
Laparoscopic surgical skills are traditionally taught in the 
operating room (OR). Achieving laparoscopic competency 

is challenging in today's surgical training programs, especially 
during the recent coronavirus disease 2019 (COVID-19) pan-
demic [1]. Changes brought about by restrictions in duty hours, 
demand for strict supervision, and reduced level of autonomy 
have diminished trainee exposure and experience in the OR 
compared with earlier generations of surgical residents [2]. 
Most North American training program graduates continue to 
clinical fellowships in various subspecialties. A fact that might 
suggests that residency training periods are too short and inade-
quate for today's competency needs [3,4].

Standard laparoscopic simulators usually fall short of achiev-
ing true simulation that combines real-life tissue sensation, rele-
vant anatomy, didactic routines, haptic feedback, and a genuine 
OR atmosphere. Mechanical video-scopic box trainers allow 
for broken down simplified technical practice, like suturing 
or shearing and real physical haptic feedback. Whereas com-
puter-enhanced or virtual reality trainers allow for a complete 
procedure simulation with limited variants of abdominal anato-
my and,at times, even simulation for active bleeding. However, 
usually they lack haptic feedback and authentic tissue sensa-
tion and manipulation [5-9]. Most simulations are practiced in 
a quiet room, focusing on what is in front of the trainee, the 
screen, the tools, and the proctor. Little to no notice is given 
to the surroundings around the trainee, like the covers, gowns, 
and gloves, the anesthesia team, the nursing staff, the surgical 
assistant, and OR environment.

This study presents a live porcine model for a laparoscopic 
skills lab course developed for training general surgery resi-
dents. The structure and curriculum of the course, the advantag-
es of this approach, and the trainee's feedback on the experience 
were studied.

An in vivo porcine model for laparoscopic surgery course was 
developed. The aim was to simulate seven different laparoscop-
ic procedures and seven laparoscopic skills for trainees under 
the mentorship of laparoscopic specialists in a mock operating 
room setting. Each daily course was 7 hours long. Participants 
were divided into groups. Each group included four general sur-
gery residents from different postgraduate years (PGY) as train-
ees, two laparoscopic specialists as mentors, one anesthetized 
porcine model, one veterinarian to perform the anesthesia, one 
lab assistant, and four laparoscopic simulating box trainers. The 
laboratory facility was designed and equipped as a functional 
operating room, including a surgical table, a laparoscopic tower 
with a light source, an insufflator, an endoscopic camera, and 
electrosurgical instruments. 



The course curriculum included an introductory frontal ses-
sion to acquaint the participants to approaches laparoscopic 
tools, followed by a one hour personal laparoscopic box trainer 
simulation session for each trainee, which was proctored by the 
mentors. The exercises were similar to the manual laparoscop-
ic skills exercises of the Society of American Gastrointestinal 
Endoscopic Surgery's (SAGES) Fundamentals of Laparoscopic 
Surgery (FLS) course [10]. Following the introductory session, 
all four trainees scrubbed for the porcine model session and 
performed the mentioned laparoscopic procedures and skills in 
Table 1 in a didactic rotating form under the direct guidance of 
the un-scrubbed mentors. 

After completion of each procedure, an interim summary re-
view session of the goals and pitfalls was held. Following the 
completion of all the exercises, a summary session was held. 
The trainees were asked to complete a feedback questionnaire 
to help us understand the limitation to correlate to the residents' 
performance after the course ended. The survey was designed 
to evaluate the observed benefits of the course and the mock 
OR setting. The questionnaire included seven closed statements 
using a 5-point Likert-type scale: "How much do you agree with 
the following statements?", Strongly disagree (1), Disagree (2), 
Undecided (3), Agree (4), Strongly agree (5). These questions 
were followed by an open question, "What was the main contri-
bution you gained from the course?"

Shamir Medical Center (Assaf Harofeh) Helsinki Committee 
The appropriate institutional research committee approved this 
study. The study was performed in accordance with the ethics 
standards as laid down in the 1964 Declaration of Helsinki and 
its later amendments or comparable ethics standards.

For this type of study (retrospective in nature), formal consent 
is not required. An exemption from informed consent for this 
study was given by the institutional research committee (Shamir 
Medical Center (Assaf Harofeh) Helsinki Committee) as the da-
ta were retrospectively retrieved from an existing prospectively 
and routinely collected database.

A total of 98 surgical trainees from 19 training programs un-
derwent a full-day course from September 2017 to July 2020. 
In total, there were 25 courses conducted during that period. 
Trainees from all differenttraining levels took part in the course 
with most of them, over 65%, were in the first 3 years of train-
ing, and the rest were in their last 3 years of surgical training. 
During the personal laparoscopic box trainer simulation session, 
each trainee practiced manual laparoscopic skills similar to the 
FLS course exercises, such as pegs transfer, pattern cutting, loop 
ligating, suturing with an intracorporeal knot, and other hand-
eye coordination exercises in a didactic manner with a mentor 
timing and directing the trainee [Figure 1].

The laparoscopic exercises on the anesthetized porcine 
model included two trainees performing each procedure bro-
ken down into modules of trocars placement, insertion and 
abdominal insufflation, intra-abdominal space orientation and 
laparoscopic scope manipulation, designated organ dissection 
or resection, reconstruction when included, and hemostasis of 
bleeders. The laparoscopic skills practiced on the trainer box, 
such as fine dissection and proper tissue handling and intracor-
poreal shearing, intracorporeal suturing, and knot-tying were 



interwoven into the procedures. The seven procedures includ-
ed laparoscopic cholecystectomy, laparoscopic splenectomy, 
laparoscopic hysterectomy, bilateral salpingo-oophorectomy, 
laparoscopic sleeve gastrectomy, laparoscopic sigmoidectomy, 
laparoscopic anterior resection of the rectum, and laparoscopic 
repair of ventral hernia with a synthetic mesh [Table 1]. 

The four trainees in each course performed all seven proce-
dures rotating among themselves. Each trainee performed one 
to two procedures as the leading surgeon, according to their 
PGY level, and as an assistant in another one to two procedures. 
At the same time, the rest of the group observed and the two 
un-scrubbed laparoscopic specialists proctored and mentored 
the procedures. Overall 175 laparoscopic procedures were per-

formed in the observed period with 350 training positions for 
two trainees for each procedure. 

Analysis of the summary questionnaire following comple-
tion of the course showed that the trainees reported that the 
course was a valuable use of their limited time (mean 4.98 ± 
0.5 5). Their expectations of the course were exceeded (mean 
4.81 ± 0.4 of 5), it was highly relevant to their training (mean 
4.98 ± 0.3 of 5), and that they felt that the exercises improved 
their ability to perform or assist in an actual case in the oper-
ating room (mean 4.79 ± 0.3 of 5). They also stated that using 
an Endo-trainer box before the live tissue exercises enormously 
contributed to their performance with the live tissue (mean 4.74 
± 0.5). The trainees gave the course an overall mean satisfaction 
rate of 4.98 ± 0.3 of 5 [Table 2].

Laparoscopic simulation for training has become the standard in 
many general surgery training programs worldwide [5,11-12]. 
For these simulations to take effect, they must be developed 
with a curriculum that considers various psychomotor skills, 
the surgical procedures performed, and a structured assessment 
method [13]. Difficulties in evaluating a trainee's performance 
in the operating room brought efforts to standardize and assess 
the training process outside of the operating room [12,14]. One 
of these efforts is the Objective Structured Assessment of Tech-
nical Skills (OSATS), in which trainees perform standardized 
surgical tasks on inanimate models under expert observation 
[15].

The widespread array and availability of simulators is main-
ly due to the understanding of their contribution to residents in 
training and the easy access and relative affordability of most 
training simulators, which are called box trainers. Most train-
ers are usually rudimentary and focus on laparoscopic surgical 
skills like shearing and suturing, with additional emphasis on a 
surgeon's stance, ergonomics, and hand-eye coordination [16]. 
Yet, the box trainers and other computed simulators seem to fall 
short in simulating the sensation of performing surgery on live 
tissue in a true OR setting. 

In this aspect, the porcine model is ideal for training sur-
geons in laparoscopic procedures. Due to the anatomical and 
physiological similarities between human and porcine bodies 
[17-20]. These similarities, combined with the benefits of op-
erating on live tissue in true OR conditions, allow for a much 
more realistic simulation of surgery on the human abdominal 
cavity under pneumoperitoneum.

Having said that, discrepancies between human and porcine 
abdominal organs might limit the understanding of some specif-
ic procedures. Anatomical differences such as a relatively thin-
ner fatty tissue of the omentum and mesentery, different arterial 
supply to the pancreas, lack of mesenteric vessels branching in 
the porcine substitute, and a higher numbers of intramural anas-



tomoses of the porcine bowel [21]. Compared to human models, 
the difference in the pelvic inlet and mesorectum of the porcine 
model does not allow for a proper presacral space dissection in 
the simulation of a total mesorectal excision (TME). A differ-
ent number of liver lobes correlates to a looser gallbladder in 
the porcine model, which challenges the trainee in laparoscop-
ic cholecystectomy [Figure2] [20]. Small and large bowels are 
lengthier and more mobile with fewer attachments of the colon 
to the retroperitoneum. 

However, some anatomical discrepancies work in favor of 
the training program. One such example is the porcine spleen, 
which has two splenic hili encompassing two splenic vascu-
lature bundles compared to a single one in humans [22]. This 
allows for two trainees to perform a laparoscopic splenectomy 
during one operation.

Fitts and Posner's three-stage theory of motor skill acquisi-
tion (cognition, integration, and automation) is widely accept-
ed in both the motor skills literature and the surgical literature 
[12,23]. With respect to this model, our curriculum was de-
signed to have an introductory frontal session (cognition: under-
stand the task), followed by a personal laparoscopic box trainer 
simulation session (integration and automation: comprehend 
and perform the mechanics with speed, efficiency, and preci-
sion) designed according to SAGES's manual of laparoscopic 
skills exercises. This course design was followed by practicing 
all of the techniques on a live model in a realistic simulated 
OR environment. All stages of the training were supervised and 
assessed by laparoscopic specialist surgeons.

This comprehensive program was designed to include almost 
all aspects of modern, state-of-the-art surgical simulated train-
ing. The participants’ overall satisfaction was extremely high. 
Trainees also felt that the program was a valuable use of their 
time. They thought it was highly relevant to their training and 
thought it improved their ability to perform or assist in the OR. 
By attending this course, surgical residents can achieve better 
laparoscopic proficiency in a realistic and safe environment, 
gain more confidence, and eventually increase patient safety.

The study's main limitation is its difficulty in correlating the 
positive effect of the course on the future performance of the 
residents in the operating room. This limitation should be ad-
dressed in future studies.

Using a live porcine model may present some ethical issues 
regarding animal rights that must be addressed. The Research De-
fense Society considers the use of animals in medical research 
to be beneficial and can be ethically and morally justified under 
good regulation [24]. The use of animal models for training may 
be justified as patients undoubtedly benefit if improved proficien-
cy of surgeons is attained or achieved. Some characteristics of 
laparoscopy are inadvertently associated with risks that can only 
be appreciated or experienced with living subjects [25].

The study and skills laboratory was conducted under the 
approval of the institutional research committee and performed 
according to the Helsinki declaration's ethics standards. Special 
care was given to minimize any potential animal suffering. Due 
to its wide success, the course was integrated as part of the na-
tional surgical residency curriculum of the Israeli Surgical As-
sociation.

Using a laparoscopic porcine model in a guided didactic course 
and performing complete common laparoscopic procedures in 
simulated OR surroundings is beneficial for surgical trainees. 
The porcine model mimics human abdominal anatomy and al-
lows trainees to increase their comfort level in performing such 
procedures.



SARS-CoV-2 infection is generally mild or asymptomatic 
in children but a biological basis for this outcome is 
unclear. Dowell and colleagues compared antibody and 
cellular immunity in children (aged 3–11 years) and adults. 
Antibody responses against spike protein were high in 
children and seroconversion boosted responses against 
seasonal Beta-coronaviruses through cross-recognition 
of the S2 domain. Neutralization of viral variants was 
comparable between children and adults. Spike-specific 
T cell responses were more than twice as high in children 
and were also detected in many seronegative children, 
indicating pre-existing cross-reactive responses to 

seasonal coronaviruses. Importantly, children retained 
antibody and cellular responses 6 months after infection, 
whereas relative waning occurred in adults. Spike-specific 
responses were also broadly stable beyond 12 months. 
Therefore, children generated robust, cross-reactive 
and sustained immune responses to SARS-CoV-2 with 
focused specificity for the spike protein. These findings 
provide insight into the relative clinical protection that 
occurs in most children and might help to guide the design 
of pediatric vaccination regimens.

Neurological complications among hospitalized 
COVID-19 patients may be associated with elevated 
neurodegenerative biomarkers. Among hospitalized 
COVID-19 patients without a history of dementia 
(N=251), Frontera et al. compared serum total tau 
(t-tau), phosphorylated tau-181 (p-tau181), glial fibrillary 
acidic protein (GFAP), neurofilament light chain (NfL), 
ubiquitin carboxy-terminal hydrolase L1 (UCHL1), and 

encephalopathy, in-hospital death versus survival, and 
discharge home versus other dispositions. COVID-19 
patient biomarker levels were also compared to non-

COVID cognitively normal, mild cognitive impairment 

(MCI), and Alzheimer's disease (AD) dementia controls 

(N=161). Admission t-tau, p-tau181, GFAP, and NfL were 

significantly elevated in patients with encephalopathy and 

in those who died in-hospital, while t-tau, GFAP, and NfL 

were significantly lower in those discharged home. These 

markers correlated with severity of COVID illness. NfL, 

GFAP, and UCHL1 were higher in COVID patients than in 

non-COVID controls with MCI or AD.


