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INTRODUCTION 

Microsurgery is an essential technique as part 
of the armamentarium of the reconstructive sur-
geon. Common to many surgical subspecialties, 
this technique requires a magnification device in 
order to dissect and anastomose vascular and nerve 
structures. 

Due to its steep learning curve, assistance to 
training courses have had an important growth in 
the last decade, being nowadays part of the plastic 
surgery curriculum. Creation and validation of 
multiple simulation models and the use of objec-
tive evaluation methods have allowed the micro-
surgical skill acquisition in the laboratory. These 
objective evaluation methods have allowed a tran-
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sition from a non-structured training in which the 
expert evaluated the performance of the student 
according to his experience to a training where the 
skill acquisition can be quantified with validated 
learning scales and even some more sophisticated 
methods like hand movement analysis. 

While medical knowledge can be obtained from 
books, webinars or journals, skills require a lot of 
training. Every skill has a learning curve and micro-
surgical proficiency is not the exception. The mi-
crosurgical learning curve is steep, which is why 
simulation by training in different living and non-
living models seems to be a great the solution for 
this problem. 

According to Malcolm Gladwell [1] you need 
10,000 hours to master any skill. However, this 
has been challenged by Ericsson [2] exposing that 
repeating an activity several times doesn’t create 
an expert, while deliberate practice does. It is nec-
essary to acknowledge your mistakes and con-
sciously correct them to improve and master a 
skill. 

Since 2012, there has been a continuous 
growth of microsurgical training courses in Latin 
America. In 2016 we performed a simple narrative 
review of the literature by searching in PubMed the 
Mesh terms “Microsurgery” and “Training” from 
2012 to 2016, completing our search strategy with 
letter sent to South American presidents of plastic 
surgery societies. From this review we identified 11 
new training courses, which is in concordance with 
the need for microsurgical training in this region 
[3]. 

CHILEAN INNOVATIONS  

IN MICROSURGICAL TRAINING 

The beginnings 
We were late in the microsurgical timeline 

compared to the rest of the World. The first mi-
crosurgical case in Chile was done in 1979 by  
a surgical resident, who later published his first  
4 cases [4]. He heavily prepared before in the 
laboratory, publishing a “New experimental model 
for microanastomosis between vessels of different 
diameter” in a rat model and a cervical esophagus 
reconstruction with small bowel in a dog model 
[5, 6]. 

In 2005, Andrades et al. published the first 
Chilean manuscript regarding how to set up a mi-
crosurgical training facility and compared different 
models going from the simple latex model to some 
non-living models like the chicken, swine limb, cow 
heart, human placenta and human epigastric vessels 
embedded in discarded abdominoplasty tissue [7]. 
He then concluded that the “microsurgical route” 
should be a progressive difficulty approach going 
from the latex model to the living rat. 

Using learning theory and non-living models 
Until 2016, microsurgical training was done 

mainly with rat models and without a structured 
form of evaluation of the microsurgical skill acqui-
sition. The “Halstedian” concept of see one, do 
one, teach one, combined by a non-structured 
evaluation of the expert was challenged [8]. 

Some years earlier, a lot of importance was  
given on how to objectively assess the microsurgical 
skill acquisition and many OSATS (Objective 
Structured Assessment of Technical Skills) were 
developed and validated [9, 10]. 

More even, a hand motion analysis system, the 
imperial college surgical assessment device 
(ICSAD) had been validated as a method of objec-
tively assess the microsurgical skill [11]. 

With these assessment tools, the microsurgical 
learning curve could be mapped [12]. 

Rodriguez et al. [13] redefined the way micro-
surgery was been taught in Chile and adapted a 
progressive difficulty curriculum involving simple 
knots in latex and vinyl models, moving on to dis-
section and anastomoses of 2 mm diameter arteries 
and veins in the chicken tight and finally reaching 
1 mm diameter dissection and anastomosis of ves-
sels in the chicken wing. After each training session, 
effective feedback was given by the experts using 
validated OSATS scales. This method was de-
signed the same way as a workout sheet in the gym. 
The students could go whenever they had free time 
to the laboratory and practice, but in a structured 
fashion. He also compared how the students per-
formed when doing their first artery anastomosis in 
a rat living model, and couldn’t find any difference 
with the experts, concluding that the initial steps of 
the learning curve could be done in non-living 
models with spaced but constant training, and po-
tentially reducing the number of rats needed. 
Creating new assessments, models and going 
super micro 

In the previously mentioned paper, the 
ICSAD was also used to track the learning curve 
by analyzing the number of movements and the 
total length path of both hands while doing the 
anastomosis. One caveat of this device is that it 
wasn’t designed for small movements and the sen-
sors placed in the fingertips where the size of the 
distal phalange making more difficult to do a micro-
anastomosis. Cifuentes et al. [14] designed a low 
cost and more comfortable method of tracking the 
hand movement while training microsurgery by 
using colored rubbers in the fingertips and tracking 
them with a camera. This research concluded that 
experts made less number of movements and less 
length distance than non-experts, and correlated 
well with the level of expertise of the student as-
sessed by the OSATS. 
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Flap design and dissection is also a key step 
while learning microsurgery. For this purpose, li- 
ving rat and pig models had been described. How-
ever, there wasn’t a non-living model, where one 
could easily train the pedicle dissection. Cifuentes 
et al. [15] described the first perforator flap in a 
chicken model using the chicken leg and studying a 
big and constant perforator with a long intramuscu-
lar path. This same model was later described to 
train supermicrosurgery, given the different diame-
ters found in the pedicle. Arteries and veins of 0.7, 
0.5 and down to 0.3 were anastomosed [16] 
(Fig. 1). 

 
Fig. 1. Intramuscular path of the chicken leg perforator 
Рис. 1. Внутримышечный путь перфоратора куриной 
ножки 

 
Navia et al. [17] carefully dissected the chicken 

wing, updated the anatomy nomenclature and de-
scribed smaller vessels. Later Rodríguez et al. [18] 
described the ulnar artery concomitant veins of the 
chicken wing for advanced supermicrosurgery 
training, taking advantage of the resemblance of the 
veins with the lymphatic vessels. 

The swine leg has been described as a lym-
phatic vein anastomosis training model [19]. By 
injecting blue dye in the swine foot, the lymphatic 
vessels can be visualized in the medial aspect of 
the leg. Interestingly, there is no need for the ani-
mal to be alive, which means it can be recycled 
from other studies. After identifying the lymphatic 
vessel, a surrounding vein has to be identified in 
the subcutaneous tissue to perform the lymphatic 
venous anastomosis, which is not always easy after 
defrosting the leg. We have proposed an easier 
way to recycle the limb by taking only the subcu-

taneous tissue of the leg after the dye injection 
and harvesting at the same time an inguinal lymph 
node. The lymph node has veins of multiple dia- 
meters, which can be anastomosed to the previ-
ously identified lymph vessels in any configuration 
desired (Fig. 2). 

 
Fig. 2. Subcutaneous tissue of the swine leg with the lymph 
node and lymphatic vessels 
Рис. 2. Подкожная клетчатка ноги свиньи с лимфатиче-
ским узлом и лимфатическими сосудами 

 
Moving along with the times 

Contemporary microsurgical education suppo- 
ses the physical presence of an instructor or expert 
in the laboratory, giving effective feedback after 
each training exercise. That is to say, correcting the 
student’s errors immediately. 

Because of this, the majority of the courses are 
limited by a maximum number of students per in-
structor, geographic accessibility due to the lack of 
experts in the area and the difficulties that suppose 
their presence in every training. 

The distance-based learning or e-learning in 
the surgical education has been growing in the last 
decade and potentially allowing students to ac-
quire skills without the physical presence of an 
instructor. 

Cifuentes I.J. et al. [20] described the feasibility 
of microsurgical skill acquisition using an online 
platform. The students were exposed to a webpage 
where progressive difficulty training sessions where 
explained, starting from basic latex models to the 
chicken wing. Feedback was done asynchronously 
by the expert after each session analyzing a video 
recorded by the student using a camera connected 
to the microscope and creating a second video in 
which errors and pitfalls where discussed (Fig. 3 
and 4). By the end of training, most students were 
able to do a 1mm artery anastomosis. Over a one-
month period, 6 medical students without any surgi-
cal experience, were trained by just one instructor, 
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who employed 6.7 hours in total in doing feedback. 
In this way, a greater instructor to student ratio 
could be achieved, optimizing the paucity of teachers 
in our geographic area and making over the sea in-
struction possible. 

 
Fig. 3. E-learning Laboratory set up. Microscope with  
cameras 
Рис. 3. Создание лаборатории электронного обучения. 
Микроскоп с камерами 

 
Fig. 4. Snapshot of a video feedback assessing a microvas-
cular anastomosis 
Рис. 4. Снимок видео обратной связи, оценивающий 
микрососудистый анастомоз 

Even more, because of the COVID-19 pan-
demic there has been a shift towards a home-office 
environment. In the same manner, a modification 
of the previous model has been suggested in col-
laboration with Dr. Yelena Akelina, a prestigious 
international microsurgical instructor from the Co-
lumbia University, where a home-based approach 
using loupes as magnification and the smartphone 
as the recording device could be employed. Feed-
back could be done asynchronously with video re-
cordings or synchronously using online platforms 
as Zoom (Fig. 5). 

 
Fig. 5. Home setup for microsurgery training 
Рис. 5. Домашняя установка для обучения микрохирур-
гии 

 
In the future, we expect that these technologies 

could make microsurgical training more accessible 
to everyone, eliminating geographical barriers and 
improving patient care all over the globe. 
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