with personal guidance in our dedi-
cated training facilities, we have decided to set up
online surgical training for advanced surgeons and
expand our training possibilities (Fig. 7).

We have set the highest standard for performing
this surgical training online. Both the microscope-
vision and overview of the surgical area are provided.
Moreover, using a portable digital microscope, we
offer the possibility of monitoring students while
they perform surgery. This allows us to guide them
through procedures and help them perform com-
plicated surgical steps. The online communication
using Microsoft Teams enables us to invite other  Puc.7. Onaaiin-06ysenne B IlenTpe XUpyprudeckux HaBbI-
specialists into our network to assist. The training  XoB Pene Pemu
sessions are recorded for future reference.
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