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Abstract

Background: The number of caesarean deliveries has been increasing. Although intrathecal morphine (ITM) can
relieve pain and is widely applied in caesarean deliveries, it is associated with many side effects. Transversus
abdominis plane block (TAPB), a new analgesic technology, has also began playing a certain role after caesarean
delivery, with fewer adverse effects. This study mainly compares the analgesic and adverse effects of ITM and TAPB
in caesarean delivery.

Methods: We systematically searched PubMed, Cochrane Library, EMBASE, and Web of Science, for randomised
controlled trials (RCTs) published before 9 October, 2020 to compare the effects of ITM and TAPB. Primary outcome
of the study was the pain score at rest 24 h after caesarean delivery, whereas the secondary outcomes were the
pain score at movement 24 h after operation, postoperative nausea and vomiting (PONV), itching, and morphine
consumption. For the outcome assessment, we conducted a sensitivity analysis.

Result: Six RCTs involving 563 patients and meeting the study inclusion criteria were included in this study. Results
indicated no significant difference in the pain score between ITM and TAPB at 24 h of rest or movement. The
sensitivity analysis results indicated that the resting pain score (95% CI = − 1.27 to − 0.28; P = 0.002) and 24-h
moving pain score (95% CI = − 1.8 to − 0.07; P = 0.03) of the ITM group were lower than those of the TAPB group.
The consumption of morphine in the ITM group was lower than in the TAPB group (95% CI = 1.92 to 4.87; P <
0.00001); however, in terms of adverse reactions, the incidence of pruritus (95% CI = 1.17 to 8.26; P = 0.02) and
PONV (95% CI = 1.92 to 4.87, P < 0.00001) in the ITM group was higher than in the TAPB group.

Conclusion: Parturients in the ITM and TAPB groups exhibited similar analgesic effects. However, in the sensitivity
analysis performed by eliminating the studies causing heterogeneity, the ITM group was found to have superior
analgesic effects compared with the TAPB group, with less morphine consumption. Differently, the TAPB group
displayed less side effects such as PONV. Therefore, TAPB is still a valuable analgesia option for patients who cannot
use ITM for analgesia after caesarean delivery or those having a high risk of PONV.

Trial registration: Registration number: Registered on Prospero with the registration number of CRD42020210135.
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Introduction
The rate of caesarean delivery has been increasing annu-
ally because of social and psychological reasons [1].
Postoperative pain not only brings psychological torture
to patients but also has a certain degree of impact on
the recovery of patients after surgery and wound recov-
ery [2, 3]. For parturients after caesarean delivery, the
lack of analgesia affects the maternal postpartum recov-
ery, breast-feeding, and baby development on the hand,
whereas on the other hand, it increases the risk of post-
partum depression [4, 5]. Approximately 500,000 women
in Europe have been reported to experience acute post-
operative pain annually [3]. Therefore, exploring effect-
ive analgesic methods for parturients after caesarean
delivery is essential.
Intrathecal morphine (ITM) is considered the “gold

standard” for providing analgesia after caesarean deliv-
ery. ITM can make hydrophilic morphine easily reach
the cerebrospinal fluid and rapidly act on the central
nervous system [6]. Therefore, the use of ITM can pro-
vide a superior analgesic effect after caesarean delivery
compared with the systemic opioid analgesia technique
[7, 8]. Although ITM has obvious analgesic advantages,
its side effects such as nausea, vomiting, itching, and
even respiratory depression restrict its further applica-
tion [9, 10].
With the rapid development of the ultrasound tech-

nology, the use of transversus abdominis plane block
(TAPB) in regional anaesthesia is becoming increasingly
popular. Local anesthetics are mainly injected between
the superficial layer of transversus abdominis plane and
deep layer of internal oblique muscle, thus blocking the
anterior abdominal wall afferent nerve of T6-L1 [11]. Re-
cent studies have indicated that TAPB may play a vital
role as an effective pain block of somatic surface pain in-
duced by incision, which is much more obvious than the
visceral pain caused by the traditional transverse incision
[12, 13]. According to the newest PROSPECT guideline,
TAPB improve pain relief, increase patient satisfaction,
and result in a reduction of rescue analgesia; the poten-
tial side effects of these regional analgesic techniques are
also limited, and therefore, their use is recommended for
providing analgesia to patients [14].
Some meta-analyses on patient-controlled intravenous

analgesia, quadratus lumborum block, and intrathecal
morphine injection are available in literature. However,
most of these studies have discussed the analgesic effect
of a combination of TAPB and ITM. Some researchers
believe that in case of postoperative analgesia with ITM,
the addition of TAPB cannot further alleviate the pain.
Only one meta-analysis compared the analgesic effect of
TAPB and ITM after caesarean delivery [15]. Results of
this meta-analysis indicated that ITM produces a super-
ior analgesic effect compared with TAPB at rest 24 h

after surgery; however, the evidence was not convincing
since only two RCTs were included in the meta-analysis.
In the present study, we aimed to synthesize the avail-
able data through updated systematic review and meta-
analysis to assess, whether the analgesic effect and side
effects of ITM differ from those of TAPB after caesarean
delivery.

Methods
This systematic review and meta-analysis was conducted
in accordance with the newest PRISMA recommenda-
tion [16] and was registered on Prospero (number:
CRD420210135). Two researchers (YTR and HXM)
searched PubMed, Cochrane Library and EMBASE from
inception to 9 October, 2020 without restriction on lan-
guage and region of publication. The PRISMA checklist
is provided in Additional file 1.
A comprehensive search strategy by using relevant

search terms, which were selected from Medical Subject
Headings, EMBASE Subject Headings, and Entry terms,
was employed. The databases were explored using a
search algorithm with Boolean operators: ‘(transversus
abdominis plane block OR transversus abdominis block
OR abdominal muscle block OR TAP) AND (spinal In-
jections OR intrathecal injections OR intraspinal injec-
tion OR ITM) AND (caesarean section OR caesarean
delivery OR abdominal deliveries OR C Section OR
postcaesarean section)’.

Study selection
The determination of inclusion and exclusion criteria for
selection of studies preceded our meta-analysis. Inclu-
sion criteria were as follows: study participants compris-
ing adult female; patients with American Society of
Anesthesiologists grade ≤ 3; spinal anesthesia being the
preferred mode; parturients with caesarean section/de-
livery; and pfannenstiel incision being the surgical ap-
proach. Exclusion criteria were as follows: observational
or retrospective study; patients’ BMI ≥ 40; and study par-
ticipants having a history of drug allergy and opioid tol-
erance. Two researchers (YTR and HXM) selected the
studies meeting the inclusion criteria for full-text read-
ing by reviewing the title and abstract. Differences at any
time point were resolved by a third researcher (WRR).
The authors then performed additional literature
searches of the clinical trials registry (www.clinicaltrials.
gov).

Data extraction
The two researchers (YTR and HXM) independently ex-
tracted the following data (Table 1): number of partici-
pants; age; weight; drugs; analgesic methods of the
control and the intervention group; methods of anaes-
thesia; and additional medications. Discrepancies were
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resolved through consensus or, if necessary, through dis-
cussion with the third author (WRR).
Data were extracted for synthesis either directly from

the paper through extrapolation from graphs by using
Plot digitizer (http://www.plotdigitizer.sourceforge.net)
or by contacting the corresponding authors for the re-
quired data, if direct extraction was not possible. We ex-
tracted continuous results as the mean and standard
deviation. If no direct data were available in the original
text, we extracted the data from the graph. If the median
was displayed, we used Hozo and other formulas to con-
vert the median and range into mean and standard devi-
ation [17].
Quality of the reviewed trials was assessed using the

Cochrane Risk of Bias tool independently by two of the
authors (YTR and HXM).

Outcome
We considered the pain score at rest 24 h after operation
as the primary outcome and converted the evaluation
criteria of 0–100 points into 0–10 points for the analysis.
If the data in the original article reported both the vis-
ceral and somatic scores, we selected the higher of the
two pain scores for the data analysis. The pain score at
movement 24 h after operation, PONV, incidence of

itching, and morphine consumption were considered the
secondary outcomes.
Postoperative morphine requirement was compared

between the groups. Other forms of opiate analgesia
were converted into intravenous morphine equivalents
as follows: oral tramadol (1: 20), parenteral fentanyl
(100: 1), and intravenous oxycodone (1: 1) [18, 19].

Data analysis
Continuous variables are presented as the 95% confi-
dence interval and mean difference (MD). For presenting
dichotomous variables, the odds ratio (OR) is used. The
I2 value was used to evaluate the heterogeneity between
the studies, and I2 of values > 50% suggested significant
heterogeneity between the studies [20]. For continuous
data, we determined MD. For assessing the outcome, we
performed a sensitivity analysis by using the leave-one-
out approach to identify the possible sources of hetero-
geneity. All statistical analyses were performed in Review
Manager 5.3.

Risk of bias assessment
Two authors (YTR and HXM) independently assessed
the methodological quality of each study by using the
Cochrane Collaboration Risk of Bias tool for RCTs [21].
This tool can be used to assess random sequence

Table 1 Characteristics of included studies

Author,
year

Total
Sample

Methods Age Weight Sample Drug Anaesthesia Additional drug

Kwikiriza,
2019

n = 130 ITM 24.7
(5.6)

65.2
(11.9)

n = 65 Morphine 0.1 mg Spinal anaesthesia with
bupivacaine 10 mg

Diclofenac 50mg and
paracetamol 1 g every 8 h

TAPB 24.8
(4.8)

63.9
(12.5)

n = 65 Bupivacaine 75mg

Kanazi,
2010

n = 57 ITM 33 (6) 82 (13) n = 28 Morphine 0.2 mg Spinal anaesthesia with
bupivacaine 12.75 mg

Rectal diclofenac 100mg every
12 h and intravenous
acetaminophen 1 g every 6 h

TAPB 30 (5) 78 (16) n = 29 Bupivacaine 75mg

McMorrow,
2011

n = 40 ITM 33 (4) 70 (13) n = 20 Morphine 0.1 mg Spinal anaesthesia with
bupivacaine 11–12.5 mg and
10μg fentanyl

Rectal diclofenac 100mg every
18 h and oral acetaminophen 1 g
every 6 h

TAPB 33 (5) 72 (14) n = 20 Bupivacaine 75mg

Dereu,2019 n = 181 ITM 34 [31
to 38]

74 [67
to 83]

n = 89 Morphine 0.1 mg Spinal anaesthesia with
bupivacaine 10 mg and
fentanyl 25μg and epinephrine
100μg

Paracetamol orally 1 g every 6 h
and ibuprofen 600mg every 8 h

TAPB 34
[30.75
to 37]

74.5
[67 to
82.25]

n = 92 Bupivacaine 150
mg and clonidine
75μg

Loane,
2012

n = 66 ITM 35 (3) 81 (13) n = 33 Morphine 0.1 mg Spinal anaesthesia with
bupivacaine 11.25 mg and
fentanyl 10 μg

Naproxen orally or rectal 500 mg
every 12 h and acetaminophen 1
g every 6 h

TAPB 34 (5) 78 (12) n = 33 Ropivacaine 3
mg/kg, no more
than 200 mg

Jarraya,
2016

n = 86 ITM 33.24
(5.7)

75.63
(11.7)

n = 43 Morphine 0.1 mg Spinal anaesthesia with
bupivacaine 10 mg and
fentanyl 2.5μg

Paracetamol orally 1 g of every 6
h and ketoprofen 100mg and
tramadol 100 mg every 12 h

TAPB 32.83
(6.1)

76.63
(10.4)

n = 43 Ropivacaine 60
mg

The number represents the mean (standard deviation) or median (interquartile range) ITM intrathecal morphine; TAPB transversus abdominis plane block
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generation (selection bias), allocation concealment (se-
lection bias), blinding of participants and personnel (per-
formance bias), blinding of outcome (detection bias),
incomplete outcome data (attrition bias), selective
reporting (reporting bias), and other biases. The risk of
bias was classified as high, low, and unclear. Disagree-
ments between the two reviewers regarding the overall
risk of bias assessment were resolved through discussion
and consensus.

Result
A total of 369 studies were identified through the sys-
tematic database search. After screening for duplicate
studies, we obtained 338 records. Thirty full-text publi-
cations were assessed for eligibility after reviewing the
title and abstract. We excluded 24 studies because the
participants, interventions, or outcomes did not meet
our inclusion criteria or because the study was not an
RCT. Finally, we included a total of 6 RCTs for the ana-
lysis [22–27]. Figure 1 depicts a flow chart of the study
selection process.

Study characteristics
Table 1 summarises the characteristics and outcomes of
the 6 RCTs selected according to the inclusion criteria.
All included studies were published before October

2020. The sample size of these studies ranged from 40
to 180. Most of the included RCTs had used 10mg–
12.75 mg bupivacaine with or without opioid for spinal
anaesthesia, and one [25] of these studies had used epi-
nephrine additionally in the bupivacaine for spinal an-
aesthesia. In all the studies, the use of 0.1 mg–0.2 mg
morphine in the ITM group was documented. For local
blockade in the TAPB group, four RCTs [22–25] had
used bupivacaine, whereas the other two trials [26, 27]
had used ropivacaine. In a study comparing ITM and
TAPB [25], 75 μg clonidine added as an adjuvant in
combination with ropivacaine was administered to the
TAPB group.

Quality assessment
Figure 2 presents the risk of bias of all the RCTs.
According to the Cochrane Risk of Bias tool, four tri-
als [22, 23, 25, 26] were found to have a high risk of
bias. Of all the trials, 3 trials [23, 25, 26] exhibited a
high risk of attrition bias, 2 trials [22, 26] exhibited a
high risk of other bias, and one trial [22] exhibited a
high risk of selection bias. Unclear risk of bias was
documented in four trials [22–24, 27] owing to the
selection bias, detection bias, attrition bias, or report-
ing bias.

Fig. 1 Flow chart showing selection of articles for review
Fig. 2 Quality assessment of included trials. Green circle = low risk of
bias; red circle = high risk of bias; yellow circle = unclear risk of bias
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Primary outcome
Pain scores at rest 24 h after operation
Five studies involving 474 patients had reported pain
scores at rest 24 h after surgery [22–26]. No significant
difference was noted in the pain score between the ITM
and TAPB groups (MD = − 0.47; 95% CI = − 1.33 to 0.40;
I2 = 79%; P = 0.29) (Fig. 3). Results of the sensitivity ana-
lysis are presented in Table 2. The direction of the pri-
mary outcome was found to change after the RCT by
Kwikiriza was excluded. The results indicated that the
pain score of the ITM group was lower than that of the
TAPB group, indicating that ITM produces superior an-
algesic effects than TAPB (MD = − 0.77; 95% CI = − 1.27
to − 0.28; I2 = 0%; P = 0.002), which further indicated
that the meta-analysis has poor robustness. The source
of bias is further analysed in the discussion section.

Secondary outcome
Pain scores at movement 24 h after surgery
Five studies involving 474 patients had reported pain
scores at movement 24 h after surgery [22–26]. No sig-
nificant difference was observed in the pain score be-
tween the ITM and TAPB groups (MD = − 0.59; 95%
CI = − 1.47 to 0.29; I2 = 83%; P = 0.19) (Fig. 4). Results of
the sensitivity analysis are summarised in Table 3. After
the exclusion of Kwikiriza’s RCT, the pain score of the
ITM group was found to be lower than that of the TAPB
group (MD = − 0.94; 95% CI = − 1.80 to − 0.07; I2 = 62%;
P = 0.03), although heterogeneity between the studies
was still observed. After discussion, we concluded that a
high risk of attrition bias in a study [25] may be the
cause of heterogeneity.

PONV 24 h
The incidence of PONV was recorded in five articles,
with a total of 519 (were reported) cases (Fig. 5) [22, 23,
25–27]. In these trials, higher incidence of postoperative
nausea and/or vomiting had been reported in the ITM
group than in the TAPB group, and the difference was
statistically significant (OR = 3.06; 95% CI = 1.92 to 4.87;
P < 0.00001; Fig. 5), with mild heterogeneity (I2 = 26%).

Morphine consumption
A total of 287 people had reported to have consumed
morphine 24 h after operation (Fig. 6) [24–26]. Mor-
phine consumption between the ITM and TAPB groups
was found to differ significantly (MD = − 8.04; 95% CI =
− 13.12 to − 2.95; I2 = 66%; P = 0.002), which indicated
that ITM analgesia causes a certain reduction in the
postoperative morphine demand compared with that in
the TAPB group.

Itching 24 h after surgery
Pruritus 24 h after surgery was reported in 6 studies in-
volving 560 patients (Fig. 7) [22–27]. In one study [24],
patients were asked to subjectively express whether itch-
ing or not, and the itching were graded. However, the
degree of itching was not evaluated in other studies and
only the number of pruritus requiring treatment was re-
ported, which cause the high heterogeneity. Therefore,
we discarded the number of people with itching that did
not require treatment in this study [24], and the inci-
dence of itching was found to be higher in the ITM
group than in the TAPB group (OR = 3.11; 95% CI =

Table 2 The sensitivity analysis of pain scores at rest 24 h after surgery

Study statistics with study removed

MD Lower limit Upper limit Z value P value I2 value

Dereu 2019 [25] −0.43 −1.54 0.68 0.76 0.45 77%

Kanazi 2010 [23] −0.54 −1.55 0.48 1.04 0.3 84%

Kwikiriza 2019 [22] −0.77 − 1.27 − 0.28 3.05 0.002 0%

Loane 2012 [26] −0.43 −1.45 0.6 0.81 0.42 83%

McMorrow 2011 [24] −0.2 −1.03 0.63 0.48 0.63 76%

MD mean difference

Fig. 3 Forest plot showing pain scores at rest 24 h after surgery
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1.17 to 8.26; P = 0.02) (Fig. 7), that may be a source of
heterogeneity.

Discussion
In this systematic review and meta-analysis, the results
of six RCTs were included to compare the analgesic ef-
fects of ITM and TAPB after caesarean delivery. The re-
sults showed no significant difference in pain scores
between the ITM and TAPB groups. However, a high
heterogeneity was observed across the included RCTs.
Therefore, we conducted a sensitivity analysis, and after
excluding a study, we found that the analgesic effect of
ITM is superior to that of TAPB at rest and movement.
In addition, the demand for morphine in the ITM group
was found to be lesser than in the TAPB group. Al-
though no significant difference was observed in the in-
cidence of postoperative pruritus between the ITM and
TAPB groups, the incidence of PONV was higher in the
ITM group than in the TAPB group.
None of the meta-analyses have individually and sys-

tematically compared the analgesic effects of ITM and
TAPB after caesarean delivery yet. Among the existing
analgesic methods used after caesarean delivery, ITM is
undoubtedly the first choice of anesthesiologists [28]. Al-
though morphine can produce relatively superior anal-
gesic effects, its adverse reactions (such as nausea,
vomiting and respiratory depression) have limited its ap-
plication [9]. Studies have found that morphine can be
detected in the breast milk of mothers who use ITM for
analgesia, which may affect newborns. Although the in-
creased incidence of adverse events in infants during the
maternal morphine treatment has not been reported,

close monitoring of infants is indispensable [29]. There-
fore, researchers are exploring an optimal analgesic
method. With the rapid development of the ultrasound
technology, ultrasound-guided TAPB has attracted ex-
tensive attention. The traditional pfannenstiel incision is
chosen as the surgical approach, and its area is within
the range of T6-L1 that can be blocked by TAPB, which
also provides a theoretical basis for using TAPB for anal-
gesia after caesarean section [30].
Previously, one meta-analysis was conducted to com-

pare ITM and TAPB for multimodal analgesia after cae-
sarean delivery [15]; however, this study focused on
investigating the analgesic effects of a combination of
TAPB and ITM. This meta-analysis indicated that the
parturients who receive ITM and TAPB display a slight
blocking effect and only the early postoperative move-
ment pain score could be reduced. In another meta-
analysis by Mishriky, although the authors had com-
pared the analgesic effects between ITM and TAPB fur-
ther analyses could not be performed and conclusions
could not be derived because of the small size and exces-
sive bias among the included studies. In the present
meta-analysis, we included sufficient number of studies,
evaluated the quality of included studies, compared the
effects of ITM and TAPB for postcaesarean analgesia
through various outcomes, and analysed the heterogen-
eity across studies.
In this meta-analysis, multiple outcome indicators sug-

gest excessive heterogeneity. Using the leave-one-out
method, we identified Kwikiriza’s RCT [22] as the source
of heterogeneity across the studies. Possible reasons for
the heterogeneity are as follows: 1. Kwikiriza’s RCT was

Table 3 The sensitivity analysis of pain scores at movement 24 h after surgery

Study statistics with study removed

MD Lower limit Upper limit Z value P value I2 value

Dereu 2019 [25] −0.74 −2.07 0.6 1.08 0.28 86%

Kanazi 2010 [23] −0.69 −1.7 0.31 1.35 0.18 87%

Kwikiriza 2019 [22] −0.94 −1.8 −0.07 2.13 0.03 62%

Loane 2012 [26] −0.37 −1.27 0.54 0.79 0.43 80%

McMorrow 2011 [24] −0.28 −1.09 0.53 0.68 0.5 80%

MD mean difference

Fig. 4 Forest plot showing pain scores at movement 24 h after surgery
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conducted in Uganda, which is a poverty-stricken region
in Africa, with limited postoperative care and resources.
In this region, mothers do not receive postoperative an-
algesia on time, and cannot complete postoperative
follow-up independently. 2. Most of the mothers in this
region possess a low level of education and perceive pain
as common problem; they do not actively report mild
pain unless being repeatedly asked by researchers, which
causes biases in the reported results.
In our meta-analysis, parturients in the ITM group

displayed superior analgesic effects and less postopera-
tive demand for morphine, however, postoperative ad-
verse reactions were more in this group. Although the
incidence of postoperative pruritus in the ITM and
TAPB groups was not significantly different, the inci-
dence of PONV in the TAPB group was much lower
than in the ITM group, which is also an advantage of
the TAPB technology. A suitable approach to apply the
advantages of TAPB to multimodal analgesia may pro-
vide an important direction to our future research.
This study has some limitations. First, the number of

included studies were small and the number of samples
was insufficient. With further relevant research, our un-
derstanding of ITM and TAPB will continue to expand.
In addition, one study in our meta-analysis was from a
developing area, and its outcome presents a high risk of
bias. Second, pregnant women with a history of caesar-
ean delivery were not excluded, and the multipara had
used ITM or TAPB for postoperative analgesia after an
earlier caesarean delivery. If the randomised treatment
in this study is inconsistent with the pattern previously
used in multipara, they may have doubts about the

analgesic effect, thus breaking the blindness. Third, dif-
ferent doses and concentrations of local anaesthetics had
been used in the studies, and corresponding drugs such
as paracetamol and dexamethasone had also been used
after surgery. Although these postoperative drugs had
been used in both groups, the usage of these drugs in-
creases the complexity of the present study. Finally, he
detailed information about the technique used in TAPB
was not available. TAPB is completed under either ultra-
sound or landmark positioning; however, different
methods may produce different blocking effects, and ex-
ploration of these effects may be the focus of future
studies.

Conclusion
In conclusion, our meta-analysis indicated that ITM can
produce superior analgesic effects in parturients after
caesarean delivery and decrease the postoperative de-
mand for morphine compared with TAPB. In addition,
the incidence of itching was comparable between the
groups, whereas the incidence of PONV was reported to
be higher in the ITM group. Thus, TAPB could be rec-
ommended as a valuable analgesia option for patients
who cannot use ITM for analgesia after caesarean deliv-
ery or those having a high risk of nausea and vomiting.
Further studies should focus on post-caesarean anal-

gesia in developing countries. According to reports,
most deliveries in the world occur in these countries
[31]. However, due to the lack of personnel and econ-
omy in these countries, achieving optimum care and su-
perior anaesthesia technology is difficult. More RCTs are
needed to explore the most effective method for

Fig. 5 Forest plot showing the incidence of postoperative nausea and vomiting after surgery

Fig. 6 Forest plot showing the consumption of morphine 24 h after surgery
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administering postpartum analgesia under unfavorable
conditions such as lack of resources, which may also be
the focus of our future study.
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