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ABSTRACT
Background: The search for the ideal postoperative analgesia is crucial given the current opioid epidemic in the 
United States. Liposomal bupivacaine for transverse abdominis plane block, inclusive of intrathecal morphine 
may improve analgesia for more than 24 h. We assessed opioid consumption after cesarean delivery and the time 
to first narcotic.

Methods: We conducted a single-center retrospective chart review of cesarean deliveries. All patients received 
a spinal anesthetic with 100 mcg of intrathecal morphine and postoperative multimodal analgesia. A total of 82 
patients received the transverse abdominis plane block while 140 patients did not. We tested the adjusted hazards 
using Cox regression, adjusting for BMI and number of cesarean delivery.

Results: The estimated mean time to first opioid request in the block versus no block group was ~30 hours and 15 
hours respectively (p=0.002). A Cox regression analysis comparing the two groups, estimated the risk of receiving 
a first narcotic in the block group to be one-half of those who did not receive a transverse abdominis plane block 
(HR = 0.48, 95% CI = [0.36, 0.65], p< 0.001). 

Conclusion: Our study demonstrated that patients who received transverse abdominis plane block had less opioid 
use in the first 72 hours with a mean opioid-sparing time of 30 hours, twice the time of the other group. This may 
be explained by the use of liposomal bupivacaine in our blocks which confers a prolonged bupivacaine release and 
may play a role in longer narcotic free intervals and decreased total postoperative narcotic consumption.
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Introduction
Cesarean delivery (CD) is the most common surgery performed 
in the United States and may comprise the first opioid exposure 

to women of reproductive age [1,2]. The continuous search for 
the ideal postoperative multimodal analgesia strategy has not 
been as crucial as it is now given the current opioid epidemic 
in the United States [3]. Thus far, intrathecal morphine (ITM) 
remains the gold standard for postoperative analgesia after CD [4]. 
Given the longitudinal effects of inadequate acute postoperative 
pain management (e.g., postpartum depression, chronic pain), 
multimodal analgesia, and other local anesthetic techniques for 
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post-cesarean delivery, such as the transverse abdominis plane 
(TAP) block have been studied [5-10]. The latter has demonstrated 
short-lived pain management, providing limited (less than 24 
hours) analgesia [6,7,10].

The TAP block offers analgesia by blocking the sensory nerves 
of the anterior abdominal wall located in the neurofascial plane 
between the internal oblique and the transversus abdominis muscle 
[11,12]. When utilized in combination with intrathecal morphine, 
the role of the TAP block for post-cesarean delivery analgesia 
remains uncertain [11,13]. The stance of the Society of Obstetric 
Anesthesia and Perinatology Enhanced Recovery After Cesarean 
(ERAC) regarding the use of regional blocks for post CD is that 
it should remain reserved for patients who have not received 
intrathecal morphine [14]. The consensus statement also states that 
TAP blocks do not provide significant improvement when given in 
addition to neuraxial morphine. This is possibly due to the fact that 
most data published did not use liposomal bupivacaine. Thus, the 
rate-limiting step regarding the analgesic benefits provided by this 
block may be related to the local anesthetic utilized to perform the 
procedure. The majority of previous studies have been performed 
with bupivacaine [10,15] or ropivacaine [6,9,11]. Liposomal 
bupivacaine, with its DepoFoam formulation and sustained 
release, may provide up to 72 hours of postoperative analgesia and 
therefore, may provide benefit in opioid minimization inclusive of 
intrathecal morphine [16,17].

This study was designed to evaluate the impact of the introduction 
of TAP blocks as part of our institutional multimodal strategy. 
The primary aim of this retrospective study was to assess opioid 
consumption during the first 72 hours after cesarean delivery. 
Secondary aims included pain scores 24-48 hours postoperatively, 
and the time to first narcotic postoperatively. We hypothesize that 
TAP blocks with liposomal bupivacaine would reduce opioid 
consumption when used as part of a multimodal analgesia regimen 
inclusive of ITM over a 24-72-time frame.

Materials and Methods
After Institutional Review Board (IRB) approval, with a waiver 
of written informed consent, we performed a single-center 
retrospective chart review of all cesarean deliveries at our 
institution from March 1st to May 31st, 2019. The use of TAP 
block was introduced in September 2018 as part of our institution 
multimodal analgesia plan, with the ultimate goal to improve post 
cesarean delivery analgesia. Given the current literature in TAP 
after CD, we decided to use liposomal bupivacaine, which was 
already been used by our regional anesthesia team. We considered 
the first six months as an introductory phase and decided to collect 
data after this time. These three months were selected to evaluate 
patient opioid consumption patterns after the introduction of TAP 
block as part of our multimodal analgesia strategy. To evaluate the 
impact of our blocks after its introduction, we added incisional and 
visceral pain scores into our postoperative anesthesia note. This 
note is performed by residents 24-48 h after delivery. In addition 
to asking for pruritus, ability to ambulate, residents asked the 
patients to score incisional pain, asking “how would you describe 

your pain from 0-10, 0 been no pain and 10 the worst pain of your 
life at the incisional area”. For visceral pain, patients would be 
asked, “can you score the cramping or gnawing feeling in your 
abdomen from 0-10, 0 been no pain and 10 the worst pain of your 
life”. In congruence with the Health Insurance Portability and 
Accountability Act of 1996, data were deidentified. Electronic 
medical records were utilized to collect patient data. Data 
collected included age, height, weight, BMI, number of previous 
CDs, indication for CD, previous surgical history, opioid use in a 
72-hour admission period, time to first opioid request, patient’s 
incisional and visceral visual analog scores (VAS) on a scale of 
1-10. 

During the defined study period, patients were consented to receive 
TAP block at the provider's discretion (depending on their level 
of comfort performing the block). A total of 379 met inclusion 
criteria. Inclusion criteria included any patient receiving intrathecal 
bupivacaine 0.75% (1.6 ml), fentanyl 10 mcg, and 100 mcg of 
preservative-free morphine. Exclusion criteria included cesarean 
deliveries performed after experiencing labor, history of recent or 
chronic opioid use, or additional intraoperative interventions (e.g., 
hysterectomy), exclusion of intrathecal morphine, and allergies to 
acetaminophen and non-steroidal anti-inflammatory drugs. 

Adjuvant analgesics, ketorolac (30 mg) and intravenous 
acetaminophen (1000mg) were administered during closure of 
fascia. After wound closure and dressing, bilateral TAP blocks were 
performed. A linear ultrasound probe (SonoSite M-Turbo, Bothell, 
WA, USA) was placed immediately above the iliac crest at the 
midaxillary line and then moved slightly cephalad and laterally. 
The external oblique (EO), internal oblique (IO), and transversus 
abdominis muscles (TAM) were identified. A 4-inch 20-gauge 
Stimuplex insulated needle (B. Braun Medical, Bethlem, PA) was 
advanced utilizing an in-plane technique into the neurofascial 
plane between the IO and TAM. A 1 mL normal saline injection 
was utilized to confirm the proper hydro-dissection of the fascial 
sheet between the IO and TAM. After negative aspiration, 20 ml 
of bupivacaine 0.25% (5 ml aliquots at a time), 10 ml of liposomal 
bupivacaine (133 mg), and 5 ml of saline were injected bilaterally.

Postoperative analgesia consisted of intravenous ketorolac 30 mg 
every 6 h times 3 doses, transitioning to PO ibuprofen 800 mg every 
8 h on postoperative day 1. In addition, the use of acetaminophen 
650 mg PO was initiated every 6 h. For breakthrough pain, 
oxycodone 5, 10, and 15 mg was provided for pain scores of 1-3, 
4-6, and 7-10, respectively. Our opioid consumption results were 
reported as mg of morphine equivalents (MMEQ), utilizing the 
conversion ratios calculator from the Center for Disease Control.
https://www.cdc.gov/drugoverdose/pdf/calculating_total_daily_
dose-a.pdf

Statistical Analyses
We summarize baseline patient characteristics using mean and 
standard deviations (SD), for quantitative characteristics and 
frequencies, with percentages, for categorical characteristics. We 
tested for statistical differences for quantitative characteristics 
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using Welch’s t-test for unadjusted mean comparisons, and chi-
square tests of homogeneity for categorical characteristics. We 
used the log-rank test to test whether the hazard curves for the time 
to first narcotic use differed between the TAP groups; we tested 
whether the adjusted hazards (HR) differed using Cox regression. 
For morphine consumption, we tested whether there were mean 
differences between the TAP groups, and for mean differences 
over time (24, 48, 72 hours) by fitting a generalized estimations 
equations (GEE) regression and allowed for effect modification 
between TAP block groups and time. GEE accounts for within-
patient repeated measures correlation and also uses Huber-
White standard error (SE) estimates. These estimates and the 
corresponding statistical inference tend to be robust to violations 
of standard modeling assumptions (e.g., variance and correlation 
misspecification). We tested for mean differences between the 
TAP groups for visceral and incisional pain scores using linear 

regression with Huber-White SE estimates. The analyses adjusted 
for BMI and number of CD. All hypothesis tests, p-values, and 
confidence intervals are two-sided. All analyses were conducted 
using the Stata (version 16.0) statistical package.

Results
Out of the 379 cases identified a total of 157 were excluded from 
analysis; 113 did not receive spinal anesthesia, 13 underwent 
spinal anesthesia but were in labor, 21 did not receive intrathecal 
morphine, 4 had acute or chronic opioid history, 1 patient tested 
positive for cocaine, 1 patient had a diagnosis of pancreatic cancer 
and 4 cases had incomplete or irretrievable data. A total of 222 
cases were analyzed for study purposes (Figure 1), out of which 82 
received TAP block, and 140 refused the procedure or the provider 
did not offer it to the patient.

Figure 1: Cases Included in the Study. *TAP – Transverse Abdominis Plane Block; CD- Cesarean Delivery.

Baseline characteristics
There were 82 women who received TAP block (TAP group) and 
140 women that did not (no TAP). The estimated mean BMI for 
both the TAP and no TAP groups were 33.2 kg/m2, their estimated 
standard deviations were virtually the same (6.4 kg/m2 vs 6.3 
kg/m2). The Welch test comparing mean BMI did not suggest a 
difference (p-value = 0.99). The frequency distributions for the 
number of CD were also quite similar between the two groups 
(chi-square p-value = 0.98) (Table 1).

Factor Level No TAP TAP p-value

N 140 82

BMI (kg/m2), mean (SD) 33.2 (6.4) 33.2 (6.3) 0.99

Number of CD

1 59 (42.1%) 33 (40.2%) 0.98

2 59 (42.1%) 35 (42.7%)

3 18 (12.9%) 12 (14.6%)
Table 1: Comparisons of BMI and number of CD between TAP Groups.
N: Number of cases per group; BMI: Body mass index; SD:  Standard 
deviation; CD: Cesarean delivery; TAP: Transverse abdominis plane 
block.

Study outcomes
We compared time to first narcotic using a log-rank test (unadjusted) 
and Cox regression, adjusting for patient BMI and the number of 
CD. We present only the adjusted results for conciseness. The 
estimated risk of receiving a first narcotic for patients that received 
a TAP block was approximately one-half compared to patients that 
did not receive a TAP block (HR = 0.48, 95% CI=[0.36, 0.65], 
p-value < 0.001) comparing patients when adjusted to BMI and 
number of CD. An almost negligible contribution was noted 
from these two variables, with an unadjusted HR = 0.484, 95% 
CI [0.361- 0.650]. Figure 2 presents the two TAP block groups 
respective “survival” curves over time, for the event of receiving 
a first narcotic. From the figure, one sees that patients who did not 
receive a TAP block had their first narcotics sooner. Their survival 
curve, in blue, dropped more quickly than for patients that did 
receive a TAP block (black curve). Times to first narcotic were 
noted to be 30 h (1814.73 min) and 15 h (878.11 min), for patients 
that received a TAP versus no TAP, respectively (p <0.001). By 
the end of the study, patients who received a TAP block were 
less likely to receive narcotics compared to patients who did not 
receive a TAP block (66.1% vs. 89.4%).



Volume 4 | Issue 2 | 4 of 6Anesth Pain Res, 2020

Figure 2: Cox Regression of First Narcotic between TAP Groups.
Survival curve representing narcotic free times between the TAP group 
and no TAP group. TAP: Transverse abdominis plane block.

Figure 3: A- Incisional Pain Score between TAP and No TAP Groups; 
B- Visceral Pain Score between TAP and No TAP Groups.
TAP: Transverse abdominis plane block.

For MMEQs, we estimated differences between patients who 
received a TAP block compared to patients who did not receive a 
TAP block at each time. The mean differences were: -57.9 mg at 24 
hours, -65.4 mg at 48 hours, and -70.3 mg at 72 hours, indicating 
that patients receiving a TAP block received less morphine 
than patients who did not receive a TAP block. The estimated 
differences at the three times, however, were not statistically 
different from each other, or time was not an effect modifier for the 
association between morphine equivalent consumption and TAP 
block (p-value = 0.314).

Table 2 displays patients’ morphine equivalent consumption over 
time for patients who received a TAP block and patients who did 
not receive a TAP block. The results reveal a significant increasing 
trend in morphine equivalent consumption with respect to time 
(p-value < 0.001). The mean estimates are adjusted for average 
BMI (at 33.2 kg/m2) and CD and are estimated for patients having 
one CD. This group comprised of approximately 41% of the 
sample data.

Morphine milligram equivalent (MMEq)

Variable No TAP TAP Avg diff L95% U95% p-value

Time

 24 hrs 99.3 41.5 -57.9 -87.4 -28.4 < 0.001

 48 hrs 129.8 64.4 -65.4 -99.2 -31.5 < 0.001

 72 hrs 152.7 82.5 -70.3 -108.3 -32.2 < 0.001

*Estimated differences are adjusted for BMI and number of CD.

BMI- body mass index; CD – cesarean delivery

Table 2: MMEq consumption at 24, 48, and 72 hours between TAP 
Groups.

Factor No TAP TAP p-value

N 140 82

Incision Pain Level, mean (SD) 2.8 (1.8) 1.8 (1.6) 0.003

Visceral Pain Level, mean (SD) 2.6 (1.7) 2.1 (1.7) 0.14

Table 3: Unadjusted comparisons between the TAP groups and the 
outcomes: Visceral Pain, Incision Pain, and Ambulation.
N: Number of cases per group; SD: Standard deviation.

For the incisional pain score outcome, patients who received a 
TAP block had a mean pain score approximately one point lower 
than patients who did not have a TAP block (diff = -1.0, 95% CI=[-
1.6, -0.3], p-value =0.003), adjusting for BMI and number of CDs. 
For visceral pain, patients who received a TAP block had slightly 
lower, but not statistically significant, mean scores compared 
to patients who did not receive a TAP block. The mean visceral 
pain difference was -0.51 (95% CI= [-1.2, 0.2]). However, the 
magnitudes of these differences were typical of what one might 
expect if there were no true difference (p-values > 0.10).

Discussion
It has been estimated that a range of 0.12-0.33% of parturients will 
become long-time opioid consumers after cesarean delivery [1,18]. 
With an estimated 1.3 million CD being performed annually in the 
United States, this could potentially result in 3,333 new long-term 
opioid users [1]. These alarming numbers should prompt the use of 
opioid sparing alternatives.

Since postpartum opioid consumption is likely related to the 
number of pills prescribed at the time of patient discharge, newer 
strategies aiming to reduce the amount of opioid prescribed at 
discharge have been evaluated [19]. In one study by Osmundson 
et al. [20], patients discharge prescriptions were tailored to their 
consumption patterns during admission. Other strategies to reduce 
patient opioid consumption has eliminated the routine use of 
opioids after CD [2,21]. Postpartum opioid consumption is likely 
related to the number of pills prescribed at the time of patient 
discharge [16,17].

Hence, non-opioid strategies, such as the use of TAP blocks could 
potentially allow hospitals to adhere with the recommendations 
from the Center for Disease Control (CDC), that suggests limiting 
opioid prescription for seven days, ideally ≤ 3 days to reduce 
potential unintentional chronic opioid use [22].
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The addition of TAP blocks has been shown to decrease opioid 
consumption after cesarean delivery when intrathecal morphine 
is omitted, but little to no benefit when this drug is utilized 
[6,10,11,12,15,23,24]. In addition to the inclusion or exclusion 
of intrathecal morphine, the technique utilized may impact the 
effectiveness of the block. The use of a landmark technique may 
result in suboptimal needle placement in 75% of cases [8]. When 
performing ultrasound-guided TAP block, the use of a lateral (mid-
axillary) technique is most commonly described [6,11], whereas 
the posterior approach has been infrequently described for post-
cesarean delivery analgesia [8,12,25]. The posterior technique, 
described by Faiz et al. [25], might confer better analgesia and 
decreased opioid consumption by up to 36 h. Of note, intrathecal 
morphine was omitted in their study. Most of the studies published 
thus far utilized ropivacaine [6,10,11,23] or bupivacaine [10,15], 
whereas in our study and that of Baker et al. [16], liposomal 
bupivacaine was utilized.

The DepoFoam formulation and sustained release of bupivacaine 
that characterizes liposomal bupivacaine has been shown to prolong 
its analgesic effects. Previous studies utilizing this formulation 
have demonstrated up to 72 h of analgesia for abdominal wall 
surgery, total knee arthroplasty and CD [7,16,17,26]. Our study 
reflects the prolonged analgesic benefits of liposomal bupivacaine 
with an average decrease in opioid consumption of 57.9%, 65.4%, 
and 70.3% at 24, 48, and 72 h, respectively. These results agree 
with those of Baker et al. [16], who demonstrated a decrease in 
opioid consumption up to 72 h when comparing TAP block with 
liposomal bupivacaine versus no TAP after spinal anesthesia 
inclusive of intrathecal morphine for cesarean delivery.

In addition, our results revealed a statistically significant difference 
in the time to first narcotic request in patients that received 
intrathecal morphine with TAP versus no block of 30 h (1814.73 
min) and 15 h (878.11 min), respectively (p <0.001). In contrast 
to our study, the results by Lee et al. [11], showed no statistical 
difference in the median time (~ 18 h) to first opioid request 
when comparing patients that received intrathecal morphine 
with or without TAP block. In the study by Faiz et al. [25], in 
which the use of intrathecal morphine was omitted, the time to 
first opioid request was 6h and 13h for the lateral and posterior 
TAP technique, respectively. The posterior approach described in 
their study accomplished a similar time to the first opioid request 
as in our intrathecal morphine group without TAP block. These 
results suggest that the choice of local anesthetic, and perhaps 
the technique, when performing a TAP block may improve the 
analgesic benefit beyond the 11-29 hour that intrathecal morphine 
may provide [27].

Given that the TAP blocks involve blocking the neural afferents 
between the internal oblique and the transversus abdominis muscle 
that supply the anterior abdominal wall, this block is likely to 
reduce somatic rather than visceral pain. Our study revealed a 
statistically significant decrease in incisional pain scores between 
the two groups, but none when it came to the visceral pain scores 
in the first 24 - 48 h. The retrospective nature of our study did 

not allow for the evaluation of visual analog scores (VAS) at set 
interval times; they were obtained within 24 to 48h. Although 
we did not evaluate for early (<24 h) VAS, our results are in 
accordance with most studies attributing no benefit to TAP blocks 
in terms of visceral VAS after 12 h. In contrast, our study revealed 
at least >12 h of incisional pain relief, an analgesic benefit that has 
not been noted in previous studies evaluating TAP blocks inclusive 
of intrathecal morphine after CD. Patients who received a TAP 
block reported less incisional VAS scores compared to those who 
did not receive it [11,13,15].  There was, however, no statistically 
significant decrease in visceral VAS scores between the two 
groups, which speaks for the nature of the block.

Beside opioid consumption reduction, early mobilization is a 
paramount aspect of enhanced recovery after cesarean delivery. 
Jarraya et al. [9], demonstrated that the use of TAP block and not 
intrathecal morphine was conducive to earlier mobilization after 
cesarean delivery. Patients in the TAP group had a significantly 
earlier time to mobilization (6.9 hr) compared to those with spinal 
morphine (9.4 hours) (p-value=0.024) and more rapid mobilization 
(7.4 hr vs. 12.4 hr, p-value=0.001). Similarly, the study of Baker 
et al. [16], who utilized liposomal bupivacaine also demonstrated 
early mobilization in the patients that received intrathecal morphine 
and TAP blocks.

This study’s main limitation is in its nature of being retrospective, 
data concerning the VAS scores and ambulation were missing for 
some patients. We did not have set times for obtaining the VAS 
scores which could have diluted the results. That is, if evaluated 
close to 24 h, the incisional and visceral pain may have been 
reported to be lower than if the same patient would have been 
evaluated at 36 h. It is our practice to evaluate patients between 
24-48 h, with the great majority of patients being evaluated before 
36 h after delivery. When the TAP block was offered as part of our 
multimodal analgesic approach, we may have captured patients 
more willing or conscious about reducing their opioid consumption, 
as this was the goal emphasized when obtaining consent for the 
performance of the block. The lack of blinding from the procedure 
may have impact the patients answers. Despite researchers not 
been blinded, all the data except for incisional and visceral pain 
scores at 24-36 were recovered from our electronic medical record 
system. Another limitation is that the TAP blocks were performed 
by residents which may have impacted the consistency of the 
blocks’ efficacy amongst the cohort. Nonetheless, the residents 
were supervised by an attending and local anesthetic spread was 
confirmed via ultrasound.

Conclusion
In conclusion, the use of TAP blocks with liposomal bupivacaine 
and multimodal analgesia inclusive of intrathecal morphine 
resulted in a significant decrease in opioid consumption up to 72 
hours post-cesarean delivery. Patients with TAP blocks experienced 
prolonged opioid-free periods and a longer interval to their first 
narcotic request. Furthermore, the use of liposomal bupivacaine 
resulted in a significant decrease in incisional pain scores. Our 
results suggest that liposomal bupivacaine may be used as part 
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of a multimodal approach, with opioid reductions beyond those 
offered by intrathecal morphine. Given the retrospective nature of 
our study, generalizations cannot be drawn. Further randomized 
controlled studies are needed to identify the role of liposomal 
bupivacaine after CD.
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