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Objectives. Most patients who undergo laparoscopic cholecystectomy (LC) experience moderate to severe pain in the first 24 hours
after surgery. The transversus abdominal plane (TAP) is currently used for post-LC analgesia. Posterior, subcostal, or rectus sheath
TAP blocks are the conventional approaches used. The aim of the current study was to compare the efficacy of combinations of
various peripheral blocks on pain intensity and the use of pain killers, shortly after LC. Methods. This was a prospective, double-
blind study, in which 200 patients who were about to undergo a LC procedure were recruited and randomized into 4 groups:
patients receiving one of the following: TAP block alone, subcostal Tap block alone, subcostal TAP block with a TAP block, or
subcostal TAP with a rectus sheath block. The intensity of pain (VAS score) and the use of painkillers were monitored in the
recovery unit and in the department for up to 24 hours after surgery. Results. Pain levels decreased with time from 3.6 +3.2 at
30 minutes to 0.9 + 2.0 at 24 hours after the surgery. Nevertheless, no difference between the various block types groups was noted.
The percentage of patients who consumed analgesic medications decreased over time, from 83% at 30 to 21% at 24 hours after
surgery. The mean/median number of medications consumed by each of the patients was lower among the patients who received
a combination of 2 blocks compared to those who received a single one (mean/median of 2.7/3 and 2.8/3 for the TAP or subcostal
TAP blocks, respectively; 2.5/2 and 2.3/2 for the subcostal TAP + TAP or subcostal TAP + rectus sheath blocks, respectively).
Conclusion. A combination of peripheral nerve blocks reduced the use of analgesic consumption during the 24 hours after LC
surgery, compared to standalone blocks.

1. Introduction

Laparoscopy is a minimally invasive technique that is most
frequently performed during upper abdominal surgery. The
laparoscopy technique is considered to be superior to open
surgery due to lower postoperative pain and early recovery
[1]. This procedure is the gold standard treatment modality
for gallbladder disorders, such as cholelithiasis and chole-
cystitis [2, 3]. Despite the advantages of the laparoscopic
approach regarding pain control, most patients who un-
dergo laparoscopic cholecystectomy (LC) experience mod-
erate to severe pain in the first 24 hours after surgery, with

port sites being the most painful [4]. Three kinds of pain
have been described to occur after LC: somatic pain, caused
by the skin incision; a deep intra-abdominal visceral pain
due to the trauma of gallbladder resection and di-
aphragmatic irritation by the CO, pneumoperitoneum; and
shoulder pain, also due to the CO, pneumoperitoneum
[5, 6]. The intensity of the postoperative pain reported is very
variable [7].

Postoperative pain is among the primary causes of re-
duction in respiratory function after upper abdominal
surgery [8]. Efficient pain control after surgery results in
rapid mobility and a decreased postoperative complication
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rate and facilitates early hospital discharge. Therefore, many
efforts have been devoted to optimizing postoperative pain
control. Usually, the analgesic regimen upon LC includes
opioids, paracetamol, conventional NSAID/COX2 selective
inhibitors, epidural analgesia, intraperitoneal injection of
local anesthetics, or low-pressure pneumoperitoneum.
However, the side effects of the administered medications
(such as excessive sedation, nausea and vomiting, dizziness,
pruritus, and respiratory depression), the potential risk of
dural puncture, infection, and epidural hematoma, as well as
muscle weakness, insufficient pain control, and short du-
ration of the analgesia, must be considered [9-11]. The
transversus abdominal plane (TAP) block which was in-
troduced for the first time in 2001 by Rafi [12] is currently
used for postoperative analgesia during laparoscopic ab-
dominal surgery [13]. In this procedure, a local anesthesia
solution is injected into the plane between the obliquus
internus and transversus abdominis muscles, exiting the T6
to L1 spinal roots [12, 14]. The TAP block is safe; it reduces
or eliminates the need for analgesics and has fewer side
effects such as postoperative nausea and vomiting [15]. Thus,
the TAP blocks are considered a good clinical tool for an-
algesia after abdominal surgery for pain relief. Indeed, TAP
blocks are used in a number of abdominal procedures in-
cluding hysterectomy, cesarean section, cholecystectomy,
colectomy, hernia repair, and prostatectomy [12, 16-18].
Jeffrey et al. compared opioid requirements after surgery
among patients who underwent LC with (n=100) or
without TAP (n=100) in a retrospective cohort study. The
mean postoperative opioid consumption was significantly
lower among the patients who had LC with TAP compared
to those who did not receive TAP (12.1 vs. 20.4 oral mor-
phine respectively, P <0.001). Patients who had LC with
TAP reported at the follow-up visit that they used less of
their prescribed opioids in comparison to patients who
underwent LC without TAP (P <0.001) [19].

Although the conventional method of the TAP block is
the posterior approach, the subcostal TAP block has been
recently reported to induce an effective analgesia for the
upper abdominal incisions [20]. By this technique, a local
anesthetic is injected into the TAP lateral to the linea
semilunaris, inferior and parallel to the costal margin [21]. It
was found that the subcostal TAP technique can block the T7
to T12 nerves [22]. Hence, the subcostal TAP block provides
analgesia for surgery on the upper abdominal wall, thus
suitable for abdominal surgery [21, 23]. In a prospective,
randomized, controlled trial, 110 patients who underwent
LC were equally randomized to one of three groups receiving
TAP, subcostal TAP, and no TAP (the later serving as
a control group). Both TAP and subcostal TAP groups were
significantly and equally effective in inducing pain relief and
reducing analgesic requirements compared to the no TAP
control group [24].

An additional technique to provide analgesia to the
anteromedial abdominal wall is the rectus sheath block, first
described in 1899 by Schleich. This technique targets the area
between the rectus abdominis muscle and the posterior
rectus muscle sheath. It blocks the anterior cutaneous
branches of the intercostal nerves (at T7-T11) and therefore
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is well suited for postoperative analgesia for midline ab-
dominal incisions [25, 26]. Hamid et al. conducted a meta-
analysis of 9 trials (698 patients) comparing the use of rectus
sheath block to no regional anesthetic technique among
laparoscopic surgery patients. The patients in the rectus
sheath block group had significantly lower resting and active
pain scores at 2 h after surgery. In addition, the use of opioid
use at 24 h after surgery decreased significantly in the rectus
sheath block group compared to the no regional anesthetic
technique (SMD-1.34 (95% CI —2.20 to —0.49)). Conse-
quently, the treatment with the rectus sheath block group
reduced the risk of opioid-related side effects (OR 0.38 (95%
CI 0.16 to 0.89)) [27].

The aim of the current study was to compare the efficacy
of combinations of various peripheral blocks on pain in-
tensity and the use of pain killers, shortly after LC. Tap and
subcostal TAP as standalone blocks were compared to the
combination of subcostal TAP + TAP blocks and subcostal
TAP + rectus sheath blocks.

2. Methods

2.1. Study Design. This was a prospective, double-blind
study, in which 200 patients who were about to undergo
a LC procedure were recruited. The study was approved by
the Institutional Review Board (study approval no. 0238-19-
ASF) and registered at the My Trial database of the Israeli
Ministry of Health (registration number MOH_2019-12-
12_008555). All patients signed an informed consent form.
The patients were randomized into 4 groups: patients re-
ceiving one of the following a TAP block alone, a subcostal
Tap block alone, a subcostal TAP block with a TAP block or
a subcostal TAP with a rectus sheath block. All those pe-
ripheral blocks were injected after the administration of the
general anesthesia, before any surgical incision was per-
formed. No sedatives were administered to the patients
before the surgery procedure.

The anesthesia was performed by a specialist anesthe-
siologist with over 10years’ experience who had over two
years practice in the administration of the tested peripheral
blocks.

2.2. Patients. Male and female patients aged 18-70 years
who were about to undergo a LC procedure participated in
the study. Patients with any sensitivity to the anesthetic or
with BMI >40 kg/m” were excluded from the study.

2.3. Anesthesia Process. In the operating room, the patient
was attached to a standard monitor, recording electroen-
cephalogram, noninvasive blood pressure, and saturation.
Preoxygenation was performed for 4 minutes with 2 mg/
kg fentanyl administered intravenously (IV), 2 minutes of
2mg/kg propofol and 0.5mg/kg rocuronium. The patient
was then intubated and connected to an anesthesia machine.
The anesthesia was maintained by isoflurane 1 MAC, muscle
relaxants according to monitoring (3-4mg/kg fentanyl).
Additional monitoring of end-tidal carbon dioxide, body
temperature, anesthetic gases, and breathing parameters was
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FiGgure 1: Comparison of pain levels at any time point between the
groups.

conducted after intubation. The administration of the var-
ious peripheral blocks was done after the patient was
connected to the anesthesia machine. The blocks included
0.25% Marcaine (30 ml) and 2mg dexamethasone. After
surgery and extubation, the patient was transferred to the
recovery unit.

2.4. Monitoring the Intensity of Pain and the Use of Painkillers.
The intensity of pain and the use of painkillers were
monitored in the recovery unit and in the department for up
to 24 hours after surgery. Time points of monitoring were 30
and 60 minutes, 6, 12, and 24 hours after surgery.

Pain intensity was monitored by the Visual Analogue
Scale (VAS).

Painkillers included NSAIDs and opioids. The con-
sumption of the following painkillers was monitored: par-
acetamol (1 gr.), tramal (100-200 mg.), morphine (10 mg.),
IV dipyrone (1gr.), ketorolac (20-60mg.), pethidine
(50-100 mg.), and diclofenac (75 mg.).

2.5. Statistical Analysis. The Pearson correlation coefficient
was calculated for the correlation between age and pain
levels; y* tests were used to identify the relationship between
gender and categories of pain levels as well as drug types in
each block and time point. One-way ANOVA was used to
compare the mean number of drugs of the various blocks.

A mixed model analysis of variance calculated differ-
ences in the decrease in pain levels over time within each
block and between the different blocks. P <0.05 was con-
sidered significant.

3. Results

One hundred and eighty-nine patients were recruited for
this study and were randomized equally into the 4 study
groups. Most of the patients were females (66%). The mean
age of the patients was 53.02+17.1years (range
18-80 years).

3.1. Pain. As reported by the patients, pain levels decreased
with time from 3.6 + 3.2 at 30 minutes to 0.9 + 2.0 at 24 hours
after the surgery. A decrease in the levels of pain within time
was also noted in all the block types groups, but no statistical
significance between the groups was noted (Tap block: from
3.8+3.1 at 30 minutes to 1.1+2.2 at 24hours after the
surgery; subcostal TAP block: from 4.0 + 3.2 at 30 minutes to
0.6 £ 1.8 at 24 hours after the surgery; subcostal TAP + TAP
blocks: from 3.6 + 3.3 at 30 minutes to 0.7 + 1.9 at 24 hours
after the surgery; and subcostal TAP + rectus sheath blocks:
from 2.9+3.2 at 30 minutes to 1.0+2.1 at 24 hours after
surgery (Figure 1 and Table 1).

A mixed model analysis of variances also revealed that
there was a clear difference in the decrease in pain levels over
time (F(4.0535)=57.843 and P <0.001). Nevertheless, no
difference between the various block types groups was noted
(F(12.590) =7.118 and P =0.420).

A 2-tailed Pearson correlation coefficient test found
a statistically significant relationship between age and level
of pain at the time points of 30 minutes and 24 hours; as age
increases, the level of pain decreases (Pv=0.002 and 0.017
and r —0.222 and -0.176, respectively). y2 tests showed that
there was no correlation between the gender and the pain
level at any time point.

3.2. Medication. The percentage of patients who consumed
analgesic medications decreased over time, from 83% to 71%
at 30 and 60 minutes to 39% and 43% at 6 and 12 hours,
down to 21% at 24 hours after surgery. Overall, 82% of the
patients consumed paracetamol, 62% morphine, 54%
dipyrone IV, and 49% tramal. The medications at 30 and
60 minutes after surgery were paracetamol and morphine
(31% and 41% of the patients took those medications
30 minutes after surgery and 20% and 25% of the patients
used them at 60 minutes after surgery, respectively). Six
hours after the surgery, tramal, dipyrone IV, and para-
cetamol were the medications most administered (used by
13%, 1%, and 11% of the patients, respectively). Twelve
hours after surgery, tramal and dipyrone IV were the main
administered medications (consumed by 14% and 16% of
the patients, respectively). Twenty-four hours after surgery,
dipyrone IV was the most dispensed medication (admin-
istered to 8% of the patients) (Table 2).

Interestingly, the mean/median number of medications
consumed by each of the patients was lower among the
patients who received a combination of 2 blocks compared
to those who received a single one (mean/median of 2.7/3
and 2.8/3 for the TAP or subcostal TAP blocks, respectively;
2.5/2 and 2.3/2 for the subcostal TAP + TAP or subcostal
TAP + rectus sheath blocks, respectively). An independent-
samples median test revealed that the difference in the mean/
median between subcostal TAP single block treatment and
the combined treatment of subcostal TAP + TAP was sta-
tistically significant with a P value of 0.025 (Table 3).

In addition, an independent-samples Kolmogor-
ov-Smirnov test demonstrated that when pooling data of the
number of medications consumed by each patient from the
single block treatments and comparing it to the pooled data
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TaBLE 1: Comparison of pain levels at any time point between the groups.

) ) Block types
Time post-surgery  All patients
TAP Subcostal TAP  Subcostal TAP+TAP  Subcostal TAP + Rectus Sheath P value
30 min 3.6+3.2 38131 4.0+£3.2 3.6+33 29+3.2 0.321
60 min 3.3+3.0 27+31 3.6+31 2.8+31 39+28 0.131
6 hours 21+£2.6 1.8+2.6 24+2.6 1.8+2.5 22+27 0.585
12 hours 20+2.6 1.8+2.5 23428 1.6+2.4 22425 0.497
24 hours 09x2.0 11+£2.2 06+1.8 0719 1.0+21 0.462
Data are presented as mean + standard deviation.
TABLE 2: Percentage of patients from all the groups who consumed analgesic medications over time.
Medication types
Time post-surgery % of patients
Paracetamol Tramal Morphine Dipyrone IV Ketorolac Pethidine Voltaren Total
30 min 31 4 41 4 1 2 83
60 min 25 13 20 13 71
6 hours 11 13 1 13 1 39
12 hours 8 14 16 5 43
24 hours 6 5 0 8 2 21
Total 81 49 62 54 1 2 8

Data are presented as % of patients who were treated with each of the medicine.

TaBLE 3: Mean/median number of medications consumed by each
of the patients from all treatment group.

TaBLE 4: Mean/median number of medications consumed by each
of the patients treated with a single blocks compared to combined
blocks treatments.

# Of medications per

Blocks patient Blocks # Of medications
TAP Single blocks
Mean 2.7 TAP
Median 3 Subcostal TAP
Subcostal TAP Mean 2.73
Mean 2.8 Median 3
Median 3 Combined blocks
Subcostal TAP + TAP Subcostal TAP + TAP
Mean 2.3 Subcostal TAP + rectus sheath
Median 2 Mean 2.4
Subcostal TAP + rectus sheath Median 2
Mean 25 Independent-samples Kolmogorov-Smirnov Test, Pv =0.024.
Median 2

of the combined blocks treatments, a statistically significant
difference was noted. Moreover, fewer medications per
patient were administered to the patients receiving a com-
bination of blocks compared to those who were treated with
a single block (mean/median of 2.73/3 in the single treat-
ment vs. 2.4/2 in the combined treatment, Pv=0.024)
(Table 4 and Figure 2).

It is important to note that during the 24 hours in which
the patients were monitored, no side effects were reported,
neither in the single block nor in the combined blocks
treated patients.

4. Discussion

Post-LC pain is multifactorial, and therefore, multimodal
analgesia has been suggested for its treatment. There are
several methods for postoperative pain management, in-
cluding peripheral nerve block techniques, which have
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FIGURE 2: Comparison of mean/median number of medications
consumed by each of the patients treated with a single block versus
combined blocks treatments.
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received much attention recently due to their positive effect
in reducing postoperative pain and good tolerance [4]. TAP,
subcostal TAP, and rectus sheath blocks are some of the
methods that have been recommended for the management
of postoperative pain, especially for somatic pain control of
the abdomen.

There are studies that have demonstrated the efficacy of
each of the above blocks in reducing LC postoperative pain
scores and lowering the consumption of painkiller. For
example, Kadam et al. conducted a study aimed to evaluated
postoperative pain and analgesic use during the first day
after LC surgery, compared to local anesthetics and the TAP
block. There were no significant differences in the post-
operative pain scores between the local anesthetic and TAP
block groups (P =0.31) However, fentanyl consumption in
the recovery room was significantly lower in the TAP group
(P=0.0079) [28]. In an additional study, 100 LC patients
were randomized into two groups of TAP block and port-
site infiltration. The median VAS at 3, 6, and 24 hours
postoperation were significantly lower in the TAP group
compared to the port-site infiltration group (P <0.001) [29].
Pain severity and opioid requirements, 1, 4, and 8 hours after
LC, were compared between patients who received subcostal
TAP and those who were treated by a port-site infiltration of
local anesthetics. The subcostal TAP induced a significant
reduction in VAS values and a reduction of >35% in opioid
consumption compared to the group that received local
port-site infiltration [30]. In a retrospective study conducted
by Tekeli et al., 515 patients who underwent an LC procedure
were divided into two groups: those who received bilateral
subcostal TAP block after anesthesia induction and those
who were treated by a dual IV analgesic 30 minutes before
the end of the operation. Postoperative VAS pain scores at 0,
2, 4, and 6 hours and the rate of analgesic medication use
were significantly lower in the group that received the
subcostal TAP block compared to those who were treated
only with an additional analgesic. Interestingly, this effect
was reversed at 12 and 24 hours postoperatively, since the
intensity of the pain was significantly higher in the subcostal
TAP block group. The authors suggested that the relatively
low VAS pain scores reported at 12- and 24-hours were due
to the fact that shortly after surgery (up to 6hours), the
patients in this group reported high levels of pain and were
treated with additional analgesics, which induced a lasting
pain relief effect for the next few hours [15]. In a systematic
literature search aimed to identify trials comparing the
rectus sheath block with a control group in laparoscopic
surgery, 9 trials with 698 patients were screened. In the
rectus sheath block, lower rest pain scores at 0-2 and
10-12 hours postoperatively were recorded compared to the
control patients. In addition, the rectus sheath block sig-
nificantly reduced pain scores of mobility at 0-2hours
postoperatively. Moreover, 24-hour opioid consumption
and opioid-related side effects were also lower in the rectus
sheath block compared to the control group [27].

In addition, comparative studies which examined the
effect of TAP block versus subcostal TAP block have been
published. Bhatia et al. conducted a prospective, random-
ized, double-blind study in which 60 patients who

underwent LC received the standard general anesthesia or an
ultrasound-guided posterior TAP or a subcostal TAP block.
At the initial postoperative measurement times, the sub-
costal and posterior TAP groups had comparable pain
scores. However, 4 hours after the operation, the scores were
significantly lower in patients who had received the sub-
costal TAP block compared to those who were treated with
posterior TAP [31]. In a prospective, randomized, double-
blinded clinical study, Oksar et al. discovered that analgesic
consumption after LC was greater among patients who were
treated with controlled analgesia compared to patients who
were treated with TAP or oblique subcostal TAP blocks [32].

However, as of yet, there have not been extensive studies
of the effect of combined peripheral nerve block techniques
in reducing LC postoperative pain scores and the reduction
of the consumption of additional analgetic medications. The
rationale underlying the combination of the blocks is that
administration of both peripheral blocks, each affecting
different nerve areas (TAP-T6-L1, subcostal TAP-T7-T12,
and rectus sheath-T7-T11), could affect and block the entire
area of surgery. Thus, the aim of the current study was to
evaluate the postoperative pain control of a combination of
TAP + subcostal TAP blocks and subcostal TAP + rectus
sheath blocks compared to TAP or subcostal TAP blocks as
a standalone treatment. The maximal level of pain upon LC
is recorded during the first 24hours after surgery [4].
Therefore, the time points in which the pain levels and the
amount of analgesic medication consumption were exam-
ined in this study were 30 and 60 minutes, as well as 6, 12,
and 24 hours after LC surgery. Our data revealed that al-
though a decrease in the level of pain was detected over time
in all the block type groups, there was no difference between
the various block types groups at any time point with regard
to pain severity. Nevertheless, a significant difference in
favor of the combined blocks treatment was observed re-
garding the number of medications consumed by each of the
patients. The patients who received the combined treatment
required less medication than those who were administered
a single block treatment.

Jung et al. examined the effect of the combination of
subcostal and lateral TAP blocks on the quality of recovery
among 38 patients who underwent LC compared to control
patients who underwent a sham block. The primary outcome
of the study was the score of the quality of recovery-40
(QoR-40) questionnaire. The combination of the two blocks
did not improve the QoR-40 or analgesic consumption
during the first 24 hours after the surgery [33]. A pro-
spective, randomized control study was conducted by
Ramkiran et al. which included 61 patients scheduled for LC.
The patients were randomized into 3 groups: combined
subcostal TAP block with rectus sheath block (n=20),
oblique subcostal TAP block alone, and a conventional port-
site infiltration group as a control group (n=20). The
combined group as well as the oblique subcostal TAP block
alone presented lower pain scores during the time points up
to 24 hours postoperation, as well as the reduced use of
analgesia compared to the control group [34]. Those studies
supported our findings, that there was no difference in the
effect on pain intensity. However, we did find a difference in



the number of analgesic medications used, which was lower
in the combined treatment compared to the standalone
blocks.

The lack of difference in the pain level and consequent
analgesic consumption between the various block combi-
nations and the standalone blocks might be explained by the
fact that the analgesia regimen administered to patients
obscured the blocks effect. In addition, the various anti-
nociceptive agents which are included in multimodal general
anesthesia affect multiple neurotransmitters and neural
relays and thus offset the supposed additive effects of the
combined or the standalone blocks [35].

5. Conclusion

The results of the present study indicated that a combination
of peripheral nerve blocks reduced the use of analgesic
consumption during the 24 hours after LC surgery, com-
pared to standalone blocks. Considering these findings, we
recommend their use for reducing the administration of
additional analgesics shortly after LC.

5.1. Limitations. The present study has some limitations. It
was a single-center study with a small sample size. Pain
assessments were not performed by a single caregiver, which
could have led to a bias in the reporting scores. Also, the pain
scores did not evaluate the patient’s pain during movement.
In addition, nausea and vomiting were not assessed.
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