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ABSTRACT
Human laparoscopic simulators have been used in medical education for minimally invasive surgery (MIS) in the

past years. Simulator-based laparoscopic training has attracted much interest because unique skills have to be

learned not only by surgeons in training but also by surgeons in practice. MIS forces the surgeon to adapt to

monocular vision and decreased tactile sensation and entails training and improving hand-eye and hand-hand

coordination. Those skills require a learning curve that could be overcome gradually with use of simulators. The

Canine Laparoscopic Simulator (CLS) for laparoscopic training was developed based on the working and optical

space obtained from computed tomography (CT) scan images of three Beagle dogs. Thirty veterinarians (expert

group, n ¼ 7; novice group, n ¼ 23) performed basic laparoscopic exercises in one training session on the CLS.

During the performance of the exercises, an experienced laparoscopic veterinarian assessed all the tasks. After-

wards, participants were asked to complete an anonymous survey describing their experience. Most participants

expressed positive opinions about the design and usability of the CLS. There were no significant differences

between the two groups’ opinions. The CLS showed good preliminary acceptance in the basic laparoscopy tasks

by veterinarians. They perceived it to be a good training tool, and these results suggest that CLS is an engaging

tool for education but still has some limitations inherent in training boxes. Further studies would be needed to

establish the validity of training programs performed in the CLS.

Key words: medical simulation, simulator, training, laparoscopy, minimally invasive surgery, canine

INTRODUCTION
Minimally invasive surgery (MIS), especially laparoscopy,
has become very popular in veterinary medicine, mainly
due to its multiple benefits: less surgical trauma, better
recovery, and shorter hospital stays, among others.1,2 Cur-
rently, in human medicine, laparoscopy constitutes a well-
established surgical approach, and the same tendency will
be progressively integrated in veterinary surgery.3

The number of publications regarding veterinary MIS
is increasing notably, especially those related to laparo-
scopy. Nevertheless, the main focus is generally on lapa-
roscopy and thoracoscopy procedures in small animals,4,5

and only minimal references exist regarding specific
training programs or the role that simulation plays in
veterinary medicine.6 In the past, surgery teaching was
based on the principle of ‘‘See one, Do one, Teach one,’’
a model where the learning of complex techniques is
accomplished by observing and assisting in surgeries, fol-
lowed by the performance of learned procedures on
patients. Pursuing the objective of a structured world-
wide-applicable training program, in 1998 the Congress
of the American Society of Gastroenterologists and Endo-
scopic Surgeons developed the Fundamentals of Laparo-

scopic Surgery (FLS), complementing the traditional on-
patient training with controlled and structured inanimate
learning strategies and modalities.7,8

The skills required for laparoscopic surgery are very
different from those required for conventional surgery.
Laparoscopic surgery forces the surgeon to use both
hands in a complementary manner, thus interacting with
the non-dominant hand, which works on an altered
visual-spatial perception.9 Therefore, the surgeon should
adapt to monocular vision and decreased tactile sensa-
tion through a long learning curve of training hand-eye
and hand-hand coordination. A considerable investment
in time and financial resources is required for appropri-
ate training.10 There are different available strategies for
learning and acquisition of the necessary skills. One such
strategy is experimental animal models, commonly used
in laparoscopic training in human medicine, which entails
a significant cost and demands special facility require-
ments, in addition to the pertinent ethical issues.11 For
these reasons, animal models constitute a limited, expen-
sive, and difficult resource. Another alternative is virtual
reality simulators, but they are more expensive and lack
haptic sensation.12,13 Above all, the most popular strategy
is using physical simulators. Although it requires an
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expert surgeon to assess the correct performance of the
tasks, they are easily available, especially the affordable
and basic ‘‘training box’’ model.14,15

Laparoscopic simulators are designed to allow the train-
ee to practice working with the challenges of laparoscopic
surgery, which include magnified monocular vision, loss
of tactile sensation, tremor amplification, fixed access
ports, the fulcrum effect, and reduction in degrees of free-
dom.16 The most complete simulators offer the opportu-
nity to repeatedly practice various laparoscopic skills
without any risk for the patient and are of extreme use-
fulness for surgeon–assistant team training.17 Currently,
there is no widely accepted veterinary laparoscopic simu-
lator. In addition, an accurate veterinary simulator should
overcome the problem of size variability in patients.

The goal of this study was to describe the Canine Lap-
aroscopic Simulator (CLS) for veterinary training and to
evaluate its perceived effectiveness during training per-
formed with this device.

MATERIAL AND METHODS
This research complied with regulations regarding animal
care as published by the Spanish Institute of Health’s
Guide for the Care and Use of Laboratory Animals.

Simulator Development
For the creation and development of the CLSa (Figure 1)
at the Jesús Usón Minimally Invasive Surgery Centre

(JUMISC), one male and two female Beagle dogs were
used. All of them were anesthetized, placed in a dorso-
ventral position, and underwent a computed tomogra-
phy (CT) scan.b Before performing the CT scan, it was
necessary to recreate the standards of an abdominal lapa-
roscopic procedure: In aseptic conditions, a Veress needle
was introduced in the periumbilical area, and CO2 was
insufflated until an intra-abdominal pressure of 12 mmHg
was reached, establishing pneumoperitoneum. After the
procedure, the animals recovered from the anesthesia
successfully.

The Digital Imaging and Communications in Medicine
image sequences collected from the CT scans were pro-
cessed to define the working and optical space of the
CLS. Data regarding the exact area, height, and volume
of the abdominal and thoracic cavities were processed
by AutoCADc for the preparation of the CLS construction
plans.

According to the data obtained in the CT scans, the
CLS was developed with the following characteristics: It
consists of a transparent methacrylate training box, and
its dimensions are 40 cm long, 20 cm wide, and 15 cm
deep, creating a cavity of approximately 9,000 cm3. The
inner work space is oval shaped and divided into two
sections by a curved sheet of methacrylate as a diaphragm,
defining the thoracic and abdominal cavities. The back-
ground is covered by a picture of the abdominal and tho-
racic organs. It has two holes, front and rear, simulating
the anatomic oral and anal orifices of the dog, allowing

Figure 1: The CLS for practicing laparoscopy directly connected to the television monitor

CLS ¼ Canine Laparoscopic Simulator
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for the practice of endoscopy. It also has nine access ports
on its curved cover for the introduction of laparoscopic
instruments and the integrated camera (Figure 2). The in-
tegrated camera can be moved from one port to another
and be directly connected to a television monitor, but the
simulator also allows for the placement of an optical tele-
scope, thus enabling team training.

The CLS could be used placed on a training cart,d

which incorporates a tray holder and a television monitor
that are adjustable in height.

Evaluation of the CLS
A total of 30 veterinarians participated in the study. Ac-
cording to the number of procedures and years of experi-
ence in laparoscopy, they were classified into two groups:
experts, with surgical experience in at least 30 laparoscopic

procedures and more than 3 years’ experience in perform-
ing laparoscopic surgery, and novices.

To obtain additional information about the partici-
pants, they were asked demographic questions regarding
their age, sex, and dominant hand. Afterwards, they com-
pleted a survey concerning previous laparoscopic experi-
ence, experience with physical and virtual simulation,
and experience with video games (response options: low,
medium, or high).

Before the performance of each task, the written instruc-
tions were read. All participants completed four tasks on
the CLS: peg transfer, coordination, precision cutting, and
one suturing exercise. The exercises were developed by
JUMISC after years of work and were modified from
what is used in laparoscopic training in human medicine
FLS. In this preliminary assessment, the maximum al-
lowed time was 60 minutes.

Peg transfer—Holding grasping forceps in both hands,
participants have to pick up smooth and rough objects
and place them on a coordination platee (Figure 3). There
are six objects located at the top of the coordination plate.
The participants start with the dominant hand to pick
up the first object, then the non-dominant hand for the
second object, and then successively alternate hands.
The objects must be placed in the indicated gaps.

Coordination—At first the participants, holding the
dissectors in both hands, have to touch a specific gap at
the same time on the coordination plate. Then partici-
pants are required to lift one object from the top of the
coordination plate with the instrument in the dominant
hand, transfer it to the instrument in the non-dominant
hand in midair, and then place it in the center gap of the
coordination plate. The entire exercise is then reversed.

Precision cutting—Holding the scissors in the domi-
nant hand and the grasping dissector in the non-dominant
hand, participants are required to cut two different foam-
latex templates of increasing difficulty (Figure 4). These
templates allow for straight, curved, and sigmoid cutting
paths to be executed with both hands.

Suturing exercise—Holding the needle-holder in the
dominant hand and the dissector in the non-dominant
hand, a vertical and horizontal intra-corporeal knot suture
is required to be done precisely through two marks on an
inorganic intestine tissue (Figure 5).

During the performance of the exercises, all the tasks
were supervised by an experienced laparoscopic veteri-
narian. Training sessions were monitored to make sure
that tasks were completed correctly and to provide guid-
ance and help, thus ensuring that the training time was
not exceeded. The intra-corporeal suturing was proctored
in a session instructed by one of the authors (ATA).
Afterwards, participants were asked to complete an
anonymous survey describing their experience with the
CLS. The survey was focused on the design, usability,
and other aspects of the CLS. Answers were scored on a
5-point Likert scale. In addition, subjects were asked to
rate their opinion of each task and their overall opinion
of the CLS on a 10-point scale. The survey questions and
tasks are listed in Tables 1 and 2. There were also open-
ended questions soliciting comments on specific points of
interest.

Figure 2: The CLS’ background picture of the abdominal and

thoracic organs

CLS ¼ Canine Laparoscopic Simulator
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Figure 3: Plate for the training of peg transfer and coordination tasks

Figure 4: Templates for straight, curved, and sigmoid precision cutting
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Statistical Methods
The Mann–Whitney U test was used to determine exis-
tent significant differences between both groups. The sig-
nificance level was established at p < .05.

RESULTS

Population Description
Thirty veterinaries who attended a course in our institu-
tion in June 2012 participated in the study. The average

age of the participants was 40 years old, and 94% of
them were right-handed. In accordance to the number of
procedures and years of experience, there were 7 experts
and 23 novices. All participants had previously heard
about simulators, but only 40% had performed practices
on one.

CLS Survey
Regarding the surveys, both groups scored the first seven
questions with a median of 3.7 points on the 5-point Likert

Figure 5: Inorganic intestine tissue for suturing exercise

Table 1: Quantitative responses to the CLS survey (1 ¼ strongly disagree; 2 ¼ disagree; 3 ¼ neutral; 4 ¼ agree; 5 ¼ strongly

agree)

Survey questions 1 2 3 4 5

The CLS is realistic, didactic, and an adequate size for

training on basic laparoscopic skills.

0 1 (3.3%) 3 (10.0%) 13 (43.3%) 13 (43.3%)

The CLS has a clear, light, and colorful picture quality. 0 1 (3.3%) 5 (16.7%) 6 (20.0%) 18 (60.0%)

The CLS is useful for training students. 0 0 2 (6.7%) 2 (6.7%) 26 (86.6%)

The CLS is useful for training veterinary surgeons. 0 0 6 (20.0%) 12 (40.0%) 12 (40.0%)

The CLS would help me to improve my laparoscopic

skills and also to apply them to my patients.

0 0 3 (10.0%) 9 (30.0%) 18 (60.0%)

Do you consider useful the inclusion of CLS in

laparoscopy training programs for vet students before

operating room practice?

0 0 1 (3.3%) 8 (26.7%) 21 (70.0%)

If you have already practiced on other simulators, would

you prefer using CLS instead?

0 0 1 (8.3%) 8 (66.7%) 3 (25.0%)

CLS ¼ Canine Laparoscopy Simulator
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scale, which means that they agreed or strongly agreed
with the statements. These results are summarized in
Table 1. No significant differences were found between
groups.

When asked about the global design of the CLS, 87%
agreed or strongly agreed that it is realistic, didactic, and
an adequate size for training on basic laparoscopic skills.
One participant commented, ‘‘The fact that the simulator
is transparent may help students and less [experienced]
veterinarians at first stages of training,’’ whereas another
wrote, ‘‘I would rather prefer a dark cover to make it
more realistic.’’

Regarding their opinion about picture quality, 80%
agreed or strongly agreed that it was clear, light, and col-
orful. Participant comments included, ‘‘Considering that
it is a camera and not an optical transmitting the image,
I really value the image quality,’’ ‘‘Better vision than with
other simulators,’’ and ‘‘It is a shame that the background
image is only two dimensions without relief.’’

When asked about the usefulness of CLS for training,
93% agreed or strongly agreed that it is very useful for
students, and 80% agreed or strongly agreed that it is
useful for veterinarians. One participant commented, ‘‘It
is an excellent tool for learning the first basic laparoscopic
skills.’’

Ninety percent believed that the use of the CLS would
help them to improve their laparoscopic skills and apply
them to their patients. Someone commented, ‘‘I felt very
comfortable, I would like to train before every surgery,’’
whereas another wrote, ‘‘I think a more complex and
longer program is needed to improve my skills.’’

Almost 100% of experts and novices believed that it
would be interesting to include CLS in laparoscopy train-
ing programs for veterinary students before practice in
operating rooms. Some of them expressed their enthusi-
asm, such as one participant who commented, ‘‘A CLS
may be also useful at hospitals in order to explain [to]
customers the advantages of laparoscopy.’’

Regarding their past experience with other simulators,
of the 40% of participants who had previously used
another simulator, almost 92% would prefer using CLS
instead.

Participant Ratings of the CLS Tasks
The scores participants gave to each task plus the overall
CLS rating are shown in Table 2. Participants rated the
peg transfer and coordination exercises a median score
of 8.4, the precision cutting 8.7, and the suturing exercise

8.5. The median score for the CLS as a whole was 8.7 on a
10-point scale. Comments included, ‘‘The fact that the ex-
ercises [were] presented with an increasing difficulty was
a challenge and encouraged the training’’ and ‘‘I felt very
comfortable using the CLS at all times.’’

The expert group did not need much help from the ex-
perienced laparoscopic veterinarian, but novices required
more help, especially for the suturing exercises, and one
novice commented, ‘‘I would like to have more time to
perform the exercise.’’

DISCUSSION
The CLS aims to be a complementary learning tool and
tries to reproduce the difficulties the veterinarian faces
during laparoscopy learning. It also reflects the limita-
tions inherent to small animals, including small struc-
tures for various exercises in a smaller space. This influ-
ences intraoperative maneuvering, with greater need for
precise movement control to cope with available instru-
ments and specific surgical performance carried out on
smaller areas of dissection under great magnification.
The CLS is based on Beagle breed dimensions, and par-
ticipants in our study considered this size adequate for
their training. However, a veterinarian has to deal daily
with much smaller or much bigger dogs, so there is still
a need for a simulator capable of creating different and
adjustable work spaces.

It has been established in previous studies that early
stages of surgery learning should be performed outside
the operating room.18,19 For example, with the Canine
Patient Simulator, for learning cardiopulmonary resusci-
tation, it was evident that this type of simulation is an
engaging learning experience for veterinary students.20

Moreover, in 2011 a quantitative meta-analysis showed
that the utility of simulation-based medical education
with deliberate practice is superior to traditional clinical
medical education in achieving specific clinical skills.21

In fact, educational games will play a new and increas-
ingly important role in the future veterinary curriculum,
providing an attractive and useful way of learning.22

We believe that most veterinarians lack the necessary
training, and they highly value the possibility of using
simulation in laparoscopy. In our view, to introduce lap-
aroscopy to veterinarians, the best choice is to teach basic
surgical skills within a structured training program using
simulators.23 We consider that training on a physical sim-
ulator is essential not only for learning basic skills but
also for more advanced techniques. In fact, at our institu-
tion, the training program in veterinary laparoscopic sur-
gery was implemented in 2010, and 35% of laboratory
sessions are performed on the CLS before reaching the
second level, which consists of completing specific surgi-
cal procedures on experimental animal models.

Specifically, in laparoscopy, physical simulators are
highly helpful, and their increased use could lead to
greater surgical success on patients. However, there is
no universally accepted learning model for veterinary
laparoscopy as it exists in human medicine with the FLS
simulator.24

At present, there are few published articles on the use
of laparoscopic simulators or their importance in veteri-

Table 2: The scores participants gave to each type of

exercise, plus the overall CLS rating

Please rate on a scale from 1 to

10 the tasks performed on the CLS Median

Peg transfer and coordination 8.4

Precision cutting 8.7

Suturing exercises 8.5

The CLS as a whole 8.7

CLS ¼ Canine Laparoscopy Simulator
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nary education.25,26 In fact, the value of simulation train-
ing in veterinary education was demonstrated in the as-
sessment of laparoscopic skills before and after simulation
training with a canine abdominal model.27 In those arti-
cles, the need and benefits of using simulation for skills
acquisition in veterinary laparoscopic surgery is evident.
Previous studies showed that the learning and acquisi-
tion of adequate abilities are essential to prevent, or at
least reduce, error rate and intraoperative accidents and
shorten the learning curve.28,29

The validity of the FLS (the simulator and the tasks)
and the reliability of the FLS and other simulators have
been previously proven, establishing these tools as pre-
dictive, constructive, and useful in teaching.30,31 Further-
more, they can also minimize the use of animals, as
stated in several publications.32,33

Our training program using the CLS consists of exer-
cises adapted from the guidelines of the FLS and attempts
to include all the basic needs following a gradual increase
in the exercises’ difficulty.34 This approach was valued
positively by veterinarians.

The CLS has many attributes that we think make it a
good training tool for veterinarians without laparoscopic
experience as they can start with the acquisition of the
necessary basic laparoscopic skills before performing a
real laparoscopy. The design has all the necessary com-
ponents for individual use while it can also be adapted
for team training. It has a transparent cover, thought to
help novices correct their mistakes easily. In addition,
the CLS has an integrated camera allowing the veterinar-
ians to work anywhere outside the operative rooms with-
out a laparoscopic tower.

In conclusion, the CLS showed good preliminary ac-
ceptance by veterinarians for its use in basic laparoscopy
tasks. They perceived it to be a good training tool, and
we believe that the CLS represents an important step in
the development of simulation-based teaching tools in
veterinary laparoscopy. However, limitations in this
study included the lack of a clear comparison of the CLS
with another simulator; the low number of participants
for the evaluation, especially in the expert group; the
lack of a student group (those with zero experience in
laparoscopy); and the fact that participants were allowed
only one training session before assessing the simulator.

To obtain definitive conclusions, more studies are
needed on learning programs as well as training and sim-
ulation methods in veterinary laparoscopy, including a
constructive and predictive validation of the CLS training
program.
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d Carro-Lap. Cáceres, Spain: JUMISC.
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Table 1: Score regarding the wrist angle following RULA method adapted to data 

glove.* 

Score Position 

1 If the flexion-extension angle is 60° ± 3° 

2 If the wrist is flexed or extended between 45° and 75°, except for the score  1 case 

3 If the flexion-extension degree is higher than 75° or lower than 45° 

 

* Sánchez-Margallo FM, Sánchez-Margallo JA, Pagador JB, et al. Ergonomic Assessment of Hand Movements in Laparoscopic 
Surgery Using the CyberGlove®. Computational Biomechanics for Medicine 2010:121-128 





Table 3: Average of the sensors’ registries during different tasks as degrees of wrist 

angles (°). 

  COORDINATION PEG TRANSFER CUTTING SUTURING Sig. 

Sensor 1 54.41 ± 31.47 53.68 ± 39.06 59.11 ± 37.46 62.22 ± 25.19 0.82 

Sensor 2 67.19 ± 32.65a 67.56 ± 29.88a 72.26 ± 30.30a  41.23 ± 29.88b     0.027* 

Sensor 3 76.88 ± 23.04a  78.02 ± 15.55a 71.72 ± 20.37a 50.52 ± 22.50b         0.001*** 

Sensor 4 67.91 ± 15.44a 71.02 ± 16.11a 91.53 ± 11.99b 66.72 ± 9.96a         0.001*** 

Sensor 5 78.70 ± 13.22a  79.23 ± 10.79a 78.03 ± 11.93a 68.79 ± 11.92b    0.020* 

Sensor 11 36.91 ± 15.67a  38.14 ± 15.38a  44.15 ± 16.33a  76.88 ± 25.19b        0.001*** 

Sensor 7 33.09 ± 11.25a 29.40 ± 9.83ab 21.11 ± 15.68b 27.86 ± 7.20ab      0.006** 

Sensor 0 44.44 ± 30.75 31.51 ± 30.50 42.53 ± 31.44   51.61 ± 22.67  0.342 

Sensor 8 27.08 ± 25.83 43.87 ± 28.52 40.08 ± 24.30   28.61 ± 17.42  0.068 

Sensor 16 22.79 ± 10.33a 21.73 ± 10.25a 23.57 ± 14.96a  45.43 ± 4.91b        0.001*** 

RULA 

Test 3 3 3 2 

One-way repeated-measures ANOVA followed by the Bonferroni post hoc test 

P values from ANOVA test are indicated in the last column (Sig.) 

Different letters denote significantly different means (Bonferroni post hoc test) between tasks for each sensor: a - b. 

* p  0.05; ** p  0.01; *** p  0.001  
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T
he modern age of minimally invasive surgery (MIS) in 

human medicine boomed in the late 1980s. In con-

trast, in veterinary medicine, the same paradigm shift 

to a minimally invasive approach has yet to occur. 

Some evidence exists in veterinary patients supporting the hy-

pothesis that MIS approaches, such as laparoscopy, decrease the 

severity or incidence of certain surgical morbidities compared to 

open surgery (Davidson et al, 2004; Devitt et al, 2005; Hancock 

et al, 2005; Culp et al, 2009). However, in veterinary medicine, 

the field of MIS is still very much in its infancy and further evi-

dence-based randomised studies are required (Mayhew, 2011a).

Laparoscopic surgery has been one of the fastest growing areas 

in modern surgery. In the last five to ten years, it has awakened 

great interest amongst veterinarians due to reported advantages for 

the patients, which include less surgical trauma, real therapeutic 

safety and faster recovery. Laparoscopy and thoracoscopy provide 

minimally invasive access to the abdominal and thoracic cavities 

respectively, allowing for the completion of diagnostic and thera-

peutic procedures (Lansdowne et al, 2012a; 2012b). The purpose 

of this review is to define MIS laparoscopic and thoracoscopic ap-

proaches as real surgical alternatives in veterinary medicine.

Basic principles
Laparoscopic surgery has become well established in human and 

veterinary medicine, but it involves a number of disadvantages for 

the surgeon: loss of depth perception; loss of tactile sensation; 

tremor amplification; reduction in degrees of movement for in-

strumentation; and the adoption of positions that are not always 

ergonomic during relatively long periods of time. In laparoscopic 

surgery, the applications of ergonomics criteria in the surgical field 

could have great benefits, both for surgeons and patients. Regard-

ing tower positioning, the surgeon ideally places himself directly 

across from the main monitor (Figure 1); the table height should 

be lower than in conventional surgery to take account of the length 

of the instruments (Usón et al, 2010).

Laparoscopy and its associated skills require a learning curve 

that should be overcome gradually in a dry lab environment using 

simulators, thus safeguarding the patient from morbidities. More-

over, to perform laparoscopy it is necessary to acquire a new set 

of technical skills, as it forces the surgeon to adapt to monocular 

vision and decreased tactile sensation. These can be acquired by 

improving hand-eye and hand-hand coordination through training 

on a simulator (Fransson et al, 2010; 2012). Laparoscopic physi-

cal simulators (Figure 2) permit the surgeon to acquire enough 

skills to handle new surgical instruments before applying them 

in experimental programs, or in clinical situations (Dunkin et al, 

2007; Schout et al, 2010; Usón-Gargallo et al, 2014). 

Laparoscopic equipment and surgical  
instruments
A basic laparoscopic tower is composed of the following elements: 

(Figure 3):

Veterinary laparoscopy and 
minimally invasive surgery

Laparoscopic surgery has benefited from many technical advances over recent years, 

achieving better results and reducing surgical complications. The wide range of equipment 

and instruments available allow for the performance of surgical procedures without the 

large incisions that characterise conventional surgery. Laparoscopic surgery constitutes a 

growing area of expertise in clinical practice, where the main beneficiaries are the patients. 

The most common procedures such as organ biopsy or ovariectomy, and other more 

complex surgeries such as adrenalectomy and pericardiectomy are described. 10.12968/coan.2015.20.7.???

Angelo E. Tapia-Araya DVM MSc GPCert(SAS) MRCVS. Laparoscopic Unit, “Jesús Usón” Minimally 

Invasive Surgery Centre (JUMISC), Cáceres, Spain and Researcher and PhD candidate at Autonomous 
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Invasive Surgery Centre (JUMISC), Cáceres, Spain. 
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CO
2
 insufflation unit: laparoscopic surgical access is 

achieved by insufflating the peritoneal cavity with CO
2
 to 

create a pneumoperitoneum. The insufflation unit should 

provide, at least, fast and precise readings of the patient’s 

intra-abdominal pressure, pre-programmed pressure, pre-

determined gas inlet flow and the amount of the CO
2
 used 

during the intervention

Laparoscopic camera: current laparoscopic cameras 

are light and compact, and they transmit the image 

from the optics to the video capture unit. The essential 

components in the image are electronically transferred 

to a microelectronic video camera (charge couple device, 

CCD) with high-resolution chips. This results in a superior 

image of the operating field, particularly if three-chip 

cameras are used

Rigid optics or laparoscopes: these provide the means of 

obtaining images from the inside of the surgical site. The 

eye-piece is attached to the camera via a universal adaptor, 

and the fibre-optic light guide cable is connected to light 

guide post of the laparoscope. The image is transmitted 

through optical fibres surrounding the lens from the tip of 

the rigid optics to the eye-piece and is then captured by 

the camera 

Light source unit: a high-intensity light source emits the 

necessary illumination, through a bundle of fibre optics, 

towards the tip of the laparoscope. Whilst xenon is considered 

the gold standard, many units now use metal halide light 

sources and LED light sources are also becoming available 

Figure 1. Position of the surgical team and placement of the trocars.

Figure 2. View of a laparoscopic training physical simulator (SIMUL-

VET®). The top cover is transparent and made of a plastic which 

allows for instruments and camera introduction.
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Digital image capture unit: this is part of the image 

acquisition system. It records both video and still images 

from the camera, processes it and sends it to the monitor 

for immediate visualisation and to the recording system 

to store acquired visual information if the surgeon deems 

necessary. Recording video during the performance of 

surgical procedures should be considered essential, even 

in low-quality digital formats, as it can help on learning 

process and when problems arise during the post operative 

period. Modern digital reproduction and recording systems 

(DVD, DV, DVCAM, etc.) have recently been incorporated 

in the laparoscopic tower. Additionally, most of the video 

capture units and monitors have output connections for 

exporting images directly to computers

Monitors: one or two placed opposite the surgeon and 

another opposite the assistant. The size of the monitor is 

closely related to the working distance of the surgeon and his/

her assistants with optimum image quality and resolution

There is some additional equipment, which could be included 

as part of the laparoscopic tower and constitute useful tools 

during the performance of laparoscopic procedures. Among 

the different available alternatives, we highlight:

Electrocoagulation: standard monopolar or bipolar energy 

sources can be used for tissue section and haemostasis. In 

highly vascularised tissues it is somewhat more convenient 

to use alternative energy sources, such as modified 

bipolar, ultrasonic energy sources, radiofrequency or even 

laser coagulation

Aspirator and irrigator: this device can be connected to 

a central or portable system, and increases procedural 

safety by maintaining a clear surgical field through 

removal of blood clots, ascites or exudates

Considering available hand instruments, there are multiple 

alternatives and variants of each tool, which can vary in 

design, materials, manufacturers and cost. Laparoscopy 

and thoracoscopy instruments can be classified into three 

groups according to their function and specific use during 

the performance of surgical procedures (Figure 4)

The first group includes access instruments such as 

trocar-cannula units and the pneumoperitoneum needle. 

Trocar-cannula units diameter and length, as well as valve 

characteristics, can vary according to the procedure, 

animal size and reusability

The second group includes dissection and cutting, gripping 

and retractor instruments, forceps, scissors and retractors

The last group comprises instruments used for additional 

manoeuvres, and should be acquired according to the 

procedure intended. These include: aspiration-irrigation 

device; extraction bags for surgical specimens; laparoscopic 

vascular clamping or gripping instruments; needle holder 

and surgical stapler for laparoscopic intracorporeal 

suturing; bipolar coagulation forceps; and metal and plastic 

haemostatic clip applicators, among others. 

 

Patients, anaesthetic and surgical  
considerations
Major advantages in laparoscopy include shorter post-operative 

convalescence and improved patient recovery times, especially 

when managing debilitated patients. Before determining patient 

suitability and choosing an anaesthetic protocol, each case should 

be thoroughly examined and all the laboratory results carefully con-

sidered (Quandt, 1999). For abdominal laparoscopy, veterinary sur-

geons must be aware of the main haemodynamic and respiratory 

consequences of laparoscopic procedures on the patient: increased 

intra-abdominal pressure created by the establishment of the pneu-

moperitoneum, the type of gas used (CO
2
) and the position in 

which to place the patient on the operating table for easy manoeu-

vring of the surgeon (Dorfelt et al, 2012). For some procedures, 

tilting of the table increases visualisation. However, excessive tilting 

towards the head of the patient should be avoided, because it could 

interfere with diaphragmatic excursion. 

Insufflation 
In laparoscopy, the surgical working space is created by introducing 

CO
2
 into the abdominal cavity. There are two possible techniques 

to achieve pneumoperitoneum: a closed technique with the use 

of a Veress needle, and the open or Hasson technique performed 

through a full wall incision with a blunt trocar-cannula (Doerner 

et al, 2012). In both cases it is recommended to catheterise the 

urinary bladder, or at least to manually empty the bladder through 

Figure 3. A standard tower for laparoscopic surgery.
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expression. Note that once the pneumoperitoneum has been estab-

lished, the abdomen becomes tympanic to palpation. 

Intra abdominal pressure is usually set at 10 mmHg. However, 

it can be decreased to 6–9 mmHg in small animals, or when the 

patient’s physiological condition demands. 

Considering thoracoscopy, a surgical space can be obtained by 

decreased tidal volume under ventilation, avoiding the need for 

CO
2
 insufflation. However, in cases where the anaesthetist can-

not carry out this manoeuvre, a low-pressure pneumothorax can 

be created. In fact, for many simple procedures, open chest, de-

creased ventilation volume methods are often more practical than 

one-lung ventilation methods. 

Veress needle technique: this is the most common method 

for insufflating the abdominal cavity. A skin puncture 

incision is performed in the selected abdominal area, and 

the abdominal wall is lifted and tensed upwards. The Veress 

needle is then inserted and directed caudally at a 50° angle 

from the skin, ideally towards the right caudal quadrant and 

away from the spleen. This insertion should be preferably 

carried out in the same site intended for the introduction 

of a trocar-cannula; the site is often caudal or cranial to 

the umbilicus. Usually the Veress needle insertion site 

corresponds to the second trocar-cannula (Figure 5)

Hasson technique: this method requires a small (0.5–1 cm) 

surgical incision though the skin. Stay sutures are then 

placed at each end of the incision through the linea alba 

and a small incision (slightly smaller than the trocar-cannula 

diameter) is made through into the abdominal cavity, through 

which a blunt trocar and cannula are placed. The abdomen 

is then insufflated through this cannula. This technique 

avoids blind insertion of a sharp needle into the peritoneal 

space, and allows for safer access to the abdominal cavity 

before the introduction of the vision system (Figure 6).

Laparoscopy procedures
Laparoscopic procedures performed entirely within the peritoneal 

cavity include exploration of the abdominal cavity, biopsies of ab-

dominal organs and ovariectomy. Some procedures can be performed 

entirely by laparoscopy, or may be laparoscopically-assisted, such as 

ovariohysterectomy and prophylactic gastropexy. There are also pro-

cedures using laparoscopic manipulation of organs for extraperito-

neal surgery, such as cystotomy and intestinal surgery.

Laparoscopically-assisted biopsy

There are many available modalities for tissue sample collection, 

and both laparoscopic and laparoscopically-assisted techniques 

offer a minimally invasive alternative for biopsy of multiple 

abdominal and thoracic organs. 

Figure 4. Proposed model for placement of the frequently used instruments in laparoscopic surgery. (A) Trocar/cannula units and 

pneumoperitoneum needle; (B) dissection and cutting instruments; (C) grasping forceps; and (D) retractor instruments; (E) laparoscopic 

instruments used for aspiration, extraction and clamping; (F) laparoscopic intracorporeal suturing (needle holder and surgical stapler); (G) 

bipolar coagulation forceps; and (H) metal and plastic haemostatic clip applicators. 
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Liver and spleen biopsy: these are common uses of diagnostic 

laparoscopy in small animal practice, especially in cases 

of hepatic nodules, diffuse conditions and splenomegaly. 

Advantages over blind techniques include the ability to 

observe the surface texture and colour, the ability to choose 

a specific puncture site and improved control of any possible 

haemorrhage. Moreover, larger diagnostic biopsy samples 

can be collected than those obtained by ultrasound guided 

spring loaded biopsy needles (Figure 7) (Petre et al, 2012; 

Radhakrishnan and Mayhew, 2013)

Pancreatic biopsy: laparoscopic procedures in pancreatic 

disease are not only helpful for tissue sample collection, 

but also allow the surgeon to explore the pancreas in 

relation to surrounding organs. Laparoscopic explorations 

will also indicate the best puncture site, thus reducing the 

risks of damaging the pancreatic duct (Figure 8) (Webb 

and Trott, 2008)

Renal biopsy: this constitutes a useful diagnostic tool 

in primary renal disease, also for the assessment of the 

nature and severity of renal involvement in other systemic 

disorders. The use of laparoscopy to obtain renal biopsy 

specimens has several advantages over the blind technique, 

for example direct visualisation of the kidney after biopsy 

and the possibility of haemorrhage evaluation and control 

(Figure 9) (Vaden, 2005; Nowicki et al, 2010).

Laparoscopic ovariectomy

In human gynaecology, ovariectomy was one of the first surgical 

fields where laparoscopy was widely accepted as a therapeutic ap-

proach. In dogs, ovariectomy is one of the most frequent clinical 

applications within laparoscopic surgery. Different genital laparos-

copy techniques have been reported in dogs since 1985 (Wildt and 

Lawler, 1985), including laparoscopic ovariectomy, laparoscopic 

ovariohysterectomy and laparoscopically-assisted ovariohysterec-

tomy and, more recently, laparoscopically-assisted ovariohysterec-

tomy for treatment of canine pyometra (Austin et al, 2003; Gower 

and Mayhew, 2008; Adamovich-Rippe et al, 2013).

The laparoscopic approach to spaying follows essentially 

the same steps performed by conventional surgery, but with 

the added advantage of being a minimally invasive procedure. 

In the past few years, different strategies have been performed 

and documented as successful, such as variations in the number 

of access trocar-cannula units. For instance some authors use 

a three trocar-cannula access, other two trocar-cannulas or one 

single port access (Figure 10) (Dupre et al, 2009; Case et al, 

2011).

 

Laparoscopically-assisted cystotomy and  

urethrocystoscopy

The numbers of both diagnostic and therapeutic urologic 

procedures involving laparoscopy are many and increasing. It 

is important to highlight that it is contraindicated to perform 

laparoscopically-assisted cystotomy in any cases of suspected 

transitional cell carcinoma, due to the likely resultant aggressive 

abdominal metastasis that will result if the bladder is breached. 

The most common indication for cystotomy in dogs is vesicular 

calculus. Other conditions such as chronic cystitis unresponsive 

to medical therapy, and extraction of mineral plaques or ulcerated 

areas, could also benefit from the laparoscopic approach. Also, 

urethrocystoscopy may be employed for investigation of a wide 

range of conditions affecting the lower urinary and reproductive 

tracts (Figure 11) (Dupre et al, 2009; Defarges et al, 2013).

Laparoscopically-assisted enterotomy

In general practice, a laparoscopically-assisted approach 

is performed by grasping the bowel laparoscopically and 

exteriorising a loop of bowel before incising it to remove the 

foreign body (Figure  12). This technique involves opening the 

intestinal wall to explore the mucosa in order to retrieve foreign 

bodies obstructing the intestinal lumen, or to perform full 

thickness biopsies, followed by suture of the enterotomy site 

(Freeman, 2009). As the procedure exposes the content of the 

bowels, the surgeon must be very careful to prevent peritonitis, 

and should be equipped with an adequate set of advanced skills 

(Sánchez-Margallo et al, 2007b). 

Laparoscopic cryptorchidectomy

Laparoscopic examination of the peritoneal cavity can aid in 

both the diagnosis and treatment of abdominal cryptorchidism, 

through either a totally laparoscopic or a laparoscopically-assist-

ed technique (Figure 13) (Mayhew, 2009). Laparoscopic surgery 

provides clear advantages over conventional surgery as it allows 

for easier location of the abdominal testicle, decreases surgical 

time and improves the animals’ recovery. A retrieval bag should 

be used to remove the abdominal testicle; this is particularly ad-

visable if there is any suspicion of testicular neoplasia. 

Laparoscopic adrenalectomy

Laparoscopic adrenalectomy is feasible in dogs for both right and 

left adrenal tumours. Nevertheless, detectable vascular invasion 

is a clear contraindication to laparoscopic approaches. Good 

Figure 5. 3D dog pneumoperitoneum model with Veress needle technique.

Figure 6. 3D dog pneumoperitoneum model with Hasson technique.
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Figure 7. The biopsy forceps are inserted and 

the liver is grasped.

Figure 8. The biopsy forceps are inserted and 

the pancreas is grasped.

Figure 9. Trucut® biopsy needle is preferred to 

obtain renal specimens.

Figure 10. A bipolar vessel sealer/cutter such 

as the Ligasure® being used for laparoscopic 

ovariectomy.

Figure 13. Laparoscopic cryptorchid resolution. Exposure of a 

testicle in the caudal abdominal cavity.

Figure 11. Endoscopic appearance of uroliths in 

an urethrocystoscopy.

Figure 12. Laparoscopically-assisted enterotomy 

for retrieving foreign bodies.

case selection, experience and availability of high-quality equip-

ment are critical to avoid high levels of procedural complications 

and high rates of conversion to laparotomy (Figure 14) (Jimenez 

Pelaez et al, 2008).

Laparoscopic gastropexy 

Gastropexy has been described as a prophylactic procedure to 

prevent the occurrence of gastric dilation volvulus (GDV), or at 

the time of surgical correction of GDV to prevent recurrence. 

Laparoscopically-assisted gastropexy is an excellent combination 

of a minimally invasive approach for therapeutic safety and con-

ventional open suturing for operative time reduction (Sánchez-

Margallo et al, 2007a). Also, combining prophylactic gastropexy 

with routine ovariectomy, both performed entirely by laparosco-

py, has been shown to have a high success rate and low morbidity 

for dogs susceptible to GDV (Figure 15) (Rivier et al, 2011).
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Thoracoscopy procedures
This constitutes one of the most advantageous MIS approaches 

in small veterinary practice, allowing the surgeon to perform 

similar procedures to those accomplished by open thoracotomy. 

Furthermore, thoracoscopy is a minimally invasive surgical tech-

nique that facilitates direct exploration of the thoracic cavity and 

pleural space by means of a thoracoscope. Resection of tumours 

can also be carried out through tiny incisions, instead of open 

chest surgery that is associated with high morbidity rates and 

a difficult recovery process. Note that surgeons should not be 

undertaking thoracoscopy unless they are already familiar and 

competent with open thoracic surgery techniques.

Lung biopsy

Diagnostic tissue sample size is comparable or superior to that 

obtained by transthoracic needle puncture or transbronchial bi-

opsy. Therefore, reliable diagnosis can be achieved without the 

need for more invasive techniques. Morbidity and postoperative 

time are far lower than with thoracotomy (Mayhew et al, 2012).

Figure 14. Laparoscopic photograph of the 

adrenal gland with normal aspect.

Figure 15. Final laparoscopic photograph 

showing the suture gastropexy site.

Figure 16. Thoracoscopic partial lobectomy 

using endoscopic stapling.

Figure 17. The pericardium is tented during incision in a subtotal 

pericardiectomy.

Partial and complete lobectomy

A thoracoscopic approach for partial or complete lobectomy has 

been proved effective. Thoracoscopy can be used for therapeutic 

pulmonary resection and for treating any lesions covering less than 

two distal thirds of the pulmonary lobe. Partial or complete lobec-

tomy may be required for lung tumours, abscess, bulla or sub-

pleural blebs (Figure 16) (Lansdowne et al, 2005; Monnet, 2009). 

Subtotal or partial pericardiectomy

The use of thoracoscopy considerably reduces surgical trauma 

and tissue damage caused by thoracotomy, which constitutes one 

of the main causes of postoperative complications. Subtotal or 

partial pericardiectomies are well tolerated by animals, and its 

benefits are clearly increased with the choice of minimally inva-

sive access. Surgical drainage of pericardial effusion is indicated 

when medical management fails to control the effusion, and can 

be easily accomplished by thoracoscopy. A partial or pericardial 

window procedure may be performed in either lateral or dorsal 

recumbency, while a subtotal (subphrenic) pericardiectomy (Fig-

ure 17) requires dorsal recumbency. Dorsal recumbency has the 

further advantage of not requiring single-lung ventilation. It al-

lows examination of both sides of the chest, and allows a subtotal 

pericardiectomy to be performed. The removed section of peri-

cardium should always be submitted for histopathology, as well 

microbiology if indicated (Mayhew et al, 2009).

Other laparoscopic or thoracoscopic 
procedures
Laparoscopy and thoracoscopy have a great variety of applica-

tions either for diagnostic or therapeutic procedures. Among 

the different additional procedures that can be performed by 

laparoscopy, we highlight: diaphragmatic hernia repair, chole-

cystectomy, nephrectomy and transperitoneal or retroperitoneal 

lymphadenectomy for cancer staging. Thoracoscopy also allows 

for the completion of procedures such as persistent ductus arte-

riosus ligation, drainage of chylothorax and thoracic duct ligation, 

among others. 
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KEY POINTS

Minimally invasive surgery has multiple benefits: less 

surgical trauma, better recovery and shorter hospital stays.

The skills for this approach require a learning curve that 

should be overcome gradually with non-invasive methods 

such as simulators.

There are many different instruments and surgeons need 

to adapt to the decreased tactile sensation by training and 

improving their hand-eye and hand-hand coordination.

Laparoscopic biopsy is an established technique with 

excellent results.

Laparoscopic ovariectomy is one of the most commonly 

performed procedures.

Thanks to technological advances and increased availability 

of laparoscopic surgery training, this approach has been 

introduced in veterinary practice.

Novel surgical approaches

Laparoendoscopic single-site surgery (LESS) and natural orifice 

transluminal endoscopic surgery (NOTES) represent novel ap-

proaches. LESS-NOTES are new surgical techniques and their 

future evolution is probably dependant on feasibility (Georgiou 

et al, 2012).

LESS: The approach for a single-port device presents an evo-

lution in technique, potentially allowing for morbidity reduction 

and improved postoperative recovery. The larger incision associ-

ated with single-port surgery facilitates specimen removal (i.e. 

splenectomy). Despite the potential benefits to the patient, spe-

cific and essential training is needed to acquire the skills neces-

sary for its application. The main drawbacks for the surgeon are 

the continuous collisions between the instruments, decreased 

working space and un-ergonomic positions. There is a need for 

the industry to develop specific tools to solve these technical 

problems. There are some recent studies proving its feasibility 

in dogs and cats (Kim et al, 2011; Manassero et al, 2012; Runge 

et al, 2012).

NOTES: This is a new approach that combines aspects of flex-

ible endoscopy and laparoscopy and whose ultimate goal is the ab-

sence of scars on the skin of the patient and reduced incision site 

pain. NOTES surgery can be hybridised if external laparoscopic 

assistance is required, or pure if it does not need any accessory 

trocar-cannula. Limitations of this technique include inefficient 

tissue grasping, reduction in degrees of movement for instrumen-

tation and possible risk of infection due to incorrect disinfection 

or organ closure. Within NOTES surgery there are several surgical 

approaches: transgrastric, transesophageal, transvaginal, transco-

lonic and transvesical among others. For these approaches, very 

expensive dedicated equipment is needed and there is no real 

clinical application in veterinary clinical practice at the moment. 

Some experimental works exist in veterinary medicine and there 

are a few reported cases (Alford and Hanson, 2010; Brun et al, 

2011; Freeman et al, 2009; Freeman et al, 2010). 

General complications 
Intra-operative complications of laparoscopic and thoracoscopic 

surgery described in veterinary medicine range from 2% to 35%, 

(Monnet and Twedt, 2003; McClaran and Buote, 2009) and are 

usually a consequence of the introduction of a Veress needle or 

access trocar-cannula units, or improper instrument and tissue 

handling. They include perforation or laceration of viscera, 

haemorrhage and subcutaneous emphysema. Also, in the post-

operative period, seroma has been observed at the cannula entry 

site. However, with careful attention to technique, the occurence 

of complications is rare. Reported conversion rates to laparotomy 

are 7–21% (McClaran and Buote, 2009; Buote et al, 2011). 

Anaesthetic complications related to CO
2
 pneumoperitoneum 

(such as anaemia, hypotension or respiratory compromise 

with reduced diaphragmatic excursion and lung volume) were 

also reported in a few series, and a significant increase in the 

occurrence of complications has been observed in feline, elderly 

and lightweight patients (Mayhew, 2011b). The latter is related to 

the increased technical difficulty due to reduced working spaces 

in these patients. It is noteworthy to comment that most of these 

inherent MIS complications are closely related to the inexperience 

of the surgeon and their team, with higher incidence during the 

earlier phases of the learning curve (Lekawa et al, 1995). 

Summary 
Laparoscopic and thoracoscopic surgery, and the constant search 

for new low-trauma surgical techniques and instruments, has al-

lowed for an increasing number of procedures to be performed by 

minimally invasive surgery. Moreover, these new approaches are 

now consolidating as very attractive techniques in veterinary prac-

tice for numerous procedures, mainly due to the reduction in sur-

gical trauma when compared to conventional surgery. As a result of 

the continued interest in reducing surgical trauma, a series of nov-

el surgical approaches has been described, including LESS and 

NOTES, constituting an evolution of laparoscopic surgery, with 

the potential benefits of further reduced morbidity and faster post-

operative recovery. 

Further reading
Lhermette F, Sobel D, eds (2008) BSAVA Manual of Canine and Feline Endo copy 

and Endosurgery. British Small Animal Veterinary Association, Gloucester
Hotston Moore A, Ragni RA, eds (2012) Clinical Manual of Small Animal Endo-

surgery. Wiley-Blackwell, Chichester
Usón J, Sánchez FM, Pascual S, Climent S, eds (2010) Step by Step Training in 

Laparoscopic Surgery. 4th edn. “Jesús Usón” Minimally Invasive Surgery Centre, 
Cáceres
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