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ABSTRACT Study Objective: To investigate the role of intraoperative atomized intraperitoneal ropivacaine (AIR) as an adjuvant to anes-
thetic agents at the time of minimally invasive pelvic surgery.
Design: Double-blind, randomized controlled trial.
Design: Classification: Randomized controlled trial (Canadian Task Force classification I).
Setting: Tertiary care teaching hospital.
Participants: Fifty-five patients who underwent laparoscopic and robotic gynecologic procedures.
Intervention: Patients received AIR or atomized intraperitoneal saline (AIS) (dose, 2 mg/kg) immediately after the initiation
of pneumoperitoneum.
Measurements and Main Results: Visual analog scale (VAS) pain scores and narcotic use (in morphine equivalents) were
collected and recorded at 2, 4, 8, and 12 hours postoperatively.
Results: Fifty-five patients completed the study protocol and data collection, with 30 patients allocated to the AIS group and
25 patients allocated to the AIR group. Demographic and surgical variables did not vary between the groups, with the excep-
tion of median operative duration. Postoperative VAS scores at 2, 4, 8, and 12 postoperative hours were higher in the AIS
group, but the difference failed to reach statistical significance. Narcotic use was also similar in the 2 groups.
Conclusion: The use of intraperitoneal ropivacaine was not associated with a statistically significant difference in patients’
postoperative VAS scores. Thus, in contrast to findings of similar studies performed in general surgery, AIRmight not confer a
benefit in women undergoing minimally invasive gynecologic procedures. Journal of Minimally Invasive Gynecology (2015)
-, -–- � 2015 AAGL. All rights reserved.
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In gynecologic surgery, the conversion of open surgical
techniques to laparoscopic and robotic-assisted procedures

has been associated with decreased pain, bleeding, hospital-
ization, and faster recovery times [1]. Despite such improve-
ments, however, postoperative pain remains an issue for
patients undergoing minimally invasive surgery. Intraperito-
neal local anesthesia placement before or after surgery is a
novel idea that may help decrease postoperative pain as
well as postoperative narcotic consumption [2–4].

Authors from general surgery have reported on the suc-
cessful use of intraperitoneal local anesthetics. The ap-
proaches used have included administering ropivacaine
0.75% or bupivacaine 0.5% at the start of surgery, providing
continuous nebulization of 10 mL of 1% ropivacaine, and
spraying the diaphragm with 0.5% bupivacaine with
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epinephrine before and after surgery [2–4]. A recent study by
Kang and Kim [5] demonstrated a significant reduction in
postoperative visual analog scale (VAS) pain scores in pa-
tients who received atomized intraperitoneal ropivacaine
(AIR) before laparoscopic appendectomy. Boddy et al [6] per-
formed a systematic review and meta-analysis of 24 random-
ized controlled trials using intraperitoneal local anesthesia in
laparoscopic cholecystectomy and concluded that the use of
intraperitoneal local anesthesia is safe and results in a statisti-
cally significant reduction of early postoperative pain.

Given that intraperitoneal administration of local anes-
thetic agents has been shown to be beneficial and safe for pa-
tients undergoing laparoscopic abdominal surgery, we
hypothesized that women undergoing minimally invasive
pelvic surgery would see similar reductions in postoperative
pain. The aim of the present study was to investigate the role
of intraoperative AIR as an adjuvant to anesthetic agents at
the time of minimally invasive gynecologic surgery.

Materials and Methods

We recruited 55 women undergoing minimally invasive laparo-
scopic surgery from the urogynecology, benign gynecology, and
gynecologic-oncology clinics for this Institutional Review Board
(IRB)-approved study (Loyola IRB no. 203353021611). All
women who were scheduled to undergo a minimally invasive hys-
terectomy for benign and cancerous conditions between February
2012 and March 2013 were invited to participate. Subjects who
met the following inclusion criteria were considered eligible: age
18 to 75 years, ability to independently complete the study docu-
ments, and willingness to complete these study documents while
in the hospital postoperatively. Informed consent was obtained
from each patient entered in the study. Exclusion criteria included
pregnancy, allergy to local anesthetic agents, and severe underlying
cardiovascular, renal, or hepatic disease.

To calculate the sample size needed for this study, we used data
from a similar study performed by Kang and Kim [5] in patients un-
dergoing laparoscopic appendectomy. We assumed that the pain
associated with laparoscopic surgery and robotic-assisted laparo-
scopic pelvic surgery are similar. Before study initiation, the 2-
hour postoperative VAS pain scores of patients who underwent
robotic sacrocolpopexy at Loyola University Medical Center
were reviewed to ensure that the study populations had similar base-
line pain levels as the controls in the Kang and Kim study (34 mm).
We found a 2-hour VAS scores for patients undergoing robotic sac-
rocolpopexy of 35 mm, the same baseline VAS score as that of the
patients in the Kang and Kim study. A 2-tailed error of 5% and a b
error of 10% were accepted to detect differences in pain scores of
20 mm between the 2 groups (AIR vs AIS). Based on these calcu-
lations, the required sample size was 25 patients per group.

We calculated that 20% of patients would not be randomized
owing to failure to schedule surgery, and thus we planned to enroll
30 patients in each group. However, we decided a priori to stop the
study once 25 patients were randomized to each group. Because
we did not randomize in a block format, we enrolled 30 patients in
the AIS arm before we had randomized 25 patients to AIR. This is
an ‘‘intention-to-treat’’ study, and as such we decided a priori that
if patients received the study medication and then were converted
to an open procedure, their postoperative VAS scores would be
included in the analysis.

Randomization into the AIR or AIS group was based on Excel
(Microsoft, Redmond, WA) random number generation and strati-
fied based on the route of surgery (pure laparoscopic vs robotic-
assisted laparoscopic). The details of the series were unknown to
the investigators (surgeons and anesthesia teams) and patients.
Sequentially numbered, opaque, sealed envelopes were kept in
the operating room pharmacy. Once the patient was in the operating
room but before anesthesia induction, the appropriate numbered
sealed envelope was opened by the operating room pharmacist
and the study drug (ropivacaine, dose of 2 mg/kg lean body mass,
or saline) for that case was sent to the operating room in a sealed
package with the case number and the label ‘‘study drug.’’ A patient
with a calculated lean body mass of.100 kg received only 200 mg
of ropivacaine or its saline equivalent. At no time did any patient
receive a dose .200 mg. The volume of the study drug was
made the same for each patient by diluting the study drug to a final
volume of w100 mL.

Following a standardized protocol for the induction and mainte-
nance of anesthesia, the surgical procedure was initiated as usual.
The patient was positioned, prepped, and draped. The laparoscopic
or robotic ports were inserted after injection of Marcaine at the port
site, starting with the camera port and 2 assistant ports. The drug
was administered through an Optispray atomization device
(Wolfe-Tory Medical, Salt Lake City, UT), a sterile, one-time-use
instrument specially designed to administer topical anesthetic in
the manner described in this protocol. The device consists of a
35-cm stiff, malleable tubing with a Luer-lock fitting for a syringe
at the proximal end and an atomizer nozzle at the distal end. The
syringe containing the study drug is attached to the Luer-lock fitting
after all air bubbles are removed. The syringe plunger is engaged,
and the syringe fluid is pushed through the atomizer nozzle, result-
ing in a fine aerosolized spray that can be easily directed by bending
the malleable tubing. used a laparoscopic camera for visualization,
the surgeon delivered the study drug in the following manner. The
first 50% of the drug (w50mL) was sprayed on the anterior abdom-
inal wall starting at the umbilicus up to and including the dia-
phragm. Then a second syringe of 25% of the study drug
(w25 mL) was sprayed on the anterior abdominal wall from the
umbilicus to the anterior bladder wall. Finally, the remaining
25% of the drug (w25 mL) was sprayed into the pelvis, starting
at one pelvic side wall and spraying everything below the umbilicus
to the opposite side wall.

The surgeon, anesthesiologist, and rest of the surgical and anes-
thesia teamwere blinded to the contents of the ‘‘study solution’’ (ro-
pivacaine or saline). The patient was left in the supine position for
5 minutes as additional ports were placed. After 5 minutes, the pa-
tient was positioned based on standard operating practice of the sur-
geon. The remainder of the surgery progressed as usual.

The preoperative and intraoperative anesthesia protocol did not
deviate from the standard induction and intraoperative anesthesia
protocol, and the exact medications and doses were recorded on
the anesthesia intake form. All patients received the same postop-
erative pain control. All patients who did not have an allergy or
contraindication to Toradol were given scheduled, age-adjusted
doses every 6 hours, along with a narcotic pain medication in accor-
dance with the standard of care at our institution. Depending on the
type of surgery, patients received either synthetic narcotic (Norco)
or morphine patient-controlled analgesia. Patients allergic to
morphine were given a narcotic substitute, which was converted
to morphine equivalents for the purpose of the study. All patients
who reported nausea received given intravenous Zofran 4 mg every
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