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INTRODUCTION

The laparoscopic cholecystectomy is a minimally invasive, 
widespread surgical procedure, associated with postoperative 
pain of moderate intensity in the early postoperative period. 
The pain reaches its peak within the first few hours after sur-
gery and diminishes during the next two to three days [1-4]. 
There are several approaches to postoperative pain manage-
ment after laparoscopic cholecystectomy, such as intrave-
nous patient-controlled analgesia with opioids (IV-PCA), 
neuraxial blocks, intraperitoneal local anesthesia, and wound 

infiltration. All of these procedures are more or less effective 
and have specific side effects [5-7].

The transversus abdominis plane (TAP) block is a regional 
analgesia technique and an alternative to “classical” post-
operative analgesia methods. First described by Rafi [8] and 
McDonnell et  al. [9], this technique has undergone some 
changes over time, which increased its efficacy. Hebbard 
et al. [10] described the ultrasound-guided oblique subcostal 
transversus abdominis plane (OSTAP) block, which is used 
to provide analgesia to the upper and lower abdomen. This 
technique has a lower rate of complications due to the direct 
ultrasound visualization. Different studies confirmed the anal-
gesic efficacy of the OSTAP block and the postoperative opi-
oid sparing effect after laparoscopic cholecystectomy [11,12].

Traditionally, the TAP block is achieved with classi-
cal amino-amide local anesthetics, where bupivacaine, 
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ABSTRACT

Pethidine is a synthetic opioid with local anesthetic properties. Our goal was to evaluate the analgesic efficacy of pethidine for achieving 
the ultrasound-guided oblique subcostal transversus abdominis plane (OSTAP) block in laparoscopic cholecystectomy. This prospec-
tive, double-blind study included 79 patients of physical status I and II according to American Society of Anesthesiologists, scheduled for 
elective laparoscopic cholecystectomy. The patients were randomly allocated into three groups, depending on the drug used to achieve 
preoperative bilateral OSTAP block: 1) OSTAP-Placebo (treated with normal saline); 2) OSTAP-Bupivacaine (treated with 0.25% bupiva-
caine); and 3) OSTAP-Pethidine (treated with 1% pethidine). The efficacy of pethidine in achieving the OSTAP block was analyzed using 
visual analog scale (VAS), intraoperative opioid dose, opioid consumption in post anesthesia care unit, and opioid consumption in the 
first 24 postoperative hours. The pain scores assessed by VAS at 0, 2, 4, 6, 12, and 24 hours were significantly lower in OSTAP-Pethidine 
than in OSTAP-Placebo group (p < 0.001). The mean intraoperative opioid consumption was significantly lower in OSTAP-Pethidine 
compared to OSTAP-Placebo group (150 versus 400  mg, p < 0.001), as well as the mean opioid consumption in the first 24 hours 
(20.4 versus 78 mg, p < 0.001). Comparing VAS assessment between OSTAP-Bupivacaine and OSTAP-Pethidine groups, statistically sig-
nificant differences were observed only for the immediate postoperative pain assessment (0 hours), where lower values were observed 
in OSTAP-Pethidine group (p = 0.004). There were no statistically significant differences in the incidence of postoperative nausea and 
vomiting (p = 0.131) between the groups. The use of 1% pethidine can be an alternative to 0.25% bupivacaine in achieving OSTAP block 
for laparoscopic cholecystectomy.
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levobupivacaine, and ropivacaine are the most commonly 
used [13].

Pethidine is a synthetic opioid that binds to peripheral 
opioid receptors and it affects voltage-gated sodium chan-
nels  [14,15]. The peripheral opioid receptors are associated 
with pain in inflamed tissues [16]. Studies showed that opi-
oid antinociception was initiated by the activation of opioid 
receptors located outside the central nervous system, and that 
the analgesic effect, produced by systemically administered 
opioids, was largely mediated by the peripheral opioid recep-
tors [17-19].

The electrophysiological studies showed that the admin-
istration of 1% pethidine is followed by sensory and motor 
block produced by the action on the peripheral nerves [14]. 
Pethidine is effective in many regional anesthesia techniques, 
such as subarachnoid, epidural, intra-articular, and regional 
intravenous anesthesia [20-22].

Based on the previous findings, in this study, we evaluated 
the efficacy of 1% pethidine in achieving the OSTAP block 
after laparoscopic cholecystectomy, and compared it with the 
results obtained for 0.25% bupivacaine and placebo.

The primary outcomes of the study were pethidine con-
sumption during the first 24 hours postoperatively and VAS 
pain scores. The secondary outcomes were the intraoperative 
fentanyl consumption and the pethidine consumption in post 
anesthesia care unit (PACU), in all study groups. The duration 
of intervention, frequency of postoperative nausea and vomit-
ing, and local and systemic complications due to OSTAP were 
also registered.

MATERIALS AND METHODS

This prospective, double-blind, randomized study was 
approved by the Institutional Ethics Committee of the 
Regional Institute of Gastroenterology and Hepatology Cluj-
Napoca (2063/25.II.2015). This study was registered at www.
clinicaltrials.gov (NCT02707250).

Patients

From 81 eligible patients, 79  patients of physical status I 
and II according to American Society of Anesthesiologists 
(ASA) scheduled for elective laparoscopic cholecystectomy, 
were randomized by a computer-generated random allo-
cation sequence into three interventional groups (Figure  1). 
Written informed consent was obtained from all patients. In 
OSTAP- Placebo group, patients received general anesthesia 
and preoperative bilateral OSTAP block with 20 ml of sterile 
saline solution injected on each side. In OSTAP-Bupivacaine 
group, patients received general anesthesia and preoperative 
bilateral OSTAP block with 20 ml of 0.25% bupivacaine injected 

on each side. In OSTAP-Pethidine group, patients received 
general anesthesia and preoperative bilateral OSTAP block 
with 10 ml of 1% pethidine injected on each side. In the final 
analysis, data from 75 patients were included (Figure 1). Two 
patients refused to be included in the study, four patients were 
excluded because of the protocol violation, and in one patient 
the procedure was converted to open cholecystectomy. The 
visual analog scale (VAS) was explained to all patients before 
the surgery (i.e., how to quantify the pain intensity between 0 
[no pain] and 10 [the strongest pain imaginable]).

The exclusion criteria included patient’s refusal to partici-
pate in the study, allergy to local amino-amide anesthetics and 
pethidine, infection at the puncture site, acute cholecystitis, 
documented severe cardiovascular, renal, or liver diseases, 
neurological or psychiatric diseases, chronic pain syndrome, 
and surgery complications.

Anesthesia protocol

All patients received standard general anesthesia that 
included oral premedication with 7.5  mg of midazolam, 
60  minutes before the surgery, followed by the induction 
with 2 mcg/kg of fentanyl, 2 mg/kg of propofol, 0.6 mg/kg of 
rocuronium or 0.5 mg/kg of atracurium to facilitate tracheal 
intubation. The maintenance of anesthesia was achieved with 
volatile sevoflurane 1-2  minimum alveolar concentration 
(MAC) in oxygen and air fraction of inspired oxygen (FiO2) 
0.5. Patients were mechanically ventilated, maintaining EtCO2 
between 35-45  mmHg. In all patients, SpO2 was between 
96-100%. Intraoperative monitoring included ASA standard 
monitoring and train-of-four (TOF).

OSTAP block

After the induction and before surgery, the ultra-
sound-guided OSTAP block was performed. A  high-fre-
quency linear transducer (6-10 MHz) was used (Mindray 
DC-3 Biomedical Electronics, Shenzhen, China). The trans-
ducer was placed in a transverse orientation in the epigastric 
area, then moved along the subcostal edge to identify the 
rectus abdominis and transverse abdominis (TA) muscles. 
Once these structures were identified, a 21G x 150 mm needle 
(SonoTap cannula, PAJUNK Medizintechnologie, Germany) 
was introduced in-plane 2-3 cm lateral to the transducer under 
direct ultrasound visualization and 1-2  ml of solution was 
injected between the rectus abdominis and TA muscles. After 
confirming the correct placement of the needle and obtain-
ing negative aspiration test results, the rest of the anesthetic 
drug was injected along the subcostal line into the transversus 
abdominis plane (20 ml of saline solution in OSTAP-Placebo 
group, 20  ml of 0.25% bupivacaine in OSTAP-Bupivacaine 
group, and 10 ml of 1% pethidine in OSTAP-Pethidine group) 
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and the dissection of the plane was observed. The block was 
performed bilaterally with total of 40 ml solution for OSTAP-
Placebo and OSTAP-Bupivacaine groups (20  ml of solution 
used for each side) and with total of 20  ml of 1% pethidine 
in OSTAP-Pethidine group. All blocks were performed by 
the same anesthesiologist who was aware of the type of solu-
tion injected, but was not involved in the postoperative data 
collection.

Laparoscopic cholecystectomy

The laparoscopic cholecystectomy started 15 minutes after 
the block was completed. Rescue fentanyl doses of 100 mcg 
were administered if mean arterial pressure and heart rate 
increased 15% above the baseline values, or if sweating or 
tears were observed. As intraoperative non-opioid analge-
sic, 1000  mg of acetaminophen was injected intravenously 
30 minutes before the end of the surgery.

At the end of the surgery, the neuromuscular block was 
reversed with 0.04 mg/kg of neostigmine and 0.01 mg/kg of 
atropine. All patients were extubated when awake and when 
the TOF was ≥ 90%.

Postoperatively, patients were transferred to the PACU 
where bolus doses of 25-50 mg of pethidine were administered 
IV if the pain was described as moderate or severe (the pain 
was considered mild for VAS = 1-3, moderate for VAS = 4-6, or 
severe for VAS = 7-9). The discharge criteria from the PACU 

were the absence of pain or mild pain, the lack of nausea and 
vomiting, hemodynamic stability, and an Aldrete score of at 
least 9.

On the surgical ward, patients received 1 g of IV acetamin-
ophen at 8 hours and, in the case of moderate or severe pain, 
25-50 mg of IV pethidine was administrated until VAS < 3 was 
reported. If necessary, patients received 4 mg of IV ondanse-
tron as antiemetic medication.

Nonsteroidal anti-inflammatory drugs were not included 
in the multimodal pain regimen, as their anti-inflammatory 
effects could have significantly influenced postoperative pain 
and the opioid requirements.

Pain evaluation

The severity of pain was evaluated postoperatively using 
VAS at 0 hours (in the PACU), 2, 4, 6, 12, and 24 hours. The 
pain evaluation was performed at rest and with movement 
(patients were asked to cough and to flex the knees). An anes-
thesiologist blinded to the study groups completed the pain 
evaluation and data recordings.

Sample size calculation

For the sample size calculation, a minimum difference of 
2  between two VAS measurements was considered, assum-
ing a standard deviation of 2, per group. The previous studies 

FIGURE 1. Organization of study groups is presented in the flowchart. OSTAP: Oblique subcostal transversus abdominis plane.
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found a 1.3 standard deviation for TAP [23] and an interquar-
tile range of 2 to 3 [4]. To randomize patients into the groups, 
a 1:1 allocation ratio was used for a power of 80%, and hypothe-
ses tested at alpha level (p-value) of 0.017, using the Bonferroni 
correction to adjust the 0.05 level of confidence three times, 
since three comparisons for the three groups were done. The 
Student’s t-test was used for independent samples, with a two-
sided p-value. We determined a total sample size of 69 sub-
jects (i.e., 23 subjects per each group) and set the final sample 
size to 81, to allow possible loss to follow-up.

Statistical analysis

R-  Environment for Statistical Computing version  3.2.1 
was used for statistical analysis. Quantitative data with normal 
distribution were described as mean and standard deviation. 
The Shapiro-Wilk normality test was used to evaluate the nor-
mality of data distribution. The association between qualita-
tive variables was tested using the χ2 test. To determine if there 
are differences between three or more independent groups 
of quantitative data, the Kruskal-Wallis test was used for data 
without a normal distribution and the one-way analysis of 
variance (ANOVA) was used for data with normal distribu-
tion. The Tukey-Kramer HSD (honestly significant difference) 
test was used post hoc to determine if there are differences 
between the study groups. The threshold for statistical signifi-
cance was set at 0.017, considering the Bonferroni correction 
for the three comparisons.

RESULTS

From the 81  patients eligible to be enrolled in the study, 
79 patients were randomized and data from 75 patients were 
included in the final analysis (Figure 1).

There were no statistically significant differences between 
the three groups related to age, weight, duration of surgery, 
and ASA (Table 1).

Statistically significant differences were observed between 
the three groups with regard to the quality of postoperative 
analgesia. OSTAP-Pethidine group had a statistically signifi-
cant lower pain score than OSTAP-Placebo group at 0, 2, 4, 6, 
12 and 24 hours postoperatively, both at rest and in movement 

(Tables 2 and 3). In OSTAP-Pethidine group, the VAS score 
in the PACU (0 hour) was significantly lower than the VAS 
score in OSTAP-Placebo and OSTAP-Bupivacaine groups 
(Table 2 and 3).

Intraoperative opioid consumption and opioid consump-
tion at 24 hours were significantly lower in OSTAP-Pethidine 
and OSTAP-Bupivacaine groups compared to OSTAP-
Placebo group (Table 4). The time to first opioid dose was sig-
nificantly longer in OSTAP-Pethidine group compared with 
OSTAP-Placebo group (Table 4).

We found no difference in the incidence of postoperative 
nausea and vomiting in OSTAP-Bupivacaine and OSTAP-
Pethidine groups compared with OSTAP-Placebo group. No 
complications or incidents were registered in the present 
study caused by the block. No side effects were reported due 
to peripheral administration of pethidine.

DISCUSSION

Our study evaluated prospectively the analgesic efficacy of 
pethidine in achieving the OSTAP block, in patients sched-
uled for elective laparoscopic cholecystectomy.

To our best knowledge, this is the first study in the litera-
ture that evaluated pethidine efficacy in achieving the OSTAP 
block and made a comparison with other local anesthetics, 
after laparoscopic cholecystectomy. The primary outcomes 
of the study were the pethidine consumption during the first 
24 hours postoperatively and VAS pain scores. The secondary 
outcomes were the intraoperative fentanyl consumption and 
pethidine consumption in PACU, in all study groups.

The results of our study are consistent with previous 
research on the efficacy of ultrasound-guided OSTAP block in 
laparoscopic cholecystectomy interventions [13,24], in which 
bupivacaine was used for pain control. Our results showed 
that the efficacy of 1% pethidine was significantly higher than 
the efficacy of 0.25% bupivacaine for pain control in PACU, 
and that the efficacy of two anaesthetics was similar at 2, 4, 6, 
12 and 24 hours, both at rest and in movement.

The analgesic effects of pethidine could be produced by 
at least three mechanisms: Systemic absorption, interac-
tion with peripheral opioid receptors, and local anesthetic 
effects. Even though this was not a pharmacodynamic 

TABLE 1. Demographic data of study groups

Group OSTAP-Placebo (n=25) OSTAP-Bupivacaine (n=25) OSTAP-Pethidine (n=25)
Age* (years) 57 (42-65) 57 (38-67) 49 (40-62)
Weight** (kg) 74.44±17.79 74.2±12.22 76.68±13.58
ASA 1-2*** 10/15 16/9 14/11
Gender (F/M)*** 17/8 15/10 14/11
Surgery duration
(min)* 45 (35-55) 40 (35-50) 40 (35-60)

*Values are given as median (25th−75th percentile), **Values are given as mean±standard deviation, ***Values are given as counts, ASA: American Society 
of Anesthesiologists; OSTAP: Oblique subcostal transversus abdominis plane
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study, we can hypothesize [21,25] that the first two mech-
anisms (the systemic absorption and the interaction with 
peripheral opioid receptors) are responsible the most for 
the pain score results in the PACU. The third mechanism, 
local anesthetic effect of pethidine, may be responsible for 
the analgesic effect up to 24  hours, similar to the effect of 
0.25% bupivacaine.

Our study also demonstrated significantly lower intraop-
erative opioid consumption, reduced pain scores in the first 24 
hours after the surgery, and significantly lower opioid consump-
tion in the first 24 hours, in OSTAP-Pethidine and OSTAP-
Bupivacaine groups compared to OSTAP-Placebo group.

We did not register any hemodynamic instability during 
anesthesia, or postoperative complications such as respiratory 

TABLE 2. VAS score at rest

Group OSTAP-Placebo (n=25) OSTAP-Bupivacaine (n=25) OSTAP-Pethidine (n=25) p

VAS at 0 hoursa 3 (2-4) 1 (1-2) 0 (0-1)

<0.001c

I vs. II<0,001b

I vs. III<0.001b

II vs. III=0.004b

VAS at 2 hoursa 3 (3-4) 1 (1-2) 1 (1-2)

<0.001c

I vs. II<0,001b

I vs. III<0.001b

II vs. III=0.085b

VAS at 4 hoursa 4 (3-4) 1 (1-2) 1 (1-2)

<0.001c

I vs. II<0,001b

I vs. III<0.001b

II vs. III=1b

VAS at 6 hoursa 2 (2-3) 1 (0-1) 1 (0-1)

<0.001c

I vs. II<0,001b

I vs. III<0.001b

II vs. III=0.941b

VAS at 12 hoursa 2 (1-2) 0 (0-0) 0 (0-1)

< 0.001c

I vs. II<0,001b

I vs. III<0.001b

II vs. III=0.781b

VAS at 24 hoursa 1 (1-2) 0 (0-1) 0 (0-0)

<0.001c

I vs. II<0,001b

I vs. III<0.001b

II vs. III=0.545b

aResults are given as median (25th−75th percentile), bKruskal-Wallis test was used, cTukey-Kramer HSD (honestly significant difference) test was used,  
VAS: Visual analog scale; OSTAP: Oblique subcostal transversus abdominis plane

TABLE 3. VAS pain scores in movement

Group OSTAP-Placebo (n=25) OSTAP-Bupivacaine (n=25) OSTAP-Pethidine (n=25) p

VAS at 0 hoursa 3 (2-4) 1 (1-2) 0 (0-1)

<0.001c

I vs. II<0,001b

I vs. III<0.001b

II vs. III=0.017b

VAS at 2 hoursa 3 (3-4) 1 (1-3) 1 (1-2)

< 0.001c

I vs. II<0,001b

I vs. III<0.001b

II vs. III=0.704b

VAS at 4 hoursa 4 (3-5) 1 (1-2) 1 (1-2)

<0.001c

I vs. II<0,001b

I vs. III<0.001b

II vs. III=0.995b

VAS at 6 hoursa 2 (2-3) 1 (0-1) 1 (0-1)

<0.001c

I vs. II<0,001b

I vs. III<0.001b

II vs. III=0.77b

VAS at 12 hoursa 2 (1-2) 0 (0-1) 0 (0-1)

<0.001c

I vs. II<0,001b

I vs. III<0.001b

II vs. III=0.946b

VAS at 24 hoursa 1 (1-2) 0 (0-1) 0 (0-0)

<0.001c

I vs. II<0,001b

I vs. III<0.001b

II vs. III=0.429b

aResults are given as median (25th−75th percentile), bKruskal-Wallis test was used, cTukey-Kramer HSD (honestly significant difference) test was used,  
VAS: Visual analog scale; OSTAP: Oblique subcostal transversus abdominis plane
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depression, nausea, or vomiting. It can be assumed that the 
absorption of pethidine from TAP into the blood circulation is 
lower, to the extent that the side effects are prevented.

There are several studies evaluating the efficacy of opioids 
in achieving peripheral blocks. Jabalameli et al. [22] compared 
the efficacy of pethidine, tramadol, and bupivacaine admin-
istered intraincisionally for postoperative analgesia after cae-
sarean sections. They found that subcutaneous administration 
of pethidine or tramadol, compared to bupivacaine, improved 
analgesia and significantly decreased the need for mor-
phine [22]. Onutu et al. [26] showed that wound infiltration 
with 1% pethidine during hip arthroplasty decreased morphine 
consumption in the first 24 postoperative hours and ensured 
analgesia in the first 6 hours, when added to multimodal anal-
gesia. Söderlund et al. [25] showed that intra-articular adminis-
tration of pethidine before operation resulted in analgesia due 
to both, an increase in plasma level of pethidine followed by its 
central analgesic effect, and peripheral effects of pethidine due 
to synovial vascularization. Matkap et  al. evaluated the port 
site infiltration of tramadol during laparoscopic cholecystec-
tomy interventions and concluded that it reduced pain scores 
and the incidence of postoperative nausea and vomiting [27]. 
Our data are in accordance with the above-mentioned studies 
on the use of opioids with local anesthetic properties, such as 
tramadol and pethidine, in achieving peripheral blocks.

A debated issue in medical literature is the frequency of 
postoperative nausea and vomiting after the TAP block. Some 
authors demonstrated a decreased frequency of these side 
effects after the TAP block, but other studies found no signifi-
cant benefit of TAP block in reducing the side-effects [28,29]. 
Our study did not observed any statistically significant differ-
ence between the three groups in the incidence of postopera-
tive nausea and vomiting.

This study has several limitations. As the block was per-
formed after the induction of general anesthesia, it was not 
possible to estimate the block installation time or its exten-
sion. We did not determine the plasma concentration of peth-
idine, to differentiate between the systemic and local effects of 

pethidine. We did not use patient-controlled analgesia (PCA) 
pethidine due to the shortage of pumps and also because of 
the reduced postoperative opioid requirements. Further stud-
ies are necessary to investigate the systemic absorption of 
pethidine injected into the transversus abdominis plane.

CONCLUSION

Our study showed that the use of pethidine in achieving 
the ultrasound-guided OSTAP block is an efficient alternative 
to conventional local anesthetics (e.g., bupivacaine) in laparo-
scopic cholecystectomy interventions. This alternative may be 
useful in patients with allergic reactions to local anesthetics 
and with increased analgesic requirements.
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