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Abstract: The aim of our study was to evaluate the benefits of a low-pressure insufflation system
(AirSeal) vs. a standard insufflation system in terms of anesthesiologists” parameters and postop-
erative pain in patients undergoing laparoscopic surgery for early-stage endometrial cancer. This
retrospective study involved five tertiary centers and included 152 patients with apparent early-
stage disease who underwent laparoscopic surgical staging with either the low-pressure AirSeal
system (8-10 mmHg, n = 84) or standard laparoscopic insufflation (10-12 mmHg, n = 68). All the
intraoperative anesthesia variables evaluated (systolic blood pressure, end-tidal CO2, peak airway
pressure) were significantly lower in the AirSeal group. We recorded a statistically significant dif-
ference between the two groups in the median NRS scores for global pain recorded at 4, 8, and
24 h, and for overall shoulder pain after surgery. Significantly more women in the AirSeal group
were also discharged on day one compared to the standard group. All such results were confirmed
when analyzing the subgroup of women with a BMI >30 kg/ m?2. In conclusion, according to our
preliminary study, low-pressure laparoscopy represents a valid alternative to standard laparoscopy
and could facilitate the development of outpatient surgery.

Keywords: laparoscopy; endometrial cancer; low-pressure insufflation; postoperative pain

1. Introduction

Over the last two decades, laparoscopy has become the favorite approach for the
surgical treatment of apparent early-stage endometrial cancer worldwide [1-4]. Moreover,
minimally invasive surgery is particularly indicated for obese patients, since it seems to
prevent the majority of postoperative complications [5]. However, endometrial cancer
patients often have several comorbidities, and the setup of the optimal intra-abdominal
pressure (IAP) is demanding. On the one hand, high-pressure pneumoperitoneum enables
a satisfactory working space and the optimal visualization of the surgical field, shortening
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operative time and blood loss and ultimately improving surgical performance. On the
other hand, however, several complications are related to the use of CO2, particularly in
patients with compromised lung and heart function [6]. Increased IAP that is induced
by the pneumoperitoneum can lead to several important hemodynamic alterations, such
as to the acid-basic balance, and can cause significant postoperative shoulder pain [7-9].
Innovative, valveless low-pressure trocars such as the AirSeal system (AirSeal®, ConMed,
Utica, NY, USA), have been introduced and appear to be a valid alternative to the standard
insufflation system based on preliminary studies. This system provides a more stable
pneumoperitoneum by responding to the slightest changes in IAP and is associated with
a reduced rate of CO2 use, absorption, and elimination [10,11]. Furthermore, CO2 use is
demonstrated to be significantly decreased using such a system, resulting in a potential
reduction in CO2-related complications; this is of particular benefit for patients with
impaired cardiopulmonary function [11]. In randomized experiments in urology, the system
improved visualization and reduced cardiopulmonary damage compared to standard
insufflation [12-14]. The AirSeal platform has been evaluated in general gynecologic
surgery, mainly in cases of benign disease [15,16]. However, data from a gynecologic
oncologic setting are still lacking. Hence, the aim of this retrospective pilot study was
to evaluate the role of low-pressure pneumoperitoneum (8-10 mmHg) with the AirSeal
system in patients with apparent early-stage endometrial cancer. In addition, we explored
the impact of low-pressure insufflation on intraoperative anesthesiology parameters and
postoperative patients’” pain compared to the standard pressure insufflation system.

2. Materials and Methods

This was a multicenter, two-arm, retrospective pilot study conducted at the Michele
e Pietro Ferrero Hospital, Verduno (Italy); San Gerardo Hospital, University of Milano-
Bicocca, Monza (Italy); Ospedale Santa Croce e Carle, Cuneo (Italy); Division of Obstetrics
and Gynecology, University Hospital of Udine; and at the Fondazione Policlinico Universi-
tario A. Gemelli, IRCCS, Rome (Italy). The ethics committee of the principal investigator
has declared that it was not necessary to obtain informed consent from patients for this ret-
rospective study specifically, since all patients had given informed consent before surgery.

One hundred and fifty-two women with apparent early-stage endometrial cancer who
had undergone laparoscopic surgical staging with the AirSeal System between January
2019 and December 2021 were retrospectively included in this study and were compared to
a subgroup of women operated with the standard insufflation system.

The primary objective was to compare and evaluate the impact of the low-insufflation
system in terms of anesthesiology parameters and postoperative shoulder pain at 4, 8 and
24 h after surgery. Intra-operatively, the following were evaluated: systolic blood pressure,
end-tidal CO2, peak airway pressure, volume of CO2 used, duration of surgery, and blood
loss. Pain was evaluated with the Numeric Rating Scale (NRS) with a range between
0 and 10.

Secondarily, we investigated the impact of low-pressure insufflation in the subgroup
of women with a BMI > 30 mg/m?. Considering the retrospective nature of the study,
which did not involve any direct patient contact or diagnostic or therapeutic intervention,
a waiver of informed consent and a waiver of authorization were requested. All patient
information was guaranteed to be confidential. The study was conducted according to the
guidelines of the Declaration of Helsinki.

2.1. Operative Procedure

After the induction of standard general anesthesia, the induction of pneumoperi-
toneum was achieved by using either the Veres needle technique or the open technique at
the standard flow of 12 mmHg. After primary port placement, the intra-abdominal pressure
was decreased to 8-10 mmHg in the AirSeal system group, while it was maintained at
12-14 mmHg in the standard insufflation group.
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The AirSeal insufflation system, once activated, works with three essential components,
the iFS AirSeal control, the Tri-Lumen Filtered Tube Set, and the Access Port, which together
allow the creation of a stable pneumoperitoneum and of continuous smoke evacuation.
The access port is available in two sizes: 5 or 10 mm. The 5 mm port was usually placed
on the right side of the iliac quadrant, whereas the 10 mm port was placed on the camera
site, i.e., on the umbilicus scar. In order to prevent smoke evacuation from impairing
visualization, the 5 mm trocar was placed away from the camera. Two more accessory
5 mm diameter trocars that do not require fascial closure were placed, as shown in Figure 1.
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Figure 1. NRS pain control score of the two groups at 4, 8 and 24 h after surgery.

The general anesthesia induction protocol included Propofol as a hypnotic, Fen-
tanyl or Remifentanyl as an analgesic, and Rocuronium as a muscle relaxant, followed
by intubation, and maintenance with Desflurane or Sevoflurane and Remifentanil. Nau-
sea and vomiting prevention were obtained with Dexamethasone administered at 4 or
8 milligrams intravenously.

In the absence of contraindications, postoperative pain was controlled with the intra-
venous administration of Paracetamol at 1 g and Ketoprofene at 160 milligrams (Artrosilene)
3 times daily. In the presence of a Numeric Rating Scale of pain (NRS) higher than 4, Keto-
profene 160 mg was given intravenously and, eventually, subcutaneous morphine 10 mg
was given if NRS was still higher than 4 after administration of Ketoprofene.

2.2. Statistical Analysis

Descriptive statistics are presented as frequencies and proportions for categorical
variables and mean/median with a standard deviation/interquartile range for continuous
variables. These descriptive characteristics are reported in tables so that readers can
inspect the distribution of these variables in the two study groups (ultrastaging protocol
A vs. B) and for the lymph node status (positive node disease vs. negative node disease).
Continuous variables were compared using Wilcoxon rank-sum tests. Proportions were
compared using Chi-Square tests or Fisher’s exact tests. All 2-sided p-values with p < 0.05
were considered statistically significant. We performed a multivariate analysis to adjust for
potential confounding factors. We used logistic regression to perform the analysis because
of the binary endpoint. Stata software 9.0 (Stata Corporation, College Station, TX, USA)
was used for performing the statistical analysis.



Healthcare 2022, 10, 531

40f9

3. Results

One hundred and fifty-two patients were included in this retrospective study. A
total of 84 patients (55.3%) underwent laparoscopic surgery with the AirSeal system at
8-10 mmHg, whereas 68 (44.7%) were treated with conventional laparoscopic surgery and
the standard insufflation system. The baseline characteristics of the study population are
shown in Table 1.

Table 1. General characteristics of the study groups.

Variables AirSeal (N =84) Standard (N = 68) p Value
Age
median (range) 63 (52-73) 65 (54-75)
0.275
BMI, kg/mz, median (range) 30.0 (23.7-36.4) 27.9 (22.6-33.2) 0.142
FIGO stage, n (%)
IA 54 (64.3) 44 (65.7)
1B 14 (16.7) 12 (17.9)
1 4 (48) 3 (4.5) 0.980
I 12 (14.3) 8(11.9)
Atypical Hyperplasia - 1
Grading, n (%)
Gl 48 (57.1) 20 (31.3)
G2 24 (28.6) 27 (42.2) 0.006
G3 12 (14.3) 17 (26.6)
NA 0 4
Histotype, n (%)
Complex hyperplasia 0 1(1.5)
Endometrioid 80 (95.2) 58 (85.3) 0.013
Serous - 6 (8.8)
MMT & others 4 (4.8) 3(44)
LVSI, n (%)
Present 23 (27.4) 12 (17.7) 0121
Absent 59 (72.6) 56 (82.3) ’
NA 2 0
Previous surgery, n (%) 28 (33.3) 29 (42.7) 0.174
Smoke habit, n (%) 29 (34.5) 23 (33.8) 0.507
Pulmonary disease, n (%) 11 (13.1) 11 (16.2) 0.393
ASA score, n (%)
1 12 (14.3) 7 (10.3)
2 43 (512) 42 (61.8) 0.433
3 29 (34.5) 19 (27.9)

Surgical procedures, including simple hysterectomy, bilateral salpingo-oophorectomy
and sentinel node biopsy, were performed with a traditional laparoscopic tower. The
median age of patients was 63 years (IQR 52-73) for the AirSeal group, and 65 years (IQR
54-75) for the standard group. The median BMI was 30.0 kg/m? (range 23.7-36.4) and
27.9 kg/m? (range 22.6-33.2) for the AirSeal and the standard group, respectively. No
differences in terms of the presence of previous surgery, smoking habits, pulmonary disease
and ASA score were observed between the groups. Surgical outcomes such as duration
of surgery, blood loss, and number of lymph nodes removed were similar between the
two groups.

Median length of hospital stay was 2 days in both groups (p = 0.224). However,
patients in the AirSeal group recovered significantly faster compared to the standard group.
In the AirSeal group, 98% (80/81) of women were discharged within 2 days, compared to
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75% (51/68) of patients in the standard group (p < 0.0001). The complication rate did not
differ between the two groups.

3.1. Anesthesia Parameter Results

All the intraoperative anesthesia variables evaluated (systolic blood pressure, end-
tidal CO2, peak airway pressure) were significantly lower in the AirSeal group (Table 2).
Furthermore, the median volume of CO2 consumed during surgery was 35 L (IQR 30-36) in
the AirSeal group, and 50 L (IQR 40-50) in the standard group (p < 0.0001). In the subgroup
of 67 women with a BMI greater than 30 mg/m?, the differences were maintained (Table 3).

Table 2. Surgical and anaesthesiology parameters.

Variable AirSeal (N = 84) Standard (N = 68) p Value
Estimated blood loss, mL 0.880
median (range) 122.0 (77.6-166.4) 121.0 (79.6-162.4) ’
SLN detection, n (%)
Bilateral 70 (83.3) 52 (76.5) 0176
Monolateral 9 (10.7) 13 (19.1) )
Failed mapping 5(6) 3(4.4)
Lymph r}odes removed 4(0-9) 7 (0-17) 0.101
median (range)
CO2 IAP, mmHg
median (range) 8.5 (7.5-9.5) 11.3 (10.2-12.4) <0.0001
Global pain at4h,
median (range) 1.4 (0.4-2.4) 1.7 (0.9-2.5) 0.023
Global pain at 8 h,
median (range) 0.8 (0-1.6) 1.4 (0.7-2.1) <0.0001
Global pain at 24 h,
median (range) 0.2 (0-0.8) 1.1 (0.2-2.0) <0.0001
Shoulder pain, n (%)
Yes 6(7.1) 20 (29.4)
No 78 (92.9) 48 (70.6) <0.0001
Morphine consumption, n (%)
Yes 4(4.8) 19 (27.9)
No 80 (95.2) 49 (72.1) <0.0001
ETCO2, mmHg,
median (range) 33.7 (31.4-36.0) 35.8 (32.3-39.3) <0.0001
Peak airway pressure, cm H,O, median (range) 21.8 (16.3-27.3) 24.8 (21.5-28.1) <0.0001
Max systolic arterial pressure, mmHg, median (range) 111.7 (98.2-125.2) 133.5 (119.7-147.3) <0.0001
Total CO2 used, liters,
median (range) 34.1 (29.9-38.3) 479 (41.7-54.1) <0.0001
Duration of surgery, minutes, median (range) 113 (91.8-134.2) 119 (84.4-153.6) 0.445
Length of stay, days, 2.0 (1.4-2.6) 22 (1.4-3.0) 0.224
median (range)
Major complications, n (%) 0 2(2.9) -
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Table 3. Analysis in the subgroup of obese women with BMI greater than 30 kg/m2 (N = 77).

AirSeal Standard

Variables (n° = 32) (n° = 35) p Value
Age
median (range) 62 (58-69.3) 65 (57-77) 0.343
Previous surgery
yes 11 (34.4%) 18 (51.4%) 0.123
Smoke habit
yes 12 (37.5%) 10 (28.6%) 0.603
Pulmonary disease
yes 6 (18.8%) 8 (22.9%) 0.457
ASA, n (%)
1 5 (15.6%) 1 (2.9%)
2 15 (46.9%) 23 (65.7%) 0.137
3 12 (37.5%) 11 (31.4%)
Et-CO2,
median (range) 32 (31-33) 34 (32.4-37) 0.0004
Peak airway pressure, median (range) 19 (17-22.4) 25 (20-25) 0.0030
Max systolic pressure
median (range) 105 (95-116.3) 130 (120-137.2) <0.0001
Total CO2 used, liters
Median (range) 30 (30-35) 45 (40-50) <0.0001
Surgical time, minutes,
median (range) 100 (90.120) 101.9 (80-130) 0.283
Blood loss, mL,
median (range) 100 (99.6-100) 100 (100-120) 0.497
NRS pain at 4 h, median (range) 1(0-1) 1(1-2) 0.062
NRS pain at 8 h
median (range) 0(0-1) 1(0-1) 0.0034
NRS pain at 24 h
median (range) 0 (0-0) 1(0-1) 0.0005
Shoulder pain, n (%)
yes 2 (6.3) 10 (28.6) 0.018
Morphine consumption, n (%)
yes
2 (6.3) 14 (40.0) 0.001
Length of stay, days
1-2 28 (87.5) 24 (68.6)
3 4 (12.5) 11 (31.4) 0.058

3.2. Pain Control Results

We recorded a statistically significant difference in the median NRS scores for global
pain recorded at 4, 8, and 24 h and for overall shoulder pain after surgery between the
two groups (Table 2). The median NRS score at 4 h was 1.4 (IQR range 0.4-2.4) for the
AirSeal group and 1.7 (IQR range 0.9-2.5) for the standard group (p = 0.023). This difference
was maintained at 8 and 24 h after surgery, when the median reported global pain was
0.8 (IQR range 0-1.6) and 0.2 (IQR range 0-0.8), respectively, for the AirSeal arm compared
to 1.4 (IQR range 0.7-2.1) and 1.1 (IQR range 0.2-2.0) for the control arm (p < 0.0001). The
administration of morphine was statistically different across the two groups, with 4.8%
and 27.9% in the AirSeal and the standard group, respectively (p < 0.0001). The analysis of
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women with a BMI greater than 30 mg/m? showed that the differences between the Airseal
and standard groups were maintained (Table 3).

Figure 1 shows the NRS pain control score of the two groups at 4, 8 and 24 h
after surgery.

4. Discussion

In this study, we found that in women with endometrial cancer, the use of low-pressure
laparoscopy using the AirSeal valveless system significantly reduced the absorption of
CO2 and improved the control of post-operative pain when compared to the standard
insufflation system. The benefits of minimally invasive surgery (MIS) for endometrial
cancer patients have been widely demonstrated in the last decade [2,17,18]. Women who
underwent MIS surgery—traditional laparoscopy or robotic-assisted surgery—including
hysterectomy and surgical staging, showed better operative and post-operative outcomes
when compared with traditional open surgery. Obese women with endometrial cancer
further benefited from the advantages of the MIS approach and experienced shorter hos-
pitalization, less blood loss and less post-operative pain, a better quality of life and a
lower risk of surgical morbidity including post-operative fever, post-operative ileus and
wound infections. However, differently from healthy and fit patients without malignancies,
patients with endometrial cancer frequently have many comorbidities, especially regarding
obesity, a factor strongly associated with endometrial cancer, which entails anatomical and
physiological changes that are a critical consideration for guaranteeing safe and successful
surgery [19].

Pneumoperitoneum with CO2 increases the risks of respiratory, cardiovascular and
metabolic complications, mainly caused by the increase in the intra-abdominal pressure
that triggers the increase in median systolic pressure. In obese women, this phenomenon
is accentuated and with the activation of the kidney-angiotensin renin system, a further
increase in blood pressure can occur. Furthermore, elevation of the intra-abdominal pres-
sure with pneumoperitoneum causes an upward elevation of the diaphragm, resulting in
increased intra-thoracic pressure, thus decreasing pulmonary compliance and augmenting
peak airway pressure, which results in an increased risk of barotrauma. In this study, the
use of low-pressure insufflation with the AirSeal system allowed for a significant limitation
of the increase in et-CO2, peak airway pressure and maximum systolic blood pressure
during surgery. The overall consumption of CO2 was also reduced with AirSeal (35 L, IQR
range 30-26) compared with traditional insufflation (50 L, IQR 40-50; p = 0.0001).

In this preliminary study, the improvement in terms of anesthesiology results was
also maintained in the subgroup of women with a BMI greater than 30 kg/m?. Obesity
increases the risk of surgical morbidity in women with endometrial cancer and minimally
invasive surgery is recommended in the presence of co-morbidities to reduce the risk of
post-operative complications [5].

Finally, the adoption of a valveless system also has the advantage of maintaining
optimal exposure of the operative field even with a lower pressure of insufflation and
allowing the continuous emission of surgical smoke.

The study by Herati et al., which included 51 patients undergoing laparoscopy for renal
surgery, showed that the use of the AirSeal system significantly reduced CO2 absorption
during laparoscopy when compared with the standard insufflation system [11]. Regarding
gynecologic surgery, our results showed similar outcomes to the study of Sroussi et al. [6],
which explored the feasibility of the use of AirSeal at 7 mmHg in a cohort of patients with
a benign gynecological pathology. In our experience, the combination of low pressure and
a valveless trocar reduced end tidal CO2, the incidence of hypercapnia and associated
consequences such as emphysema. Peak airway pressure and systolic blood pressure were
also significantly lower in the AirSeal group. These results seem important and should be
considered for both anesthesiologists and surgeons when operating on older women, obese
patients, or patients with impaired cardiopulmonary functions, in which these parameters
can be reduced by using low pressure and the valveless AirSeal trocar.
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These data seem to be reinforced further by our study, which included women with
endometrial cancer involving longer surgical duration (median time: 26 and 30 min in
Sroussi versus 120 min in our study). Moreover, as already shown by Sroussi et al., the
pain control was lower overall in the AirSeal group compared to the standard insufflation
group, in both the general population and the obese subgroup [6]. On the other hand, our
study and those available in the literature are in contrast with the recent randomized study
by Madueke-Laveaux et al. [16], which did not report statistically significant advantages of
the valveless system in terms of CO2 absorption rates and post-operative pain control in
women who underwent laparoscopic surgery for benign conditions. However, the study
involved a healthy, younger, and non-obese population with a lower rate of associated
co-morbidity when compared to other already published experiments [6,11]. Furthermore,
the authors confirmed the improvement of the visualization of the operative field with
AirSeal 15 min after the use of electrosurgery and at the time of colpotomy.

In our opinion, our results should further encourage the adoption of this technology in
patients with a higher risk of complications such as obesity and older age with malignancies,
as demonstrated by the LAP2 study, where laparoscopy did not increase with age and
analysis showed that a higher percentage of patients had undergone the open approach [2].
Moreover, low-pressure laparoscopy showed a better overall control of post-operative pain
at 4, 8 and 24 h as well as shoulder pain. These results were significantly lower than those
obtained with the standard insufflation system. This hastened the patients’” discharge. In
our study, 28% of women in the AirSeal group were discharged on day one compared to 6%
in the standard group. Almost all patients were discharged within 2 days after surgery in
the AirSeal group compared to 75% in the standard group (p = 0.0001). Even if outpatient
surgery is not widespread in Italy, the development and increased adoption of low-pressure
laparoscopy associated with 3 mm trocars [15], together with the pre-habilitation already
proposed in the ERAS program [20], may further minimize surgical morbidity and can
increase the application of outpatient laparoscopy for oncological surgery as well.

Our results have some drawbacks, including the retrospective design and the relatively
small sample size, and should be interpreted with caution. However, the differences
highlighted between groups are significant and further multicentric studies should evaluate
and further confirm our preliminary results in the oncologic population.

In conclusion, the use of low-pressure laparoscopy should be encouraged mainly
in the subgroup of obese women with endometrial cancer, as well as to promote the
development of outpatient surgery. Low-pressure laparoscopy with the valveless platform
in our experience represents a valid and innovative alternative to the standard insufflation
system during minimally invasive surgery in gynecologic oncology.

Author Contributions: Conceptualization: A.B., FF. and R.E; Methodology: A.B. and S.R.; Validation:
R.F,SR. and R.F. Formal Analysis: E.D.P. Investigation: M.B., A.N., D.E, S.P. (Sara Paracchini) and
S.P. (Stefania Perotto). Data Curation: C.B., G.D.M., A.S., S.P. (Sara Paracchini), D.F. and S.P. (Stefania
Perotto). Writing—Original Draft Preparation: A.B. and M.B. Writing—Review and Editing: A.B.,
R.E,SR. and FF Visualization: A.P,, C.B., A.S. and G.D.M. Supervision: A.B., R.F. and EF. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The ethics committee of the principal investigator has de-
clared that it was not necessary to obtain informed consent from patients for this retrospective study
specifically, since all patients had given informed consent before surgery.

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The database including study data has a digital excel format, has been
anonymized for the analysis and will be available and can be shared in case of need.



Healthcare 2022, 10, 531 90f9

Acknowledgments: The authors want to thank Patricia Ann Sawchuk for her valuable contribution
in the language revision of the manuscript.

Conflicts of Interest: Authors declare no conflict of interest.

References

1.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bray, F.; Ferlay, ].; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer |. Clin. 2018, 68, 394-424. [CrossRef] [PubMed]
Walker, J.L.; Piedmonte, M.R.; Spirtos, N.M.; Eisenkop, S.M.; Schlaerth, ].B.; Mannel, R.S.; Spiegel, G.; Barakat, R.; Pearl, M.L.;
Sharma, S.K. Laparoscopy compared with laparotomy for comprehensive surgical staging of uterine cancer: Gynecologic
Oncology Group Study LAP2. |. Clin. Oncol. 2009, 27, 5331-5336. [CrossRef] [PubMed]

Abu-Rustum, N.R.; Yashar, C.M.; Bean, S.; Bradley, K.; Campos, S.M.; Chon, H.S.; Chu, C.; Cohn, D.; Crispens, M.A,;
Damast, S.; et al. Uterine Neoplasms, Version 1.2020, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr. Can-
cer Netw. 2020, 18, 660—666. [CrossRef] [PubMed]

Wright, ].D. Laparoscopic Hysterectomy for Endometrial Cancer: A Procedure 25 Years in the Making. JAMA 2017, 317, 1215-1216.
[CrossRef] [PubMed]

Bouwman, E; Smits, A.; Lopes, A.; Das, N.; Pollard, A.; Massuger, L.; Bekkers, R.; Galaal, K. The impact of BMI on surgical
complications and outcomes in endometrial cancer surgery—an institutional study and systematic review of the literature. Gynecol.
Oncol. 2015, 139, 369-376. [CrossRef] [PubMed]

Sroussi, J.; Elies, A.; Rigouzzo, A.; Louvet, N.; Mezzadri, M.; Fazel, A.; Benifla, ].L. Low pressure gynecological laparoscopy (7
mmHg) with AirSeal® System versus a standard insufflation (15 mmHg): A pilot study in 60 patients. J. Gynecol. Obstet. Hum.
Reprod. 2017, 146, 155-158. [CrossRef] [PubMed]

Nguyen, N.T.; Wolfe, B.M. The physiologic effects of pneumoperitoneum in the morbidly obese. Ann. Surg. 2005, 241, 219-226.
[CrossRef] [PubMed]

Matsuzaki, S.; Jardon, K.; Maleysson, E.; D’ Arpiany, E; Canis, M.; Botchorishvili, R. Impact of intraperitoneal pressure of a CO2
pneumoperitoneum on the surgical peritoneal environment. Hum. Reprod. 2012, 27, 1613-1623. [CrossRef] [PubMed]

Nyerges, A. Pain mechanisms in laparoscopic surgery. Semin. Laparosc. Surg. 1994, 1, 215-218.

Luketina, R.R.; Knauer, M.; Kéhler, G.; Koch, O.O.; Strasser, K.; Egger, M.; Emmanuel, K. Comparison of a standard CO2 pressure
pneumoperitoneum insufflator versus AirSeal™: Study protocol of a randomized controlled trial. Trials 2014, 15, 239. [CrossRef]
[PubMed]

Herati, A.S.; Andonian, S.; Rais-Bahrami, S.; Atalla, M.A.; Srinivasan, A.K.; Richstone, L.; Kavoussi, L.R. Use of the valveless
trocar system reduces carbon dioxide absorption during laparoscopy when compared with standard trocars. Urology 2011, 77,
1126-1132. [CrossRef] [PubMed]

Covotta, M.; Claroni, C.; Torregiani, G.; Naccarato, A.; Tribuzi, S.; Zinilli, A.; Forastiere, E. A prospective, randomized, clinical
trial on the effects of a valveless trocar on respiratory mechanics during robotic radical cystectomy: A pilot study. Anesth. Analg.
2017, 124, 1794-1801. [CrossRef] [PubMed]

Bucur, P.,; Hofmann, M.; Menhadji, A.; Abedi, G.; Okhunov, Z.; Rinehart, J.; Landman, J. Comparison of pneumoperitoneum
stability between a valveless trocar system and conventional insufflation: A prospective randomized trial. Urology 2016, 94,
274-280. [CrossRef] [PubMed]

Hagemann, A.R.; McCourt, C.K.; Varaday, S.S.; Moore, K.N. Defining and mitigating the challenges of an older and obese
population in minimally invasive gynecologic cancer surgery. Gynecol. Oncol. 2018, 148, 601-608. [CrossRef] [PubMed]

Bogani, G.; Uccella, S.; Cromi, A.; Serati, M.; Casarin, I.; Pinelli, C.; Ghezzi, F. Low vs standard pneumoperitoneum pressure
during laparoscopic hysterectomy: Prospective randomized trial. J. Minim. Invasive Gynecol. 2014, 21, 466—471. [CrossRef]
[PubMed]

Madueke-Laveaux, O.S.; Advincula, A.; Grimes, C.L.; Walters, R.; Kim, ]J.H.; Simpson, K.; Truong, M.; Young, C.; Landau, R,;
Ryntz, T. Comparison of Carbon Dioxide Absorption Rates in Gynecologic Laparoscopy with a Valveless versus Standard
Insufflation System: Randomized Controlled Trial. J. Minim. Invasive Gynecol. 2020, 27, 225-234. [CrossRef] [PubMed]

Walker, ].L.; Piedmonte, M.R.; Spirtos N.M. Eisenkop, S.M.; Schlaerth, J.B.; Mannel, R.S.; Barakat, R.; Pearl, M.L.; Sharma, S.K.
Recurrence and survival after random assignment to laparoscopy versus laparotomy for comprehensive surgical staging of
uterine cancer: Gynecologic oncology group LAP2 study. J. Clin. Oncol. 2012, 30, 695-700. [CrossRef] [PubMed]

Dinkelspiel, H.E.; Wright, ].D.; Lewin, S.N.; Herzog, T.J. Contemporary clinical management of endometrial cancer. Obstet.
Gynecol. Int. 2013, 2013, 583891. [CrossRef] [PubMed]

Scheib, S.A.; Tanner, E., 3rd; Green, I.C.; Fadre, A.N. Laparoscopy in the morbidly obese: Physiologic considerations and surgical
techniques to optimize success. J. Minim. Invasive Gynecol. 2014, 21, 182-195. [CrossRef] [PubMed]

Nelson, G.; Bakkum-Gamez, J.; Kalogera, E.; Glaser, G.; Altman, A.; Meyer, L.A.; Taylor, ].S.; Iniesta, M.; Lasala, J.; Mena, G.; et al.
Guidelines for perioperative care in gynecologic/oncology: Enhanced Recovery After Surgery (ERAS) Society recommendations-
2019 update. Int. J. Gynecol. Cancer 2019, 29, 651-668. [CrossRef] [PubMed]


http://doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
http://doi.org/10.1200/JCO.2009.22.3248
http://www.ncbi.nlm.nih.gov/pubmed/19805679
http://doi.org/10.6004/jnccn.2020.0027
http://www.ncbi.nlm.nih.gov/pubmed/32502976
http://doi.org/10.1001/jama.2017.2067
http://www.ncbi.nlm.nih.gov/pubmed/28350908
http://doi.org/10.1016/j.ygyno.2015.09.020
http://www.ncbi.nlm.nih.gov/pubmed/26407479
http://doi.org/10.1016/j.jogoh.2016.09.003
http://www.ncbi.nlm.nih.gov/pubmed/28403972
http://doi.org/10.1097/01.sla.0000151791.93571.70
http://www.ncbi.nlm.nih.gov/pubmed/15650630
http://doi.org/10.1093/humrep/des081
http://www.ncbi.nlm.nih.gov/pubmed/22454461
http://doi.org/10.1186/1745-6215-15-239
http://www.ncbi.nlm.nih.gov/pubmed/24950720
http://doi.org/10.1016/j.urology.2010.06.052
http://www.ncbi.nlm.nih.gov/pubmed/20888033
http://doi.org/10.1213/ANE.0000000000002027
http://www.ncbi.nlm.nih.gov/pubmed/28452822
http://doi.org/10.1016/j.urology.2016.04.022
http://www.ncbi.nlm.nih.gov/pubmed/27130263
http://doi.org/10.1016/j.ygyno.2017.12.020
http://www.ncbi.nlm.nih.gov/pubmed/29329881
http://doi.org/10.1016/j.jmig.2013.12.091
http://www.ncbi.nlm.nih.gov/pubmed/24374246
http://doi.org/10.1016/j.jmig.2019.05.005
http://www.ncbi.nlm.nih.gov/pubmed/31125720
http://doi.org/10.1200/JCO.2011.38.8645
http://www.ncbi.nlm.nih.gov/pubmed/22291074
http://doi.org/10.1155/2013/583891
http://www.ncbi.nlm.nih.gov/pubmed/23864861
http://doi.org/10.1016/j.jmig.2013.09.009
http://www.ncbi.nlm.nih.gov/pubmed/24100146
http://doi.org/10.1136/ijgc-2019-000356
http://www.ncbi.nlm.nih.gov/pubmed/30877144

	Introduction 
	Materials and Methods 
	Operative Procedure 
	Statistical Analysis 

	Results 
	Anesthesia Parameter Results 
	Pain Control Results 

	Discussion 
	References

