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What is the value of animal models in laparoscopic surgery?—a

systematic review

Arne Koscielny

Department of Surgery I, St.-Elisabeth-Krankenhaus Leipzig, Affiliated Teaching Hospital of the University of Leipzig Medical School, Leipzig,

Germany

Correspondence to: Prof. Dr. Arne Koscielny, MHBA. Head of Department, Department of Surgery I, St.-Elisabeth-Krankenhaus Leipzig, Affiliated

Teaching Hospital of the University of Leipzig Medical School, Biedermannstrafie 84, D-04229 Leipzig, Germany. Email: Arne.Koscielny@ek-leipzig.de.

Background: Animal models are essential in both basic and applied medical research and in the
development of surgical skills. This presents the classic dilemma whereby the gaining of knowledge for
human good is confronted by its critical impact on animals. Against this background, this review assesses
animal models in laparoscopic surgery by literature research.

Methods: In line with PRISMA guidelines, a systematic literature search was performed in PubMed,
Google Scholar, and Web of Science. All studies reporting on animal models for basic research, technological
and skills training in laparoscopic surgery, published between 2016 and 2021 were included. The selection
was based on a three-step algorithm, considering specific inclusion and exclusion criteria. The retrieved
studies were assessed for methodological quality and potential bias by Cochrane Handbook for Systematic
Reviews of Interventions.

Results: The search criteria were met by 365 publications. Of these, 177 were included by title, abstract
and full text availability and 94 studies were excluded from further analyses by exclusion criteria. The
remaining 83 studies consisted of 45 studies (54.2%) about skills training or technological testing and 38
studies (45.8%) about basic science research. The 38 studies on basic or applied scientific research included
three publications on mouse models (7.9%), 24 on rat models (63.1%), two on rabbit models (5.3%), and
nine on porcine models (23.7%). The 45 studies on skills training or technological testing included eight
publications on rat models (17.8%), three on rabbit models (6.7%), and 34 on porcine models (75.5%).
Discussion: The various animal models are discussed focusing on their value for basic science research
or surgical testing and training. Animal models in laparoscopic surgery are of essential value. The rat model
in laparoscopy is more suitable for basic and applied research, while porcine models are more suitable for
training in surgical skills and testing in technology. Current efforts based on artificial intelligence and virtual

reality might reduce or even replace the animal models in the not-too-distant future.
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Introduction

Animal models are essential in basic and applied medical
research and development of surgical skills.

The use of animal models presents the classic dilemma
whereby the gaining of knowledge for human good
involves a critical impact on animals. Animal protection is a
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controversial issue in Europe and has resulted in limitations
to research. In 2010, after lengthy and controversial
deliberations, the European Parliament published new EC
guidelines for animal protection in research. New, stricter
rules were published, resulting in consistent and higher
standards throughout Europe for the first time.

The DNA sequencing of complex animate beings,

Ann Laparosc Endosc Surg 2022;7:37 | https://dx.doi.org/10.21037/ales-21-52


https://crossmark.crossref.org/dialog/?doi=10.21037/ales-21-52

Page 2 of 11

28.2%

1.8%
0.3%
0.2%

23.7%

= Basic sciences

= Preserving breeding

= Environmental protection
= Skills training

Annals of Laparoscopic and Endoscopic Surgery, 2022

11.9%

2.8%

Translational and applied sciences
Quality and toxicological tests
* Maintenance of sorts
= Killed animals for scientific reasons, but no experiments

Figure 1 Percentage of animals and their specific scientific purposes (data in %) (1).

such as Drosophila melanogaster, mice, rats, pigs, cattle, and
humans, has been one of the most important scientific
achievements based on animal models in recent decades.
This was followed by new insights into the complexity of
life processes, improving medical care and nutrition of
animals and humans and resulting in a better quality of
life and increased life expectancy for humans and animals.
Significant progress is unthinkable without the use of animal
models which enabled clarification of distinct functions in
the context of the whole organism. Animal models will also
be needed in the future to study complex mechanisms in
living intact organisms.

In 2010, the European Parliament published guideline
2010/63/EU. This guideline guarantees high pan-European
bioethical standards for animal protection to be applied
in scientific and medical research, emphasizing the 3R
principle of reduction, refinement, and replacement in
the scientific use of animals. In 2014, 2.8 million animals
were used in scientific research in Germany. Organs were
removed from 789,926 animals, representing 0.35% of
the total of 795 million animals used commercially or
scientifically, including 788 million cattle, pigs, poultry, and
sheep used for nutrition. A further four million animals
were killed by hunting (1).

The number of animals used in medical research has
been decreasing in recent years. Most of these animals
are used for basic sciences (31.1%) and in translational or
applied research (11.9%). Most of these animals are mice
(68.0%), followed by rats (13.0%), whereas bigger animals
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are less frequently used: birds (2.0%), rabbits (3.8%), dogs
(0.1%), primates (0.1%; Figures I and 2) (1).

Animal models are needed in clinical diagnostics,
transplantation research and medicine, cell and tissue
substitutions, stem cell research, genomic research,
immunologic and neurologic research. Additionally,
in surgery and anesthetics, skills training is obligatory,
particularly using big animals such as pigs. As the traditional
on-the-job surgical skill training has been limited by the
new European working time directive, additional training
of crucial surgical skills on animal models is used to
compensate for this, and to also improve clinical experiences
and patient safety. Only a small number of animal models
is required to reproduce realistic clinical situations in a
structured setting (2-4). Finally, animal models are also
needed to evaluate the safety and feasibility of new surgical
instruments and procedures such as robotic surgery (5-8).

Against this background, this review intends to assess the
value of animal models in laparoscopic surgery by literature
research in accordance with the PRISMA reporting
checklist (available at https://ales.amegroups.com/article/
view/10.21037/ales-21-52/rc).

Methods

A systematic literature search in accordance with the
PRISMA guidelines was performed in PubMed, Google
Scholar, and Web of Science to identify all relevant studies
for this review article (9,10). The search date was set
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Table 1 Search terms, inclusion and exclusion criteria for literature
search

Criteria Terms/features

Search terms Laparoscopy, laparoscopic surgery and

Animal model (and/or murine, mouse, rat,
rodent, porcine, pig, swine model) and

Basic research or
Applied research or
Translational research or
Skills training or

Surgical instruments or

Imaging
Inclusion Matching search terms
criteria Published 2016-2021
Full text available in English, German or French
Reviews or original papers
Exclusion No animal models in laparoscopic surgery
criteria

Retrospective or case series

Animal models and laparoscopic surgery without
combined reference to the published results

for 30 November 2021. Search terms, inclusion criteria,
and exclusion criteria are displayed in 7able 1. All studies
reporting animal models for basic research, technological
and skills training in laparoscopic surgery published
between 2016 and 2021 were included. These studies were
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screened for potential inclusion according to the following
steps. First, all studies in English, German or French were
considered. Next, all titles and abstracts were screened for
appropriate studies. Studies satisfying the inclusion criteria
were subject to full text search for eligibility. The reference
lists of the cited literature were also reviewed for potentially
relevant studies. Finally, all pertinent information, such as
animal model, scientific purpose, modelled intervention,
year of issue, and accordance with national or European
animal protection acts, was extracted (Table SI).

All retrieved studies were assessed for their methodological
background and risk of bias as recommended by Cochrane
Handbook for Systematic Review of Interventions. The
following risk of bias assessment tools were employed by
a small team of collaborators: ROBINS-I for studies on
skills training or technological testings and SIRCLE RoB
for basic or applied science studies (results are displayed in
Figures S1,S2). Each collaborator independently repeated
the literature research by given search terms, inclusion
and exclusion criteria. Repeating the literature research
by each collaborator should reduce potential selection
and information bias. Concordant research findings
were included in the review. Retrieved studies diverging
among collaborators were discussed together and checked
for suitability. Subsequently, all studies were assessed
for risk of bias by each collaborator independently. The
assessment results were merged according to respective
tool requirements. Both the classification of retrieved
studies and the assessment results were cross-checked by
the statistician. Therefore, the risk of bias was attempted
to diminish. The overall quality of studies was rated as
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Figure 3 Flowchart of study selection according to PRISMA guidelines (search date 30 November 2021).

standard quality (11,12).

Results

In total, 1,308 studies were retrieved by database research
regarding the search terms (PubMed 345 studies, Google
Scholar 570 studies, Web of Science 393 studies) for the
period 2016-2021. Of these, 365 publications matched
the search criteria according to title, abstract and full text
availability, 177 publications were eligible and 94 studies
were excluded from further analysis due to exclusion criteria
(Table 1). The remaining 83 studies included 45 studies
(54.2%) on skills training or technological tests and 38
studies (45.8%) on basic science research (Figure 3). Of the
38 studies on basic or applied scientific research, three were
on mouse models (7.9%), 24 on rat models (63.1%), two on
rabbit models (5.3%), and nine on porcine models (23.7%).
The 45 studies of skills training or technological tests
included eight publications on rat models (17.8%), three on
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rabbit models (6.7%) and 34 on porcine models (75.5%).
Finally, all studies were analyzed for statements on the value
of the employed animal models in laparoscopic surgery
(Figure 4).

Discussion

In 2020, Bergmeister er 4/ published a systematic review
of 91 studies on simulating surgical skills in animals,
predominantly for laparoscopy (30%) and microsurgery
(24%) (2). They found that training in animals was
considered beneficial in order to achieve crucial surgical
skills against the background of declining clinical exposure.
Animal models may complement the training of future
surgeons to improve their hands-on experience. Of the
reviewed animal models, 30% (70% porcine, 10% murine,
5% ovine, 9% lapine and 6% miscellaneous) were employed
for laparoscopic training and a further 11% for robotic
surgical training. The trainees highly appreciated the
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Figure 4 Number of retrieved publications about animal models in laparoscopy.

realistic living models with realistic tissue feel, perfusion,
and anatomical representation, before translating these
skills to patients. The surveys resulted in an academic
acceptance for animal models in surgical training between
60% and 90%. The authors concluded that for a realistic,
non-patient environment, large animal models are highly
appreciated for skills training in cardiac and abdominal
surgery allowing accurate simulation and simultaneous
education of several surgeons (2,13). Animal rights groups
are very active in Europe, opposing animal experiments
and supposedly also training in live animals (14). The use
of animals for biomedical research and surgical training
is facing ethical issues and must therefore be performed
according to national ethical standards (14). The abdomen
in the porcine model is comparable in size to the adult
human, with much of the foregut anatomy similar to that of
the humans. Performing laparoscopic surgery in this model
provides tactile feedback in a setting where technical errors
and complications may occur without fatal consequences to
human patients. Canine models are frequently used to train
colon surgery. Also, there are substantial costs associated
with maintaining specialized facilities and providing
appropriate staff (15). In addition, animal models are needed
to test safety and feasibility of new technological tools and
to perform physiological studies.

Large animal models also play an important role in
the process of new drug trials and approvals. However,
smaller animal models, particularly mouse models,
significantly contributed to our understanding of the
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genetic basis of malignancies and the role of certain genes
and their mutations in the development and/or course
of inflammatory or malignant diseases (16). Advances
in biomedical, oncological, and applied research are
dependent on iz vivo models to test safety and efficacy
before clinical implementation. The optimal biomedical
research is required to “(I) mimic the human disease on a
molecular basis, (II) derive from a relevant cell line that
lends itself to in vitro study, (III) be reliable and predictable,
(IV) manifest survival differences, (V) allow for accurate
treatment assessment, (VI) be readily imaged, and (VII)
occur in similar background settings as the human disease”
(16,17). Genetic modifications are best modeled in rodents
such as immunodeficient mouse models. However, because
of major differences between humans and rodents, there
are numerous limitations in simulating complex diseases
and translating results to clinical practice (18). Although
most in vive genetic and immunological studies reflect
human biology very well and the human and mice genome
sequencing revealed only about 300 genes to be unique
to one species, there exist significant differences between
mice and humans in the immune system regarding
development, activation and response to challenge (19).
These differences may be in part due to variations in
protein expression and functional alignment of immune
responses found between the species, but also to genetic
polymorphisms and pseudogenes found between the various
inbred mouse strains used (20). The employed genetically
homogeneous inbred rodent strains used were unable
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to display the diversity of outbred populations, which is
essential for identification of crucial features of the adaptive
and innate immune system. Core elements of the animal
immune system correlate with those in humans, permitting
important insights into the complexity of genetic base,
and cellular and molecular immunology (21). There are
many cytokines and chemokines in humans with unknown
orthologs in rodents, and there are different cell-type-
specific receptors between the species (20). In animal
models, data reproducibility and comparability depends on
husbandry as well as the varying microbiological exposure
of humans and laboratory animals (21). Finally, different
microbiomes have been shown to potentially impact on
immunological studies. Although pre-clinical studies have
often been poorly predictive of response in humans, animal
models will remain essential for ongoing progress in our
understanding of genetic and immune system function in

health and disease (19,22).

Mouse models

Mouse models are considered advantageous because of
their known genetic information and easy maintenance and
handling at reasonable costs. Additionally, a high number of
commercially available mouse lines with known genomes or
specific monogenetic knock out lines enable them to model
a wide range of human diseases and pathophysiological
pathways (23). While the small body size and short lifespan
of mice are advantageous properties in reducing study times
and housing needs, the murine model is hardly suitable for
surgical studies or research in laparoscopy as mice are too
small, offer a very limited operation field and the mandatory
pneumoperitoneum is associated with pathophysiological
complications (16,24). Only few murine models are
described in laparoscopic surgery (25,26). The limitations
of body size in mice and the lack of suitable laparoscopic
instruments make the development of new imaging and
surgical techniques almost impossible (16,24).

Rat models

In addition to having the benefits of other murine models,
rats are also larger in size, making them more suitable for
surgery and radiological imaging (27). Recent genome-
wide association studies have also identified correlations
between rat and human genetic markers for cancer risk (28).
Therefore, rat models are mostly employed in basic
research studies in combination with laparoscopy.
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Several animal models have been established to
investigate immunomodulation and inflammatory processes
following laparoscopic approaches. Lingohr et /. developed
a complete rat model for laparoscopic appendectomies
thus simulating laparoscopic appendectomies in humans.
They concluded that their model might be useful in applied
studies on immunological and inflammatory responses
induced by laparoscopy (29). Although no significant
differences in immunological and inflammatory responses
could be found between laparotomy and laparoscopy,
the authors were able to investigate the cell-mediated
immunological response in the rat model after laparoscopy
for the first time. They found a significantly higher IL-6
level in visceral fatty tissue in conventionally operated
rats compared to laparoscopically operated rats, resulting
in a reduced postoperative inflammatory response after
laparoscopy (30). This might explain the advantageous
postoperative course after laparoscopy. Minimally invasive
hernia surgery is well established and alloplastic meshes
are employed on a regular basis. Guba et /. describe a rat
model to assess biocompatibility and characteristics of novel
meshes and their components (31). Rat models are also
suitable to assess new imaging and surgical techniques. The
agent ICG was shown to be an excellent fluorophore for
NIR-II bile duct imaging when tested in a rat model (32).
A small number of reports published results about rat
models being suitable for skills training. One rat model was
considered to be suitable for the improvement of basic and
advanced skills of general surgery residents in intracorporeal
suturing. The animal model was rated as the best training
element (33). Therefore, rat models are recommendable if
basic or applied studies at humoral or cellular levels are to
be combined with surgical interventions. However, their use
in laparoscopy is quite limited as only a few commercially
laparoscopic instruments are available and are primarily
used in pediatric surgery.

Porcine models

Despite the above-mentioned advantages of small animal
models, they do not bear the anatomical resemblance to
humans which could enable development of interventional
treatments. Large animal models such as pigs provide
anatomically more similar organisms for surgical treatment
studies and additionally offer a cell biology more analogous
to human cell biology (34,35). Porcine models provide
similarity in size, anatomy, pathophysiology, metabolism,
genetics, epigenetics, and pathology. In addition, their costs
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are significantly lower compared to non-human primate
models (36,37). Pigs have similar clinical laboratory and
histological findings. The human lifespan is only 3-5 times
longer than that of pigs (38). The porcine life cycle allows
sufficient time to implement, characterize, and modulate
diseases or pathophysiological mechanisms in a porcine
model, while it is adequately short-lived for acceptable
research terms and budgets (39). The pig genome shows
high homology with the human genome (40). Advances in
exact genetic modifications to pig genomes have resulted
in novel technologies for testing consequences of genetic
changes. In recent years, the decoding, engineering and
modulation of the pig genome have significantly expanded
the options for basic and applied research in pigs, similar
to rodent models (16,38). Radiologic imaging, such as CT
or MRI scans, can easily be applied to pigs, whereas the
comparable clinical protocols and uses are not applicable
to rodent models (41). The pig anatomy facilitates the
improvement of surgical techniques, instruments and
skills training. The identification of biomarkers seems to
be more feasible in pigs due to the facile nature of taking
blood and tissue samples and the abundance of tissue
material (38). Finally, pigs facilitate modeling relevant
human comorbidities. Porcine models are preferable for
the testing of the feasibility and safety of new surgical
techniques or instruments, such as clips (42), staplers (43),
new intraoperative imaging techniques for evaluation of
anastomotic perfusion, detection of bile ducts or liver
segments (44,45), and for applied studies, such as vagal
stimulation, to attenuate inflammatory responses in
postoperative ileus (46).

Most reports on porcine models cover training of
surgical skills or evaluation of new surgical procedures
such as robotic surgery (7,47,48), advocating the pig model
for skills training outside the operation theatre. Thereby,
significant improvements in treating the onset of major
complications, in the need for tutors, in the duration of
proceedings, and confidence in treating intraoperative
bleeding could be achieved (49). Porcine models enable the
trainee surgeons to use the same commercially available
laparoscopic instruments as used in humans, thus providing
a realistic environment during surgery.

Replacement of animal models in laparoscopy

Nevertheless, the progress in artificial intelligence
with refined alogrithms as well as the progress in
biotechnology will help to reduce the need for animal
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models in basic research and skills training (50). Most
models for practicing surgical skills in laparoscopy are
general task trainers and consist of boxes (simulators)
designed for training human surgery. These simulators
show several limitations in terms of anatomic species and
procedural differences as well as general psychomotor
training compared to in vive skill recreation. The
training programs should be influenced by trainee-
specific assessment and tailored technical instruction (51).
Recently, Johannesson ez 4l. reported that virtual reality
simulation combined with animal model training can
significantly improve the psychomotor skills of trainees,
such as camera navigation, coordination, lifting and
grasping, cutting and clip applying. They concluded that
skills training can be further improved by adding procedural
training in virtual reality (VR) simulators resulting in
shorter times to proficiency and substantial reduction
of the use of animal models (52). These VR simulators
focus on the interaction with operation devices and virtual
anatomical structures (53-55). Compared to animal models,
videos and e-learning VR simulations are more realistic due
to the very intuitive anatomic structures exhibited in 3D
graphics. Tutor supervision, patient participation, or animal
models will no longer be necessary during basic skills
acquisition, since VR simulation offers a controlled virtual
setting outside the operating room (53). Future surgeons
may train their manipulation and surgical techniques in
a non-anatomic environment and with virtual patients.
The education levels of trainees can be evaluated by
many reliable qualitative and comprehensive performance
parameters (53). The lasting experience resulting from VR
simulation leads to an improved comprehension of complex
body structures and handling of instruments in a controlled,
risk free environment. Although the haptic experience in
surgical simulation is limited, it supports trainees in getting
used to operation procedures and in developing their skills
without any risk for patients. However, accuracy, efficacy,
and haptics of simulator training need to be optimized (53).
At present, there is no ideal VR simulator for surgical
skills training which simultaneously satisfies several needs,
particularly accurate haptic feedback, sensitive input, real
time simulation, and potential replacement of animal
models. Therefore, animal models are still required for basic
and applied research and surgical skills training. This was
highlighted by Pelly et 4l. who showed in simulation models
comprising animal tissues, synthetic materials, and VR
technology that few models of hernia repair simulation were
valid or had educational impact. More research is required
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on the transferability of simulation acquired skills (56).
According to Raison ez /., VR and dry-lab simulation were
effective in improving robotic surgical skills but were not
equal. For more advanced skills training, dry-lab training
was found to be superior to VR simulation. Dry-lab training
offers specific benefits to robotic surgical training and
should remain a principal component of the simulation
curriculum (57). Future research in the field of animate
model replacement should expand on the foundation of
surgical knowledge using larger video datasets and improved
algorithms with greater accuracy and interpretability. This
could create clinically useful artificial intelligence models
with widespread adoption and could augment the surgeon’s
ability to provide safer care for patients everywhere (58).
Artificial intelligence is gradually changing the practice
of surgery with technological advancements in imaging,
navigation, and robotic intervention from preoperative
planning and intraoperative guidance to its integration into
surgical robots (50). Therefore, the increasing feasibility
and accuracy of artificial intelligence applications in
surgery are expected to advance basic and translational
research combined with laparoscopy. These remarkable
advancements will certainly accomplish the 3R goals of
reduction, refinement, and replacement in the scientific
utilization of animals. However, a complete replacement of
animal models in surgical research and training seems not
to be a real scenario yet.

Nevertheless, this systematic review has its limitations
due to potential detection and misclassification bias.
Although the potentially correct selection of the risk of
bias assessment tools may improve the risk assessment the
relative weight assigned to each criterion in the overall
judgement is unclear for most of these tools and there are
still limitations in assessing the reporting bias (59). The risk
of bias assessment could show that the observational studies
on skills training or technological testing have a higher risk
of bias than experimental studies. However, the presented
findings need to be considered with caution as the screening
of articles and data collection were performed by the author
and repeated by his collaborators. It is possible that relevant
articles have been missed or errors in the data collection
occurred.

Conclusions

Animal models are of essential value in laparoscopic surgery
to date. With respect to the EC guidelines (3-R-priniciple:

reduction, refinement, and replacement of animal use in
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medical sciences) different appropriate animal models
and possible replacement technologies are discussed. The
rat model is more suitable for basic and applied research
in laparoscopy. Bigger animal models, such as porcine
models, are more suitable for surgical skills training,
pathophysiological system studies, and for feasibility tests of
novel surgical instruments and imaging technique. Current
efforts to implement biological and surgical algorithms
based on artificial intelligence might reduce or replace the
animal models in basic research and surgical skills training
in the not-too-distant future.
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Theoretical (method development)
Theoretical (method development)
Theoretical (method development)
Theoretical (method development)
Theoretical (method development)
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Theoretical (method development)
Theoretical (method development)
Theoretical (method development)
Theoretical (method development)
Theoretical (method development)
Theoretical (method assessment)
Theoretical (method assessment)
Theoretical (method assessment)
Theoretical (method assessment)
Theoretical (method assessment)

Theoretical (method assessment)

Pig
Dog, rabbit
Pig
Pig
Pig
Mouse
Mouse
Mouse
Rat
Rat
Rat
Rat
Rat
Pig
Pig
Pig
Pig
Pig
Pig
Pig
Pig
Pig
Pig
Rat
Pig
Pig
Pig
Pig, rat

Skills training
Skills training
Technological testing
Technological testing
Technological testing
Basic and applied science
Basic and applied science
Basic and applied science
Applied science
Basic and applied science
Basic and applied science
Technological testing
Basic science
Skills training
Applied science
Applied science
Basic and applied science
Technological testing
Technological testing
Technological testing
Technological testing
Technological testing
Technological testing
Technological testing
Skills training
Skills training
Skills training

Skills training

Simulator for operations
Laparoscopic skills
Robotic operation
Robotic operation
Navigation in operation
Cytokine release after bowel manipulation
Inhibition of tumor implantation after laparoscopy
Modulation of immune response after laparoscopy
Genetic studies (comparative genome analyses in humans and rats)
Laparoscopic coecum resection in rats mimicring appendectomy in humans
Cytokine release after laparoscopy
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Assessment of laparoscopic skills
Gene sequencing/genetic studies
Biochemistry
Genetic studies combined with imaging procedure development
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Operation and imaging method testing
Imaging and navigation in laparoscopic surgery
Laparoscopic vagal nerve stimulation to prevent from postoperative ileus
Comparison of suture techniques in different operation types
Implementation of robotic microsurgery
Simulation versus training on animal models
VR simulation versus training on animal models
VR simulation versus training on animal models

VR simulation versus training on animal models

+

+

VR, virtual reality.
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Figure S1 RoBIN-I for non-randomized trials about skills training/technological testing.
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