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ABSTRACT
Laparoscopic surgery is routinely used to treat many urological conditions and it is the gold standard treatment op-
tion for many surgeries such as radical nephrectomy. Due to the difficulty of learning, laparoscopic training should 
start outside the operating room. Although it is a very different model of laparoscopic training; the aim of this 
review is to show the value of human cadaveric model for laparoscopic training and present our experience in this 
area. Fresh frozen cadaveric model in laparoscopic training, dry lab, cadaveric model, animal models and com-
puter based simulators are the most commonly used models for laparoscopic training. Cadaveric models mimic the 
live setting better than animal models. Also, it is the best way in demonstrating important anatomic landmarks like 
prostate, bladder, and pelvic lymph nodes templates. However, cadaveric training is expensive, and should be used 
by multiple disciplines for higher efficiency. The laparosopic cadaveric training starts with didactic lectures with 
introduction of pelvic surgical anatomy. It is followed by hands-on dissection. A typical pelvic dissection part can 
be completed in 6 hours. Surgical robot and some laparoscopy platforms are equipped with 3-D vision. In recent 
years, we have use the stereoscopic laparoscopy system for training purposes to show exact anatomic landmarks. 
Cadavers are removed from their containers 3 to 5 days prior to training session to allow enough time for thawing. 
Intracorporeal suturing is an important part of laparoscopic training. We believe that suturing must be practiced in 
the dry lab, which is significantly cheaper than cadaveric models. Cadaveric training model should focus on the 
anatomic dissection instead. In conclusion, fresh-frozen cadaveric sample is one of the best 3D simulation models 
for laparoscopic training purposes. Major aim of cadaveric training is not only mimicking the surgical technique 
but also teaching true anatomy. Lack of availability and higher financial cost are the two setbacks for the use of 
cadavers. Surgeon should learn basic laparoscopic skills with box trainers prior to cadaveric skill training.
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ÖZ
Laparoskopik cerrahi ürolojinin bir çok alanında rutin olarak kullanılmakla birlikte, radikal nefrektomi gibi bir çok 
cerrahinin uygulanmasında da altın standart yöntem haline gelmiştir. Laparoskopi eğitimine öğrenme zorlukları 
nedeniyle ameliyathane öncesinde başlanılmalıdır. Laparoskopi eğitiminde bir çok farklı model olmakla birlik-
te; bu derlemenin amacı, insan kadavra modelinin laparoskopi eğitimindeki değerini göstermek ve bu alandaki 
deneyimlerimizi paylaşmaktır. Laparoskopi eğitiminde taze donmuş kadavra modeli, “Box Trainer”lar, kadavra 
modeli, hayvan modelleri ve bilgisayar tabanlı simülatörler laparoskopi eğitiminde yaygın olarak kullanılmakta 
olup, kadavra modeli anatomik yapıları birebir simüle etmesi sayesinde bir adım öne çıkmaktadır. Kadavra modeli 
prostat, mesaneve pelvik lenf nodları gibi önemli anatomik yapıların simüle edilmesindeki en değerli yöntemdir. 
Ancak kadavra üzerindeki eğitimin maliyetlerinin yüksek olması nedeniyle, kadavraların multidisipliner olarak 
kullanımı sayesinde daha yüksek verim elde edilebilir. Laparoskopik Kadavra Eğitimlerinde genel olarak, pel-
vik cerrahi anatominin anlatıldığı teorik dersler ile başlanır ve uygulamalı diseksiyon ile devam edilir. Tipik bir 
pelvik diseksiyon bölümü yaklaşık 6 saat içinde tamamlanır. Günümüzde robotik cerrahide ve bazı laparoskopik 
platformlarda üç boyutlu görüş tekniği kullanılmaktadır. Son yıllarda laparoskopi eğitimi sırasında anatomik yapı-
ların tam olarak ortaya konulabilmei için biz de steroskopik laparoskopi sistemlerini kullanmaktayız. Kadavralar 
eğitimin yaklaşık 3-5 gün öncesinde taşıyıcılarından çıkartılır ve böylece erime için yeterli zaman tanınmış olur. 
İntrakorporeal sütür laparoskopi eğitiminin önemli bir parçasıdır. Ancak bu sütür tekniğinin, kadavra modellerine 
göre çok daha ucuz olan “box trainer”larda öğrenilmesi gerektiğini ve kadavra eğitiminde anatomik diseksiyon 
üzerine yoğunlaşmasının daha uygun olacağını düşünüyoruz. Sonuç olarak, taze donmuş kadavralar, laparoskopi 
eğitiminde kullanılabilecek en iyi üç boyutlu simülasyon modellerinden birisidir. Kadavra eğitimindeki hedefler 
sadece cerrahi tekniği uygulama ile kısıtlı kalmamalı, anatomik yapıların doğru bir şekilde öğretilmesini de kapsa-
malıdır. Ulaşılabilirliğinin zorluğu ve yüksek maliyetler, kadavra kullanımının iki ayrı güçlüğü olarak belirtilebilir. 
Cerrahın kadavra eğitiminden önce “box trainer”da temel laparoskopik becerileri kazanması, kadavra modeli 
üzerindeki eğitimin daha verimli olmasını sağlayacaktır.

Anahtar Kelimeler: Kadavra; laparoskopik cerahi; eğitim.
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Introduction

Laparoscopic surgery has revolutionized modern urological sur-
gery and it is routinely used to treat many urological conditions.
[1] Since the first case of laparoscopic nephrectomy[2], laparoscopy 
has evolved significantly and it is now the gold standard treatment 
option replacing many open surgeries such as radical nephrecto-
my.[3] Despite availability of laparoscopy, the learning curve can be 
mastered gradually.[4] Most urology residents in Europe consider 
their laparoscopic skills to be inadequate.[1] This begs the ques-
tion as to what can be done additionally in laparoscopic training. 
Laparoscopic training needs to be intensified and should start out-
side the operating room (OR).[5] Laparoscopic simulators[6], animal 
models[7] and cadaveric models[6,8] are the most commonly used 
training methods for basic training. In the practice of urologic sur-
gery, laparoscopic surgery mostly can be used in upper retroperito-
neal and pelvic regions. The aim of this review is both to show the 
value and details of human fresh frozen cadaveric model which is 
a well-known 3D model for laparoscopic training in kidney, pros-
tate and bladder surgery, and present our experience in this area.

Fresh frozen cadaveric model in laparoscopic training in surgery
Dry lab, cadaveric model, animal models and computer based 
simulators are the most commonly used models for laparoscopic 
training. Dry lab allows basic training in a low- cost environment. 
However, it doesn’t mimic the live setting as well as the other 
aforementioned models. In urology, animal models are subopti-
mal due to the absence of prostate in many animal models. In 
addition, unlike human kidney, porcine kidney is not surrounded 
by fat tissue and minimal dissection allows the adequate exposure 
for nephrectomy. Therefore, cadaveric models mimic the live set-
ting better than animal models. They provide 3D visual aspect of 
real human anatomy compared to the other training modalities. 
However, cadaveric training is expensive, and should be jointly 
used by multiple disciplines for higher efficiency.[9]

Different training models have been compared by general sur-
geons. Leblanc et al.[10] compared the laparoscopic skills during a 
laparoscopic colectomy training session. They divided the partici-
pants in two groups, where one group was trained by augmented 
reality simulators and the other group was trained with cadavers. 
Group trained with cadavers showed superior performance in 
hand-assisted sigmoid colectomy. Sharma et al.[11] reported simi-
lar findings favoring the cadaveric surgical training over virtual 
reality simulators, in which they compared the skill sets of three 
groups based on their surgical experiences. In a different study, 
Sharma et al.[6] assessed the baseline laparoscopic performance 
of two groups and then trained one group with cadaveric mod-
els. The practice group showed significant enhancement in lapa-
roscopic skills compared to the control group. Cadaveric setting 
is used for robot- assisted surgery, laparoscopic, urologic surgery 
and minimally invasive stone surgery as well.[8,12,13] Vlaovic et 
al.[13] showed that a week long intensive laparoscopic and robotic 

urologic surgery training improves test scores significantly. Mc-
Dougall et al.[12] reported that a five days of robotic training course 
which includes cadaveric training encourages the experienced 
laparoscopic urologists to incorporate robotic surgery into their 
practice. The efficiency of cadaver-based training has been dem-
onstrated in obstetrics and gynecology as well.[14]

In addition to developing surgical skills, laparoscopic dissection- 
based teaching has been shown to allow better identification of 
anatomy by medical students and surgical residents.[4] The three 
dimensional environment of laparoscopic teaching effectively 
contributes to the teaching of abdominopelvic anatomy.[15] Also, 
cadaveric models have been used to assess the feasibility of new 
procedures such as perineal robot- assisted laparoscopic prosta-
tectomy[16] and laparoscopic kidney transplantation[17] or evalua-
tion of newer surgical instruments.[18]

Laparoscopic cadaveric radical nephrectomy model
Laparoscopic radical nephrectomy is recommended for patients 
with T2 tumours and localized renal masses not treatable by 
nephron-sparing surgery.[3] Torso of the fresh frozen cadaver is 
used for all abdominal training modules, including laparoscopic 
nephrectomy. Cadavers are removed from their containers 3 to 5 
days prior to training session to allow enough time for thawing. 
The degree of thawing is important to provide best tissue for tac-
tile perception and appropriate dissection. The torso is positioned 
in a modified (45 to 60 degrees) lateral decubitus position for 
transperitoneal nephrectomy. Standard flank positioning is used 
for retroperitoneal training. Three trocars are used for both retro-
peritoneal and transperitoneal approach. For right nephrectomy, 
an additional 4th trocar can be used if required for liver retrac-
tion. Standard torso positioning and duties of each person dur-
ing training session (primary surgeon, camera assistant, instructor 
and observer) are shown in Figure 1. The other important issue is 
that ethical information concerning training on fresh-frozen ca-

Figure 1. Positioning and setup for transperitoneal laparosco-
pic nephrectomy 
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daveric tissue should be fully, and accurately explained in detail 
to trainees before starting the surgery. The training session should 
be evaluated with psychometric analysis to obtain objective feed-
back and determine the quality of educational level.

The transperitoneal approach is preferred, especially for be-
ginners, due to the larger workspace. Cadaveric Research on 
Laparoscopic Training (CRLT) study group identified the steps 
of transperitoneal cadaveric approach for training purpose on 
renal surgery. The steps and the duration periods for each section 
are; abdominal access and trocar insertion with intra-abdominal 
insufflations, insertion of abdominal trocars (30 min), identifi-
cation of ureter (15 min), and renal artery and vein (15 min), 
performing pyeloplasty (45 min), and partial nephrectomy (ex-
cision of the tumor/kidney tissue-30 min, internal renoraphy-30 
min, external renoraphy-30 min), and nephrectomy including 
application of endoclips on renal artery and vein (application of 
an endoclip on renal artery or renal vein-15 min, and nephrec-
tomy-15 min). The procedure starts with the medialization of 
the colon. After the kidney is visualized, the ureter is identified 
and dissected to the posterior direction. We believe that the go-
nadal vein and the ureter must be dissected as distally as pos-
sible for training purposes. The gonadal vein must be dissected 
to the superior to find the renal vein. It is sometimes difficult to 
distinguish veins and arteries of a cadaveric model. The lack of 
oozing makes the dissection of the renal hilum easier than the 
live surgery. We prefer clipping the renal veins and the renal ar-
teries separately, rather than using staplers. The rational for this 
is improving fine surgical skills similar to the dissection of distal 
ureter and the gonadal vein. 

The majority of renal masses are diagnosed as organ-confined 
disease.[19] Therefore partial nephrectomy makes up a significant 
percentage of kidney surgeries for small renal masses. Intracor-
poreal suturing is an important part of laparoscopic training. We 
believe that suturing must be practiced in the dry lab, which is 
significantly cheaper than cadaveric models. By this way, sur-
geon will have adequate suturing skill during cadaveric surgery. 
Suturing can be practiced by incising the ureter, in addition to 
performing partial nephrectomy.

Anatomic laparoscopic prostatectomy model
Pelvic anatomy is one of the most complicated areas for urolo-
gists. Better understanding of pelvic anatomy results in achieve-
ment of better oncological and functional outcomes from opera-
tions. However, there is no satisfactory model in facilitating the 
teaching and learning pelvic anatomy. Pelvic trainers and com-
puter-based simulators can teach basic laparoscopic skills. Ca-
daveric model is the best way in demonstrating important ana-
tomic landmarks like prostate, bladder, and pelvic lymph nodes. 
The cadaver model is applicable for both open and laparoscopic 
surgical approaches. In the era of minimal invasive surgery, 

while laparoscopic and robot-assisted radical prostatectomies 
are commonly performed, the unique perspective of operating 
surgeon can only be clearly addressed in laparoscopic cadaver 
model. In this section, preparation, usage of cadaver model for 
laparoscopic pelvic surgery, and relevant expectations will be 
discussed. The training methodology of laparoscopic cadaveric 
training model of The Chinese University of Hong Kong will be 
introduced. 

Due to the limited source of cadavers, we will use the torso only. 
The head and limbs will be removed and reserved for dissection 
workshops of ear nose throat and orthopedic surgeons. There-
fore, this approach provides more cost-effectivity and efficient 
usage of cadaveric samples. The fresh-frozen cadaver model 
allows creation of pneumoperitoneum after adequate thawing, 
which is a critical part of laparoscopic training model. The body 
will be placed in Trendelenburg/head down position. Five ports 
will be inserted as shown in Figure 2. The camera port should be 
placed at umbilical level with working ports below in order to 
provide unlimited access to prostate apex. 

The steps in laparoscopic cadaver dissection will be the same as 
laparoscopic or robotic radical prostatectomy. Transperitoneal 
approach is preferable due to exposure of larger working space 
and better appreciation of the anatomical relationship with dif-
ferent pelvic structures. Urethral catheterization may be difficult 
in some cases due to stiffness of tissues. It can be attempted 

Figure 2. Port locations for laparoscopic pelvic dissection
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in the later part of the dissection course after the body is suf-
ficiently thawed and softened. After mobilization of bladder, 
the detrusor apron and pubovesical ligaments can be visualized. 
Special attention in cadaver training method is made on poste-
rior dissection of the prostate, nerve-sparing technique and api-
cal/urethral dissection. These steps are probably the most cru-
cial part of radical prostatectomy to achieve trifecta outcomes.
[20] Careful incision of Denonvillier’s fascia is practiced in order 
to prevent rectal injury. The anatomic relationship of seminal 
vesicles, and artery to vas deference, and the perirectal fat plane 
should be easily identified. Increased knowledge on the anatomy 
of the prostate, and neurovascular bundle results in good func-
tional outcomes in continence and potency after radical prosta-
tectomy. However, due to variable condition of the cadaver, the 
intra-, inter- and extra-fascial planes may be difficult to identify. 
Trainers should give clear instructions and guidance on this step. 
During the apical dissection of the prostate, the close proxim-
ity between urethra and rectum is emphasized. Good functional 
length of urethral stump should be preserved after apical dis-
section. Urethral anastomosis may be performed with intracor-
poreal suturing technique. However, laparoscopic suturing skill 
can be practiced in dry lab or animal models. Cadaveric train-
ing model should focus on the anatomic dissection instead. We 
should stress the importance of fascia-sparing radical prostatec-
tomy (prostate in-out phenomen) as anatomic identification of 
nerve-sparing technique during the cadaveric training session, 
so as to show anatomic continuation of the pelvic, and prostatic 
fascial layers at the anterior, lateral and posterior aspects of the 
prostate.[21]

Anatomic laparoscopic cystectomy and bilateral extended 
pelvic lymph node dissection 
For radical cystectomy, an anatomic dissection approach that fol-
lows the course of natural avascular plane is used. There are a 
few important anatomic landmarks, which should be identified for 
successful and bloodless operation. Ureter, medial umbilical liga-
ment, and superior vesical artery should be firstly identified. The 
ureter can be found above iliac vessel. The dissection is continued 
along the ureter. On the lateral side of the ureter, medial umbilical 
ligament will be encountered. After transecting the medial umbili-
cal ligament, superior vesical artery can be identified medial to the 
ureter. The bloodless plane can be developed posteriorly down to 
prostate apex and laterally down to endopelvic fascia. Vascular 
pedicle will be found at the posterior-lateral part of the bladder. 
The rest of the procedure is similar as radical prostatectomy.

There is evidence that bilateral pelvic lymph node dissection has 
both diagnostic and therapeutic values. Extended lymph node 
dissection up to ureter crossing over common iliac arteries or 
aortic bifurcation becomes the current “standard”. The number 
of lymph nodes which can be removed is related to the extent 
of the dissection template. Meticulous dissection is needed for 

complete removal of lymph node(s). Accidental injury to com-
mon and internal iliac veins can result in torrential bleeding. In 
cadaver- training model, the anatomy of iliac vein will be em-
phasized. In the cadaveric model, trainees can have a chance 
to fully expose the the entire course of iliac arteries and veins 
(Figure 3). The surgeons’ perspectives on open and minimal in-
vasive cystectomy are entirely different. As compared with open 
approach, laparoscopic surgeons view the iliac vessels in higher 
and steeper angles (Figure 4). The lymph node packet behind 
the common iliac bifurcation, or fossa of Marcille, is largely ob-
scured. This area needs to be approached from the lateral side of 
external iliac artery (Figure 5). Surgeons can get familiar with 
this specific area by using cadaveric training model. 

Figure 3. a, b. (a) Pelvic lymph node dissection. (i) EIA: ex-
ternal iliac artery, (ii) IIA: internal iliac artery, (iii) CIA: com-
mon iliac artery and (iv) CIV: common iliac vein. (b) aortic 
bifurcations and ureter (U) can be clearly identified

a

b
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The laparosopic cadaveric training starts with didactic lectures 
on the introduction of pelvic surgical anatomy. It is followed by 
hands-on dissection. A typical pelvic dissection can be complet-
ed in 6 hours. Surgical robot and some laparoscopy platforms 
are equipped with 3-D vision. In recent years, we have used the 
stereoscopic laparoscopy system for training purposes to show 
anatomic landmarks precisely (Figure 6). It provides sense of 
depth, which is very important for dissection and suturing in 
confined surgical field like pelvis. It also simulates the same 
working environment and allows the trainees to adopt and fa-
miliarize with the technology. 

Sorensen et al.[22] showed that 3D laparoscopic vision improves 
speed and reduces the number of performance mistakes when 
compared to 2D laparoscopic vision. In this manner, the efficacy 

and visual perception can be increased in fresh-frozen cadaveric 
model for laparoscopic training purpose by using 3D laparo-
scopic system. 

In conclusion, fresh-frozen cadaveric sample is one of the best 
3D simulation models for laparoscopic training purposes. Sur-
gical anatomy training during the laparoscopic surgery can be 
indicated as an advantage of this model. It has been well estab-
lished that cadaveric models are suited for laparoscopic training 
better than other models. Major aim of cadaveric training is not 
only mimicking the surgical technique but also teaching the true 
life anatomy. Lack of availability and higher financial cost are 
the two setbacks for the use of cadavers. Surgeons should learn 
basic laparoscopic skills with box trainers prior to cadaveric 
skill training.

Figure 4. a, b. Angle of Marcille view from (a) anterior in 
open approach, and (b) umbilicus level in laparoscopic or ro-
botic approach

a

b

Figure 5. Lymph nodes at the angle of Marcille can be appro-
ached from lateral to the external and common iliac arteries 
(Photos at robot-assisted radical cystectomy)

Figure 6. Stereoscopic laparoscope facilitates the three dimen-
sional perception of pelvic anatomy
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