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ABSTRACT

Background: Transversus abdominis plane (TAP) block has been studied for pain control
after elective cesarean delivery and has a limited role. The TAP block has not been studied
after cesarean delivery for women who attempted to go through labor. We hypothesized
that women have greater postoperative discomfort after prolonged labor and that a TAP
block might improve analgesia.

Methods: In this single-blinded, randomized controlled trial, 40 women having a cesarean
delivery following labor were randomized into a placebo or ultrasound-guided TAP block
using 0.25% bupivacaine. We also enrolled 40 women undergoing elective cesarean deliv-
ery as the second comparator group to assess TAP block efficacy. A blinded investigator as-
sessed the pain scores in the post anesthesia care unit (PACU) and at 2, 4, 8, and 24 h post-
operatively and recorded analgesic use over the first 24 hours. The primary outcome mea-
sure was the time to first supplemental analgesic request, which was typically ketorolac.
Results: In women who underwent cesarean following labor, the median time to the first
analgesic request was significantly longer in TAP cohort compared to placebo (75 (inter-
quartile range [IQR], 50-142) min vs. 38 [IQR, 16-70] min, P = 0.02). The placebo group
had higher pain scores at 2 hours, 8 hours, summary 24-hour pain scores, and were more
likely to require fentanyl in the PACU (0% vs. 25%, P = 0.02). Among women undergoing
elective cesarean, we found no difference in the time to first analgesic request (122 [IQR,
80-505] min vs. 100 [IQR, 75-172] min, P = 0.46) or need for fentanyl in PACU. Only pain
scores at 4 hours were higher in the Placebo group (P < 0.01).

Conclusion: Women who undergo cesarean following labor may benefit from the addition
of a TAP block to the standard neuraxial morphine. Women for scheduled cesarean may not
receive benefit from routine use of a TAP block. (Funded by the Beth Israel Anesthesia
Foundation, Boston, USA.)
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The transversus abdominis plane (TAP)

block is an effective method of providing

postoperative analgesia after surgery with
lower abdominal wall incisions (1-3). In 2008,
McDonnell demonstrated the effectiveness of
the TAP block for reducing morphine require-
ments and pain scores after cesarean delivery
(4). This finding was confirmed by other authors
(5, 6). When compared to intrathecal morphine,
however, a TAP block alone provided inferior
pain relief following elective cesarean section(7,
8). Furthermore, a TAP block did not provide
additional analgesic benefit when added to a reg-
imen using intrathecal morphine following elec-
tive cesarean delivery (9-11). Thus, the TAP
block is often reserved for patients who do not
receive neuraxial morphine (e.g. general anesthe-
sia) or as a rescue technique for treating break-
through pain after cesarean delivery (12).

In clinical practice, not all women remain
comfortable after cesarean delivery with neuraxi-
al morphine. Our experience suggested that
women who had a cesarean delivery after labor
were more likely to experience pain in the recov-
ery room, than those after scheduled surgery.
Thus, our clinical practice evolved into perform-
ing a TAP block on these patients when needed.
When reviewing the literature, we noted that all
of the research on TAP block for cesarean pain
relief has been conducted on patients undergo-
ing scheduled surgery, and none on laboring pa-
tients — the patients that we find receive benefit
from a TAP block. Thus, we conducted this
study to determine whether a TAP block would
benefit women undergoing non-elective cesare-
an delivery after labor.

METHODS

The study was conducted at Beth Israel Deacon-
ess Medical Center, with Institutional Review
Board approval and informed, written consent.
Inclusion criteria included ASA T or II singleton
pregnancy undergoing primary cesarean delivery
either electively or after labor. Exclusion criteria
included ASA = III; a history of alcohol or sub-
stance abuse; allergy to local anesthetics; a histo-
ry of tolerance to narcotic pain medications;
and inability to receive non-steroidal anti-inflam-
matory medications. We also excluded the pa-
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tients who underwent repeat cesarean section as
these patients might experience a different
amount of pain due to the lysis of adhesions.

Our goal was to enroll a cohort of women un-
dergoing intrapartum cesarean delivery after la-
bor for non-fetal indications. Patients would be
enrolled after the obstetric decision for cesarean
delivery for failure to progress due to dystocia --
no emergent cesarean was to be included. All pa-
tients had an epidural in place for labor pain
control using the standard institutional proto-
cols. The second cohort of women undergoing
elective cesarean delivery was enrolled at the
same time as a comparison group to determine
if the results of our study were due to the TAP
block or due to laboring patients experiencing
greater postoperative pain. Patients in both
groups were randomized to receive a TAP block
or placebo (sham block). Randomization was
performed by computer generation in two
blocks, to allow for mid-study assessment of
harm or futility. Group assignment was main-
tained in sequentially numbered opaque envel-
ops for each mode of delivery, and these enve-
lopes were opened after enrollment.

For women undergoing cesarean delivery af-
ter labor, the epidural was dosed with fentanyl
100 g, followed by lidocaine 2% wt/vol in §
mL increment, titrating to T4 sensory blockage.
Additional doses of lidocaine were administered
by the clinical team to maintain a surgical level.
Immediately after delivery of the neonate, 3 mg
of morphine (0.5 mg/mL) was given through the
epidural catheter. If the epidural could not pro-
vide adequate anesthesia during cesarean sec-
tion, the patients received intravenous supple-
ment of opioids, or a sedative at the discretion
of the clinical team. Conversion to general anes-
thesia would result in elimination from further
analysis, as the epidural catheter would be
deemed a failure, and thus the neuraxial mor-
phine ineffective. For scheduled cesarean deliv-
ery, all subjects received standard spinal anesthe-
sia consisting of hyperbaric bupivacaine 11.25
mg, fentanyl 25 pg and preservative-free mor-
phine 0.25 mg (total volume of 2.5 mL).

The ultrasound-guided bilateral TAP or place-
bo block was performed at the end of surgery
with the patient still anesthetized. After the pa-
tient’ s surgical dressing was applied, a clean,
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Figure 1. Flowchart of Patient Enroliment, Randomization, and Study Completion.

opaque surgical drape was used to prevent the
patient from observing the procedure. The trans-
versus plane was identified using a 12 MHz ul-
trasound probe. For the TAP blocks, 20 mL of
0.25% bupivacaine was injected bilaterally. Suc-
cess required visualization of the separation of
the internal oblique and transversus muscles
with injection. For the sham blocks, no injection
of fluid was performed. A bandage was placed
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on each side of injection or sham puncture. The
patients and staff providing postoperative care
were blinded to group assignment.

All participants were observed in the recovery
room at least for 2 hours after procedure. They
may receive 30 mg ketorolac as the first analge-
sic supplementation. If pain control was not ade-
quate, patients may also receive supplemental
opioids at the discretion of anesthesia providers.
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Table 1. Patient Characteristics and Clinical Data.
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Characteristic Elective Cesarean Delivery Intrapartum Cesarean Delivery

TAP (n =19) Placebo (n = 20) TAP (n =19) Placebo (n = 20)
Age (yr) 33 (31-39) 33 (31-37) 31 (27-35) 31 (28-32)
BMI (kg/m?) 28 (26-32) 29 (27-31) 31 (29-36) 32 (29-36)
Nulliparity (%) 64% 80% 100% 100%
Fetal Weight (g) 3440 (3140-4050) 3610 (3270-4820) 3540 (3270-3830) 3600 (3425-3800)
Duration of Epidural (min) NA NA 720 (660-900) 740 (585-980)
Surgical Time (min) 78 (68-86) 77 (73-84) 81 (73-99) 80 (68-94)

BMI, body mass index. Data Presented as median (interquartile range), or incidence of group: percentage.
Duration of epidural determined by time of initiation of epidural labor analgesia until the initial entry into the operating room

for cesarean delivery.

We assessed visual analogue scale (VAS)
scores at arrival to the recovery room, and at 2
h, 4 h, 8 h, and 24 h after delivery. VAS consist-
ed of a 10 cm line with “no pain” on the left
and “worst possible pain” on the right. Total
pain was the sum of all pain scores over 24
hours (area under the curve). We also assessed
analgesic use over the 24 h after surgery, includ-
ing the need for opioids. Participants were asked
to rate the severity of nausea, vomiting, pruri-
tus, and sedation on a four-point scale (none,
mild, moderate, and severe). Any local complica-
tions of the TAP block were recorded.

Statistical analysis

We performed a sample size calculation based
on an observational pilot which showed that our
patients received ketorolac 45 + 15 minutes af-
ter arrival in the post anesthesia care unit (PA-
CU). Using a two-tailed alpha of 0.05, and a
power of 0.80, we estimated we would require
17 patients per group for a 30% prolongation of
this time. We increased the enrollment to 20 per
group to account for potential losses.

We compared the TAP and Placebo groups
within each mode of delivery to assess the effect
of the block on postoperative analgesia. In addi-
tion, we assessed the effectiveness of analgesia
between the delivery groups to assess the effec-
tiveness of neuraxial analgesia, with or without
a TAP block. Comparisons between two groups
(e. g. elective TAP vs. elective placebo) were
made using the Mann-Whitney or Fisher’s exact
tests.

The primary outcome was time to first anal-
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gesic request assessed by Kaplan Meier survival
curve analyzed with log-rank analysis. The start-
ing time to calculate the time to first analgesic
was defined as the time of arrival in the PACU,
and the end time was administration of ketoro-
lac. Secondary outcomes included pain scores,
requirements for opioids for pain, and side ef-
fects such as nausea and pruritis. The data are
presented as median (interquartile range, IQR)
or incidence, as appropriate. Outcome inci-
dence presented with 95% confidence interval,
where appropriate. P < 0.05 was considered sta-
tistically significant difference. Analysis was
done using the SPSS software, version 18.0
(IBM).

RESULTS

Eighty patients were recruited to participate in
this study, 40 with an elective cesarean delivery
and 40 with an intrapartum cesarean delivery
(Figure 1). One participant in the elective cohort
was excluded from the final analysis because she
had significant blood loss and was converted to
general anesthesia. One participant in the intra-
partum cohort was excluded from the analysis
due to conversion to general anesthesia for a
failed epidural catheter. The demographic and
obstetric characteristics are detailed in Table 1.
Of note, all of the cesarean deliveries in the in-
trapartum cohort were nulliparous.

Intrapartum Cesarean Cohort
The primary outcome, time to first analgesic
supplementation, is shown in Figure 2. Women
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Figure 2. Kaplan-Meier Survival Curves of the Four Study Groups.

The curves represent the cumulative pain-free survival of patient until time to first request for anal-
gesia (ketorolac). Comparisons were performed using log-rank analysis between the TAP and pla-
cebo groups of each delivery cohort. The Labor group consisted of intrapartum cesarean under epi-
dural anesthesia. The TAP group had a significantly greater pain-free median survival compared to
the Placebo group (P = 0.02). There was no difference in median times between the TAP and Place-

bo of the Elective group.

who underwent intrapartum cesarean delivery
had a significantly shorter median time to first
request in the placebo group, compared to who
had TAP block 38 (IQR, 16 - 70) min vs. 75
(IQR, 50 - 412) min, P = 0.02. In addition, the
Placebo group pain scores at 2 hours and 8
hours were higher, and they were more likely to
require fentanyl in the PACU (Table 2). There
was no difference in the pain scores at 24 hours,
or in the oral medication required over 24
hours. The Total pain scores in 24 hours were
significantly lower in the TAP group than place-
bo group (7.75 [IQR, 5-13.25] min vs. 13 [IQR,
9.25-18.75] min, P < 0.03).

Elective Cesarean Cohort

We found no difference in the median time to
first analgesic among women undergoing sched-
uled cesarean delivery comparing the TAP and
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Placebo groups (122 [IQR, 80 - 505] min vs.
100 [IQR, 75 - 172] min, P = 0.46). Further-
more, there was no difference in the need for
fentanyl in PACU or for oral medication over 24
hours. Pain scores and Total pain score were sim-
ilar between groups, with the exception of pain
scores at 4 hours which were higher in the Place-
bo group (P < 0.01, Table 2).

Elective vs. Intrapartum Cesarean Delivery

To evaluate our hypothesis that patients who
have an intrapartum cesarean have greater anal-
gesic requirements than elective cesarean pa-
tients, we examined the patients who in either
delivery cohort by the treatment group. Women
with an intrapartum cesarean who received a
sham block had higher pain scores, earlier first
analgesic, required intraoperative supplementa-
tion, and received fentanyl in the PACU than
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Table 2. Pain Scores and Medications.

Elective Cesarean Delivery Intrapartum Cesarean Delivery

TAP (n=19) Placebo (n=20) P value TAP (n=19) Placebo (n=20) P value
Pain Scores
PACU 0 0 0.56 1(0-2) 1.5 (0-4) 0.50
2-hour 0 (0-2) 1.75 (0-4) 0.08 1(0.5-2) 3.25 (1.5-5) 0.02
4-hour 0 (0-1) 1.25 (0.5-3) 0.005 1(0-2) 2 (1-3.75) 0.11
8-hour 1(0-2) 1(1-2.25) 0.31 2 (0-3.25) 3 (1.25-4.75) 0.05
24-hour 3(1-5) 3(1-4) 0.79 3(1-4) 3 (1.25-5) 0.36
Total pain 6.5 (2.75-8.75) 7.5(3.75-11) 0.28 7.75(5-13.25) 13 (9.25-18.75)  0.03
Pain Medications
Time to first analgesic (min) 122 (80-505) 100 (75-172) 0.46 75 (50-412) 38 (16-70) 0.02
Fentanyl in PACU 1(5%) 0 (0%) 0.23 0 (0%) 5 (25%) 0.05
Oxycodone-acetaminophen 9 (47%) 12 (60%) 0.53 10 (53%) 12 (60%) 0.75
Ketorolac 30 mg 3(2-3) 3(2-4) 0.59 3(2-4) 3(2-4) 0.18

TAP, transversus abdominis plane; PACU, post anesthesia care unit.

Data Presented as median (interquartile range), or incidence of group: N (percentage).

Pain scores determined on an 11-point scale. Medications were compared for incidence of use of fentanyl (in PACU), oxycodone-acetamino-
phen doses used during the first 24 hours, or number of intravenous ketorolac doses.

Comparisons were performed using Mann-Whitney test, or Fisher’s exact, as appropriate. P < 0.05 considered significant.

sham elective cesarean patients (Table 2). There
statistically ~ significantly different
among the subjects who had an elective or intra-
partum delivery if they received a TAP block.

were no

DISCUSSION

In this randomized, single-blind, placebo-con-
trolled trial, we demonstrated that a TAP block
improved the quality of early postoperative pain
control in the women who underwent intrapar-
tum cesarean delivery. This was evidenced by
lower initial PACU and total pain scores, and a
lower requirement for supplemental fentanyl in
the PACU. This finding was true only for those
patients that underwent a cesarean after undergo-
ing labor under epidural anesthesia with epidural
morphine, and not those who had a scheduled
surgery under spinal anesthesia with intrathecal
morphine. Previous research demonstrated that a
TAP block provides minimal additional benefits
to either intrathecal morphine (9, 10) or diamor-
phine (13). However, those studies only recruit-
ed women underwent elective cesarean delivery
with spinal anesthesia. Because our results in pa-
tients who had elective cesarean delivery were
consistent with these previous findings, this sug-
gests that the improvement in the intrapartum co-
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hort may represent a new and important finding.
The hypothesis for this present study was
based on our clinical observation that patients
undergoing an intrapartum cesarean have great-
er pain in the PACU and required more medica-
tions for postoperative pain control. To assess
whether the foundation of this hypothesis was
true, we compared the patients who had no ad-
ditional medication for pain relief beyond our
standard of care — those who had a sham block.
We found that patients who had an intrapartum
cesarean had significantly greater pain and anal-
gesic requirements than those who had an elec-
tive cesarean delivery. Interestingly, patients who
received a TAP block had pain control that ap-
peared similar to patients with an elective cesare-
an delivery without a TAP block (Figure 2), but
this was not the primary intent of our study and
further research should examine this outcome.
Post-cesarean delivery analgesia can be influ-
enced by several factors. In two studies, parturi-
ents in early labor without neuraxial pain relief
appeared to have reduced morphine require-
ments in the first 24-hours after surgery (14,
15). This was hypothesized that endogenous spi-
nal noradrenergic activation may increase pain
threshold in parturients experienced pain in ear-
ly labor. In contrast, the patients in our study un-
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derwent many hours of labor followed by a me-
dian of 12 hours of epidural analgesia. During
this long period of time, parturients might expe-
rience central sensitization, local anesthetic
tachyphylaxis, or tolerance to opioids (16, 17).
In a retrospective study, Carvalho et al. found
no differences in postoperative pain scores and
analgesic consumption between scheduled and
unplanned cesarean deliveries over the first five
days after surgery (18). We note a few differenc-
es between their study and ours: their popula-
tion received lower intrathecal morphine (0.2
mg) and higher epidural morphine (4 mg) doses
than in our present study. Secondly, our study fo-
cused only the first day, and our difference in an-
algesic requirement occurred in the first few
hours after surgery. As in their findings, our 24-
hour pain scores were similar between groups.
Finally, our study was prospective, which al-
lowed us to collect our pain scores on a precise
timetable, as opposed to nursing documentation
of pain scores which may be obtained after pain
medication was administered.

Another possibility for the difference between
scheduled cesarean and labor cesarean postoper-
ative pain control is that women who had intra-
partum cesarean delivery received epidural mor-
phine while women who had elective cesarean
delivery received spinal administration. Calculat-
ing the precise equivalent morphine dose be-
tween epidural and spinal administration is very
difficult, if not impossible. In a well-designed
dose-response study, Palmer, et al. found that an-
algesia improved with the dose of epidural mor-
phine up to 3.75 mg — increasing the dose fur-
ther to 5 mg did not improve analgesia (19). In
a retrospective study of 4880 parturients, the
optimal dose of epidural morphine for post-Cae-
sarean pain was 3 mg (20). The optimal spinal
morphine dose remains yet to be defined. Al-
though one study found that 75 pg of intrathe-
cal morphine was the lowest effective dose, aug-
mentation with systemic opioids was often need-
ed (21). A national survey of perioperative and
postoperative anesthetic practices for cesarean
delivery found that the morphine median range
dose was 200 pg (50 - 400 yg) (22). Thus, while
the morphine doses used in this study were with-
in the norm of obstetric anesthesia practice, it is
not clear whether 3 mg of epidural morphine is
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perfectly equivalent to 0.25 mg of spinal admin-
istration. For example, a slower onset time of
epidural morphine might contribute to the dif-
ferences between analgesia in the PACU but not
over 24 hours. A final possibility in the differ-
ence in pain control between women receiving
spinal bupivacaine and epidural lidocaine is that
the later medication has a shorter duration of
analgesia. thus, the lidocaine may regress more
rapidly in the PACU, resulting in higher pain
scores at 2 hours. However, epidural bupiva-
caine, which has a longer duration of action, is
considerably more toxic in pregnancy, and is in-
frequently used during cesarean delivery. Our
goal, however, was not to compare the analgesia
between modes of delivery, but to determine if a
TAP block would benefit women who went
through labor.

No procedure is without risk. Complications
of TAP block such as liver and bowel injury
have been documented and concern has been
raised about the potential for high plasma con-
centrations of local anesthetic after TAP blocks
(23, 24). This is of particular relevance in obstet-
ric patients, given the previous exposure to the
local anesthetic. We believe that the risk of or-
gan or intraperitoneal injury is minimal when us-
ing ultrasound. Further research should be per-
formed to determine 1) the minimum volume re-
quired for a TAP block to be successful, and 2)
whether direct nerve blocks with minimal vol-
umes would be effective. Our study was not
large enough or designed to assess safety, but
there were no instances of toxicity, nor intra-ab-
dominal organ injury.

There are a number of limitations to this
study. We can only claim that the study was sin-
gle-blinded due to the TAP block procedure.
The operators and the operating room nurse
could not be effectively blinded. We did attempt
to maintain blinding with the assessor and the
postpartum nurses who provided care. Second,
we did not assess the success rate of the block or
the extent of abdominal wall sensory blockade.
This was done as an attempt to preserve the
blinding of the assessor. It is possible that some
of the TAP blocks were unsuccessful; however,
this would only serve to increase the benefit of
this procedure.

All of the patients in the intrapartum cohort
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were nulliparous, but only 70% among those
having an elective delivery. This finding is consis-
tent with a much higher rate of cesarean deliver-
ies in nulliparous patients and especially primary
cesareans. All of the subjects in this study had
primary cesarean deliveries as there might be dif-
ferences in postoperative pain with successive ce-
sarean surgeries. We do not believe that the pari-
ty would affect immediate postoperative pain,

Original Article

morphine often have higher pain scores in the
PACU and require supplemental pain control. A
TAP block improves pain control in these pa-
tients. A TAP block does not provide benefit to
patients who undergo a routine, scheduled cesar-
ean delivery.

This study was supported by a grant from the Beth Israel Anesthesia Foundation

but this must be considered.

We conclude that patients who undergo cesar-
ean delivery after labor and receive epidural

(internal departmental funding), Boston, USA.
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