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Background. The landmark-guided transversus abdominis plane (TAP) block is an effective
method of providing postoperative analgesia in patients undergoing lower abdominal surgery.
We evaluated the analgesic efficacy of the ultrasound (US)-guided TAP block in patients under-
going Caesarean delivery.

Methods. A randomized, double-blind, placebo-controlled trial was performed at a
tertiary maternity hospital. Fifty women undergoing Caesarean delivery received bilateral
US-guided TAP blocks with either ropivacaine 0.5% or saline. All participants received a
spinal anaesthetic with bupivacaine and fentanyl, followed by postoperative acetaminophen,
non-steroidal anti-inflammatory drugs, and patient-controlled iv. morphine without
long-acting intrathecal opioids. Each patient was assessed 24 h after delivery for morphine
usage, average pain score, nausea, vomiting, pruritus, drowsiness, and satisfaction with pain
relief.

Results. Forty-seven participants completed the trial, 23 in the active group and 24 in the
placebo group. Total morphine use in 24 h was reduced in the active group (median 18.0
mg) compared with the placebo group (median 31.5 mg, P<0.05). The active group
reported improved satisfaction with their pain relief measured by visual analogue scale com-
pared with the placebo group (median 96 vs 77 mm, P=0.008). Fewer patients required
antiemetics in the active group (P=0.03). There were no local complications attributable to
the TAP block, but one participant had an anaphylactoid reaction after ropivacaine injection.

Conclusions. The US-guided TAP block reduces morphine requirements after Caesarean
delivery when used as a component of a multimodal analgesic regimen.
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Women having a Caesarean delivery present a unique set
of challenges to the anaesthetist after operation. These
motivated women want to be alert, comfortable, and
mobile in order to care for their baby. As part of a multi-
modal analgesic regimen, opioids are required initially to
achieve effective analgesia. However, opioids are associ-
ated with dose-dependent side-effects including nausea,
vomiting, pruritus, sedation, and respiratory depression.

Techniques that reduce opioid requirements may be of
benefit in this population.

McDonnell and colleagues' ? demonstrated that the
transversus abdominis plane (TAP) block reduces mor-
phine use after abdominal surgery, including Caesarean
delivery. The block described is a landmark-guided tech-
nique. It requires the detection of two pops, or loss of
resistance, using a short-bevel needle to locate the facial
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layer between the internal oblique and the transversus
abdominis muscles. Cadaver dissection confirms the pres-
ence of the T10 to L1 thoracolumbar nerves in this fascial
layer.” Injection of local anaesthetic into this plane can
anaesthetize the lower abdominal wall.

Since McDonnell and colleagues' ? published their trials,
liver injury and intraperitoneal injection have been reported
after landmark-guided TAP blocks.* > An ultrasound (US)
guided approach to the TAP block has been described.® US
guidance offers the advantage of direct visualization of the
needle and of the placement of local anaesthetic, which
might improve safety and efficacy.

The purpose of this study was to assess the analgesic
efficacy of an US-guided TAP block. We hypothesized
that an US-guided TAP block performed after Caesarean
delivery would reduce patient-controlled analgesia (PCA)
morphine consumption in the first 24 h after operation as
part of a multimodal analgesic regimen without the use of
long-acting intrathecal opioids.

Methods

The trial was approved by the Mater Health Service
Human Research and Ethics Committee and registered
with the Australia and New Zealand Clinical Trials
Registry (ACTRN12608000540314). We studied 50 ASA I
and II women having Caesarean deliveries at term in a
randomized, double-blind, placebo-controlled trial. All
participants were 18 yr or older and gave informed
consent. Exclusions from the trial included regular opioid
use, a BMI >35 (at the time of enrolment), and a pre-
pregnancy weight <50 kg (to limit the maximum ropiva-
caine dose to 4 mg kg™ ').

All participants received spinal anaesthesia using hyper-
baric 0.5% bupivacaine 11 mg and fentanyl 15 pg.
Participants were permitted to have combined spinal-—
epidural techniques but were excluded if the epidural was
used during the case. Intraoperative antiemetics were not
routinely administered, but if required, ondansetron 4 mg
i.v. was first line.

An US-guided TAP block was performed at the end of
surgery. The injectate syringes were prepared by the hospi-
tal pharmacy under aseptic conditions. Syringes contained
either saline 40 ml (placebo group) or ropivacaine 0.5%
(40 ml) (AstraZeneca Pty Ltd, North Ryde, NSW,
Australia; active group). The group allocation of syringes
was according to a block randomization table and
unknown to the investigators.

The US-guided TAP block technique was similar to the
method described by Hebbard and colleagues.® A 38 mm
linear array US probe (13-6 MHz) was positioned in the
mid-axillary line in the axial plane half-way between the
iliac crest and the costal margin. Views were considered
satisfactory, if s.c. fat, external oblique muscle, internal
oblique muscle, transversus abdominis muscle, perito-
neum, and intraperitoneal structures were identified

Fig 1 Sonographic anatomy of the US-guided TAP block. Images show
the lateral abdominal wall using a probe held in the mid-axillary line in
the axial plane. The right of the image is anterior. () Narrow arrow,
TAP; EO, external oblique muscle; 10, internal oblique muscle; TA,
transversus abdominis muscle; QL, quadratus lumborum muscle; F, s.c.
fat; P, intraperitoneal structures. (B) Broad arrows, needle with the tip
positioned in the TAP. (c) Local anaesthetic forming a lens-shaped space
in the TAP; LA, local anaesthetic.

(Fig. 1). To assist with identifying these structures, the
probe could be moved anteriorly to the rectus sheath and
the fascial planes followed back out laterally. The final
position of the probe was to be no further anterior than the
anterior axillary line. If satisfactory views were not
obtained, the TAP block was not to be performed.

A 150 mm long, 20 G short-bevel needle (Stimuplex,
B. Braun Melsungen AG, Germany) was introduced ante-
riorly and inserted in plane under real-time US guidance
to lie between the internal oblique and the transversus
abdominis muscles with the tip in the mid-axillary line.
The hydrodissection technique’ was not used to separate
fascial layers, but a 1 ml test injection of study solution
was permitted to confirm needle location. A total of 20 ml
of study solution were injected on each side after aspira-
tion to avoid intravascular placement. Successful injection
produced an echolucent lens-shaped space between the
two muscles.

All authors performed blocks in this trial. Before the
trial, each author underwent a period of self-audit to
ensure the TAP block safety and efficacy. Their technique
was assessed by the principal investigator (P.J.C.) to
ensure uniformity.

All patients received rectal acetaminophen 1 g and diclo-
fenac 100 mg at the completion of surgery. Participants
were observed in the recovery room for 30 min after the
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procedure. Regular oral acetaminophen 1 g four times a day
and ibuprofen 400 mg three times a day were continued
after operation. Morphine PCA set at 1 mg bolus, 5 min
lockout without an hourly maximum, was continued for
24 h after the procedure. I.V. ondansetron 4 mg and meto-
clopramide 10 mg were available if required.

The primary outcome measure was total morphine
requirements in the 24 h after surgery. Twenty-four hours
after surgery, data were downloaded from the PCA pump.
Time to first morphine demand and cumulative morphine
doses at 6, 12, 18, and 24 h were recorded. Participants
completed a questionnaire at this time. They were asked to
rate the average pain they experienced over the 24 h post-
operative period on a 100 mm visual analogue scale
(VAS) between ‘no pain’ (0) and ‘very severe pain’ (100
mm). Patients at our institution mobilize within 24 h of
surgery; therefore, this score assesses pain at rest and with
mobilization. Satisfaction with pain relief was also
reported on a 100 mm VAS between ‘very unsatisfied’ (0)
and ‘completely satisfied’” (100 mm). Participants were
asked to rate the severity of nausea, vomiting, itch, and
drowsiness on a four-point scale (none, mild, moderate,
and severe). Any local complications of the TAP block
were recorded. The number of doses of antiemetics admi-
nistered by nurses was recorded as a measure of antiemetic
requirements.

The sample size for this study was based on a 50%
reduction in the PCA morphine requirement in 24 h from

previous audit data (mean 36.8 mg, sp 20.5 mg). This cal-
culation assumed the use of Student’s #-test, type I error of
0.05, and a power of 80%. A minimum sample size of 42
participants was required and we aimed to recruit 50
subjects.

Patient characteristics were assessed for homogeneity
with Student’s 7-test and Fisher’s exact test as appropriate.
Continuous data were tested with the Shapiro—Wilk
test for normality before applying Student’s #-test
(two-tailed, unequal variances) or the Mann—Whitney
U-test. Categorical data were tested with Fisher’s exact
test. P<0.05 in the primary outcome measure was con-
sidered statistically significant. Statistical significance of
secondary outcome measures was not adjusted for multiple
comparisons. Analysis was done using SPSS version 15
for Windows (Chicago, IL, USA).

Results

One participant in each group was excluded from the final
analysis because their i.v. access failed before 24 h. The
PCA was stopped and they received oral opioids. One
additional participant in the active group was also
excluded from the analysis due to a reaction after the
injection of the study solution. The clinical features of
pruritus, rash, oedema, hypotension, and hypoxia
suggested anaphylaxis. The blinding for this participant

50 patients were enrolled
and randomized

25 were allocated to
receive the active block

25 were allocated to
receive the placebo block

2 did not complete the protocol
1 was withdrawn because of
an anaphylactoid
reaction
1 discontinued the protocol
because the i.v. <
access failed before 24 h

1 did not complete the protocol
because the i.v. access
failed before 24 h

\4

23 were analysed

24 were analysed

Fig 2 Flow diagram of randomization and follow-up of enrolled participants.
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was immediately broken to allow for optimal medical
management. The patient was treated with oxygen, fluids,
vasopressors, antihistamines, and steroids and improved
over 2 h. The mast cell tryptase was not raised and the
patient was referred for allergist evaluation. The data for
the remaining 23 in the active and 24 in the placebo
groups were complete (Fig. 2).

All participants had elective Caesarean deliveries except
one in the placebo group who was booked for elective
Caesarean delivery but presented to the obstetric unit in
early labour. The baseline characteristics of the two
groups, shown in Table 1, were not significantly different.
US views were satisfactory in all participants.

The morphine use is shown in Table 2. Morphine doses
were not normally distributed and non-parametric tests
were performed. Cumulative morphine use at 24 h was

Table 1 Baseline characteristics of the study participants. PONV,
postoperative nausea and vomiting. *No statistically significant differences
between the groups for all baseline characteristics

Placebo Active*
(n=24) (n=23)
Age (yr) [mean (range)] 30.5 (21-43) 32.3 (20-41)

Height (cm) [mean (sp)] 164 (7) 165 (7)

Weight (kg) [mean (sp)] 76.6 (12.4) 74.8 (11.6)
Previous Caesareans, n (%)
0 5(20.8) 10 (43.5)
1 13 (54.2) 8 (34.8)
2 5(20.8) 5(21.7)
>2 14.2) 0 (0.0)
Previous non-obstetric abdominal surgery, 2 (8.3) 2 (8.7)
n (%)
History of PONV, n (%) 5(20.8) 14.3)

Table 2 Patient-controlled morphine use after surgery. IQR, inter-quartile
range. *Mann—Whitney U-test

Placebo (mg), median  Active (mg), median  P-value*
(IQR) (IQR)
Cumulative morphine dose at
6h 12.0 (17.0) 6.0 (6.0) 0.039
12h 16.5 (22.0) 10.0 (8.0) 0.049
18 h 25.5(28.0) 16.0 (12.0) 0.034
24 h 31.5 (28.0) 18.0 (21.0) 0.046
Morphine dose during time interval
6-12h 5.0 (6.0) 4.0 (3.0) 0.226
12-18 h 7.0 (11.0) 4.0 (4.0 0.143
18-24 h 3.5(7.0) 4.0 (10.0) 0.966

significantly lower in the active group. The time to first
morphine demand was shorter in the placebo group. The
median time to first demand was 2 h [inter-quartile range
(IQR) 2 h] for the placebo group compared with 3 h (IQR
1 h) in the active group (P=0.01).

Patient satisfaction with pain relief was significantly
higher in the active group. Median (IQR) satisfaction
scores were 96 (17) and 77 (21) mm in the active and
placebo groups, respectively (P=0.008). There was no sig-
nificant difference in the VAS pain score. The median
(IQR) pain score was 26.5 (20) mm in the placebo group
and 23.0 (21) mm in the active group (P=0.17).

Fewer patients in the active group received antiemetics
(P=0.03). In the placebo group, six participants received
either one or two doses of antiemetic during the 24 h
period. Only one participant required antiemetics in the
active group (three doses). Table 3 shows patient-reported
side-effects such as nausea, vomiting, itch, and drowsi-
ness. There was a trend towards less nausea in the active
group. There was no difference in patients reported vomit-
ing. Patients in both groups commonly reported pruritus
and drowsiness.

There were no serious local complications attributed to
the US-guided TAP block in either group. One patient in
each group had an s.c. bruise <1 cm in diameter at the
injection site.

Discussion

It is well recognized that local anaesthetic techniques can
improve the quality of postoperative recovery by reducing
pain and analgesic requirements.® This randomized,
double-blind, placebo-controlled trial demonstrates that the
US-guided TAP block has a morphine-sparing effect after
Caesarean delivery. The potential for improved recovery
with this opioid-sparing technique is demonstrated by
greater satisfaction with pain relief and reduced antiemetic
use in the active group. The trial was not large enough to
demonstrate the likely reduction in postoperative nausea
and vomiting.

US guidance should improve the efficacy of the TAP
block by allowing the clinician to accurately and consist-
ently deposit local anaesthetic between the internal
oblique and the transversus abdominis muscles. Although
a statistical comparison cannot be performed, the

Table 3 Participant reported side-effects assessed 24 h after surgery. *Fisher’s exact test P=0.08; "Fisher’s exact test P=0.35; *Fisher’s exact test P=1.0

Severity Nausea, n (%)* Vomiting, n (%)° Itch, n (%)i Drowsiness, n (%)*
Placebo Active Placebo Active Placebo Active Placebo Active
None 10 (41.7) 15 (65.2) 17 (70.8) 21 (91.3) 6 (25.0) 6 (26.1) 5(20.8) 4(17.4)
Mild 8 (33.3) 7 (30.4) 3 (12.5) 1(4.3) 13 (54.2) 12 (52.2) 11 (45.8) 11 (47.8)
Moderate 5(20.8) 0 (0.0) 2(8.3) 1(4.3) 3(12.5) 3 (13.0) 6 (25.0) 521.7)
Severe 1(4.2) 1(4.3) 2 (8.3) 0 (0.0) 2 (8.3) 2 (8.7) 2 (8.3) 3 (13.0)
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morphine-sparing effect found in our trial appears smaller
than that achieved by McDonnell and colleagues’?
landmark-guided technique. The median morphine dose
used in 24 h by the active group in our trial was 43%
lower than placebo, compared with almost 80% in
McDonnell’s trial.> This raises the question of whether
the US technique deposits local anaesthetic in a less
effective  location than the landmark technique.
Anatomical research, published after the completion of
trial recruitment, has shown that T10 to L1 nerves run
deep to a thin fascia between the internal oblique and the
transversus abdominis muscles.® Refining the US tech-
nique to position the needle below this fascia using hydro-
dissection’ might result in more effective analgesia.

In addition to the use of hydrodissection, the US-guided
TAP block technique might be improved by a change of
injection site. An audit of US-guided TAP blocks showed
the absence of sensory block in the L1 distribution in 50%
of patients.” This suggests that local anaesthetic does not
always spread to the iliohypogastric and ilioinguinal
nerves which occasionally enter the TAP in front of the
anterior axillary line.> The Pfannenstiel incision is partly
innervated by the L1 branches and specific blockade of
these nerves also results in morphine sparing after
Caesarean delivery.'” '' A TAP injection placed further
anteriorly might block the L1 dermatome more reliably
and further reduce pain after Caesarean delivery. More
research is needed to evaluate how needle position and
alteration of local anaesthetic concentration and volume
affect the distribution and duration of sensory block.

US guidance for regional anaesthesia has not been con-
clusively demonstrated to improve safety;'* however, vis-
ceral and vascular injury resulting from TAP blocks might
be reduced. There were no serious local complications
related to the US-guided TAP block, but one patient had
an anaphylactoid reaction immediately after injection of
ropivacaine. This is an uncommon but potential risk of
any regional anaesthetic procedure.

Effective postoperative analgesia for Caesarean delivery
can be provided by neuraxial opioids such as diamorphine,
morphine, or meperidine. However, intrathecal opioids can
be associated with pruritus, nausea, vomiting, and seda-
tion. If additional opioids are administered, rostral spread
of intrathecal morphine can rarely result in delayed respir-
atory depression. In our clinical experience, adding a TAP
block to intrathecal morphine provides little additional
analgesic benefit. Further trials are necessary to compare
US-guided TAP blocks with intrathecal morphine for
tolerability and quality of analgesia.

In summary, this trial demonstrates the analgesic
efficacy of the US-guided TAP block after Caesarean
delivery. The block has opioid-sparing effects, reduces
antiemetic use, and improves satisfaction with pain relief.
We believe that the block should be considered in all
women undergoing Caesarean delivery who have not

received long-acting neuraxial opioids. Further research is
essential to establish the optimal use of this relatively new
technique.

Acknowledgements

We would like to thank Vicki Flenady from the Mater Research Support
Centre for her assistance with preparation of the study for HREC approval
and Kristen Gilshenan for her assistance with statistical analysis.

Funding

This work was supported by funding from the Australia
and New Zealand College of Anaesthetists Novice
Investigator Grant Program. AstraZeneca funded the
research pharmacy costs through their investigator-
sponsored study program. They had no role in study
design, conduct, or analysis.

References

I McDonnell JG, O’Donnell B, Curley G, Heffernan A, Power C,
Laffey JG. The analgesic efficacy of transversus abdominis plane
block after abdominal surgery: a prospective randomized con-
trolled trial. Anesth Analg 2007; 104: 193-7

2 McDonnell JG, Curley G, Carney J, et al. The analgesic efficacy of
transversus abdominis plane block after cesarean delivery: a ran-
domized controlled trial. Anesth Analg 2008; 106: 18691

3 Tran TMN, Ivanusic JJ, Hebbard P, Barrington MJ]. Determination
of spread of injectate after ultrasound-guided transversus abdo-
minis plane block: a cadaveric study. Br | Anaesth 2009; 102:
123-7

4 Farooq M, Carey M. A case of liver trauma with a blunt regional
anesthesia needle while performing transversus abdominis plane
block. Reg Anesth Pain Med 2008; 33: 274-5

5 Jankovic Z, Ahmad N, Ravishankar N, Archer F Transversus abdo-
minis plane block: how safe is it? Anesth Analg 2008; 107: 1758—-9

6 Hebbard P Fujiwara Y, Shibata Y, Royse C. Ultrasound-guided
transversus abdominis plane (TAP) block. Anaesth Intensive Care
2007; 35: 616-7

7 Needling Technique—In Plane. Ultrasound for Regional Anaesthesia.
2008. Available from http:/www.usra.ca/ugt_nt_ip (accessed May
23, 2009)

8 White PE The changing role of non-opioid analgesic techniques
in the management of postoperative pain. Anesth Analg 2005; 101:
§5-22

9 Lee T, Tran T, Barrington M, Wong D, Hebbard P Evaluation of
posterior and subcostal approaches to ultrasound-guided trans-
versus abdominis plane blockade (abstract). Anaesth Intensive Care
2008; 36: 879-89

10 Moore KL. Clinically Oriented Anatomy, 3rd Edn. Baltimore:
Williams & Wilkins, 1992

Il Bell EA, Jones BP, Olufolabi AJ, et al. lliohypogastric—ilioinguinal
peripheral nerve block for post-Cesarean delivery analgesia
decreases morphine use but not opioid-related side effects. Can |
Anaesth 2002; 49: 694—-700

12 Chin JK, Chan V. Ultrasound-guided peripheral nerve blockade.
Curr Opin Anaesthesiol 2008; 21: 62431

730

20z IMdy || uo3senb Aq 901Z¥2/92.2/S/S0L/2IoN1e/elq/wod dno-ojwspede//:sdiy woly papeojumoq



