
E-Mail karger@karger.com

 Original Paper 

 Med Princ Pract 2016;25:237–246 
 DOI: 10.1159/000444688 

 Ultrasound-Guided Transversus Abdominis 
Plane Block for Analgesia in Laparoscopic 
Cholecystectomy: A Systematic Review and 
Meta-Analysis  

 Ke Peng    Fu-hai Ji    Hua-yue Liu    Shao-ru Wu 

 Department of Anesthesiology, First Affiliated Hospital of Soochow University,  Suzhou, China 

 

tion in the recovery room (MD = –1.57 mg, 95% CI: –3.0 to 
–0.14, p = 0.03) and 0–24 h postoperatively. Fewer patients 
required analgesics in the recovery room when receiving 
TAP blocks (risk ratio, RR = 0.35, 95% CI: 0.20 to 0.62, p = 
0.0003). TAP blocks also reduced postoperative nausea and 
vomiting (RR = 0.48, 95% CI: 0.28 to 0.81, p = 0.006). None 
of the studies reported symptoms of local anesthetic toxic-
ity.  Conclusions:  In this study, the ultrasound-guided TAP 
block was an effective strategy for analgesia in patients un-
dergoing LC.  © 2016 S. Karger AG, Basel 

 Introduction 

 Laparoscopic cholecystectomy (LC) is the gold stan-
dard for the treatment of symptomatic gallbladder dis-
eases such as cholecystitis and cholelithiasis  [1, 2] . Al-
though it is considered to be minimally invasive, pain in-
tensity in the early postoperative period is still significant 
 [3, 4] . Proper pain control is essential for optimizing clin-
ical outcomes and earlier ambulation after surgery. Tra-
ditional pain management with opioids increases the in-
cidence of side effects such as excessive sedation and post-
operative nausea and vomiting (PONV). Multimodal 
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 Abstract 

  Objectives:  To evaluate the analgesic efficacy of ultra-
sound-guided transversus abdominis plane (TAP) block for 
patients undergoing laparoscopic cholecystectomy (LC). 
 Materials and Methods:  A systematic literature search was 
conducted to identify randomized controlled trials that 
compared ultrasound-guided TAP block with control for 
analgesia in adult patients undergoing LC. The original 
data were pooled for the meta-analysis using Review Man-
ager 5. The main outcomes included postoperative pain in-
tensity, opioid consumption, and adverse events. Out of a 
total of 77 trials, 7 were included.  Results:  Compared with 
control, ultrasound-guided TAP block reduced the follow-
ing: (1) postoperative pain intensity (visual analog scale: 
0–10) both at rest and on movement at 0, 2, 4, 8, and 24 h 
(at rest: mean difference, MD 0 h  = –2.19, 95% confidence 
interval, CI: –3.46 to –0.91, p = 0.0008; on movement:
MD 0 h  = –2.67, 95% CI: –3.86 to –1.48, p < 0.0001); (2) intra-
operative fentanyl consumption (MD = –27.85 μg, 95% CI: 
–44.91 to –10.79, p = 0.001), and (3) morphine consump-
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analgesia strategies with different classes of analgesics or 
local anesthetics may enhance pain relief and reduce side 
effects after surgery  [5] .

  The transversus abdominis plane (TAP) block, a new-
er regional nerve blockade, has been used as part of a 
multimodal strategy to optimize postoperative pain con-
trol. With the guidance of ultrasound or an anatomical 
landmark, local anesthetic is injected into the neurovas-
cular plane of the abdominal wall where the nerves from 
T6 to L1 are located  [6] . Although there are several sys-
tematic reviews evaluating the effectiveness of TAP 
block, the various surgical procedures produced differ-
ent pain intensities  [7–11] . Also, the problem with dif-
ferent surgical populations is that the results may not be 
applied to the specific population undergoing LC. More-
over, the spread of local anesthetic given by the land-
mark approach is unlikely to provide the necessary sen-
sory blockade over the incision area in cholecystectomy 
 [12] . Therefore, this meta-analysis was conducted to sys-
tematically collect current data and compare the effects 
of ultrasound-guided TAP block on postoperative anal-
gesia outcomes with control for adult patients undergo-
ing LC.

  Materials and Methods 

 This systematic review and meta-analysis was performed ac-
cording to the current recommendations of the Cochrane Collab-
oration and reported following the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines  [13] . 

  Search Strategy and Study Selection 
 Three authors (K.P., F.J., and H.L.) independently searched 

MEDLINE, EMBASE, and Cochrane Central Register of Con-
trolled Trials (CENTRAL) databases using the following strategies: 
(a) transversus abdominis plane block AND laparoscopic chole-
cystectomy for the MEDLINE search; (b) ‘transversus abdominis 
plane block’/exp OR ‘transversus abdominis plane block’ AND 
(‘laparoscopic cholecystectomy’/exp OR ‘laparoscopic cholecys-
tectomy’) AND [humans]/lim for the EMBASE search, and (c) 
transversus abdominis plane block AND laparoscopic cholecys-
tectomy Search ALL Text for the CENTRAL search. The last search 
was performed in February 2015. 

  No language or publication date restriction was used. Addi-
tional information was retrieved by reviewing the reference lists 
from the identified articles. The search results were collated and 
deduplicated in Endnote X7 (Thomson Reuters, New York, N.Y., 
USA). The titles and abstracts of potentially relevant studies were 
screened before the retrieval of the full texts. All three authors ex-
amined the full papers to determine which studies met the inclu-
sion criteria. Disagreement about study selection was resolved by 
discussion and consensus with another author (S.W.).

Articles identified
MEDLINE (n = 16)
EMBASE (n = 51)
CENTRAL (n = 10)

Potentially relevant articles
(n = 15)

Removed by screening titles and abstracts:
 Reviews, editorials, letters (n = 23)
 Retrospective or case series (n = 11)
 Duplicates (n = 12)
 Other irrelevant studies (n = 1)
 Pediatric use (n = 1)

Removed by EndNote:
 Duplicates (n = 14)

Removed by reading full texts:
 Inclusion criteria not fulfilled (n = 5)
 Conference abstract (n = 3)

After duplication
(n = 63)

Finally included articles
(n = 7)

Total articles
(n = 77)

  Fig. 1.  Flowchart of included and excluded 
articles. 
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  Inclusion and Exclusion 
 Inclusion criteria were as follows: (a) design: randomized con-

trolled trials; (b) population: adult surgical patients undergoing 
elective LC; (c) intervention: comparison of perioperative ultra-
sound-guided TAP blocks with an inactive (placebo or ‘no treat-
ment’) control group, and (d) outcomes: postoperative pain inten-
sity, opioid consumption and related adverse events.

  Exclusion criteria were as follows: (a) comparison of periop-
erative TAP blocks with wound or port-site infiltration; (b) trials 
that did not report specific outcomes, and (c) unavailability of full 
text.

  Data Extraction 
 Two review authors (K.P. and F.J.) independently extracted the 

following data from eligible studies: publication year, authors, 
number of patients, interventions, and outcomes. Corresponding 
authors were contacted for missing data when necessary. Disagree-
ment about data extraction was resolved by discussion and con-
sensus with other authors (H.L. and S.W.).

  Primary and Secondary Outcome Parameters 
 Primary outcomes were postoperative pain intensity at rest and 

on movement. Pain intensity was rated with a visual analog scale 
(from 0 to 10) or a verbal rating scale (from 0 to 10) at 6 time points 
(postoperative 0, 2, 4, 6, 8, and 24 h). 

  Secondary outcomes were: (a) intraoperative fentanyl con-
sumption; (b) morphine consumption in the recovery room; (c) 
morphine consumption during 0–24 h after surgery; (d) number 
of patients who needed analgesics in the recovery room, and (e) 
number of patients with PONV. Opioid consumption in the recov-
ery room and during 0–24 h postoperatively was transformed to 
morphine-equivalent consumption using previously published 
equianalgesic conversion factors (morphine 10 mg = tramadol 100 
mg = meperidine 100 mg = fentanyl 0.1 mg, i.v.)  [14, 15] .

  Risk of Bias Assessment 
 Two authors (K.P. and H.L.) used the Cochrane Collabora-

tion’s tool to assess the risk of bias in each identified study  [16] . 
This tool considered six different domains: (a) random sequence 

 Table 1.  Characteristics of included trials

First author 
[Ref.], year

Group Treatment Anesthesia Postoperative analgesia

Bhatia [17],
2014

Control (n = 20)
TAP block (n = 20)
Subcostal TAP block 
(n = 20)

Bilateral 15 ml of 0.375% 
ropivacaine
before extubation

Propofol/morphine/
nitrous oxide/
isoflurane

Acetaminophen 1 g, i.v., every 6 h, 
tramadol 2 mg/kg, i.v., as an initial 
dose and 1 mg/kg if needed

Kokulu [18],
2014

Control (n = 20)
TAP block (n = 20)

Bilateral 15 ml of 0.5% 
bupivacaine
after induction

Midazolam/propofol/
fentanyl/desflurane

 No details provided

Shin [19],
2014

Control (n = 15)
TAP block (n = 15)
Subcostal TAP block 
(n = 15)

Bilateral 20 ml of 0.375% 
ropivacaine
after induction

Propofol/fentanyl/
sevoflurane

Fentanyl 25 μg, i.v. + ketorolac 
30 mg in the recovery room and 
nalbuphine 10 mg on the ward if 
needed

 Chen [20],
2013

Control (n = 20)
Subcostal TAP block 
(n = 20)

Bilateral 20 ml of 0.375% 
ropivacaine
after induction

Propofol/fentanyl/
sevoflurane

Morphine 0.05 mg/kg, i.v., if 
needed

Petersen [21], 
2012

Control (n = 37)
TAP block (n = 37)

Bilateral 20 ml of 0.5% 
ropivacaine
after induction

Propofol/remifentanil/
sufentanil

Oral acetaminophen 1 g and 
ibuprofen 400 mg every 6 h, 
morphine 2.5 mg, i.v., in the 
recovery room and oral 
ketobemidone 2.5 mg on the ward 
if needed

Ra [22],
2010

Control (n = 18)
TAP block 0.25% (n = 18)
TAP block 0.5% (n = 18)

Bilateral 15 ml of 0.25% 
or 0.5% L-bupivacaine 
after induction

Midazolam/propofol/
remifentanil

Ketorolac 30 mg and fentanyl 
20 μg in the recovery room if 
needed, ketorolac 30 mg every 8 h 
on the ward

El-Dawlatly 
[23], 2009

Control (n = 21)
TAP block (n = 21)

Bilateral 15 ml of 0.5% 
bupivacaine
after induction

Propofol/sufentanil/
sevoflurane

PCA morphine bolus 1.5 mg, i.v., 
with no basic infusion and 15 min 
lock-out time

 PCA = Patient-controlled analgesia.
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generation (selection bias); (b) allocation concealment (selection 
bias); (c) blinding of participants and personnel (performance 
bias); (d) blinding of outcome assessment (detection bias); (e) in-
complete outcome data (attrition bias), and (f) selective reporting 
(reporting bias). The estimated overall risk of bias for each trial was 
categorized as ‘low’, ‘unclear’, or ‘high’. Disagreement about risk 
of bias assessment was resolved by discussion and consensus with 
other authors (F.J. and S.W.).

  Statistical Analysis 
 Data were pooled if at least 2 trials were included for an out-

come. Continuous outcomes are reported as weighted mean dif-
ferences (MD) and 95% confidence intervals (CI), while categori-
cal outcomes are reported as risk ratios (RR). A p value <0.05 was 
considered statistically significant. Heterogeneity was assessed 
with the I 2  test. For outcome data with evidence of low heteroge-
neity (I 2   ≤ 30%), a fixed-effect model was used; for outcome data 
with evidence of significant heterogeneity (I 2  >30%), a random-
effect model was selected  [15] . Subgroup analysis was performed 
according to the data of conventional or subcostal TAP blocks. 
Statistical analyses were performed with Review Manager 5.1 
(Nordic Cochrane Center, Cochrane Collaboration, Copenhagen, 
Denmark).

  Results 

 Characteristics of Included Trials 
 A total of 77 articles were relevant to the search terms, 

and 15 studies were potentially eligible for inclusion. Af-
ter reading the full-text articles, 7 studies  [17–23]  cover-
ing 355 participants were finally included into this re-
view. The flow diagram for the selection is shown in  fig-
ure 1 .

  The characteristics of the included studies are shown 
in  table 1 . Of the 7 included studies, all were randomized 
controlled trials comparing perioperative ultrasound-
guided TAP blocks with a control group. Six trials applied 

conventional TAP block techniques and 3 trials used sub-
costal TAP block. One study performed the TAP block 
before extubation, while the other 6 studies applied it af-
ter induction.

  Risk assessment as recommended in the Cochrane 
Handbook is listed in  table 2 . Six included studies clearly 
reported the methods of randomization  [17–21, 23]  and 
3 detailed the methods of double blinding  [17–21, 23] . 
Because of the small number of trials included, funnel 
plots for publication bias could not be reliably examined.

  Clinical Outcomes 
 The main outcomes of pain intensity at rest and on 

movement at 6 different time points after surgery are re-
ported in  table 3 . At all time points, significantly lower 
pain scores were reported by patients receiving TAP 
blocks compared with those receiving conventional treat-
ment, except for the data at postoperative 6 h. The MD rest  
decreased from –2.19 (95% CI: –3.46 to –0.91, p = 0.0008, 
I 2  = 95%) at postoperative 0 h ( fig. 2 ) to –0.49 (95% CI: 
–0.95 to –0.03, p = 0.04, I 2  = 79%) at postoperative 24 h. 
The MD movement  decreased from –2.67 (95% CI: –3.86 to 
–1.48, p < 0.0001, I 2  = 92%) at postoperative 0 h ( fig. 3 ) to 
–0.72 (95% CI: –1.32 to –0.13, p = 0.02, I 2  = 83%) at post-
operative 24 h.

  All included studies reported data about opioid re-
quirements  [15–21] . Compared with patients in the con-
trol group, intraoperative fentanyl consumption (MD = 
–27.85 μg, 95% CI: –44.91 to –10.79, p = 0.001, I 2  = 96%), 
morphine consumption in the recovery room (MD = 
–1.57 mg, 95% CI: –3.0 to –0.14, p = 0.03, I 2  = 91%;  fig. 4 ), 
and morphine consumption during 0–24 h after surgery 
(MD = –9.16 mg, 95% CI: –14.09 to –4.24, p = 0.0003,
I 2  = 59%) were significantly reduced in patients receiving 
TAP blocks. Additionally, there were fewer patients who 

 Table 2.  Risk of bias of included trials

First author [Ref.], year Random
sequence
generation
(selection bias)

Allocation
concealment
(selection bias)

Blinding of 
participants and
personnel
(performance bias)

Blinding of 
outcome
assessment
(detection bias)

Incomplete 
outcome data 
(attrition bias)

Selective
reporting
(reporting bias)

Bhatia [17], 2014 Low Low Unclear Low Low Low
Kokulu [18], 2014 Low Low Unclear Unclear Unclear Low
Shin [19], 2014 Low Low Low Low Low Low
Chen [20], 2013 Low Low Unclear Unclear Low Low
Petersen [21], 2012 Low Low Low Low Low Low
Ra [22], 2010 Unclear Unclear Low Low Unclear Unclear
El-Dawlatly [23], 2009 Low Low Low Unclear Unclear Low
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needed analgesics in the recovery room when receiving 
TAP blocks (RR = 0.35, 95% CI: 0.20 to 0.62, p = 0.0003, 
I 2  = 43%;  fig. 5 ).

  Data reporting PONV are described in 4 trials  [15, 17–
19] . There was a lower incidence of PONV (RR = 0.48, 

95% CI: 0.28 to 0.81, p = 0.006, I 2  = 0%) in patients receiv-
ing TAP blocks compared with those in the control group 
( fig. 6 ). None of the studies reported symptoms of local 
anesthetic toxicity. 

 Table 3.  Pain intensity at rest and on movement at 6 different time points for the comparison of ultrasound-guided TAP block and
control

Time points after surgery 
[Ref.]

Status Patients, n Estimated benefit, WMD
(95% CI)

p value I2 test, %

0 h [17, 19, 21] At rest 179   –2.19 (–3.46, –0.91) 0.0008 95
On movement 179 –2.67 (–3.86, –1.48) <0.0001 92

2 h [17, 21] At rest 134 –1.36 (–2.37, –0.36) 0.008 72
On movement 134 –1.96 (–2.62, –1.30) <0.00001 0

4 h [17, 21] At rest 134 –0.90 (–1.48, –0.31) 0.003 46
On movement 134 –1.06 (–1.82, –0.30) 0.006 53

6 h [17, 19, 21] At rest 179 –0.47 (–1.18, 0.24) 0.20 92
On movement 179 –0.69 (–1.52, 0.14) 0.10 91

8 h [17, 21] At rest 134 –0.64 (–1.19, –0.09) 0.02 30
On movement 134 –1.23 (–1.95, –0.51) 0.0008 28

24 h [17, 19, 21] At rest 179 –0.49 (–0.95, –0.03) 0.04 79
On movement 179 –0.72 (–1.32, –0.13) 0.02 83

 Pain intensity was scored with a visual analog scale or verbal rating scale, where 0 = no pain and 10 = the most severe pain imagin-
able. WMD = Weighted mean difference.

Study or subgroup TAP block Control Weight, 
%

MD
IV, random (95% CI)

MD
IV, random, 95% CI

mean SD total mean SD total

TAP block vs. control
Bhatia [17], 2014 1.2 1.1 20 2.35 1.3 10 19.5 –1.15 (–2.09, –0.21)
Petersen [21], 2012 1.81 2.05 37 3.25 3.08 37 18.3 –1.44 (–2.63, –0.25)
Shin [19], 2014 4.3 0.5 15 6.6 0.5 8 21.3 –2.30 (–2.73, –1.87)
Subtotal (95% CI) 72 55 59.1 –1.74 (–2.55, –0.92)
Heterogeneity: Tau2 = 0.34; χ2 = 5.84; d.f. = 2 (p = 0.05); I2 = 66%
Test for overall effect: Z = 4.18 (p < 0.0001)

Subcostal TAP block vs. control
Bhatia [17], 2014 0.85 0.87 20 2.35 1.3 10 19.7 –1.50 (–2.39, –0.61)
Shin [19], 2014 2.3 0.5 15 6.6 0.5 7 21.2 –4.30 (–4.75, –3.85)
Subtotal (95% CI) 35 17 40.9 –2.93 (–5.67, –0.18)
Heterogeneity: Tau2 = 3.79; χ2 = 30.24; d.f. = 1 (p < 0.00001); I2 = 97%
Test for overall effect: Z = 2.09 (p = 0.04)

Total (95% CI) 107 72 100 –2.19 (–3.46, –0.91)
Heterogeneity: Tau2 = 1.95; χ2 = 73.18; d.f. = 4 (p < 0.00001); I2 = 95%
Test for overall effect: Z = 3.35 (p = 0.0008)
Test for subgroup differences: χ2 = 0.66; d.f. = 1 (p = 0.42); I2 = 0%

–10 –5 0 5
Favors TAP block Favors control

10

  Fig. 2.  TAP block vs. control for LC: pain intensity at rest at 0 h after operation. Pain intensity was scored with a visual analog scale or 
a verbal rating scale, where 0 = no pain and 10 = the most severe pain imaginable. IV = Inverse variance. 
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  Fig. 3.  TAP block vs. control for LC: pain intensity on movement at 0 h after operation. Pain intensity was scored with a visual analog 
scale or verbal rating scale, where 0 = no pain and 10 = the most severe pain imaginable. IV = Inverse variance. 

Study or subgroup TAP block Control Weight, 
%

MD
IV, random (95% CI)

MD
IV, random, 95% CI

mean SD total mean SD total

TAP block vs. control
Bhatia [17], 2014 2 1.4 20 3.4 1.5 10 18.8 –1.40 (–2.51, –0.29)
Petersen [21], 2012 1.86 2.13 37 3.99 3.12 37 18.3 –2.13 (–3.35, –0.91)
Shin [19], 2014 4.7 0.6 15 7.5 0.5 8 21.8 –2.80 (–3.26, –2.34)
Subtotal (95% CI) 72 55 58.9 –2.23 (–3.11, –1.34)
Heterogeneity: Tau2 = 0.39; χ2 = 5.68; d.f. = 2 (p = 0.06); I2 = 65%
Test for overall effect: Z = 4.93 (p < 0.00001)

Subcostal TAP block vs. control
Bhatia [17], 2014 1.3 1 20 3.4 1.5 10 19.3 –2.10 (–3.13, –1.07)
Shin [19], 2014 2.9 0.6 15 7.5 0.5 7 21.8 –4.60 (–5.08, –4.12)
Subtotal (95% CI) 35 17 41.1 –3.39 (–5.84, –0.94)
Heterogeneity: Tau2 = 2.96; χ2 = 18.67; d.f. = 1 (p < 0.00001); I2 = 95%
Test for overall effect: Z = 2.72 (p = 0.007)

Total (95% CI) 107 72 100 –2.67 (3.86, –1.48)
Heterogeneity: Tau2 = 1.64; χ2 = 52.78; d.f. = 4 (p < 0.00001); I2 = 92%
Test for overall effect: Z = 4.39 (p < 0.0001)
Test for subgroup differences: χ2 = 0.77; d.f. = 1 (p = 0.38); I2 = 0%

–10 –5 0 5
Favors TAP block Favors control

10

  Fig. 4.  TAP block vs. control for LC: morphine consumption in the recovery room. IV = Inverse variance. 

Study or subgroup TAP block Control Weight, 
%

MD
IV, random (95% CI)

MD
IV, random, 95% CI

mean SD total mean SD total

TAP block vs. control
El-Dawlatly [23], 2009 0.9 0.7 21 2.3 1 21 27.4 –1.40 (–1.92, –0.88)
Petersen [21], 2012 5 2.5 37 7.5 2.5 37 24.1 –2.50 (–3.64, –1.36)
Shin [19], 2014 1 1.58 5 4.17 3.74 5 10.3 –3.17 (–6.73, 0.39)
Subtotal (95% CI) 63 63 61.7 –1.89 (–2.83, –0.96)
Heterogeneity: Tau2 = 0.32; χ2 = 3.70; d.f. = 2 (p = 0.16); I2 = 46%
Test for overall effect: Z = 3.97 (p < 0.0001)

Subcostal TAP block vs. control
Chen [20], 2013 0.4 1 20 0 0.01 20 27.7 0.40 (–0.04, 0.84)
Shin [19], 2014 0.67 1.14 4 4.17 3.74 5 10.6 –3.50 (–6.96, –0.04)
Subtotal (95% CI) 24 25 38.3 –1.16 (–4.90, 2.59)
Heterogeneity: Tau2 = 6.02; χ2 = 4.79; d.f. = 1 (p = 0.03); I2 = 79%
Test for overall effect: Z = 0.61 (p = 0.54)

Total (95% CI) 87 88 100 –1.57 (–3.00, –0.14)
Heterogeneity: Tau2 = 1.87; χ2 = 44.35; d.f. = 4 (p < 0.00001); I2 = 91%
Test for overall effect: Z = 2.16 (p = 0.03)
Test for subgroup differences: χ2 = 0.14; d.f. = 1 (p = 0.71); I2 = 0%

–10 –5 0 5
Favors TAP block Favors control

10
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  Discussion 

 This meta-analysis revealed that ultrasound-guided 
TAP blocks lead to lower postoperative pain intensity at 
rest and on movement up to 24 h postoperatively for pa-
tients undergoing LC. Intra- and postoperative opioid 
consumption were also significantly reduced. Further-
more, it was shown that there was a significant reduction 
in PONV when a TAP block was performed. None of the 

included studies reported on complications related to 
TAP block.

  Pain after LC and Ultrasound-Guided TAP Block 
 Pain is most severe during the first 24 h postopera-

tively in patients who undergo LC, and the port sites are 
the most painful regions  [24] . Pain after LC consists 
mainly of two parts: visceral pain due to the trauma of 
gallbladder resection and parietal pain caused by skin in-

Study or subgroup  TAP block Control Weight
%

RR
M-H, random
(95% CI)

RR
M-H, random, 95% CI

even ts total events total

Ketorolac use
Ra [22], 2010 8 36 17 18 35.3 0.24 (0.13, 0.44)
Shin [19], 2014 8 30 7 15 27.4 0.57 (0.26, 1.28)
Subtotal (95% CI) 66 33 62.6 0.35 (0.15, 0.84)
Total events 16 24
Heterogeneity: Tau2 = 0.26; χ2 = 2.94; d.f. = 1 (p = 0.09); I2 = 66%
Test for overall effect: Z = 2.35 (p = 0.02)

Fentanyl use
Ra [22], 2010 0 36 4 18 3.6 0.06 (0.00, 1.01)
Shin [19], 2014 9 30 10 15 33.8 0.45 (0.23, 0.86)
Subtotal (95% CI) 66 33 37.4 0.24 (0.03, 1.88)
Total events 9 14
Heterogeneity: Tau2 = 1.48; χ2 = 2.32; d.f. = 1 (p = 0.13); I2 = 57%
Test for overall effect: Z = 1.36 (p = 0.17)

Total (95% CI) 132 66 100.0 0.35 (0.20, 0.62)
Total events 25 38
Heterogeneity: Tau2 = 0.13; χ2 = 5.22; d.f. = 3 (p = 0.16); I2 = 43%
Test for overall effect: Z = 3.62 (p = 0.0003)
Test for subgroup differences: χ2 = 0.12; d.f. = 1 (p = 0.73); I2 = 0%

0.001 0.1 1 10
Favors TAP block Favors control

1,000

Study or subgroup  TAP block Control Weight,
%

RR
M-H, fixed
(95% CI)

RR
M-H, fixed, 95% CI

even ts total events total

Bhatia [17], 2014 5 40 5 20 20.8 0.50 (0.16, 1.53)
Chen [20], 2013 2 20 7 20 21.9 0.29 (0.07, 1.21)
Petersen [21], 2012 8 37 13 37 40.6 0.62 (0.29, 1.31)
Shin [19], 2014 3 30 4 15 16.7 0.38 (0.10, 1.46)

Total (95% CI) 127 92 100 0.48 (0.28, 0.81)
Total events 18 29
Heterogeneity: χ2 = 1.05; d.f. = 3 (p = 0.79); I2 = 0%
Test for overall effect: Z = 2.74 (p = 0.006)

0.05 0.2 1 5
Favors TAP block Favors control
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  Fig. 5.  TAP block vs. control for LC: analgesic use in the recovery room. M-H = Mantel-Haenszel. 

  Fig. 6.  TAP block vs. control for LC: PONV. M-H = Mantel-Haenszel. 
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cision. Bisgaard et al.  [25]  reported that incisional pain 
dominated in incidence and intensity compared with vis-
ceral pain after LC. Therefore, analgesic studies should 
focus on reduction of incisional pain to optimize the post-
operative pain control in these patients.

  The TAP block, a regional anesthetic technique that 
blocks abdominal wall somatic afferent nerves, may play 
an important role in multimodal pain therapy. The blind 
technique based on an anatomical landmark may cause 
inappropriate block and even injury to the abdominal vis-
cera such as intestinal puncture and liver injury  [26, 27] . 
In recent years, there has been growing interest in the 
clinical use of ultrasound which can provide visualization 
and improve accuracy. Thus, the quality of nerve block-
ade can be enhanced with the guidance of ultrasound. In 
this meta-analysis, all included studies performed ultra-
sound-guided TAP blocks, which could help to reduce 
the possible bias caused by the differences between ultra-
sound and landmark approaches.

  The conventional method of ultrasound-guided TAP 
block is the posterior approach. Recently, the subcostal 
TAP block has been reported to provide effective analge-
sia for upper abdominal incisions  [28] . Studies showed 
that the subcostal technique can provide sensory block of 
the T7 to T12 nerves while the TAP block involves the 
T10 to L1 nerves  [29, 30] . Thus, the subcostal TAP block 
could provide better analgesia for surgery on the upper 
abdominal wall. As only 2 studies in this meta-analysis 
compared the effects of subcostal TAP block with those 
of posterior TAP block, the evidence supporting the su-
periority of the subcostal approach is limited.

  Local anesthetic infiltration of trocar insertion sites, 
which is a common practice for LC, had been shown to 
decrease postoperative pain and opioid requirements 
 [31] . It is worthwhile to compare the analgesic effects of 
TAP block with those of local port infiltration for patients 
undergoing LC. However, only 2 published studies fo-
cused on this comparison, and the results were inconclu-
sive  [32, 33] . Therefore, more studies are needed to inves-
tigate the superiority of the TAP block or local port infil-
tration.

  Analgesic Effects and Opioid-Related Side Effects 
 The most important finding of the current meta-anal-

ysis was the significant effect of TAP block on postop-
erative pain outcomes for LC, including reduced pain in-
tensity and opioid consumption. Consequently, opioid-
related side effects such as PONV can be prevented. To 
the best of our knowledge, this is the first study that spe-
cifically focused on the efficacy of TAP block for LC pro-

cedures rather than previous analyses that evaluated the 
effect of the TAP block on abdominal surgery  [7–11]  or 
Cesarean delivery  [34, 35] . The current data showed that 
pain scores both at rest and on movement were reduced 
up to postoperative 24 h in patients receiving TAP blocks 
compared with those receiving conventional treatment, 
except for the data at postoperative 6 h. However, sig-
nificant heterogeneity was found in most findings re-
garding pain outcomes, suggesting that these results still 
need to be treated with caution. The study of Bhatia et al. 
 [17]  performed TAP block postoperatively while the oth-
er studies had the block performed preoperatively, which 
may have contributed to the heterogeneity. 

  Local Anesthetic Toxicity 
 It had been reported that the effect of TAP block lasted 

up to 48 h postoperatively, which might be due to the slow 
clearance of local anesthetics injected into the neurovas-
cular plane of the abdominal wall where relatively fewer 
blood vessels are located  [36, 37] . As a result, the risk of 
systemic local anesthetic toxicity caused by TAP block 
can be reduced compared with other peripheral nerve 
block procedures. However, mild neurological symptoms 
associated with higher plasma local anesthetic concentra-
tions cannot be detected under general anesthesia. Re-
cently, there was a report  [38]  about convulsions in 2 pa-
tients after bilateral ultrasound-guided TAP blocks for 
Cesarean analgesia, indicating that the risk of systemic 
toxicity after this procedure remains unknown in specific 
populations. Therefore, safety concerns should not be a 
major barrier to performing TAP blocks for various sur-
gical procedures as long as optimized local anesthetic 
dose regimens are selected.

  Limitations 
 There were several limitations to this meta-analysis. 

First, only a small number of studies were included, and 
the sample sizes were relatively small. Second, the local 
anesthetics used in the TAP blocks varied, and the recom-
mended doses and volumes of local anesthetics are not yet 
established. Third, the calculations of morphine equiva-
lents may have introduced bias. Fourth, although the type 
of surgical procedure was limited in LC, significant het-
erogeneities were observed in some analyses, including 
pain intensity and morphine-equivalent consumption; 
therefore, these results must be evaluated with caution. 
Fifth, because of the small number of trials included, fun-
nel plots for publication bias could not be reliably exam-
ined. Finally, there is a lack of long-term data to evaluate 
the effects of the TAP blocks on clinical outcomes such as 
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chronic pain. In the future, the optimal dose and concen-
tration of injected local anesthetics need to be investigat-
ed in larger outcome studies.

  Conclusions 

 In this meta-analysis it was shown that ultrasound-
guided TAP block can lead to superior analgesia, signifi-
cant opioid sparing, and less opioid-related side effects in 
patients undergoing LC compared with those receiving 

conventional treatment alone. Ultrasound-guided TAP 
block may have an important role in multimodal pain 
therapy. More studies are required to investigate the op-
timal dose and concentration of injected local anesthetics 
and long-term outcomes in these patients.
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