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A B S T R A C T   

Background: To evaluate whether incisional infiltration of liposomal bupivacaine would decrease opioid 
requirement and pain scores after midline vertical laparotomy for suspected or known gynecologic malignancy 
compared with transversus abdominis plane (TAP) block with liposomal bupivacaine. 
Methods: A prospective, single blind randomized controlled trial compared incisional infiltration of liposomal 
bupivacaine plus 0.5% bupivacaine versus TAP block with liposomal bupivacaine plus 0.5% bupivacaine. In the 
incisional infiltration group, patients received 266 mg free base liposomal bupivacaine with 150 mg bupivacaine 
hydrochloride. In the TAP block group, 266 mg free base bupivacaine with 150 mg bupivacaine hydrochloride 
was administered bilaterally. The primary outcome was total opioid use during the first 48-hour postoperative 
period. Secondary outcomes included pain scores at rest and with exertion at 2, 6, 12, 24 and 48 h after surgery. 
Results: Forty three patients were evaluated. After interim analysis, a three-fold higher sample size than originally 
calculated was required to detect a statistically significant difference. There was no clinical difference between 
the two arms in mean opioid requirement (morphine milligram equivalents) for the first 48 h after surgery (59.9 
vs. 80.8, p = 0.13). There were no differences in pain scores at rest or with exertion between the two groups at 
pre-specified time intervals. 
Conclusion: In this pilot study, incisional infiltration of liposomal bupivacaine and TAP block with liposomal 
bupivacaine demonstrated clinically similar opioid requirement after gynecologic laparotomy for suspected or 
known gynecologic cancer. Given the underpowered study, these findings cannot support the superiority of 
either modality after open gynecologic surgery.   

1. Introduction 

Exploratory laparotomy by vertical incision is often performed for 
gynecologic procedures and can result in significant pain and discom-
fort. Enhanced recovery after surgery (ERAS) protocols that utilize a 
multimodal, opioid-sparing approach have demonstrated improved 
clinical outcomes for these surgical patients, including earlier return of 
oral intake, bowel function, mobility, and shorter hospital stays 

(Chapman et al., 2016; Dickson et al., 2017; Lindemann et al., 2017; 
Mendivil et al., 2018; Miralpeix et al., 2016; Myriokefalitaki et al., 2016; 
Bisch et al., 2021). 

According to the American College of Obstetricians and Gynecolo-
gists, transversus abdominis plane (TAP) blocks or wound infiltration 
may be considered for analgesia as a component of an ERAS program 
(ACOG Committee Opinion No, 2018). TAP blocks provide local anes-
thetics in the plane superficial to the transversus abdominal muscle 
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through which the abdominal sensory afferent nerves travel (Rafi, 
2001). These blocks have shown efficacy in reducing postoperative pain 
in patients undergoing abdominal surgeries, including abdominal and 
laparoscopic hysterectomy, colorectal surgery, laparoscopic cholecys-
tectomy, open and laparoscopic appendectomy and cesarean deliveries 
(McDonnell, 2007; Brogi et al., 2016; Abdallah et al., 2012; Atim et al., 
2011; Carney et al., 2008; Joshi et al., 2012). Since a significant 
component of the postoperative pain may be attributed to the incision 
itself (Grantcharov and Rosenberg, 2001), TAP blocks may be useful in 
patients with a vertical laparotomy. 

Recent studies have been conducted to clarify the role of liposomal 
bupivacaine as an adjunct to the ERAS protocol. Liposomal bupivacaine 
has a slower release and prolonged plasma concentration than plain 
bupivacaine, thereby theoretically providing longer analgesia (Davidson 
et al., 2010; Cummings, 2012). It can be administered as a component of 
the TAP block or directly into the surgical incision, with infiltration into 
the preperitoneal, subfascial and/or subcutaneous planes. Retrospective 
data indicate liposomal bupivacaine by incisional infiltration may 
decrease rescue opioid use after gynecologic cancer surgery (Kalogera 
et al., 2016). A recent randomized controlled trial comparing incisional 
injection of liposomal bupivacaine in addition to bupivacaine vs. bupi-
vacaine alone demonstrated no significant differences in percentage of 
patients who were opioid free in the first 48 h after surgery (Meyer et al., 
2021). In another randomized controlled trial studying abdominal 
hysterectomies by Pfannenstiel incision, liposomal bupivacaine by sur-
gical site infiltration provided superior pain relief and reduced opioid 
consumption than TAP block (Gasanova et al., 2015). The heterogeneity 
of study designs does not provide clear guidance on the effectiveness of 
analgesic techniques in the gynecologic cancer surgical population. 
Specifically, there is a paucity of data directly comparing different 
modalities of administration of liposomal bupivacaine after midline 
vertical laparotomy (Charlton et al., 2010). 

The objective of this study is to compare surgeon administered 
incisional infiltration versus ultrasound guided anesthesiologist 
administered TAP block with liposomal bupivacaine for acute post-
operative pain control after vertical laparotomy for gynecologic malig-
nancy. We hypothesize that total opioid requirement in the first 48 h of 
the postoperative period will be less in patients who receive incisional 
infiltration of liposomal bupivacaine compared to those who receive 
TAP block with liposomal bupivacaine. 

2. Materials and Methods 

This was a single blind, randomized controlled trial of incisional 
infiltration of liposomal bupivacaine (experimental arm) versus trans-
versus abdominis plane (TAP) block with liposomal bupivacaine (con-
trol arm) in patients undergoing exploratory laparotomy for suspected 
or known gynecologic malignancy. The study was approved by the 
Institutional Review Board at the institute where it was conducted. The 
trial is registered on the United States National Clinical Trials Registry 
(ClinicalTrials.gov identifier # NCT03870685). The trial was conducted 
at two community teaching hospitals from July 2018 to March 2021. 
The primary outcome was total morphine milligram equivalents (MME) 
required by participants during the first 48 h after surgery. The sec-
ondary outcomes were pain scores at rest and upon exertion (Valsalva 
maneuver) at 2, 6, 12, 24 and 48 h postoperatively. 

Participants were required to be 18 years or older, speak English or 
Spanish, and undergo an exploratory laparotomy via vertical midline 
incision with known or suspected gynecologic malignancy. Patients with 
history of acute or chronic pain disorder, or a history of opioid, drug, or 
alcohol dependence were excluded. Full inclusion and exclusion criteria 
are listed in the Supplementary Data. Research personnel screened and 
consented interested candidates. Participants were randomized to one of 
two groups in blocks of ten using a computer-generated randomization 
scheme. Group assignments were concealed in sealed envelopes until all 
documentation was verified. Study personnel opened the assigned 

envelope 1–3 days prior to the scheduled surgery and communicated 
group assignment to the physician team. The surgeons and anesthesi-
ologist involved in the case were not blinded to the study group. All 
participants and study personnel that collected pain scores were blinded 
to the assignment. 

In the incisional infiltration arm, the surgeon performed injections 
using a moving needle technique, injecting 2–3 ml every 1–2 cm as the 
needle was withdrawn through the subcutaneous tissue. Infiltrations 
occurred below and above the fascia and into the subcutaneous space 
along the length of the incision. Patients with an infraumbilical incision 
received 20 ml liposomal bupivacaine (266 mg free base bupivacaine) 
admixed with 60 ml 0.5% bupivacaine HCl (150 mg) and 20 ml normal 
saline for an expanded solution. Patients with a supraumbilical incision 
received 20 ml liposomal bupivacaine (266 mg free base bupivacaine) 
admixed with 60 ml 0.5% bupivacaine HCl (150 mg) and 120 ml normal 
saline for an expanded solution. In the TAP block arm, the anesthesi-
ologist administered 20 ml liposomal bupivacaine (266 mg free base 
bupivacaine) admixed with 60 ml 0.5% bupivacaine HCl (150 mg) and 
20 ml normal saline for a 100 ml expanded solution. The 100 ml was 
divided into two 50 ml syringes, which were administered bilaterally 
(one syringe on each side) under direct ultrasound guidance. All par-
ticipants received a standard regimen of analgesia during all phases of 
surgery and recovery (Supplementary Figure). In brief, preoperatively, 
PO acetaminophen 1000 mg and gabapentin 300 mg were given. 
Intraoperatively, IV fentanyl up to 350 mcg, IV ketorolac 15–30 mg, IV 
ondansetron 4 mg, IV dexamethasone 4 mg and a propofol infusion of 25 
mcg/kg/min up to 100 mcg/kg/min were given. Postoperatively, for the 
first 24 h, IV ketorolac 15–30 mg every 6 h and IV acetaminophen 1 g 
every 8 h were given, with PO oxycodone 5–10 mg or PO hydro-
morphone 2–4 mg every 4 h as needed. For 24–48 h postoperatively, 
NSAIDs were transitioned to oral formulations. 

Total morphine milligram equivalents (MME) was calculated ac-
cording to an opioid conversion calculator (OPIOID CONVERSION 
CALCULATOR MORPHINE EQUIVALENTS -ADVANCED [Internet], 
2021). Pain scores were collected according to a numeric rating scale 
0–10, with 0 being “no hurt” and 10 being “hurts worst” by blinded 
study personnel either in person or by phone if the patient discharged 
prior to the 48-hour time interval. Demographic and baseline clinical 
characteristics were collected including age, race/ethnicity, body mass 
index (BMI), American Society of Anesthesia (ASA) physical classifica-
tion score, medical co-morbidities, surgery specifics (date, duration, 
incision length, pathology). Surgery duration was measured as from skin 
incision to skin closure for both groups. The time for placement of 
postoperative TAP block after skin closure was not included in time 
duration for surgery. 

3. Statistical methods 

We considered a 25% reduction in 48-hour morphine consumption to 
be clinically significant in patients undergoing incisional infiltration of 
liposomal bupivacaine compared to TAP block with liposomal bupiva-
caine. We estimated the average morphine usage over 48 h to be be-
tween 60 and 80 mg with a standard deviation of between 15 and 20 mg. 
For a two-sample pooled t test of a normal mean difference with a two- 
sided significance level of 0.05, assuming a common standard deviation 
of 17 mg, we estimated a required sample size of 28 per group to obtain a 
power of at least 0.9 to detect a mean difference of 15 mg. To account for 
patient dropout and loss to follow-up, we increased the sample size to 60 
(30 in each arm). 

We conducted all analyses with StataSE version 16 (StataCorps, LLC, 
College Station, Texas), and we calculated descriptive statistics for de-
mographic and clinical variables using mean/standard deviation for 
continuous and number/percentage for categorical variables. We 
assessed study group differences using a two-sided independent stu-
dent’s t-test, chi-square, or Fisher’s exact test as appropriate. We defined 
a p-value < 0.05 as statistically significant a priori. Missing data, while 
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rare, were accounted for using listwise deletion. 
Upon preliminary analyses, we discovered the distribution of total 

MMEs heavily skewed to the right and mirrored a count distribution. 
The mean and variance were not equal between the two groups. 
Therefore, negative binomial regression was utilized to estimate the 
crude and adjusted differences in MME across treatment groups. The 
classical definition of confounding was used to select variables for our 
multivariable model and included age, BMI, and history of hypertension. 

Univariate linear regression of pain scores by treatment group was 
performed for each time interval at rest and upon exertion to determine 
crude differences in pain scores. We also used multivariable linear 
regression at each time interval to control for age and prior MME use (i. 
e. we controlled for MMEs used between 2 and 6 h after surgery in the 6- 
hour regression). All analyses were verified to have met the assumptions 
of the selected regression models prior to finalizing our results. 

4. Results 

A total of 76 individuals were screened for eligibility between July 
2018 and March 2021 (Fig. 1). We randomized 62 participants with 32 
allocated to the TAP block group and 30 to the incisional infiltration 
group. Following allocation, eight patients in the TAP block group and 
five patients in the incisional infiltration group had surgeries that 
remained laparoscopic and were withdrawn. Additionally, two patients 
from the TAP block group and one patient from the incisional infiltration 
group withdrew from the study, and one in each group declined to 
participate at the time of surgery. No patients were lost to follow-up. 

Our final analysis included 43 participants. Upon interim analysis in 
February 2021, we calculated the mean difference in MME was 20 with a 
standard deviation in both groups > 50. Post hoc power analyses given 
these parameters resulted in new sample size estimates of 85 per group – 
three-fold higher than the original estimate. The research committee 
recommended ending the study at this time given the miniscule differ-
ence demonstrated between groups and the challenges associated with 

Fig. 1. CONSORT diagram.  

A.S. Moon et al.                                                                                                                                                                                                                                 



Gynecologic Oncology Reports 47 (2023) 101203

4

recruitment during the COVID-19 pandemic. 
The mean age of study participants was 57.8 [standard deviation 

(SD) 11.5]. More than half of the sample was obese or overweight with 
an average BMI of 30.1 (SD = 6.7), and the majority of patients had ASA 
scores of either II (48.8%) or III (41.8%). Table 1 displays additional 
descriptive statistics by treatment group. There were no significant 
differences in demographic or clinical variables across groups, including 
age, race/ethnicity, history of diabetes or hypertension, tumor pathol-
ogy, or surgery duration. Incision type (supraumbilical vs. infraumbil-
ical) and length were not significantly different between the groups with 
mean length of 19.3 cm in TAP block and 20.3 cm in incisional infil-
tration. No patients had patient controlled analgesia devices or 
epidurals. 

5. Differences in MME use 

Upon crude negative binomial regression, there was no difference in 
MME utilization among patients in the TAP block and incisional infil-
tration groups (Table 2). Though the point estimate suggests patients in 
the incisional infiltration group used fewer total MME, the confidence 
interval crosses 0 and p-value is > 0.05. Upon multivariable negative 

binomial regression, there was not a significant difference in MME use 
by treatment group, with the point estimate closer to the null and the 
confidence interval continuing to cross 0 (p = 0.59). There were mini-
mal differences in opioid use at pre-specified intervals, including pre-
operatively on day of surgery, intraoperatively, 0–24 h after surgery, 
24–48 h after surgery and cumulatively up to 48 h after surgery 
(Table 3). 

6. Differences in pain scores 

Upon univariate analysis, there were minimal differences in pain 
scores at each time interval at rest or upon exertion between the two 
treatment groups (Figs. 2A-B). Additionally, multivariable linear 
regression demonstrated minimal difference in pain scores at each in-
terval at rest or upon exertion when adjusting for age and prior pain 
medication use (Table 4). At 2, 12, and 24 h postoperatively, the 
regression coefficients are negative although the confidence intervals 
cross 0. The point estimates at 6 and 48 h (upon exertion) were in the 
opposite direction with positive values along with confidence intervals 
that also crossed 0. 

7. Discussion 

In this cohort of patients undergoing midline vertical laparotomy for 
suspected or known gynecologic malignancy, opioid consumption was 
similar after incisional infiltration of liposomal bupivacaine compared 
to TAP block with liposomal bupivacaine for the first 48 h after surgery. 
Although our study was discontinued before statistical significance was 
reached, there are clinical implications from our results. 

The negative point estimates at 2, 12, and 24 h suggest incisional 
infiltration may result in less pain; however, the positive point estimates 
at 6 and 48 h suggest participants with incisional infiltration had greater 
pain. The contradiction across time points makes the results challenging 
to interpret. Since all the confidence intervals cross 0, it cannot be 
definitively concluded that incisional infiltration is superior in reducing 
postoperative pain. At the same time, this study was not designed as a 
non-inferiority study and should be considered for future research. 

Table 1 
Participant demographics and clinical information.   

TAP block 
(n = 21) 

Incisional 
infiltration 
(n = 22)   

Mean (SD) Mean (SD) p- 
value 

Age 54.6 (10.6) 60.9 (11.8) 0.08 
Body mass index 29.8 (6.7) 30.5 (6.7) 0.76 
Surgery duration (minutes) 151.7 

(52.5) 
155.8 (47.1) 0.79 

PACU duration (minutes) 151.0 
(53.3) 

156.6 (44.9) 0.71 

Incision length (centimeters) 19.3 (5.2) 20.3 (5.1) 0.54 
Hospital stay (days) 4.0 (1.5) 3.6 (1.1) 0.38  

N (%) N (%) p- 
value 

Race/Ethnicity   0.53 
White 15 (71.4) 17 (77.3)  
Black/African American 1 (4.8) 0 (0.0)  
Asian 0 (0.0) 2 (9.1)  
Hispanic 4 (19.1) 3 (13.6)  
Does not identify 1 (4.7) 0 (0.0)  

Smoking history   0.73 
Never 11 (52.4) 12 (54.5)  
Former 4 (19.1) 5 (18.2)  
Current 4 (19.1) 2 (9.1)  
Unknown 2 (9.4) 4 (18.2)  

ASA score   0.09 
I 0 (0.0) 2 (9.1)  
II 12 (57.1) 9 (40.9)  
III 7 (33.3) 11 (50.0)  
IV 2 (9.5) 0 (0.0)  

Diabetes (yes) 2 (9.5) 4 (18.2) 0.67 
Hypertension (yes) 1 (4.8) 5 (22.7) 0.19 
Depression (yes) 0 (0.0) 1 (4.5) 1.00 
Anxiety (yes) 2 (9.5) 1 (4.6) 0.60 
Incision type   0.27 

Infraumbilical 7 (33.3) 11 (50.0)  
Supraumbilical 14 (66.7) 11 (50.0)  

Lymph node dissected (yes) 5 (23.8) 11 (50.0) 0.08 
Tumor debulking performed 

(yes) 
8 (38.1) 5 (22.7) 0.27 

Malignant tumor (yes) 10 (47.6) 14 (63.6) 0.29 
Readmission (yes) 1 (4.8) 4 (18.2) 0.35 
Post-operative complication 

(yes)a 
3 (14.3) 5 (22.7) 0.70 

Note: SD = standard deviation; TAP = transversus abdominis plane. 
a Post-operative complications included severe nausea and vomiting, wound 

opening or dehiscence, ileus, severe constipation, severe abdominal pain 
requiring re-admission, and transfusion. 

Table 2 
Negative binomial regression of morphine milligram equivalents (MME) across 
treatment groups (N = 43).   

β 95% Confidence Interval p-value 

Crude model  − 0.30 − 0.97, 0.38  0.38 
Multivariable modela  − 0.17 − 0.77, 0.43  0.59 

Note: β = regression coefficient. 
a Final model included treatment group, age, body mass index, and history of 

hypertension. 

Table 3 
Unadjusted differences in mean opioid requirements [morphine milligram 
equivalents (MME)] at a priori specified intervals.   

TAP 
block 
(n = 21) 

Incisional infiltration 
(n = 22) 

Test 
statistic 

P- 
value 

Preoperative 16.0 
(6.5) 

16.5 (8.3)  0.20  0.84 

Intraoperative 15.1 
(9.0) 

15.7 (8.2)  − 0.42  0.67 

Post-surgery 0–24 
h 

49.6 
(34.0) 

46.7 (49.7)  0.72  0.47 

Post-surgery 
24–48 h 

31.1 
(33.7) 

16.5 (23.6)  1.41  0.16 

Cumulative 0–48 
h 

80.8 
(61.8) 

59.9 (67.9)  1.51  0.13 

Data are mean (standard deviation); test statistic is the z-score from Wilcoxon 
rank-sum test, 2-sided null hypothesis; TAP = transversus abdominis plane. 
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Given a successful TAP block requires not only skill level but also ul-
trasound equipment and additional resources, incisional infiltration may 
be a reasonable alternative option. 

Although this study evaluated patients with suspected or known 
gynecologic malignancy, up to two-thirds of patients had a confirmed 
malignant tumor. The mean duration of surgery from incision to closure 
for both study arms was 150 min, which is relatively short for a tumor 
debulking procedure. Therefore, these study’s results may not be 
applicable for longer and more complex surgeries. 

Meyer and colleagues studied wound infiltration of liposomal bupi-
vacaine in addition to bupivacaine vs. bupivacaine HCl after exploratory 
laparotomy for a gynecologic indication (Meyer et al., 2021). Given the 
trial was conducted at a major referral cancer center, over 70% of par-
ticipants in each arm had presumed malignancy and therefore likely 
underwent extensive surgical staging. There was no observed difference 
in patients receiving opioids during the first 48-hour postoperative 
period as well as no difference in the time to first opioid use and per-
centage of patients who were opioid free up to three days after surgery. 
Interestingly, there were also no improvements in patient reported 
outcomes such as mobility issues or pain up to eight weeks post-
operatively. Prabhu et al studied liposomal bupivacaine vs. placebo in 
incisional infiltration after scheduled cesarean birth by Pfannenstiel 
incision in a randomized controlled trial. There was no reported dif-
ference in median pain score or opioid use during the first 48 h post-
operatively (Prabhu et al., 2018). In a similar patient cohort, a 
randomized controlled trial evaluated TAP block with liposomal bupi-
vacaine and bupivacaine HCl vs. bupivacaine HCl in women undergoing 
elective cesarean birth. The liposomal bupivacaine arm was reported to 
have a 51.6% reduction in total opioid consumption through 72 h 
postoperatively compared to the bupivacaine only arm (Nedeljkovic 

et al., 2020). The reported decreased pain scores with liposomal bupi-
vacaine were supported by a prespecified noninferiority margin, indi-
cating liposomal bupivacaine in TAP block may be an important part of 
multimodal regimens after open abdominal surgery. 

In a randomized controlled trial comparing two different techniques, 
Gasanova and colleagues evaluated women undergoing total abdominal 
hysterectomy by Pfannenstiel incision who received either surgical site 
infiltration with liposomal bupivacaine or TAP block with bupivacaine 
HCl. They had hypothesized the TAP block arm would provide improved 
pain scores at 6 h after surgery; however, it was observed that pain 
scores at rest and upon coughing were significantly lower in the surgical 
site infiltration group across time. The secondary outcome of opioid 
requirements was not statistically different between the two arms 
intraoperatively and postoperatively in the PACU but was significantly 
higher in the TAP block group for the first 24 h after surgery. Of note, 
Gasanova and colleagues evaluated two different anesthetics and two 
different administration techniques. It is therefore unclear as to whether 
it was the liposomal bupivacaine or surgical site infiltration that resulted 
in reduced pain and opioid use in their study. Given the theoretically 
extended duration of analgesia with liposome technology, their obser-
vations could be attributed to the anesthetic rather than the modality. As 
mentioned, other studies have since compared liposomal bupivacaine 
with either bupivacaine alone or placebo while using a single modality 
during laparotomy in obstetrics and gynecology, and have reported 
minimal difference in outcomes. In turn, we strived to answer the 
question of whether the analgesic technique may be associated with the 
improved pain score and opioid use reported in the study by Gasanova 
and colleagues. Expanding on previous preliminary data (Kindig et al., 
2020), we compared two different techniques using the reported pro-
longed effects of liposomal bupivacaine but with a vertical surgical 

!"#$%&'()*&%"+,*)%&-).*)/%",%)*&,%

Fig. 2A. Pain scores after surgery at rest Assessment of pain scores at rest (mean and standard deviation) at prespecified time intervals after surgery.  
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incision. Specifically, we evaluated whether a surgeon-administered 
modality of analgesia by direct incisional infiltration could be another 
viable option to offer to patients in addition to ultrasound-guided 
anesthesiologist administered TAP block. 

Bernard et al recently published a randomized controlled trial eval-
uating surgeon-administered TAP block with bupivacaine versus pla-
cebo in a similar patient population as this cohort of suspected or known 
gynecologic malignancy (Bernard et al., 2023). Their data showed that 
surgeon-administered TAP block was not superior to placebo in reducing 

postoperative opioid requirement or improving postoperative outcomes. 
The authors concluded that surgeon-administered TAP block should not 
be considered standard of care in perioperative multimodal analgesia 
after midline laparotomy. This study highlights the need for more 
research in alternative anesthetic modalities, including administered by 
the surgeon, which we strived to achieve in our current study. 

7.1. Strengths and weaknesses 

This study differs from published data in that this is a randomized 
single-blind designed trial comparing two different modalities of lipo-
somal bupivacaine administration in open gynecologic surgery: inci-
sional infiltration administered by the surgeon and TAP block 
administered by the anesthesiologist. The strength of studying a single 
analgesic is that the varying pharmacokinetics of different drugs among 
a heterogeneous group of patients is minimized. In turn, differences in 
outcomes can be cleanly evaluated based on type of administration. 
Furthermore, this study was conducted within an enhanced recovery 
after surgery (ERAS) program where standard non-opioid medications 
were given preoperatively, intraoperatively and postoperatively. 

We acknowledge that our study has limitations in addition to what 
has been discussed thus far. Although our study is underpowered to 
show a statistically significant difference between the two approaches, 
there are clinical implications from our findings. For instance, pain 
scores in the surgical infiltration group were decreased at all time in-
tervals upon exertion compared to the TAP block group. Our data 
indicate that TAP block and surgical infiltration provide clinically 
similar acute postoperative opioid use and pain scores. Another 

!"#$%&'()*&%"+,*)%&-).*)/%($%*0*),#($%12"3&"34"%5"$*-4*)6%

Fig. 2B. Pain scores after surgery on exertion (Valsalva maneuver) Assessment of pain scores on exertion (mean and standard deviation) at prespecified time in-
tervals after surgery. 

Table 4 
Linear regression of pain scores at time intervals across treatment groups.   

β 95% Confidence Interval p-value 

At rest 
2 h  − 0.23 − 1.94, 1.48  0.76 
6 h  0.25 − 1.11, 1.63  0.70 
12 h  − 0.36 − 1.40, 0.69  0.49 
24 h  − 0.45 − 1.76, 0.86  0.49 
48 h  − 0.22 − 1.30, 0.87  0.69  

Upon exertiona 

2 h  − 0.41 − 2.23, 1.40  0.65 
6 h  0.30 − 1.32, 1.91  0.71 
12 h  − 0.09 − 1.62, 1.43  0.90 
24 h  − 0.18 − 1.65, 1.29  0.80 
48 h  0.48 − 0.92, 1.88  0.49 

Note: Regression performed after controlling for age and MME; β = regression 
coefficient; sample size at 2, 6 and 12 h = 43, sample size at 24, 48 h = 4. 

a Exertion defined as the Valsalva maneuver. 
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limitation is the lack of a placebo group; however, it was considered 
unethical to include sham incisional infiltration and TAP block arms 
with normal saline solution when bupivacaine HCl may be considered a 
standard option. Another possible placebo group would be incisional 
infiltration and TAP block arms with bupivacaine HCl alone. But a four- 
arm clinical trial for laparotomy would not be economically or logisti-
cally feasible given the increasing rate of minimally invasive gyneco-
logic surgery. Interestingly, a recent study evaluated laparoscopic 
guided TAP block of liposomal bupivacaine versus ultrasound guided 
TAP block of liposomal bupivacaine after robotic gynecologic oncology 
surgery (McDonald et al., 2022). Total opioid use and pain scores over 
the first 72 h were not statistically different between the two groups. 

Finally, this current study did not analyze the cost of liposomal 
bupivacaine but a cost-effective analysis should be considered for not 
only the drug itself but also potentially on hospital admissions, time in 
the operating room and other associated healthcare expenses, which has 
been performed previously after TAP block of liposomal bupivacaine for 
laparoscopic hysterectomy (Seagle et al., 2017). 

8. Conclusions 

Incisional infiltration of liposomal bupivacaine and TAP block with 
liposomal bupivacaine have clinically similar opioid requirement after 
open gynecologic surgery. These findings may support the selective use 
of either incisional infiltration or TAP block of liposomal bupivacaine 
after gynecologic laparotomy. 
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