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INTRODUCTION

Laparoscopic cholecystectomy, one of the most 
common surgical endoscopic interventions today, is 
associated with lesser intensity of incision‑related 
pain than its ‘open’ variant counterpart. However, 
it may result in surgical stress‑induced major 
post‑operative patient discomfort. Pain after 
laparoscopic cholecystectomy arises from laparoscopy 
port sites, carboperitoneum‑induced abdominal 
stretch, and hepatic bed disturbances due to 
cholecystectomy. Adequate post‑operative analgesia 
is likely to contain stress response following surgery, 
decrease post‑operative morbidity, and facilitate 
improved surgical outcome.[1] Not surprisingly, pain 

and duration of convalescence are the two substantial 
concerns after laparoscopic cholecystectomy.

Numerous modalities have been used to alleviate 
pain after laparoscopic cholecystectomy, which 
include non‑steroidal anti‑inflammatory drugs 
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Background and Aims: Transversus abdominis plane (TAP) block is a popular technique for 
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compared to bupivacaine. However, both the drugs are similar in terms of 24 h cumulative rescue 
analgesic requirement.
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(parecoxib/valdecoxib, ketoprofen, paracetamol), 
opioids (intravenous [IV] patient‑controlled analgesia), 
local anaesthetic (LA) infiltration (before and/or after 
pneumoperitoneum), thoracic epidural block and 
multi‑modal analgesia.[2] Transversus abdominis 
plane (TAP) block inhibits abdominal neural afferents 
by introducing LA into the neurofascial plane between 
the internal oblique and transversus abdominis 
muscles. With the widespread availability of 
ultrasound guidance for more accurate localisation of 
TAP (than the ‘blind’ technique), the TAP block is now 
established as an important technique for reduction of 
post‑operative pain following abdominal surgery.[3]

Various LA agents have been utilised for post‑operative 
analgesia with ultrasound‑guided TAP block.[1,3,4] 
Although ropivacaine  (S‑enantiomer of bupivacaine) 
and bupivacaine (long‑acting amide‑linked LA) share 
a similar pKa and plasma protein binding property 
and are commonly used as LA agent for the TAP block, 
they have never been compared for their relative 
effectiveness and efficacy. We investigated whether 
ropivacaine with its inherent advantages (anaesthetic 
potency, long duration of action, favourable toxicity 
profile) is superior to bupivacaine for providing 
post‑operative analgesia when used for TAP block 
in patients undergoing laparoscopic cholecystectomy.

METHODS

After the Institutional Ethics Committee approval and 
written informed consent, sixty American Society 
of Anesthesiologists Physical Status I/II patients of 
either sex, aged 18–65  years, scheduled to undergo 
4‑port laparoscopic cholecystectomy were enrolled 
in this trial. Patients with a history of LA allergy, 
psychiatric illness, substance abuse, opioid tolerance, 
any uncompensated systemic illness  (cardiovascular, 
respiratory, metabolic, neurologic and endocrine) and 
pregnant women were excluded from the study. The 
patients were randomly allocated  (computer‑coded 
sealed envelopes) to receive TAP block with either 
bupivacaine or ropivacaine containing solution.

The sample size was estimated based on mean 24 h 
morphine consumption (mg) from a previous study[3] 
where it was found that mean difference in morphine 
consumption in groups (standard and TAP group) was 
22 mg with standard deviation (SD) of 18.5. In another 
study comparing bupivacaine and ropivacaine,[5] 
a sample size calculation was done so that a mean 
difference between groups in visual analogue 

scale (VAS) of 20 mm, with reduced pain scores in the 
bupivacaine group in comparison to the ropivacaine 
group, would permit a type 1 error rate of one‑tailed 
α = 0.05, and with the alternate hypothesis, the null 
hypothesis would be retained with a type II error of 
β = 0.20. The sizes came to 19 each, but we opted for 
30 in each group to accommodate a bigger number and 
consider some dropouts.

Patients were randomly allocated into two groups, 
one group to undergo ultrasound‑guided TAP block 
with 0.25% bupivacaine  (plain)  (Group I, n  =  30) 
and other group to undergo ultrasound‑guided TAP 
block with 0.375% ropivacaine  (plain)  (Group II, 
n = 30) [Figure 1].

Following a comprehensive pre‑anaesthetic evaluation, 
all the patients were explained about verbal rating 
scale (VRS) for pain (0 ‑ no pain, 10 ‑ worst imaginable 
pain) and categorical scoring system  (CSS) for 
nausea (0 ‑ none, 1 ‑ mild, 2 ‑ moderate and 3 ‑ severe) 
in their own vernacular language. They were electively 
fasted 8 h pre‑operatively and were pre‑medicated 
with oral ranitidine 150 mg and alprazolam 0.25 mg 
in the evening before and morning before the surgery.

In the operating room, routine monitoring was 
applied and venous access was secured. Following 
pre‑oxygenation, the patients received IV fentanyl 
(2 µg/kg). Anaesthesia was induced with IV 
thiopentone sodium 5 mg/kg. Vecuronium bromide 
(0.1 mg/kg) IV was utilised to facilitate tracheal 
intubation. Anaesthesia was maintained with nitrous 
oxide  (60%) and isoflurane  (0.5–1%) in oxygen. 
The intra‑abdominal pressures were maintained at 
12 mm Hg in both the groups throughout the procedure.

At the end of the surgery, after ensuring full asepsis, 
ultrasound‑guided TAP block was administered using 
a mid‑axillary approach, under real‑time guidance 
with a high‑frequency  (5–10 MHz) ultrasound 
probe  (Micromaxx™ Sonosite, Inc., Bothell, WA 
98021, USA). After confirming negative aspiration of 
blood, 20 ml of 0.25% plain bupivacaine or 0.375% 
plain ropivacaine was administered on each side as 
per the randomisation.

The anaesthesiologist who administered the TAP 
block and the investigator who assessed its outcome 
were blinded to the drug used. Thereafter, the residual 
neuromuscular block was antagonised by IV neostigmine 
and glycopyrrolate. Trachea was extubated once the 
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patients were wide awake. The patients were shifted to 
post‑anaesthesia care unit  (PACU). They were moved 
to the step‑down ward after ensuring adequacy of pain 
relief  (VRS <4) and absence of any overt side effects 
such as post‑operative nausea vomiting  (PONV). In 
PACU, the patients were monitored for vital parameters, 
pain (VRS score) and PONV (CSS) at 10 min, 30 min, 
1 h, 4 h, 8 h, 12 h and 24 h. Rescue analgesic 
(diclofenac sodium: 75 mg IV diluted and given 
slowly if VRS score ≥4) and antiemetic (ondansetron: 
0.1 mg/kg IV) were administered as appropriate. Total 
rescue drugs  (analgesic, antiemetic) were noted at 
the end of the observation period. At all time‑points, 
patients were monitored for any signs of LA toxicity, 
and the sites of injection of the TAP block were also 
inspected to detect haematomas or local infections. The 
dataset recorded in the respective case report forms of 
the study participants were decoded and analysed after 
the end of the study.

The statistical analysis was carried out using 
Statistical Package for Social Sciences  (SPSS Inc., 

Chicago, IL, USA version  15.0 for Windows). 
All quantitative variables were estimated using 
measures of central location  (mean, median) and 
dispersion (SD). Normality of data was measured by 
Kolmogorov–Smirnov tests of normality. For normally 
distributed data, means were compared using 
Student’s t‑test. Qualitative or categorical variables 
were represented as frequencies and proportions. 
Proportions were compared using Chi‑square or 
Fisher’s exact test whichever was applicable. VRS 
scores, total rescue analgesic and rescue antiemetic 
used over  24 h and time‑to‑first analgesic and 
antiemetic used were compared using Mann–Whitney 
test. All statistical tests were two‑sided and performed 
at a significance level of α = 0.05.

RESULTS

All the sixty enrolled patients completed the study. 
There was no difference in the demographic data 
(age, gender, body weight and height) and duration of 
surgery in the two groups [Figure 2].

Assessed for eligibility (n = 60)

Excluded (n = 0)
Not meeting inclusion criteria (n = 0)

Declined to participate (n = 0)
Other reasons (n = 0)

Randomised (n = 60)

Allocation

Allocated to 0.25% bupivacaine (n = 30)
Received allocation intervention (n = 30)

Did not received allocated intervention (n = 0)

Allocated to 0.375% ropivacaine (n = 30)
Received allocation intervention (n = 30)

Did not received allocated intervention (n = 0)

Follow-up

Analysis

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analysed (n = 30)
Excluded from analysis (n = 0)

Analysed (n = 30)
Excluded from analysis (n = 0)

Figure 1: Consort flowchart
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The pain scores were significantly lower at 10 min, 
30  min and 1 h post‑operatively in Group II as 
compared to Group I  [Table  1]. Twenty‑four out 
of 30 patients in Group I and 22 out of 30 patients 
in Group II required rescue analgesic in 24 h 
[Figure  3]. Out of these patients requiring rescue 
analgesic, the median cumulative diclofenac 
consumption in 24 h post‑operative period was 
comparable  (median  [interquartile range  (IQR)]) 
(75.00 [75.00–75.00] in Group I vs. 75.00 [75.00–93.75] 
in Group II, P  =  0.366) [Table  2]. The two groups 
were also comparable for time‑to‑first analgesic 
requirement  (median  [IQR])  (4.00  [3.00–7.25] h in 
Group I vs. 5.65 [4.00–9.00] h in Group II, P = 0.145).

No complications such as LA toxicity, liver trauma, 
local infection or haematoma were seen in any of the 
two groups.

DISCUSSION

The present study showed that when administered 
via ultrasound‑guided TAP block, the plain solution 
of ropivacaine  (0.375%) provides more effective 
pain relief in the immediate post‑operative period 
as compared to bupivacaine  (0.25%). The findings 
are in sync with the previous studies, which found 
ropivacaine to be more effective than bupivacaine when 
administered through various routes.[6,7] However, the 
results also highlighted that after a time interval of 1 h, 
the quality of pain relief is comparable irrespective of 
the LA agent used. The related analgesia index, i.e. the 
time‑to‑first analgesic was also equivocal for the two 
groups. Interestingly, the choice of LA agent used did 
not have any bearing on PONV parameters, including 

cumulative antiemetic use and time‑to‑first rescue 
antiemetic.

Pain following laparoscopic cholecystectomy may be 
substantial enough to delay the ambulation and hence 
nullify the early discharge objective of outpatient 
anaesthesia. To this effect, a number of modalities 
have been utilised to provide adequate post‑operative 
pain relief.[2,8‑13] TAP block is a regional analgesic 
technique, wherein effective pain relief is achieved by 
blocking the nerves of the abdominal wall (intercostal 
nerves:T7-T12 and ilioinguinal and iliohypogastric 
nerves: L1), which traverse the intervening plane 
between the internal oblique and transversus 
abdominis muscles.[14] Thus, even though gall bladder 
is a supra‑umbilical organ, 4‑port laparoscopic 

Figure 2: Demographic profile

Figure 3: Number of patients requiring analgesics in the two groups

Table 1: Post‑operative pain scores 
(median (interquartile range))

Time Median (IQR) P
Group I (TAP block 
with bupivacaine)

Group II (TAP block 
with ropivacaine)

10 min 0.00 (0.00-0.00) 0.00 (0.00-0.00) 0.044
30 min 1.00 (0.00-1.00) 0.00 (0.00-0.00) 0.003
1h 1.50 (0.75-2.25) 0.00 (0.00-2.00) 0.020
4 h 2.00 (1.00-5.00) 2.00 (1.00-4.00) 0.441
8 h 2.00 (1.00-2.00) 2.00 (1.00-4.25) 0.164
12 h 1.50 (1.00-2.00) 2.00 (1.00-2.00) 0.803
24 h 1.00 (1.00-2.00) 1.00 (1.00-2.00) 1.000
IQR – Interquartile range; TAP – Transversus abdominis plane

Table 2: Cumulative diclofenac consumption
Group Cumulative diclofenac 

consumption (in mg) 
in 24 h median (IQR)

Group I (TAP block with bupivacaine) 75.00 (75.00-75.00)
Group II (TAP block with ropivacaine) 75.00 (75.00-93.75)
P=0.366, i.e. statistically non‑significant (P>0.05). IQR – Interquartile range; 
TAP – Transversus abdominis plane
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cholecystectomy involves the use of infra‑umbilical 
ports also and the pain caused by abdominal 
distension as a result of pneumoperitoneum is taken 
care of by the TAP block. The use of ultrasound has 
virtually surpassed the limitations of the conventional 
blind technique of anatomical landmark facilitated 
approach by providing direct visualisation of the 
target plane.[3,15] TAP block has also been used as an 
effective analgesic modality for abdominal surgeries in 
patients with compromised cardiac status. In a study 
done in a high‑risk patient with gall bladder rupture 
and gallstone ileus, with multiple co‑existing diseases, 
TAP block has been effectively used for an emergency 
laparotomy.[16]

Although bupivacaine and ropivacaine have been 
compared previously in different concentrations, in 
context of different surgical procedures,[6,7,17,18] there 
has been a dearth of evidence for the comparison 
of these LA agents when used in TAP block for 
laparoscopic cholecystectomy. The present study 
was designed to compare the amide LA agents for 
their relative efficacy in providing post‑operative 
pain relief when administered for TAP block. There 
have been studies comparing the potency of 0.5% 
bupivacaine and 0.75% of ropivacaine in other 
blocks.[19‑21] These studies have demonstrated a similar 
efficacy of ropivacaine and bupivacaine when used 
in above‑mentioned concentrations. We, therefore, 
presumed that using half concentration of the test 
drugs, i.e. 0.25% bupivacaine and 0.375% ropivacaine, 
would also be equipotent. In a study involving rats, it 
has been seen that ropivacaine, at equipotent doses of 
bupivacaine, has lesser toxicity profile and is a safer 
drug.[22] The volume of LA to be deposited was derived 
from previous TAP block studies.[1,3,23,24]

There are studies with conflicting evidence which 
reports higher pain scores in patients receiving 
TAP block with either bupivacaine (0.25–0.5%) or 
ropivacaine (0.375–0.75%) for various non‑laparoscopic 
abdominal/gynaecological surgeries.[3,25‑27] Statistically 
significant reduction in post‑operative opioid 
consumption has been reported in patients who 
received TAP block with 0.25% bupivacaine,[28] but 
the total consumption of rescue analgesic (diclofenac) 
in the present study is perceptibly lower. Although 
diclofenac sodium was utilised as a rescue analgesic 
in our study as compared to opioids agents in 
other studies, the lower post‑operative analgesic 
requirements in our study is consistent with the results 
of various other studies where similar reduction in the 

requirement of rescue analgesic was seen following 
application of TAP block.[15,25‑28]

A meta‑analysis published on TAP block used 
for various abdominal surgeries has also reported 
statistically significant reduction in post‑operative 
opioid consumption at 6 h and 24 h, respectively 
which is independent of the timing of injection or 
block approach adopted.[29]

Another study[14] reported reduced post‑operative 
pain scores and rescue analgesic requirement 
in laparoscopic cholecystectomy patients who 
received TAP block with varying concentration of 
levobupivacaine (0.25–0.5%). In another clinical study 
done in non‑laparoscopic gynaecological surgeries,[26] 
0.375% ropivacaine was used for TAP block and the 
reported pain scores were lower when compared for 
the patients who did not receive TAP block; higher VAS 
scores were observed when 0.75% of ropivacaine was 
used in TAP block, attributed to different pain profile 
in the ‘open’ large incision used for the surgery. In the 
present study, patients in the bupivacaine group had 
a higher incidence of PONV in the first post‑operative 
hour as compared to ropivacaine group. A correlation 
between higher 1st h pain scores in the bupivacaine 
group and higher PONV incidence cannot be ruled 
out. Interestingly, the PONV scores were comparable 
when the pain scores were comparatively lower in 
either of the study groups.

The present study has certain limitations. The pain 
scores at movement have not been taken into account 
despite the fact that laparoscopic surgeries are aimed to 
facilitate early ambulation. The serum concentrations 
of the drugs administered in the TAP were not 
estimated. Evaluation of sensory block level was not 
undertaken, for they were performed in anaesthetised 
patients.

The conclusions of this study are based upon the TAP 
block given at the end of surgery, but it is difficult to 
conclude whether the outcome would have been same 
if the TAP block is given before the start of surgery; 
hence, further studies are required to prove the same.

CONCLUSION

In patients undergoing laparoscopic cholecystectomy, 
the ultrasound‑guided deposition of ropivacaine 
0.375% in the TAP provided superior analgesia in 
the early post‑operative period in comparison to 
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bupivacaine 0.25%. However, both the drugs may be 
considered to be at par for analgesia for the later part 
of the post‑operative period.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.	 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 
controlled trial. Anesth Analg 2007;104:193‑7.

2.	 Michaloliakou C, Chung F, Sharma S. Preoperative multimodal 
analgesia facilitates recovery after ambulatory laparoscopic 
cholecystectomy. Anesth Analg 1996;82:44‑51.

3.	 Niraj G, Searle A, Mathews M, Misra V, Baban M, Kiani S, et al. 
Analgesic efficacy of ultrasound‑guided transversus abdominis 
plane block in patients undergoing open appendicectomy. Br J 
Anaesth 2009;103:601‑5.

4.	 McDonnell JG, Curley G, Carney J, Benton A, Costello J, 
Maharaj CH, et  al. The analgesic efficacy of transversus 
abdominis plane block after cesarean delivery: A randomized 
controlled trial. Anesth Analg 2008;106:186‑91.

5.	 Pouzeratte Y, Delay JM, Brunat G, Boccara G, Vergne C, Jaber S, 
et  al. Patient‑controlled epidural analgesia after abdominal 
surgery: Ropivacaine versus bupivacaine. Anesth Analg 
2001;93:1587‑92.

6.	 Sinardi D, Marino A, Chillemi S, Siliotti R, Mondello E. Sciatic 
nerve block with lateral popliteal approach for hallux vagus 
correction. Comparison between 0.5% bupivacaine and 0.75% 
ropivacaine. Minerva Anestesiol 2004;70:625‑9.

7.	 Marret E, Gentili M, Bonnet MP, Bonnet F. Intra‑articular 
ropivacaine 0.75% and bupivacaine 0.50% for analgesia after 
arthroscopic knee surgery: A randomized prospective study. 
Arthroscopy 2005;21:313‑6.

8.	 Maestroni U, Sortini D, Devito C, Pour Morad Kohan Brunaldi F, 
Anania G, Pavanelli L, et al. A new method of preemptive analgesia 
in laparoscopic cholecystectomy. Surg Endosc 2002;16:1336‑40.

9.	 Joshi GP, Viscusi ER, Gan TJ, Minkowitz H, Cippolle M, Schuller R, 
et al. Effective treatment of laparoscopic cholecystectomy pain 
with intravenous followed by oral COX‑2 specific inhibitor. 
Anesth Analg 2004;98:336‑42.

10.	 Boccara G, Chaumeron A, Pouzeratte Y, Mann C. The 
preoperative administration of ketoprofen improves analgesia 
after laparoscopic cholecystectomy in comparison with 
propacetamol or postoperative ketoprofen. Br J Anaesth 
2005;94:347‑51.

11.	 Sinha S, Munikrishnan V, Montgomery J, Mitchell SJ. The 
impact of patient‑controlled analgesia on laparoscopic 
cholecystectomy. Ann R Coll Surg Engl 2007;89:374‑8.

12.	 Mraovic B, Jurisic T, Kogler‑Majeric V, Sustic A. Intraperitoneal 
bupivacaine for analgesia after laparoscopic cholecystectomy. 
Acta Anaesthesiol Scand 1997;41:193‑6.

13.	 Fujii Y, Toyooka H, Tanaka H. Efficacy of thoracic epidural 
analgesia following laparoscopic cholecystectomy. Eur J 
Anaesthesiol 1998;15:342‑4.

14.	 Ra YS, Kim CH, Lee GY, Han JI. The analgesic effect of 
the ultrasound‑guided transverse abdominis plane block 

after laparoscopic cholecystectomy. Korean J Anesthesiol 
2010;58:362‑8.

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

16.	 Patil SS, Pawar SC, Divekar V, Bakhshi RG. Transversus 
abdominis plane block for an emergency laparotomy in a 
high‑risk, elderly patient. Indian J Anaesth 2010;54:249‑54.

17.	 McGlade DP, Kalpokas MV, Mooney PH, Buckland MR, 
Vallipuram SK, Hendrata MV, et  al. Comparison of 0.5% 
ropivacaine and 0.5% bupivacaine in lumbar epidural 
anaesthesia for lower limb orthopaedic surgery. Anaesth 
Intensive Care 1997;25:262‑6.

18.	 McGlade DP, Kalpokas MV, Mooney PH, Chamley D, 
Mark AH, Torda TA. A comparison of 0.5% ropivacaine and 
0.5% bupivacaine for axillary brachial plexus anaesthesia. 
Anaesth Intensive Care 1998;26:515‑20.

19.	 Bjørnestad E, Smedvig JP, Bjerkreim T, Narverud G, 
Kollerøs D, Bergheim R. Epidural ropivacaine 7.5 mg/ml for 
elective caesarean section: A double‑blind comparison of 
efficacy and tolerability with bupivacaine 5 mg/ml. Acta 
Anaesthesiol Scand 1999;43:603‑8.

20.	 Hofmann‑Kiefer K, Herbrich C, Seebauer A, Schwender D, 
Peter K. Ropivacaine 7.5 mg/ml versus bupivacaine 5 mg/ml 
for interscalene brachial plexus block – A comparative study. 
Anaesth Intensive Care 2002;30:331‑7.

21.	 Klein SM, Greengrass RA, Steele SM, D’Ercole FJ, Speer KP, 
Gleason DH, et al. A comparison of 0.5% bupivacaine, 0.5% 
ropivacaine, and 0.75% ropivacaine for interscalene brachial 
plexus block. Anesth Analg 1998;87:1316‑9.

22.	 Dony P, Dewinde V, Vanderick B, Cuignet O, Gautier P, 
Legrand E, et  al. The comparative toxicity of ropivacaine 
and bupivacaine at equipotent doses in rats. Anesth Analg 
2000;91:1489‑92.

23.	 Belavy D, Cowlishaw PJ, Howes M, Phillips F. Ultrasound‑guided 
transversus abdominis plane block for analgesia after caesarean 
delivery. Br J Anaesth 2009;103:726‑30.

24.	 Costello JF, Moore AR, Wieczorek PM, Macarthur AJ, Balki M, 
Carvalho JC. The transversus abdominis plane block, when 
used as part of a multimodal regimen inclusive of intrathecal 
morphine, does not improve analgesia after cesarean delivery. 
Reg Anesth Pain Med 2009;34:586‑9.

25.	 Baaj JM, Alsatli RA, Majaj HA, Babay ZA, Thallaj AK. Efficacy 
of ultrasound‑guided transversus abdominis plane  (TAP) 
block for postcesarean section delivery analgesia  –  A 
double‑blind, placebo‑controlled, randomized study. Middle 
East J Anaesthesiol 2010;20:821‑6.

26.	 Carney J, McDonnell JG, Ochana A, Bhinder R, Laffey JG. 
The transversus abdominis plane block provides effective 
postoperative analgesia in patients undergoing total abdominal 
hysterectomy. Anesth Analg 2008;107:2056‑60.

27.	 Shin HJ, Kim ST, Yim KH, Lee HS, Sim JH, Shin YD. Preemptive 
analgesic efficacy of ultrasound‑guided transversus abdominis 
plane block in patients undergoing gynecologic surgery via a 
transverse lower abdominal skin incision. Korean J Anesthesiol 
2011;61:413‑8.

28.	 El‑Dawlatly AA, Turkistani A, Kettner SC, Machata AM, 
Delvi MB, Thallaj A, et  al. Ultrasound‑guided transversus 
abdominis plane block: Description of a new technique and 
comparison with conventional systemic analgesia during 
laparoscopic cholecystectomy. Br J Anaesth 2009;102:763‑7.

29.	 Baeriswyl M, Kirkham KR, Kern C, Albrecht E. The analgesic 
efficacy of ultrasound‑guided transversus abdominis plane 
block in adult patients: A  meta‑analysis. Anesth Analg 
2015;121:1640‑54.

Page no. 51


