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Abstract: Abdominal entry is the critical initial step of laparoscopic surgery as it is associated with unexpected
complications. Acceptable working space is a prerequisite for safe minimal access surgery. Direct trocar
insertion (DTI) technique has been often reported to be time-consuming and capable of causing injuries. We
aim to facilitate conventional DTI employing an easy-to-use self-designed abdominal wall-lifting device,
OneShot-M. We tested its safety in a porcine model. 18 pigs were randomized into three groups (n=6): open
laparoscopy (Group A), DTI (Group B), DTI using OneShot-M (Group C), suitable for a 5-mm trocar. Outcomes
were access time, entry-related minor and major complications. Median access time was shorter in C (43
seconds; range: 35-49 seconds), followed by B (82.5; 72-90) and A (190.5; 182-240). Statistically significant
differences in procedural time between techniques were detected (p-value = 0.0005). Pairwise comparisons
exhibited a statistically significant difference between A and C in terms of access time. Only one difficulty in
entry was seen in C; pigs experienced several occurrences in A and B. This pilot study suggests that OneShot-
M appears to be a technically feasible, fast and safe method for pneumoperitoneum induction in a porcine
model, as it provides sufficient exposure of the operative field without access-related complications. Further
clinical studies are needed.

Keywords: laparoscopy; peritoneal access; direct trocar insertion; wall-lifting device; access time;
complications

1. Introduction

Laparoscopy is a well-established procedure largely used to examine the contents of the
abdominal or pelvic cavities for both diagnosis and treatment of different diseases and conditions.
Thanks to better aesthetic outcomes, minimal tissue injury, lower complication rate, shorter hospital
stay and faster recovery, this minimally invasive approach became the method of choice in the
performance of numerous surgical procedures in various fields, replacing surgical interventions with
open technique [1-6]. Although it is estimated that laparoscopy is 41% safer than open surgery and
possible major complications arising from this technology are rare, the rate of risks ranges from 5%
to 8% for all procedures [3,7-12].

Insertion of the Veress needle and primary trocar for establishing an acceptable
pneumoperitoneum is the first and most hazardous step in laparoscopy, in which more than 50% of
major laparoscopic complications occur before commencement of intended surgery [8,13,14]. Entry-
related complications including abdominal wall bleeding, subcutaneous emphysema, wound
infection, wound herniation, gastrointestinal tract perforation, and retroperitoneal vascular injury are
the most serious and are uncommon, but they can result in significant morbidity and even death in
0.05% to 0.2% of cases [14-19].

Despite decades of technological development to introduce surgical procedures and instruments
for a safer abdominal wall perforation, no single method, currently used for peritoneal cavity access,
has been proved to avoid laparoscopic entry-associated risks [20-22]. Four basic techniques have
been developed to enter the abdomen, such as closed technique (Veress needle), open laparoscopy

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202310.0667.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2023 doi:10.20944/preprints202310.0667.v1

(Hasson), direct trocar insertion (DTI), and visual entry method (optical trocar) [23]. One third to one
half of all major intra-abdominal vascular and intestinal injuries is caused by placement of the Veress
needle (39.8%) [24]. Open approach has a lower incidence of vascular complications, but a potentially
higher incidence of bowel damage [15,17,25-30]. Several reasons for limiting the use of the open
method exist, including greater time needed for its performance, technical difficulty, obese patients,
and difficulty in pneumoperitoneum maintenance. Direct trocar insertion is slightly faster than any
other system of laparoscopic access and also entails just one “blind step” (trocar), instead of three
with closed method (Veress needle, insufflation, trocar), but it remains probably the least-performed
technique in clinical practice due to fear of causing internal lesions as it is a blind approach. Recently,
the optical trocar [23] has been developed to allow the surgeon to visualize the abdominal wall layers
on the monitor as they are approached and crossed before transection, which helps avoid viscera
injury [6,31]. Nevertheless, major vascular lesions seem to remain a risk associated with the visual
entry system [11,32-34].

In light of the above, there is no optimal single form of laparoscopic access that completely
eliminates entrance-related complications in the low-risk patient, hence the procedure most
experienced by the surgeon should be chosen. Currently, there is still no consensus regarding how to
introduce the primary trocar inside the peritoneal cavity without injuries and an increasing number
of researchers have investigated the feasibility of innovative technologies and devices of port
insertion for a safer trocar entry.

In a previous work we evaluated and successfully tested in an in vivo animal model the
feasibility, effectiveness, and safety of OneShot-M, a suction cup device that we designed and initially
proposed for making Veress needle introduction secure, simple and speed [35]. In the effort to
optimize the efficacy of DTI method, the current study aimed to report our experience in a porcine
model using a prototype of OneShot-M modified in order to facilitate the direct positioning of the
first trocar. It may help develop a safer and quicker alternative method of pneumoperitoneum
establishment as well as minimize the incidence of DTI-related injuries. We also wanted to assess the
feasibility profile of DTI approach combined with the self-made wall-lifting device by comparing it
to the standard open and DTI techniques.

2. Materials and Methods

2.1. Animals

The study started in January 2020 and was completed in August 2020. All procedures were
performed in the operating room of the Ce.Me.Ri.T. (Centro Mediterraneo di Ricerca e Training) of
the Istituto Zooprofilattico Sperimentale della Sicilia “A. Mirri”, Palermo. 18 large white female pigs
weighting 30 to 35 kg were included in the experiments. Animals came from outsourced specialized
facilities external to the room where the experiments were conducted; they were housed and
acclimated to the facility for at least two days after arrival. Pigs were randomly divided into three
groups and underwent three different techniques of laparoscopic surgery: Group A (n = 6) where the
open Hasson access technique (OAT) was executed, Group B (n = 6) where direct trocar insertion
(DTI) method was performed, and Group C (n = 6) where OneShot-M device was used to facilitate
the DTI technique (OSM/DTI). The surgical team comprised at least 2 operating surgeons. The same
equipment, including the same monitor, insufflators, light source and camera, were used for all cases.
In all animals, disposable trocars were used. OneShot-M prototype configuration is described in
Figure 1. Compared to the prototype used in the previous work [35], when the access hole was
specially designed to allow Veress needle insertion, the suction cup device has been modified so that
it could be crossed by a 5-mm trocar/cannula.
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Figure 1. OneShot-M prototype modified to allow the insertion of a 5-mm trocar.

Briefly, twenty-four hours before surgery, all animals started fasting. All pigs were given pre-
anesthesia using intramuscular injection of tiletamine hydrochloride and zolazepam hydrochloride
(6.3 mg/kg) and medetomidine hydrochloride (1 mg/kg). General anesthesia was inducted with
propofol (0.5 mg/kg) and maintained with isoflurane (2%) and oxygen (1 to 2 L) through an
endotracheal tube. Animals received a post-operative antibiotic treatment with oxytetracycline (20
mg/kg/day, for 6 days). On the day of the experiment, each animal was placed in a supine position,
with all limbs fixed to the operating table, then, careful shaving, cleansing, and disinfection of the
operating field with 10% povidone-iodine were performed. During surgery, heart rate, blood
pressure, blood oxygen saturation, and central venous pressure were monitored. Infusion of liquids
and drugs was achieved through a central venous catheter positioned into the jugular vein and
appropriately channeled into the subcutaneous tissue of the neck. Peritoneal cavity was entered with
the technique allotted by randomization.

2.2. Surgical procedures

In Group A, the OAT was carried out as follows. Briefly, a 1.5-2.0 cm vertical skin incision was
made in the lower abdomen. Dissection was continued down to the fascia while the skin was held
laterally retracted. Thereafter, the fascia was incised, and the peritoneal cavity entered by the cannula
of a 10-mm nondisposable Hasson trocar (Molnlycke® Health Care S.r.1., Italia) with blunt obturator
inside through the defect. Once successfully entered into the abdomen, the obturator was removed,
leaving the cannula positioned correctly. The insufflation tube was connected to the trocar for the
creation of the necessary CO2 pneumoperitoneum.

In Group B, the DTI entry technique was performed as follows. A 5-mm skin incision was made
in the lower abdomen to accommodate the diameter of a sharp trocar system. The abdominal wall
was held and adequately elevated manually and a 5-mm shielded trocar (Endopath® Xcel™ trocar,
Ethicon Endo-Surgery, Inc, Cincinnati, OH) was inserted directly into the cavity at a 90° angle and
then advanced by a controlled twisting movement. When the surgeon felt the resistance offered by
the fascial layer, the abdominal wall was grasped and lifted by hand or using a Backhaus towel clamp
to form a “tent” and then moved away from the contents. Entry into the abdominal cavity was
confirmed by the audible click of the shield lock on the trocar. Afterwards, the obturator was removed
and the cannula was further inserted by 2-3 c¢m, a laparoscope was placed in the cannula and the
placement of the trocar was confirmed. Insufflation was then started.

In Group C, the method adopted for DTI facilitated by the OneShot-M device included the
following steps (Figure 2). First, a 5-mm horizontal skin incision was made in the lower abdomen,
followed by placement of the suction cup system on the abdominal wall, so that the trocar access hole
perfectly matched the small cut below (Figure 2A). At the same time, a 5-mm disposable shielded
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blade trocar (Endopath® Xcel™ trocar, Ethicon Endo-Surgery, Inc, Cincinnati, OH) was introduced
through the specified hole, the tip being directly perpendicular to the incision (Figure 2B). After
lightly pressing the device to the abdomen, the abdominal wall was gently lifted by holding the
OneShot-M handle and picking up the entire system, thus distancing the abdominal wall from the
internal organs and thus creating a “safety room” (Figure 2C-D).

Figure 2. Direct trocar insertion by using OneShot-M device. [A] The suction cup system is positioned
on the abdominal wall so that the trocar access hole perfectly matches the 5-mm horizontal skin
incision below. [B] The device is lightly pressed on the abdomen. [C] The abdominal wall is gently
lifted by holding OneShot-M handle and the entire system is picked up, in order to distance the
abdominal wall from the internal organs. [D] After being introduced through the specified hole and
the small cut, a 5-mm single-use shielded bladed trocar is then gradually advanced into the peritoneal
cavity by twisting it slowly through the OneShot-M.

The trocar was then gradually advanced into the peritoneal cavity by twisting it slowly through
the OneShot-M. Abdominal penetration could be easily felt by the surgeon and entry into the
abdominal cavity was confirmed by the audible double click of the shield lock on the trocar. The
trocar blade tip was covered after it entered the peritoneal cavity to reduce the risk of injury to
internal organs. After that, the obturator was withdrawn, leaving the 5-mm cannula in place; in order
to confirm the correct positioning of the trocar in the peritoneum and the absence of lesions to the
viscera, a laparoscope was inserted into the cannula for direct visualization of the abdominal cavity
on display. Subsequently, the insufflation tube was attached to the sleeve for pneumoperitoneum
induction. After both the laparoscope and the insufflation tube were temporarily pulled from the
cannula, the trocar seal was unscrewed to allow removal of OneShot-M. Once the seal was screwed
back on, both instruments were reinserted to continue the pneumoinsufflation under direct vision.
In all techniques, fascia and skin closure was performed with 2-0 absorbable Vicryl after removal of
the access port.

The abdominal cavity was thoroughly inspected after pneumoperitoneum for complications
which were classified as major and minor depending on the nature and severity of injuries. For
evaluation purposes, the outcome measures were defined as 1. access time: the time interval between
skin incision and introduction of the laparoscope for confirmation of access, 2. minor complications
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(such as difficulty in primary trocar entry, localized emphysema, leakage of gas from the port-site,
abdominal bruise/small hematoma at port-site, omental injury), and 3. major complications (such as
bowel perforation, mesenteric vascular injury, solid organ injury). Difficulty in inserting the trocar
was defined as failure of two attempts to enter into the peritoneal cavity.

2.3. Statistical Analysis

Bodyweight and access time values for all animals were recorded and expressed as kilograms
(kg) and seconds (s), respectively. The small sample size led us to choose to conduct a non-parametric
analysis on both variables, animal weight and access time, despite the Shapiro-Wilk test of normality
did not allow to reject the hypothesis of normality of the distribution of the weight. Therefore, the
non-parametric Kruskal-Wallis (KW) test was performed to look for any significant differences in
distributions of the variables in the three groups. Dunn's post hoc test, with Bonferroni method, was
used to pairwise comparisons [36]. Bonferroni’s method was used because were evaluated all-
possible pairs, and the Bonferroni Test value (z-value) has been adjusted for multiple tests by
dividing /2 by k(k-1)/2, making it Za/xx1), where the k(k-1)/2 is the number of possible pairs of k
groups. A p-value of 0.05 was considered statistically significant for all the tests evaluated. All
calculations were performed using the SAS 9.4 software (SAS Institute, Inc.).

3. Results

Statistical analysis regarding weight and access time are reported in Table 1. Boxplots relevant
to access time values for each technique are represented in Figure 3. The KW test showed no
statistically significant differences in body weight between groups (p-value = 0.7253). Median access
time was shorter in Group C (43 s, range: 35-49 s), followed by Group B (82.5 s, range 72-90 s) and
Group A (190.5 s, range 182-240 s) (Table 1). The KW test exhibited statistically significant differences
in procedural time between techniques (p-value = 0.0005, Table 1). Pairwise comparisons using the
Dunn's post hoc test, with Bonferroni’s method, detected a statistically significant difference between
the groups A and C in terms of access time, that is the time needed for laparoscopic entry in OneShot-
M/DTI group was significantly shorter than in the open Hasson group (Table 1). No other
comparisons were statistically significant.

Table 1. Comparison of three methods of laparoscopic trocar insertion; statistical analysis.

Kruskal- Dunn’s post
Methods Median (range) ~ Wallis Test ~Comparison hoc test
(p-value) (p-value)
Weight Group A: OPEN 33.15(31.2-3)
Group B: DTI 32.5 (30 - 35) 0.725
Group C: OneShot-M/DTI 33.25 (31.3 - 35)
Access time Group A: OPEN 190.5 (182 - 240) AvsB 0.155
Group B: DTI 82.5(72-90) 0.0005 AvsC <0.001

Group C: OneShot-M/DTI 43 (35 -49) BvsC 0.155
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Figure 3. Boxplots of access time (s) values of the three different laparoscopic access techniques.

Table 2 shows the comparison of three methods of laparoscopic trocar insertion (open, DTI, and
OneShot-M/DTI) in terms of complication. Overall, only one minor complication [difficulty in
primary trocar entry] happened in the OneShot-M/DTI group. Number of occurrences in the other
groups are described in Table 2. The small sample size did not allow to perform any statistical test to
verify the association between methods and number of occurrences.

Table 2. Comparison of three methods of laparoscopic trocar insertion (open vs. DTI vs. OneShot-
M/DTI) in terms of complication. The results are expressed as percentages and in brackets the number
of occurrences.

L Group A Group B Group C
Complication
OPEN DTI OneShot-M/DTI
% (number)
(n=6) (n=6) (n=6)
Difficulty in entry 33.33 (2) 50 (3) 16.67 (1)
Localized emphysema 16.67 (1) 16.67 (1) -
Leakage of gas 50.00 (3) 16.67 (1) -
Bruise/haematoma at port site 16.67 (1) 50.00 (3) -
Omental injury - - -
Bowel perforation - 16.67 (1) -

Mesenteric vascular injury - - -

Solid-organ injury - - _

4. Discussion

Laparoscopic abdominal surgery requires the achievement of successful pneumoperitoneum. In
order to establish it, the first and most critical step of all laparoscopic procedures is the insertion of
surgical instruments to gain access into the peritoneal cavity. In the vast majority of patients, possible
reasons of main complications include unsuitable placement of a Veress needle or primary umbilical
trocar, which results in abdominal wall bleeding and intra-abdominal complications, that is bowel
and major vascular injuries [37]. Furthermore, reliable evidences support a lower relative risk of
trocar site-associated bleeding and overall complications with blunt-tipped laparoscopic cannulas
than bladed trocars [38]. Intestinal injuries and major vessel lesions incidence are 0.07% and 0.04%,
while the overall incidence of these complications at the time of access is 0.11%, although it seems
that these adverse events are under-reported [28]. The mortality rate related to bowel damage ranges
from 2.5% to 5% [11,16,24,39], whereas a high mortality rate of 8-17% has been described for injuries
to major retroperitoneal vessels because of their severe, even life-threatening, complications [40—45].
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It is clear that preventing the risk of entry-related injuries and optimizing the access technique is
essential. Currently, there is still no sufficient evidence in the most respected international literature
of which procedure for initial trocar entry, close or open, is the “ideal”, that is to say free of
complications [11,46,47]. Moreover, no single method is appropriate for all cases and the technique
may be personalized in each case, depending on suitable preoperative evaluation and surgical skills.

DTI method was first described by Dingfelder more than 40 years ago [48]: the surgeon lifts the
abdominal wall to avoid injuring the abdominal aorta and directly inserts a trocar into the peritoneal
cavity without prior implementing pneumoperitoneum. DTI decreases the number of “blind steps”
from three with closed method (Veress needle, insufflation, trocar], to just one (trocar), but it still
remains the least-preferred technique owing to the fear of producing lesions to gastrointestinal
system and retroperitoneal vessels. It is correctly documented that with DTI it is possible to
immediately recognize any kind of intraabdominal injury and to laparoscopically repair that lesion
at once [7,20,48-53]. Nonetheless, initial trocar entry has been often reported to be time-consuming
due to insufflation-related complication, such as gas embolism, as well as the need to repeat the
procedure due to failure.

Our pilot study was an effort to improve the safety and effectiveness of DTI technique by
facilitating its routine practical applicability for a rapid and risk-free pneumoperitoneum
establishment. To address this issue, we described a procedure slightly modified from the standard
DTI, since we proposed the employment of a self-designed wall-lifting device, called OneShot-M,
which is a secure, quick and very easy-to-use suction cup system that uses manual force to elevate
the abdominal wall over the umbilicus and thus favor initial trocar insertion. In order to demonstrate
the advantages of the proposed device, we tested its efficacy in facilitating the placement of the
primary trocar on animal model, and we also compared the “modified” DTI method against both
open and traditional DTI laparoscopy in terms of access times and rates of unpleasant complications.

OneShot-M feasibility had already been successfully proven in 2018 in an experimental study
on porcine model, for which the device was specially designed and created in order to allow the
passage of a 15 cm-long Veress needle [35]. In that work, the self-made suction cup system allowed
us to gain abdominal entry and pneumoperitoneum fast and securely in all procedures, without any
intraoperative and postoperative complication linked to Veress needle technique.

According to the promising findings of this previous research [35], in the current study we
evaluated OneShot-M performance applied to the DTI method. This goal required the necessary
adjustment of the device structure from the aforementioned prototype, in order to create an access
hole suitable for the introduction of a 5 mm-long trocar (Figure 1). Therefore, we believed that the
gentle lift of the abdominal wall, by picking up our suction cup system, instead of grasping the skin
by hand or using towel clips, provides a safer, quick and reliable trocar placement. It is noticed that
many surgeons advocate elevating the lower anterior abdominal wall by hand or using Backhaus
towel clamps at the time of primary trocar entry, causing aortic injuries and omental perforations as
the omentum was elevated [lifted by hand], together with the anterior wall [54-57].

The idea that the proposed device may be an advisable procedure for executing a safer
abdominal access with DTI method was encouraged and confirmed by the results of our pilot study.
Concerning intra-abdominal complications, bowel perforation, mesenteric vessel injury and bladder
injury were taken as major complications (Table 2). Our tests showed no major complications when
the direct trocar insertion by using OneShot-M was performed, whereas one bowel injury (ileum)
occurred in the DTI group. Several studies have been focused on comparing the safety of DTI
technique to other traditional laparoscopic entry strategies [18,20,49,54,57-66]. In this regard, the
scientific literature supports that DTI is not only faster but also shows trend toward lesser
complications than the open method. Falahatkar et al. [62] reported one vascular injury in OAT group
(n=86) and none in DTI group (n=62). A recent study of Kaistha et al. [18], involving 955 participants,
documented two bowel injuries in OAT group and none in DTI group, further strengthening the
literature on DTI being a good technique of laparoscopic access. No minor or major complications
and a total (100%) feasibility rate have been observed by Agresta et al. [20], in a case-series study
involving 2175 DTI procedures. In a large meta-analysis of 51 publications including DTIL, open, and
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Veress needle procedures, Molloy et al. [28] reported that, overall, DTI was correlated with an
importantly reduced incidence of major complications equal to 0.05%, when compared to both open
(0.11%) and closed (0.09%) methods. Regarding abdominal wall complications, as already defined as
minor complications, we did not find localized emphysema, leakage of gas, and bruise/hematoma at
the port site in OneShot-M/DTI laparoscopy, whereas only one access problem [initial entry failure]
was seen as a minor complication in this group, such that we had to repeat access into the peritoneal
cavity in one pig (Table 2). On the other hand, as reported in Table 2, animals experienced these minor
complications both in the open and in the DTI group. With regard to minor complications, our
findings confirm data in literature, e.g. the aforementioned study of Kaistha et al. [18], in which minor
complications occurred more frequently in the OAT, favoring the direct trocar entry technique:
significant gas leakage from umbilical port occurred in 39 patients in OAT arm and 4 in DTI arm; DTI
was found to be superior to OAT in terms of umbilical port-site hernia, port-site infection, port-site
bleed, and port-site pain.

In light of all these scientific evidences, although the small sample size did not allow us to
perform any statistical test to confirm the association between methods and number of occurrences,
we believed that the absence of minor and major complications observed when the DTI was
facilitated by using our wall-lifting device could further enhance the safety of DTI technique and
strengthen the literature, already in favor of the advantages of the DTI approach over other entry
procedures. In our modification of DTI method, after OneShot-M was applied to the pig’s umbilical
region and pressed on the skin, the subsequent negative pressure allowed the abdominal wall to be
simply and homogeneously raised, distancing it from the underlying viscera. Subsequent
intraabdominal observations confirmed not only a significant displacement of the abdominal wall
but also, and above all, the presence of the so-called “dome-effect”, that is the creation of a
periumbilical dome, adherent to the suction cup, which generates an adequate “safety room” where
the first trocar can be gradually introduced and advanced into the peritoneal cavity through the
perforated OneShot-M handle. The increased working space gained with the initial suction dome
allowed the surgeon to slightly elevate the abdomen without strong traction and traumas, preventing
severe injuries to the internal organs.

Another parameter for successfully performing the laparoscopy procedure is the importance of
time. Since by decreasing the time of entry, the overall time of surgery is reduced. In our study, as
can be seen in Table 1, DTI with OneShot-M seems to be the fastest (43 s) access technique, compared
to conventional DTI (82.5 s), and, ever more, open method (190.5 s) (p-value = 0.0005, Table 1).
Furthermore, pairwise comparisons revealed that the operative time needed for laparoscopic entry
in OneShot-M/DTI group was significantly shorter only than in the open Hasson group (p-value <
0.001, Table 1), but no other comparisons were statistically significant. As represented in boxplots in
Figure 3, by comparing the respective medians and the lengths of the three boxes, we observed that
access time values in the OneShot-M/DTI group were less dispersed than the values measured in the
other two groups; after all, this minor data variability was confirmed by the range of the operative
times, which was smaller in Group C than in Group B and Group A (Table 1). Since it's true that the
smaller the number, the higher the repeatability, and the higher the reliability of the results, this
finding suggest that the proposed experimental procedure is more reproducible and standardizable
than the traditional open and DTI techniques. It's means that a shorter entry time obtained by using
OneShot-M should be achieved again with a high degree of agreement when the access is replicated
with the same method by different surgeons and in patients with different features.

Finally, our experiences indicate that our wall-lifting system allowed an effective and fast
laparoscopic access controlled by a single surgeon instead of two. This is a significant advantage, as
we consider that open technique required the participation of at least two experienced operators.
Surgical training may be useful in facilitating the development of surgeons’ skills with regard to the
OneShot-M/direct trocar insertion access.

5. Conclusions
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These preliminary outcomes suggest that the direct trocar insertion by the self-designed wall-
lifting device is technically easy, feasible, reliable, fast and safe in a porcine model and can provide
sufficient exposure of the working space. OneShot-M allowed the surgeon to raise the abdominal
wall homogeneously, with no risk of internal injury, and with shorter procedural times. Although
the encouraging findings, our pilot study has some limits, due to the relatively small number of pigs
enrolled in the present experimental design. In the near future, we plan to perform additional animal
experiments in order to strengthen scientific evidence in support of the wall-lifting system here
discussed. Moreover, confirmation of these results obtained on animal model requires further
evaluation in a clinical trial on humans.
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