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Abstract
The objective of this study was to investigate the effects of decreasing insufflation pressure during robotic gynecologic 
surgery. The primary outcomes were patient-reported postoperative pain scores and length of stay. Secondary outcomes 
include surgical time, blood loss, and intraoperative respiratory parameters. This is a retrospective cohort study of patients 
undergoing robotic surgery for benign gynecologic conditions by a single minimally invasive surgeon at an academic hospital 
between 2014 and 2017. Patients were categorized by the maximum insufflation pressure reached during the surgery as either 
15, 12, 10, or 8 mmHg. Continuous variables were compared using analysis of variance and χ2 test was used for categori-
cal variables. 598 patients were included in this study with no differences in age, BMI, race, prior abdominal surgeries, or 
specimen weight between the four cohorts. When comparing cohorts, each decrease in insufflation pressure correlated with a 
significant decrease in initial pain scores (5.9 vs 5.4 vs 4.4 vs. 3.8, p ≤ 0.001), and hospital length of stay (449 vs 467 vs 351 
vs. 317 min, p ≤ 0.001). There were no differences in duration of surgery (p = 0.31) or blood loss (p = 0.09). Lower operat-
ing pressures were correlated with significantly lower peak inspiratory pressures (p < 0.001) and tidal volumes (p < 0.001). 
Surgery performed at lower-pressure pneumoperitoneum (≤ 10 mmHg) is associated with lower postoperative pain scores, 
shorter length of stay, and improved intraoperative respiratory parameters without increased duration of surgery or blood 
loss. Operating at lower insufflation pressures is a low-cost, reversible intervention that should be implemented during robotic 
surgery as it results in the improved pain scores and shorter hospital stays.
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Introduction

Gynecologic surgery has rapidly evolved over recent years, 
embracing the use of minimally invasive surgery (MIS) and 
“Enhanced Recovery After Surgery” (ERAS) protocols to 

improve perioperative recovery time and transform major 
surgeries into outpatient procedures. Traditional laparoscopy 
and robot-assisted laparoscopic surgery are safe and feasi-
ble alternatives to laparotomy, with improved outcomes in 
length of hospital stay, blood loss, analgesic requirements, 
return to baseline activities, and patient-reported pain and 
quality of life [1–5]. ERAS protocols incorporate multi-
modal perioperative pain control with local or regional 
anesthesia, non-narcotic pharmacotherapy, maintaining 
euvolemia, early ambulation, and minimizing postoperative 
drains, resulting in reduced narcotic use, patient-reported 
pain, hospital costs, and length of stay [6–11].

ERAS protocols originally intended for laparotomy are 
now employed routinely in MIS and have improved perio-
perative outcomes [8, 9, 12–16]. However, components of 
MIS, including insufflation and steep Trendelenburg, are 
unique to laparoscopy, and current ERAS models do not 
address these physiologic changes directly. During laparo-
scopic procedures, carbon dioxide (CO2) gas is insufflated 
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into the body cavity, and an electronic insufflator controls the 
insufflation pressure. Routinely, pressure during gynecologic 
surgery ranges between 8 and 15 mmHg and is typically 
higher than 10 mmHg [17, 18]. Intraperitoneal insufflation 
and steep Trendelenburg positioning increase overall physi-
ologic stress, catecholamine activation, peritoneal stretching, 
and diaphragmatic irritation which increases postoperative 
pain [17]. Therefore, an integrated ERAS protocol for MIS 
must target the pathophysiology of visceral and nerve pain 
related to pneumoperitoneum, which is distinct from the 
somatic pain of laparotomy.

Various studies have evaluated methods to reduce postop-
erative pain specifically related to MIS, with mixed results. 
One way to decrease postoperative pain and add synergistic 
value to an ERAS protocol is to operate at low (≤ 10 mmHg) 
insufflation pressure. In general surgery, systematic reviews 
concluded that low-pressure insufflation (< 12 mmHg) is 
safe and associated with significantly lower pain scores com-
pared to standard-pressure groups (12–15 mmHg) [19–21]. 
Other strategies with low-quality evidence include evacua-
tion of intraperitoneal CO2, warming and humidifying CO2, 
or warm saline lavage [22, 23]. To date, there is limited 
evidence analyzing the association between insufflation pres-
sure and postoperative pain scores in gynecologic laparo-
scopic surgery with and with no studies in robotic surgery. 
Furthermore, prior studies were performed in the absence of 
an ERAS protocol, and thus, it is unknown if the benefit of 
low-pressure pneumoperitoneum is sustained in the setting 
of an enhanced recovery pathway.

The objective of this study was to investigate the effects 
of decreasing insufflation pressure on intraoperative and 
postoperative parameters during robotic-assisted gyneco-
logic surgery with an ERAS protocol in place. We hypoth-
esize that low-pressure pneumoperitoneum will lead to lower 
postoperative pain scores and shorter length of hospital stay. 
If we are correct, operating at lower insufflation pressure 
offers a feasible, safe and effective addition to MIS-oriented 
ERAS protocols.

Methods

In this retrospective cohort study, we identified women 
undergoing robotic-assisted laparoscopic surgery for benign 
gynecologic conditions at New York University (NYU) 
Langone Medical Center. With the approval of the NYU 
School of Medicine Institutional Review Board, patients 
were identified through EPIC electronic medical records. All 
women who underwent robotic surgery for benign gyneco-
logic conditions by a single minimally invasive gynecologic 
surgeon between January 1, 2014 and December 31, 2017 
were included. We excluded women who had a combined 

procedure with an additional surgeon and women with 
incomplete medical records.

The primary outcomes were patient-reported postopera-
tive pain scores and length of hospital stay. Pain scores were 
determined by a validated 10-point verbal numerical rat-
ing scale (VNRS) and documented in the electronic medi-
cal record during routine postoperative care. PACU nurses 
asked the patient to indicate their pain level at multiple times 
during recovery. Patients rated the intensity of their pain on 
a 0–10 scale with 0 representing no pain and 10 represent-
ing the worst possible pain. Length of stay in the hospital 
was calculated as the time in minutes from PACU arrival to 
discharge from the hospital.

Secondary outcomes were duration of surgery, estimated 
blood loss, and intraoperative respiratory parameters. Dura-
tion of surgery was defined as the time from incision to skin 
closure, in minutes. Estimated blood loss was determined 
by the surgeon at the conclusion of each case. Intraoperative 
respiratory parameters included peak inspiratory pressure 
(PIP), plateau airway pressure (Pplat), tidal volume (TV), 
positive end-expiratory pressure (PEEP), and end tidal CO2 
(EtCO2). PIP, Pplat, TV, and PEEP were collected at three 
times. T0 represents the respiratory parameters 1 min prior 
to insufflation as a baseline measure. T1 refers to 5 min after 
insufflation initiation and represents the immediate effect of 
increased abdominal pressure on the cardiopulmonary sys-
tem. T2 represents the midway point of the insufflation time 
to reflect the average effect of increased abdominal pressure 
on the cardiopulmonary system. EtCO2 was obtained at two 
times, at the T1 and end of insufflation (T3). All anesthesia 
data were extracted by the investigators from the anesthesia 
record.

Demographic information, preoperative clinical charac-
teristics, surgical data, intraoperative anesthesia respiratory 
parameters, and PACU data were collected for all patients 
who met inclusion criteria. Women were categorized into 
one of four groups according to the maximum insufflation 
pressure used during the surgery: 15, 12, 10, or 8 mmHg, 
regardless of time point at which this was achieved. All 
women were positioned in steep Trendelenburg throughout 
their surgery. Abdominal entry was gained using a Veres 
needle in the umbilicus and the abdomen was insufflated to 
the desired pressure. The DaVinci SI or XI robotic platform 
was used in all cases. All patients were treated according to 
New York University’s Enhanced Recovery After Surgery 
(ERAS) protocol (Appendix 1), which was in place during 
the study period.

During the study time period, the surgeon lowered the 
standard operating pressure after 100 consecutive cases from 
15 mmHg to 12, 10, and finally to 8 mmHg. The timeframe 
of 100 consecutive cases was chosen as part of a quality 
improvement initiative and was thought to represent a wide 
sample of cases performed.
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Characteristics of all women in this study were summa-
rized and compared using analysis of variance for continu-
ous variables after ascertaining normality of data distribu-
tion by Shapiro–Wilk test. This was followed by Bonferroni 
correction to adjust for multiple comparisons. Categorical 
variables were analyzed using χ2 test. All analyses were con-
ducted using IBM SPSS for Windows, Version 20.0 (IBM 
Corp., Armonk, NY) and the two-sided significance level 
was set at p < 0.05.

Results

A total of 623 women underwent robotic-assisted laparo-
scopic surgery by a single gynecologic surgeon during the 
study period. Of these, 25 were excluded for combined sur-
gical procedures or insufficient data in the medical record. 
The final cohort of 598 women had similar demographics 
across the 4 insufflation cohorts. On average, they were over-
weight and represented multiple racial groups (Table 1). The 
average age was 41 years and there were no significant dif-
ferences in prior abdominal surgery, American Society of 
Anesthesiologists (ASA) status, or specimen weight between 
the cohorts. There was a statistically significant difference 

in the types of surgery performed as more patients in the 
higher-pressure groups (15, 12, and 10  mmHg) under-
went hysterectomy compared to the lower-pressure group 
(8 mmHg), which had a higher percentage of women under-
going endometriosis or adnexal surgery (Table 1).

When comparing the four cohorts, each decrease in 
insufflation pressure correlated with a statistically signifi-
cant decrease in initial pain scores (p < 0.001) and length of 
hospital stay (p < 0.001, Table 2). Surgeries lasted an aver-
age of 70 min without any significant differences between 
insufflation pressure groups (p = 0.31, Table 2). Estimated 
blood loss did not differ across all cohorts (p = 0.09). When 
comparing maximum pain level reported in the PACU, there 
was a statistically significant difference between the groups. 
For this measure, the 10 mmHg group had the lowest maxi-
mum pain score at 5.4, compared to the highest score of 7.3 
in the 15 mmHg group (Table 2).

To determine which insufflation pressure results in opti-
mal patient outcomes, the 10 mmHg and 8 mmHg cohorts 
were directly compared. Compared to women in the 
10 mmHg group, those in the 8 mmHg group had lower 
length of hospital stay and blood loss with the same duration 
of surgery (Table 3). When comparing these two cohorts, 
there is no difference in initial pain scores (4.4 vs 3.8, 

Table 1   Descriptive characteristics of patients

Characteristic Insufflation pressure p value

15 mmHg, n = 99 12 mmHg, n = 100 10 mmHg, n = 99 8 mmHg, n = 300

Age, years 41.0 ± 8.6 41.9 ± 8.7 41.0 ± 8.2 39.7 ± 8.3 0.08
Weight, kg 73.6 ± 17.2 73.2 ± 17.4 70.1 ± 17.0 71.8 ± 15.8 0.41
BMI, kg/m2 27.6 ± 6.2 27.1 ± 5.9 26.0 ± 5.5 26.5 ± 5.5 0.21
Race/ethnicity (n, %) 0.12
 African–American 46( 46.3) 38 (38) 31 (31.3) 100 (33.3)
 Asian 12 (12.1) 18 (18) 22 (22) 49 (16.3)
 Caucasian 31 (31.3) 32 (32) 34 (34) 104 (34.7)
 Hispanic 10 (10.1) 12 (12) 10 (10) 33 (11.0)

ASA
 I 29 40 40 121 0.19
 II 60 56 56 170
 III 9 4 3 9

Asthma
 No 91 88 95 278 0.36
 Yes 7 9 3 22

Prior abdominal surgery
 No 60 66 63 169 0.29
 Yes 38 34 36 131

Robotic surgery type (n, %)
 Hysterectomy 44 (44.4) 35 (35.0) 36 (36.4) 81 (27.0) 0.009
 Myomectomy 44 (44.4) 42 (42.0) 47 (47.5) 142 (47.3)
 Endometriosis/adnexal 11 (11.1) 23 (23.0) 16 (16.2) 77 (25.7)
 Specimen weight, grams 394.4 ± 429.4 409.4 ± 381.3 363.7 ± 389.1 304.0 ± 375.9 0.06
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p = 0.12); however, the maximum pain score is significantly 
higher in the 8 mmHg group (p = 0.005, Table 3).

Lower operating pressure correlated with significantly 
lower peak inspiratory pressures (PIP) (p < 0.001) across all 
time points. The magnitude of difference was larger after 
insufflation (T1 and T2) compared to prior to insufflation 
(T0) (Table 4). Pre-insufflation tidal volumes did not dif-
fer between the four cohorts (p = 0.09). However, there was 

a significant difference in tidal volumes immediately after 
insufflation (T1) and midway through insufflation (T2) with 
decreasing volumes appreciated as insufflation pressure 
decreased (p < 0.001, Table 4). There were no differences in 
positive end-expiratory pressure. End tidal CO2 values were 
significantly different between the four cohorts; however, all 
values for end tidal CO2 remained within the normal range 
of 35–45 mmHg.

Table 2   Operative and postoperative parameters by insufflation pressure value

Characteristic Insufflation pressure p value

15 mmHg, n = 99 12 mmHg, n = 100 10 mmHg, n = 99 8 mmHg, n = 300

First reported pain level in PACU​ 5.9 ± 2.4 5.4 ± 2.6 4.4 ± 2.8 3.8 ± 3.2  < 0.001
Maximum reported pain level in PACU​ 7.3 ± 1.9 7.0 ± 2.1 5.4 ± 2.5 6.1 ± 2.2  < 0.001
Length of stay in PACU (recovery time), min 449 ± 348 467 ± 441 351 ± 164 317 ± 94  < 0.001
Duration of surgery (incision time), min 68 ± 43 66 ± 38 69 ± 44 73 ± 35 0.31
Blood loss, ml 114.4 ± 32.7 97.4 ± 16.9 127.0 ± 20.9 78.4 ± 10.2 0.09

Table 3   Operative and 
postoperative parameters by 
insufflation pressure value

Insufflation pressure p value

10 mmHg, n = 99 8 mmHg, n = 300

First reported pain level in PACU​ 4.4 ± 2.8 3.8 ± 3.2 0.12
Maximum reported pain level in PACU​ 5.4 ± 2.5 6.1 ± 2.2 0.005
Length of hospital stay, min 351 ± 164 317 ± 94 0.01
Duration of surgery (incision time), min 69 ± 44 73 ± 35 0.29
Blood loss, ml 127.0 ± 20.9 78.4 ± 10.2 0.002

Table 4   Intraoperative 
respiratory parameters

Characteristic Insufflation pressure p value

15 mmHg, n = 99 12 mmHg, n = 100 10 mmHg, n = 99 8 mmHg, n = 300

Peak inspiratory pressure (PIP) (cmH2O)
 T0 19.5 ± 4.2 19.0 ± 5.0 18.4 ± 3.9 18.0 ± 4.3  < 0.02
 T1 30.1 ± 5.2 28.4 ± 6.0 27.8 ± 5.4 25.2 ± 5.0  < 0.001
 T2 31.1 ± 4.7 29.1 ± 5.2 27. 9 ± 4.9 26.2 ± 5.1  < 0.001

Plateau airway pressure (Pplat) (mmHg)
 T0 17.5 ± 3.9 17.1 ± 4.6 16.9 ± 3.8 16.9 ± 4.1 0.68
 T1 28.4 ± 5.5 26.9 ± 5.9 26.4 ± 5.4 24.2 ± 4.9  < 0.001
 T2 29.4 ± 4.9 27.7 ± 5.3 26.6 ± 4.7 26.2 ± 17.4 0.17

Tidal volume (TV) (ml)
 T0 579.4 ± 86.3 567.5 ± 85.8 573.3 ± 43.2 521.2 ± 75.0 0.09
 T1 620.5 ± 39.1 565.1 ± 90.1 536.6 ± 70.9 512.3 ± 73.9  < 0.001
 T2 579.2 ± 106.9 562.0 ± 72.6 526.9 ± 73.2 503.6 ± 79.9  < 0.001

Positive end-expiratory pressure (PEEP) (cmH2O)
 T0 2.54 ± 2.31 2.71 ± 2.40 2.79 ± 2.55 2.9 ± 2.3 0.60
 T1 2.98 ± 2.45 3.04 ± 2.41 2.96 ± 2.50 3.1 ± 2.3 0.95
 T2 3.11 ± 2.36 3.14 ± 2.40 3.16 ± 2.63 3.2 ± 2.3 0.96

End tidal CO2 (EtCO2) (mmHg)
 T1 32.7 ± 3.1 33.2 ± 3.0 33.3 ± 2.8 33.9 ± 3.1 0.004
 T3 35.9 ± 4.1 34.1 ± 3.3 34.7 ± 3.0 36.8 ± 4.5  < 0.001
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Discussion

Our results show that lower intra-abdominal insufflation 
pressure is associated with lower postoperative pain scores 
and shorter length of hospital stay. We found no differ-
ences in blood loss and operative time between the four 
cohorts, suggesting that visualization and procedure dif-
ficulty were not compromised at lower insufflation pres-
sures. Operating at lower insufflation pressure reduces the 
peak inspiratory pressure and tidal volumes needed during 
anesthesia, without higher positive end-expiratory pres-
sures or clinically meaningful elevations in end tidal CO2. 
In the literature, both 8 and 10 mmHg are considered “low 
pressure,” whereas 12–15 mmHg defines “standard pres-
sures” [19, 21, 24–26]. To determine the optimal “low” 
insufflation pressure, we directly compared the 10 mmHg 
and 8 mmHg cohorts. The 10 mmHg cohort had lower 
maximum pain scores with no differences in initial pain 
scores or duration of surgery. On average, the 10 mmHg 
group stayed in the hospital for 34 min longer than the 
8 mmHg group.

In laparoscopy, pneumoperitoneum stretches the peri-
toneal cavity, stimulating the vagal nerve and triggering 
a pain response. Increased intraperitoneal pressure also 
irritates the diaphragm, exacerbating postoperative shoul-
der pain. It is plausible that operating at lower insufflation 
pressures helps reduce pain through these two mecha-
nisms. Our study demonstrates a 2.1-point reduction in 
initial pain scores and a 1.2-point reduction in maximum 
PACU pain scores between the 15 mmHg and 8 mmHg 
cohorts. The cohort with the lowest maximum pain score 
was the 10 mmHg group, which was 1.9 points lower 
compared to the 15 mmHg cohort. This reduction in pain 
scores reflects an improvement in perioperative care as the 
evidence suggests that even a reduction of 1.0–1.5 points 
on a 0–10 pain scale is clinically significant [27–29].

Robust evidence demonstrates that low-pressure pneu-
moperitoneum reduces pain scores immediately following 
a wide range of laparoscopic procedures [21, 26, 30–32]. 
While our study did not investigate pain scores beyond the 
recovery room, the literature also demonstrates a clini-
cally relevant decrease in pain scores at 24 h [19, 21, 24, 
26, 31–33]. In a meta-analysis and systematic review, 
Ozdemir-van Brunschot et al. concluded that low-pressure 
pneumoperitoneum reduced postoperative pain scores and 
this difference was clinically significant at 2 and 3 days 
[26]. Another systematic review of 22 randomized con-
trol trials comparing laparoscopic cholecystectomies per-
formed at low pressure (7–10 mmHg) to standard pressure 
(12–15 mmHg) reports significantly lower pain scores in 
the low-pressure group immediately and 12–24 h post-
operatively, in addition to a lower incidence of shoulder 

pain [21]. In the field of minimally invasive gynecology, 
similar outcomes have been reported, though the level of 
evidence to date is mixed and no studies within robot-
ics exist. Topcu et al. prospectively randomized patients 
undergoing minor gynecologic laparoscopy and concluded 
that compared to standard and high insufflation, low insuf-
flation reduces postoperative pain at 6, 12, and 24 h. One 
small study by Bogani et al. showed decreased shoulder 
pain in the low-pressure pneumoperitoneum group at 1 and 
3 h postoperatively, with no differences at 24 h [34]. In 
addition to lower patient-reported pain scores, low insuf-
flation pressure reduces the amount of postoperative anal-
gesic used by patients [32, 33].

Another benefit of MIS is shorter hospital stays which 
translates into lower costs, infection rates, VTE incidence, 
and faster return to normal activity. Our study showed a 
shorter hospital stay with decreasing pneumoperitoneum 
pressures. Hospital length of stay decreased by 132 min 
between the highest and lowest pressure cohorts. The pro-
posed mechanisms include decreased pain requirements in 
PACU due to decreased pneumoperitoneal irritation, and 
improved cardiopulmonary status at lower insufflation pres-
sures. Our findings are consistent with other published data. 
In two randomized trials in general surgery, patients with 
low insufflation pressures were discharged home faster than 
those with standard or high pressures [30, 33]. In a system-
atic review, Hua et al. concluded that the low-pressure group 
had significantly shorter length of stay (weighted mean dif-
ference = − 0.27; p = 0.01) [21]. The 2014 Cochrane review 
showed a trend toward shorter hospital stays in the low-
pressure group (mean difference = − 0.3, (95% CI − 0.63 
to 0.02); however, this did not reach statistical significance 
[20]. Operating at lower insufflation pressures could reduce 
the economic burden of healthcare by decreasing the length, 
and therefore the cost, of hospital stays. As the body of 
literature on cost saving interventions in surgery grows, 
additional studies investigating low-pressure pneumoperi-
toneum should be performed as a potentially cost-effective 
intervention.

In addition to pain, postoperative pulmonary complica-
tions may impact perioperative morbidity and mortality, and 
contribute to an increased length of stay in PACU. Insuf-
flation increases intra-abdominal pressure, which elevates 
the diaphragm, decreases functional residual capacity, and 
causes ventilation perfusion ratio mismatch and intrapulmo-
nary shunting of blood [35, 36]. These physiologic changes 
result in hypoxemia that is overcome by mechanical ven-
tilation. The physiologic effects of pneumoperitoneum are 
further aggravated by patient positioning of 30 degrees 
Trendelenburg during robotic surgery, decreasing chest wall 
and lung compliance and increasing upper airway edema 
[17]. Recent evidence suggests that lower tidal volumes and 
lower plateau pressures during mechanical anesthesia can 
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reduce postoperative pulmonary complications when com-
pared to conventional ventilation strategies in patients who 
are undergoing general anesthesia [37, 38]. Our data show 
that a reduction in abdominal insufflation pressure improves 
peak inspiratory pressures throughout surgery, with lower 
tidal volumes and plateau pressure immediately following 
insufflation.

From a surgeon’s perspective, when weighing the benefits 
of low-pressure pneumoperitoneum, the primary concern 
is compromised visibility and space, potentially leading 
to less-efficient, more technically challenging procedures. 
However, our findings did not validate this concern. Our 
results showed no difference in blood loss or operative time 
between cohorts. Of the few randomized controlled trials 
assessing the risks and benefits of lower insufflation pres-
sures in MIS gynecology, it was concluded that in expert 
hands low-pressure pneumoperitoneum is safe and feasi-
ble without additional complications [19, 24, 31, 32, 34]. 
This is corroborated in the general surgery literature, with 
a Cochrane review of low-pressure pneumoperitoneum in 
laparoscopic cholecystectomies, indicating no difference in 
operative times between low- and high-pressure pneumoper-
itoneum cohorts [20]. Hua et al. also showed no differences 
in complication rates or conversions to laparotomy, with an 
increase of 2 min in operative time in the lower-pressure 
cohort, of which the clinical and financial implications are 
arguably negligible [21]. Specific to gynecology, a system-
atic review of three randomized control trials, including a 
total of 238 patients, found no differences in blood loss or 
duration of surgery between low- and high-pressure cohorts 
[25]. Importantly, the option to increase pneumoperitoneal 
pressures is always at the discretion of the surgeon and 
anesthesiologist and should be undertaken if visualization 
is compromised and the safety of the patient is in question. 
If a surgeon decides his or her visualization is compromised, 
increasing the pneumoperitoneum pressure is fast and easy 
intervention with no associated cost increases.

Enhanced recovery after surgery (ERAS) implements 
evidence-based interventions with the goal of improving 
postoperative recovery through a reduction in surgical stress 
response [39]. One of the pillars of ERAS is multimodal 
treatment of pain, which incorporates oral pain medications, 
locoregional analgesia, and incisional injections resulting in 
decreased postoperative opioid use [39–41]. Current intra-
operative recommendations include minimally invasive sur-
gical technique, avoiding long acting opioids, maintaining 
fluid balance, restrictive use of drains, removal of nasogas-
tric tubes, and control of body temperature [41]. Our study 
uniquely examines postoperative pain and length of stay 
using a standardized ERAS protocol and low-pressure pneu-
moperitoneum and has found an added benefit with decreas-
ing pneumoperitoneum. We suggest adding low insufflation 
pressure as an inexpensive and reversible intervention that 

could amplify the effects of an ERAS program and contrib-
ute to lower postoperative pain scores and length of stay in 
laparoscopic surgery.

Strengths of this study include a large sample size of eth-
nically diverse patients with a variety of advanced gyneco-
logic pathology. Our study is the largest published within 
gynecology and uniquely includes complex procedures and 
pathology. This is the first study investigating the effect of 
decreased pneumoperitoneum during robotic surgery. We 
used objective measures of pain, surgical time, blood loss, 
length of stay, and respiratory parameters in a realistic clini-
cal environment. Additionally, a consistent ERAS protocol 
was implemented for all patients as part of their periopera-
tive care, highlighting the potential additive effect-reduced 
pneumoperitoneum pressure can have on perioperative 
outcomes. The study is limited by the use of retrospective, 
non-randomized data, which can introduce confounding 
bias. One potential confounder is the learning curve of the 
surgeon, which could impact the collected measures over 
time. However, that learning curve would exist within each 
cohort as the surgeon adapts to operating at lower insuffla-
tion pressures. Another limitation is our patient population, 
which was premenopausal and overweight, and may impede 
the generalizability of our results. While the patients were 
not obese, the specimen weight (median weight of > 250 g) 
and percentage of patients with prior abdominal surgery sug-
gest the procedures were technically challenging. This is in 
comparison to prior studies in gynecology which exclude 
patients with prior surgeries and only examined those under-
going minor procedures [19]. Finally, there was a significant 
difference in the types of surgeries performed between the 
high-pressure cohort and the low-pressure cohort. This may 
reflect a change in referral patterns over time, as during the 
study period a dedicated endometriosis center was opened 
and patients were included in this study cohort, potentially 
resulting in more endometriosis resections occurring later in 
the study period when lower pressures were more routinely 
employed. Despite the difference in surgery type across 
cohorts, there were no significant differences in median 
specimen weight and percentage of patients with prior 
abdominal surgery.

Prospective randomized studies are needed to validate 
the benefits of operating at low insufflation pressures during 
robotic surgery for both the patients and hospital systems. 
Further research aimed at identifying the ideal insufflation 
pressure, which we hypothesize is between 8 and 10 mmHg, 
should include subjects with higher BMIs as well as those hav-
ing traditional straight-stick laparoscopic procedures. Operat-
ing at low insufflation pressures is an intervention that could 
have cost-saving implications in health care. Cost-effective 
analyses should be performed to understand the relative sav-
ings that may be gained from a relatively simple change in 
technique. Finally, studying the impact of insufflation pressure 
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on postdischarge pain medication use, specifically opioid 
intake, will help understand the long-term implications of low-
pressure pneumoperitoneum on patients’ postoperative pain.

Increased intra-abdominal pressure can adversely affect 
perioperative physiology and postoperative recovery. Oper-
ating at lower insufflation pressure is a low-cost, reversible 
intervention that should be incorporated into enhanced recov-
ery pathways for all patients undergoing robotic surgery. The 
European Association for Endoscopic Surgery recognizes the 
benefits of low-pressure insufflation and recommends “using 
the lowest intra-abdominal pressure allowing adequate expo-
sure of the operative field, rather than using a routine pres-
sure” [42]. Despite increasing evidence supporting decreased 
postoperative pain with lower pneumoperitoneum pressure, no 
professional or societal guidelines exist within the gynecologic 
community. This retrospective cohort study demonstrates that 
operating at low insufflation pressures improves postopera-
tive pain, decreases length of stay, and is feasible and safe in 
complex robotic gynecologic surgery. Our study establishes 
a platform of safety and feasibility that additional research 
studies can expand on to understand the added effect of low-
pressure pneumoperitoneum and minimally invasive surgery 
to decrease lengths of stay and healthcare costs, improving the 
care of surgical patients.
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Appendix 1: Enhanced recovery protocol 
for ambulatory robot‑assisted gynecological 
surgery

Preoperative on day of surgery:

1.	 Follow Departmental guidelines regarding nil per os 
(NPO) status. This allows for clear liquids up until 2 h 
prior to surgery.

2.	 Tylenol 1000 mg per os (PO) in holding area.

Intraoperative:

1.	 Use propofol-based total intravenous anesthesia (TIVA) 
as the primary anesthetic

2.	 Antibiotic prophylaxis as per protocol.
3.	 Orogastric (OG)/nasogastric (NG) tube and Foley to be 

placed and removed prior to ex-tubation unless directed 
by surgical team.

4.	 Zofran 4 mg intravenous push (IVP) (if not contraindi-
cated).

5.	 Decadron 10 mg IVP (if not contraindicated).
6.	 Hydromorphone 1 mg intramuscular (IM) approximately 

30 min prior to emergence (consider less for smaller 
individuals).

7.	 Toradol 30 mg IM prior to emergence (if not contrain-
dicated).

8.	 Fluid Management: 15 cc/kg/h + replacement for blood 
loss for the first two hours for surgery and then continue 
at 5 cc/kg/h.

9.	 Local infiltration of surgical sites with 0.5% bupivacaine 
per surgical team.

Postoperative in postoperative anesthesia unit 
(PACU):

	 1.	 Incentive spirometry to begin in PACU.
	 2.	 IV fluids at 15 cc/kg/h for the first hour; then 5 cc/kg/h.
	 3.	 Tea or coffee as preferred PO intake.
	 4.	 Rescue medications in PACU:
	 a.	 Antiemetics (choice of)
	 i.	 Haldol 1 mg IM × 1.
	 ii.	 Tigan 200 mg IM × 1.

(b)	 Breakthrough analgesics (choice of)
i.	 Fentanyl in titrated doses of 25 mcg IV per dose.

Percocet/Vicodin when necessary (PRN).
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