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Abstract

Background: Laparoscopic cholecystectomy has changed the surgical management of cholelithiasis and has
become the mainstay of the management of uncomplicated gallstone disease. Adequate postoperative pain relief
leading to early ambulation is imperative for patient satisfaction and early discharge of the patient. The use of
ultrasound in anesthetic practice has ushered in a new era of ultrasound-guided blocks for postoperative analgesia,
replacing the conventional methods. This study compares two modalities of postoperative pain relief, namely the
oblique subcostal transversus abdominis plane block and the newer erector spinae plane block for patients undergo-
ing laparoscopic cholecystectomy.

Results: Sixty patients between the age group 18 to 75 of ASA grades |, Il, and Il were enrolled in the study. The erec-
tor spinae plane block group showed lower numerical rating scores up to 12 h, a longer time period for the require-
ment of first rescue analgesic, and lower total analgesic consumption postoperatively compared to the oblique
subcostal transversus abdominis plane block group. Both blocks were found to have minimal side effects.
Conclusions: The erector spinae plane block is superior to the oblique subcostal transversus abdominis plane block
in that it affords lower pain scores and a longer duration of analgesia and reduces the total analgesic consumption
after laparoscopic cholecystectomy.

Trial registration: Clinical Trials Registry of India/CTRI/2020/10/028603/ registered on 23 October 2020
http://ctri.nic.in/Clinicaltrials/rmaindet.php?trialid=47807&EncHid=18303.55562&modid=1&compid=19

Keywords: Postoperative analgesia, Laparoscopic cholecystectomy, Oblique subcostal transversus abdominis plane
block, Erector spinae plane block

Background

Laparoscopic cholecystectomy is a minimally invasive

surgery, which is the procedure of choice for the majority

of patients with gallbladder pathologies. The traditional

methods used for providing analgesia during the post-
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paravertebral blocks, or intravenous non-steroidal anti-
inflammatory drugs/opioid administration.

Ultrasound-guided oblique subcostal transversus
abdominis block (OSTAP) blocks somatic pain fibers and
the deeper fibers of the anterior and lateral cutaneous
branches of the 9th to 11th thoracic intercostal nerves.

Ultrasound-guided erector spinae plane block (ESPB)
is a relatively new technique used for analgesia. It targets
the ventral rami, dorsal rami, and rami communicantes
of the spinal nerves and thus results in the blockage of
both somatic and visceral pain.

Very few studies have been done comparing these two
blocks for postoperative pain relief (Altiparmak et al.
2019; Malawat et al. 2020; Kamel et al. 2020). Moreover,
further research is essential to evaluate the drug combi-
nation and concentration required to optimize the qual-
ity and duration of analgesia.

This study aimed to compare these two blocks, with the
primary outcome being the estimation of the quality and
duration of analgesia using the Numerical Rating Score
(NRS), and the secondary outcome being the evaluation
of the total consumption of rescue analgesics (trama-
dol and diclofenac), recording changes in hemodynamic
parameters between the groups, and documentation of
any complications.

Methods

This study was planned as a prospective, single-blind
randomized study, and commenced after the Institu-
tional Ethical Committee approval, and registration at
Central Trials Registry. It was conducted in the general
surgery operation theatre with postoperative follow-up
of up to 24 h in the post-anesthesia care unit as well as in
the postoperative wards.

This study comprised 60 patients, of ASA grades I-
III, between the age group 18 and 75 years, planned for
elective laparoscopic cholecystectomy. Patients with
bleeding disorders, on anticoagulants, pre-existing car-
diovascular disease, hypertension, hepatic or renal fail-
ure, or advanced psychiatric illness were not considered
for the study; however, patients with diabetes on anti-dia-
betic treatment, with mild jaundice, were included after
optimization of blood sugar levels.

Pre-anesthetic evaluation was conducted on the day
preceding surgery. Baseline vitals of the patients includ-
ing the heart rate, non-invasive blood pressure, and SpO,
were recorded and baseline blood investigations were
reviewed. Patients were informed regarding the numeri-
cal rating scale (NRS) with 0 being the absence of pain,
and 10 being the worst pain imaginable, and how to
quantify pain intensity between these two values.

Preoperatively, informed written consent was obtained
from patients. After entering the operation theater,
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intravenous access was established, and patients were
premedicated with ondansetron 0.15mg/kg, glycopyr-
rolate 0.004mg/kg, and fentanyl 2mcg/kg intravenously.
All monitors including electrocardiogram, non-invasive
blood pressure, pulse oximetry, and capnometry were
applied. After premedication, preoxygenation was done
with 100% oxygen and the patient was induced using
propofol 2mg/kg and succinylcholine 2mg/kg. After the
airway was secured, anesthesia was maintained using oxy-
gen and sevoflurane 0.8-1.5% and atracurium 0.5mg/kg
intravenously. Intraoperative local infiltration at the port
site or intraperitoneal instillation was not done.

The CONSORT flow diagram of the study is shown
in Fig. 1. Patients were randomly allocated into two
groups, Group O (#n=30) and Group E (n=30) with the
help of computer-generated software. Group O (OSTAP
group) was administered oblique subcostal transver-
sus abdominis plane block, using 10ml of 0.375% bupi-
vacaine 10 and 10ml of 1.5% lignoadrenaline. Group
E (ESPB group) was administered erector spinae plane
block at the T9 level using the same drug concentration.

All blocks were performed under complete aseptic pre-
caution (under ultrasonographic guidance) using a high-
frequency linear ultrasound probe. OSTAP block was
performed in supine position. The transducer was placed
immediately below the costal margin in the oblique plane
and the rectus abdominis, transverse abdominis, internal
oblique, and external oblique muscles were identified. A
21-gauge 8-cm needle was introduced using an in-plane
approach, 2-3 cm lateral to the transducer from medial to
the lateral direction. One to 2 mL of solution was injected
between the rectus abdominis muscle and the transversus
abdominis muscle. After confirming the correct place-
ment of the needle, the rest of the anesthetic substance
was injected along the subcostal line in the transver-
sus abdominis plane. The block was performed bilater-
ally. ESP block was performed in lateral position and the
transducer was placed in a longitudinal parasagittal orien-
tation 3-cm lateral to the T9 spinous process. The erec-
tor spinae muscle was identified superficial to the tip of
the T9 transverse process. An 18-gauge 8-cm needle was
inserted using an in-plane superior to inferior approach to
place the tip into the fascial plane on the deep (anterior)
aspect of the erector spinae muscle. The location of the
needle tip was confirmed by visible fluid spread lifting the
erector spinae muscle off the bony shadow of the trans-
verse process. The procedure was repeated on the other
side.

After completing the block procedure, the neuromus-
cular block was reversed with neostigmine 0.05 mg/kg
and glycopyrrolate 0.008mg/kg intravenously. Extubation
was performed after the patient regained consciousness,
and the patient was shifted to the postoperative room.
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Fig. 1 CONSORT flow diagram of the study
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The numeric rating scale (NRS) pain score was
recorded from the 20th minute in the recovery room
followed-up by 1, 3, 6, 12, and 24 h postoperatively.
Intravenous tramadol 50-100mg as rescue analgesia was
administered in patients with a NRS score of 3 and over,
while intramuscular diclofenac was also administered for
patients with NRS score of 7 and above in the postop-
erative period along with tramadol. In 24 h, the time of
administration of first rescue analgesic given was noted.
Postoperative vitals were documented.

Patients were also observed for complications such as
local hematoma, subcutaneous emphysema, pneumotho-
rax, signs of local anesthetic toxicity, signs of visceral or
peritoneal injury, or motor weakness.

The sample size was calculated based on the previous
study (Altiparmak et al. 2019) which revealed that at least
30 patients were needed in each group for the detection
of 25% variation in NRS score at the 120th minute post-
operatively with a power of 0.1 and a significance level
95% (=0.05, B = 0.9).

The statistical analysis was done using Microsoft Excel. To
find the significant difference between the bivariate samples
in independent groups, the unpaired sample ¢ test was used
while chi-square test was used to find the significance in

categorical data. In all the above statistical tools, the prob-
ability value P value <0.05 was considered significant.

Results
Demographic data and other baseline variables were
comparable between the two groups (Table 1).

The hemodynamic parameters were also found to be com-
parable between the two groups at all time frames (Table 2)

The NRS scores were found to be significantly lower at
20min, 1 h, 3 h, 6 h, and 12 h post-procedure in Group E
when compared to Group O (P value <0.05). The median
NRS scores for all time periods are shown in Fig. 2.

The mean time to first rescue analgesic requirement
was 10.747.4 h in Group E and 3.844.64 h in Group O,

Table 1 Demographic Characteristics and ASA Grades

Group O Group E Pvalue
Age in years (mean =+ SD) 44 4121 444101 0.96
M/F 10/20 13/17 043
BMIin kg/m? (mean =+ SD) 239431 243428 063
ASA grade I/1I/11l 3/22/5 2/24/4 092
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Table 2 Hemodynamic parameters of the two groups

Group O (mean + Group E (mean £+ P value
SD) SD)
HR (beats/min) 854933 844 9.05 0.25
SBP (mmHg) 131+ 114 129+ 118 0.08
DBP (mmHg)  82+9.7 81+ 9.7 0.08

which was found to be statistically significant. The total
tramadol consumption per patient in the 24-h period was
significantly greater in Group O compared to Group E;
however, the total diclofenac requirement was found to
be comparable between the two groups (Table 3).

All blocks were performed smoothly without any inci-
dence of significant bleeding, local hematoma, subcutane-
ous emphysema, pneumothorax, or signs of LA toxicity.
Complications like peritoneal or visceral injured associated
with OSTAP blocks were also not encountered in our study.

Discussion

Good postoperative analgesia is a significant compo-
nent of adequate perioperative care. Truncal blocks are
commonly used for postoperative pain management in
various anterior and posterior abdominal surgeries and
have gained popularity in anesthetic practice hand in
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hand with the gain in popularity of ultrasound-guided
blocks, in view of their lower incidence of complica-
tions and higher safety margin. They are associated with
improved perioperative outcomes, reduction in periop-
erative stress, improved patient satisfaction, coupled with
a reduction in opioid consumption, fewer adverse effects,
and lesser requirement of rescue analgesia.

In this study, postoperative NRS scores were found to
be significantly lower in the ESPB group compared to the
OSTAP group up to 12 h postoperatively. The NRS scores
were found to be <3 of up to 6 h postoperatively in the
ESPB group, and <3 only up to the 1st hour in the OSTAP
group. The ESPB group was found to have a median NRS
score of 3 up to 12 h postoperatively, whereas in the
OSTAP group, the median NRS score remained 4 per-
sistently from the 3rd postoperative hour up to the 24th
hour.

The difference in duration in the results of the current
study and the ones which were conducted previously
could presumably be due to the difference in the local
anesthetic agents used, shown in Table 4. The previously
conducted studies reported a longer duration of analgesia
and better NRS scores than were found in our study, sug-
gesting that higher drug dosages of bupivacaine or use of
ropivacaine would provide a significantly longer analgesic
effect than the lignoadrenaline-bupivacaine combination
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Fig. 2 Median NRS scores observed at each time period after intervention
Table 3 Rescue analgesic requirements of the two groups
Group O Group E P value
Total tramadol consumption per patient in 24 h (mg) (mean =4 SD) 1504+ 40.5 108+ 514 0.001
95% confidence interval (lower limit, upper limit) 134.87,165.13 88.82,127.18
Total diclofenac requirement per patient in 24 h (mg) (mean= SD) 9.3+ 29.59 56+173 0.56
95% confidence interval (lower limit, upper limit) —1.7,20.38 —0.18,12.15
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(1:1 mixture of 0.375% bupivacaine and 1.5% lignoadren-
aline) which was used in this study. Another difference
to be noted is that these studies administered the blocks
before the surgery, whereas the interventions in our study
were carried out after the completion of the surgery, sug-
gesting that administration of the blocks prior to surgery
would result in a superior analgesic effect.

The time to first rescue analgesic was found to be
10.747.4 hours for the ESPB group, while it was 3.8+4.6
h for the OSTAP group. The difference between the two
was found to be significant (P value < 0.05). Our find-
ings are in agreement with a case series done by Luis
Navarro (Luis-Navarro et al. 2018), who reported that
the first rescue analgesic was required only at 16 h after
ESP block, whereas in a study done by Goda (Goda et al.
2016) comparing ultrasound-guided TAP block and para-
vertebral block in upper abdominal surgeries, the time to
first rescue analgesic was ranging from 8 to 12 h in the
TAP group compared with 16 to 22 h in the paraverte-
bral group. The case report done by Petsas (Petsas et al.
2018) on ESPB block in laparoscopic cholecystectomy
also reported that the first rescue analgesic was given at
10 h post-procedure.

In the study conducted by Malawat (Malawat et al. 2020),
comparing ESPB and TAP block in cesarean section patients
using 0.2% ropivacaine, they found that the first rescue anal-
gesic was given at a mean of 43.53 h in the ESPB group,

Table 4 Methods and observations of prior studies
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compared to 12.07 h in the TAP group. Kamel (Kamel et al.
2020), who used 0.5% bupivacaine with adrenaline 5mcg/
ml) also found that the mean time for the first require-
ment of morphine was 14.8 h in the ESPB group, compared
to 10.5 h in the TAP group in patients who underwent a
total hysterectomy. Both these studies are comparable to
our study, though the difference in time duration could be
attributed to the difference in the drugs used.

The results of the present study demonstrated that the
total tramadol consumption per patient was significantly
lower in the ESPB group compared to the OSTAP group.
However, the total diclofenac requirement was found to
be comparable between the two groups.

Similarly, Verma (Verma et al. 2020) recorded a sig-
nificantly lower number of patients who required rescue
analgesics (diclofenac) in the ESPB group (66%) com-
pared to the control group (88%) in the first 24 h post-
operatively (P value = 0.019). However, total diclofenac
consumption was found to be comparable between the
two groups. They also found intraoperative fentanyl con-
sumption to be significantly lower in the ESPB group
compared to the control group.

In this study, ESP block was administered at T9 vertebral
level, taking into consideration the previously conducted
studies, which have documented ESP block given between
levels T6-T10 for laparoscopic cholecystectomies (Petsas
et al. 2018; Altiparmak et al. 2019; Verma et al. 2020; Aksu

Study Groups Drug

Observation

OSTAP
ESPB at T7 level

Altiparmak et al. 2019

Pre-emptive Bupivacaine 0.375%
Pre-emptive Bupivacaine 0.375%

NRS<35(12h), <1.5(24h)
NRS<3(12h), <125(24 h)

Suseela et al. 2018

Verma et al. 2020

Breazu et al. 2016

Aksu et al. 2019

Vrsajkov et al. 2018

Shinetal. 2014

Tolchard et al. 2012

Petsas et al. 2018
(case report)

Baran et al. 2020
(case report)

OSTAP

Port site infiltration
ESPB at T7 level
control group
OSTAP

Control group
ESPB at T8 level
Control group
OSTAP

Control

OSTAP

TAP

Control group
OSTAP

Port site

ESPB at T6-T7 level

ESPB at T10 level

Bupivacaine 0.25%

Bupivacaine 0.5%

Pre-emptive Ropivacaine 0.375%
Normal saline

Pre-emptive Bupivacaine 0.25%
Normal saline

Pre-emptive Bupivacaine 0.25%
No intervention

Pre-emptive Bupivacaine 0.33%
Postoperative Systemic analgesics
Pre-emptive Ropivacaine 0.375%
Pre-emptive Ropivacaine 0.375%
Postoperative Systemic analgesics
Pre-emptive Bupivacaine Tmg/kg
Postoperative Bupivacaine 1mg/kg

Pre-emptive Ropivacaine 0.375%-+ 2
mg dexamethasone

Pre-emptive Bupivacaine 0.25%

NRS <2 with rescue tramadol

NRS <3 with rescue tramadol + diclofenac

VAS score <3 (static), <4.5 (dynamic) up to 48 hours
VAS score <5 (static), <6.5 (dynamic) up to 48 h
NRS<3 upto24h

NRS<4 upto24h

NRS=0, 78.3% patients at 12 h, 82.6% patients at 24 h
NRS=0, 43.5% patients at 12 and 24 h

NRS <4upto2h,<3upto16h
NRS<6upto2h,<4upto16h

NRS <3 at rest, <4 on coughing (24 h)

NRS<4.5 at rest, <5 on coughing (24 h)

NRS 3-7 at rest, 3-8 on coughing (24 h)

VPAS <40 (1st hour), <20 (4th hour)

VPAS <50 (1st hour), <40 (4th hour)

NRS = 0 (<6, 2-3 (at the 6th hour), 4-5 (at the 10th hour)

VAS <2 upto 12 h, 4 after 12 h
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et al. 2019; Baran et al. 2020), detailed in Table 4. Different
studies have theorized regarding the possible spread of the
local anesthetic drug after injection into the erector spinae
plane. Chin (Chin et al. 2017) hypothesized that injection
of 20mL of the drug into the erector spinae plane would
result in the local spread of the drug at least three segments
cranially and four segments caudally and that it would per-
haps be most appropriate to inject the drug at the vertebral
level corresponding to the midpoint of the desired analge-
sic field, while Hannig (Hannig et al. 2018) postulated that
injection between level T7 and T9 would result in drug
spread to levels T6-T12 segments.

The main limitation of this study was the relatively
small number of patients. Sensory testing for the map-
ping of the ESP block area was not performed. Further
research is still required to determine the optimal volume
and concentration of the drugs to be administered.

Conclusions

Erector spinae plane block under ultrasound guidance
for laparoscopic cholecystectomy provides a longer dura-
tion and better quality of postoperative analgesia, as
well as reducing the postoperative analgesic consump-
tion when compared to oblique subcostal transversus
abdominis plane block for laparoscopic cholecystectomy.
Both blocks are mostly devoid of complications, and they
provide reliable and effective postoperative analgesia in
patients undergoing laparoscopic cholecystectomy.
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