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Does erector Spinae plane Block 
Have a Visceral Analgesic Effect?:  
A Randomized controlled trial
Hye-Mee Kwon, Doo-Hwan Kim, Sung-Moon Jeong, Kyu taek choi, Sooin park,  
Hyun-Jung Kwon & Jong-Hyuk Lee ✉

The visceral analgesic efficacy of erector spinae plane block (ESPB) is still a matter of debate. This 
study attempted to investigate the visceral analgesic efficacy of ESPB in clinical setting. After 
randomized, we performed ultrasound-guided bilateral rectus sheath block (RSB), which was aimed 
to prevent postoperative somatic pain on all patients who underwent laparoscopic cholecystectomy 
(LC). Ultrasound-guided bilateral ESPB at T7 level was performed only to the intervention group to 
provide the visceral analgesic block. The intraoperative requirement for remifentanil (P = 0.021) and the 
cumulative fentanyl consumption at postoperative 24-hours was significantly lower in the ESPB group 
(206.5 ± 82.8 μg vs.283.7 ± 102.4 μg, respectively; p = 0.004) compared to non-ESPB group. The ESPB 
group consistently showed lower accumulated analgesic consumption compared with those in the non-
ESPB group at all observed time-points (all P < 0.05) after 2 hours and the degree of the accumulated 
analgesic consumption reduction was greater (P = 0.04) during the 24-hour postoperative period. 
Pain severity was lower in the ESPB group at 6-hours postoperatively. The significantly reduced opioid 
consumption in ESPB group may imply that while preliminary and in need of confirmation, ESPB has 
potential visceral analgesic effect. Therefore, performing ESPB solely may be feasible in inducing both 
somatic and visceral analgesia.

Since its first description in 2016 by Forero et al.1, erector spinae plane block (ESPB) has been the focus of atten-
tion as an alternative analgesic method. Targeting the space between the erector spinae muscle sheath and the 
transverse process of a vertebra, the injected agent spreads craniocaudally, resulting in the blockage of multiple 
vertebral levels, covering a wide area. Of note, it penetrates anteriorly into the paravertebral space where it can 
theoretically block not only the dorsal and ventral rami, but also the rami communicantes2,3, which suggests the 
potential of both somatic and visceral pain blockage.

Laparoscopic cholecystectomy (LC), although minimally invasive compared to open surgery, is associated 
with significant levels of postoperative pain4. The components of acute postoperative pain are consisted of 
somatic, visceral, and referred pain. Visceral pain is considered to be the co-dominating pain component, along 
with somatic pain, within 24 hours after LC5,6. Furthermore, early visceral pain is associated with an unexplained 
chronic pain development 1-year after LC7.

In this setting, performing ESPB as postoperative analgesic method may efficiently provide somatic and vis-
ceral pain block and overcome the current limitations of neuraxial and peripheral regional block. It is considered 
as a peri-paravertebral regional analgesia technique with a mechanism of action similar to that of the paraverte-
bral block; however, it is technically easier and has lower risk of major complications, such as pneumothorax or 
accidental neuraxial injection8. For these reasons, ESPB is gaining popularity quickly despite it being a recently 
introduced technique. To date, its analgesic efficacy has been described in abundance in case reports9; however, 
only few controlled clinical trials after abdominal10,11, cardiac12,13, and breast surgery14 have been reported. Few 
cadaveric studies have showed that the injected dye penetrates to paravertebral space and spread into rami com-
municantes2,3, however, controlled clinical studies evaluating the visceral analgesic efficacy of ESPB have not been 
performed. In the previous study by our group, the preoperative rectus sheath block (RSB) effectively reduced the 
analgesic requirement15, however most of the patients complained the residual visceral pain, referring it as “pain 
from inside”.
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Therefore, we designed this randomized, single-blind trial to investigate the efficacy of ESPB in visceral pain 
analgesia. Specifically, we performed RSBto prevent somatic sensory pain in patients undergoing LC and hypoth-
esized that ESPB may provide additional pain relief by alleviating the visceral pain. The primary outcome was to 
assess the effect of ESPB on the cumulative consumption of a rescue analgesic over 24 postoperative hours. The 
secondary outcomes were the intraoperative remifentanil requirement and postoperative pain score.

Results
A total of 60 patients were enrolled and 53 were included in the final analysis (Fig. 1). Of all, 7 patients were 
excluded. Two patients were excluded due to high severity grade of the cholecystitis (>Parkland grade 3), one 
patient due to intraoperative bile duct injury, one patient due to postoperative external drainage, and three 
patients due to refusal. Finally, 27 patients in non-ESPB group and 26 patients in ESPB group were analysed. 
There were no significant differences in the demographics between the groups, including the pre-operative 
diagnosis (Table 1). The cholecystitis inflammation status evaluated by the surgeon through visual inspection 
(P = 0.111), rate of intraoperative bile leakage incidences (P = 0.973), grade of gallbladder injury (P = 1.000), 
peak abdominal gas pressure (P = 0.188), and duration of the surgery (P = 0.551) were not different between the 
groups (Table 2 and Supplementary Table 1). In addition, there was no significant difference between the changes 
from baseline to maximum mean blood pressure (P = 0.144) and heart rate (P = 0.110) collected within 5 min-
utes after skin incision and prior to pneumoperitoneum. None of the patients reported predominating residual 
somatic resting pain at the PACU.

The intraoperative requirement for remifentanil was significantly lower in the ESPB group compared to that in 
the non-ESPB group (P = 0.024, Table 2). After discharge from the PACU, patients in the ESPB group had lower 
accumulated analgesic consumption compared with those in the non-ESPB group (Fig. 2).

Of note, repeated measures analysis revealed that the degree of accumulated analgesic consumption reduc-
tion was greater (P = 0.04) during the 24-hour postoperative period. The mean difference in cumulative anal-
gesic consumption at 6 postoperative hours was 41.9 mcg (rate of difference, 25.3%; 165.1 ± 67.7 mcg vs 

Figure 1. Study flow diagram of the participants. RSB, rectus sheath block, ESPB, erector spinae plane block.
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207 ± 45.5 mcg, P = 0.012), which significantly increased to 77.2 mcg (rate of difference, 37.4%; 206.5 ± 82.8 mcg 
vs. 283.7 ± 102.4 mcg, P = 0.004) at 24 postoperative hours.

The NRS score at 6 hours postoperatively was significantly lower in the ESPB group than in the non-ESPB 
group (2 (2-3) vs. 3 (3-5), P = 0.029); however, there was no difference in the NRS scores between the other time 
points (Table 3). The incidences of postoperative nausea and vomiting were not different between the two groups 
(Table 4). None of the patients reported any signs of local anaesthetic toxicity or other adverse effects associated 
with local anaesthetic administration during or after surgery.

Discussion
In this randomized, single-blind clinical trial, we demonstrated that analgesia with ESPB and RSB reduced the 
cumulative analgesic consumption for up to 24 hours, with the degree of reduction being more pronounced com-
pared to analgesia with RSB alone. The intraoperative opioid requirement was also lower in the ESPB group than 
in the non-ESPB group. The 14% reduction during surgery and 37% reduction after surgery in opioid usage were 
found in the ESPB group, compared to non-ESPB group. The incidences of postoperative nausea and vomiting 
were similar in both groups. Our results suggest that ESPB may be effective in visceral sensory blockage.

ESPB has emerged as a possible solution to the current limitations to the existing analgesic methods. The tar-
get site for injection is the space between the erector spinae muscle sheath and the transverse process of the verte-
bra, which reduces the risk of needle-pleura interaction and possible pneumothorax. As the injected agent seems 
to spread not only craniocaudally, but also anteriorly into paravertebral area, ESPB is thought to provide analgesia 
both for several dermatomes at the level of injection and is considered to also have a potential to block somatic 
and visceral pain. Since the first description in 2016 by Forero et al.1, its clinical indication has broadened by 
adjusting the injection target between T5 to L1 according to the targeting site. As a result, the popularity of ESPB 
grew quickly despite of it being introduced recently. Currently, numerous case reports have continuously demon-
strated its analgesic effect and recently, a few controlled trials were reported. Currently it is evident that the ESPB 
is effective with its major advantages, such as potential for visceral pain blockage, simpler technique, and fewer 

Non-ESPB 
group (n = 27)

ESPB group 
(n = 26) P value

Age (y) 48.2 ± 11.8 51.5 ± 11.7 0.310

Sex (male, %) 12 (44.4%) 9 (34.6%) 0.665

Height (cm) 163 (157–175) 162 (156–171) 0.544

Weight (kg) 67.1 ± 14.2 66.9 ± 10.0 0.945

Body mass index (kg/m2) 24.5 ± 3.2 25.0 ± 3.1 0.588

ASA (1/2) 12/15 12/14 1.000

Diabetes mellitus 3 (11.1%) 2 (7.7%) 1.000

Hypertension 10 (37.0%) 8 (30.8%) 0.848

Diagnosis 0.694

*Cholecystitis 21 (77.8%) 18 (69.2%)

+Others 6 (22.2%) 6 (30.8%)

Preoperative pain score, 
(0/1, NRS) 25/2 26/0 0.488

Table 1. Patients demographics. Values are expressed as the mean (±SD) or median (interquartile range) for 
continuous variables, and n (%) for categorical variables. *Cholecystitis: Preoperatively diagnosed as acute or 
chronic cholecystitis; +Others: Preoperatively diagnoses other than cholecystitis, which includes gallbladder 
stone, gallbladder polyp, and adenomyomatosis. NRS: numeric rating scale.

Non-ESPB 
group (n = 27)

ESPB group 
(n = 26) P value

Intraoperative findings

Inflammation grade (1/2/3)* 9/16/2 14/8/4 0.111

Gallbladder bed injury (1/2/3)** 25/2/0 25/1/0 1.000

Duration of operation (min) 27.0 ± 10.2 28.8 ± 12.6 0.551

Intraoperative remifentanil use (μg/min/kg) 0.073 ± 0.017 0.063 ± 0.015 0.024

Difference between maximum value and baseline vital signs

Mean blood pressure (mmHg) −1.1 ± 3.9 0.2 ± 2.7 0.144

Heart rate (beats/min) −1.0 (−1.0–0.5) −1.0 (−3.0–0.0) 0.110

Table 2. Intraoperative data. Data presented as n (%) the mean(±SD) or median (interquartile range) for 
continuous variables, or absolute number for categorical variables, as appropriate. *Evaluated by Parkland 
grading method. **Evaluated by operating surgeon as follows: 1. Insignificant injury to liver, 2. Mild injury to 
liver 3. Moderate injury to liver.

https://doi.org/10.1038/s41598-020-65172-0


4Scientific RepoRtS |         (2020) 10:8389  | https://doi.org/10.1038/s41598-020-65172-0

www.nature.com/scientificreportswww.nature.com/scientificreports/

risks of complication. Thus, ESPB could be the alternative method to classic neuraxial and paravertebral block. 
However, although theoretically possible, effectiveness of ESPB in visceral sensory blockage is still controversial.

Although LC is minimally invasive compared with open surgery, this procedure is still associated with sig-
nificant levels of postoperative pain4, which prolongs the hospital stay and increases readmission rates16. The 
postoperative pain is the worst in the first 24 hours after surgery, with visceral pain being the predominant pain, 
followed by somatic pain5,6. Furthermore, patients with higher visceral pain intensity showed higher risk of a 
chronic pain development after LC.

Figure 2. Cumulated analgesic consumption. All analgesics were converted to equivalent fentanyl dose (μg) 
and were divided by patient’s weight (kg). Cumulated fentanyl consumption at 24-hour is the primary outcome. 
Data are expressed as the median and interquartile range. ∗P < 0.05 indicates statistical significance. ESPB, 
erector spinae plane block; PACU, postanaesthetic care unit.

Time after 
surgery

Non-ESPB group 
(n = 27)

ESPB group 
(n = 26) P value

0 hour 5 (4–6) 5 (2–6) 0.737

0.5 hour 6 ± 2 5 ± 2 0.225

1 hour 3 (2–3) 3 (2–3) 0.277

2 hours 5 (4–7) 5 (4–6) 0.453

6 hours 3 (3–5) 2 (2–3) 0.019

12 hours 2 (1–4) 3 (2–4) 0.196

18 hours 2 (2–3) 2 (2–3) 0.872

24 hours 2 (1–3) 2 (1–3) 0.792

Table 3. NRS after surgery. Values are expressed as the mean (±SD) or median (interquartile range). NRS, 
Numeric rating score. Postoperative 0, 0.5, and 1 hour are measured in the recovery room.

Side effects or Complications
Non-ESPB 
group (n = 27)

ESPB group 
(n = 26) P value

Incidence of Nausea

PACU 1 (4%) 2 (8%) 0.973

General ward (within 24 hours) 4 (14.8%) 2 (7.7%) 0.701

Incidence of Vomiting

PACU 0 (0.0%) 1 (4%) 0.985

General ward (within 24 hours) 1 (3.7) 1 (3.8) 1.000

Rescue mediation for nausea or vomiting

PACU 0 (0.0%) 2 (8%) 0.454

General ward (within 24 hours) 5 (18.5) 1 (3.8) 0.211

Table 4. Postoperative Complications. Values are expressed as n (%). PACU, post-anaesthetic care unit.
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In this regard, effective postoperative pain management has been actively researched17,18 for it is essential in 
patient care. Currently, a multimodal approach is recommended to reduce the opioid consumption and asso-
ciated side-effects17,19. Neuraxial regional analgesia, such as paravertebral block20, thoracic epidural block21, or 
spinal anaesthesia22, are effective in both visceral and somatic pain blockage. However the current consensus does 
not support neuraxial analgesia for use in patients undergoing minimally invasive surgery such as LC18, due to 
the potential complications related to the procedure, such as pneumothorax, direct spinal cord injury, epidural 
hematoma, and central infection. The benefit of neuraxial analgesia does not seem to outweigh the potential 
risks, and importantly, they seem unnecessary in the context of minimally invasive surgery in patients using lap-
aroscopic procedures8,18,23. Peripheral regional blocks, such as rectus sheath block15,24 or transversus abdominis 
block25, could be alternative analgesic methods18 with the advantage of being relatively safe procedures with high 
efficacy26. However, these have limitations for being effective only in blocking somatic pain.

In previous studies regarding patients undergoing LC, the ESPB successfully provided analgesia compared to 
the placebo group11. ESPB reduced intra- and post-operative opioid consumption and lowered the pain score27. 
Moreover, it was superior to the oblique subcostal transversus abdominis plane block28 in postoperative pain 
control. Our study is the first controlled clinical study to evaluated the efficacy of the ESPB in terms of visceral 
pain blockage.  Our result shows that the ESPB further reduces analgesic consumption in patients with reduced 
somatic pain via RSB, compared to those with only RSB. Of note, the amount of  the reduced analgesic consump-
tion was greater over the observed time period. It can be assumed that the ESPB has provided pre-emptive analge-
sic effects for the visceral pain, which led to peripheral desensitization resulting in reduced opioid consumption.

The mechanism of action in ESPB has been studied in a few cadaveric studies with conflicting results. In 2016, 
the study by Forero et al. was first to investigate the spread of local analgesics with two cadavers, and showed the 
anterior spread through the paravertebral space, resulting in blockage of not only ventral and dorsal rami but 
also rami communicantes, showing the potential of visceral sensory blockage. In another study by Yang et al., the 
injected dye penetrated anteriorly into the paravertebral space, similarly as in the previous study2,3. However, in the 
study by Ivanusic et al., the injected dye spread only craniocaudally and laterally to the posterior of the costotrans-
verse foramen, and no anterior spread into the dorsal and ventral rami was found29. In clinical settings, one case 
report described the potential visceral analgesic effect of ESPB in bariatric surgery30. A very recent randomized con-
trolled study reported that ESPB provided effective analgesia in patients undergoing open epigastric hernia repair 
with midline incision31. Taken together, these clinical studies suggest the anterior spread of the local agent into the 
paravertebral space in ESPB. It could be speculated that the area of spreading may be different in cadaveric patients 
than in the living ones due to the intrathoracic pressure change and the absence of tissue tension in living patients.

Our study has several limitations. First, we did not check the sensory distribution of ESPB. One of the reasons 
is the postoperative hyperaesthetic state of the abdomen due to the pneumoperitoneum, and the other is that 
the use of opioid after surgery may have changed the pain threshold. Taken together, the exact dermatome by 
pin-prick test would not be feasible. However, we visually confirmed that the local anaesthetics were well spread 
in the transverse and the sagittal view in all patients receiving ESPB with ultrasound, therefore we may speculate 
that ESPB was well performed. Second, we did not provide somatic pain block for the epigastric and subcostal 
5 mm trocar area. However, it is reported that the port size is related to pain and 5 mm is shown to induce less 
postoperative pain after laparoscopic surgery32. Furthermore, none of our patients reported predominating resting 
somatic pain on zyphoid or subcostal area at the PACU. Third, although the fentanyl consumption is statistically 
significant, the absolute dosage may not clinically significant (3 mcg/hr) and there is no difference in NRS between 
the two groups. In this study, the RSB was performed in all patients to prevent the somatic pain, which reduced 
postoperative pain and decreased opioid consumption in the control group15. In addition, because of rescue anal-
gesics was administered when NRS was ≥ 4 or when the patient needed pain relief, we thought that the NRS was 
not significantly difference between two groups. “Due to the design of the current study, routine analgesia was not 
provided but only upon the patients’ request or NRS ≥ 4, which may have resulted relatively higher NRS score in 
current study compared to the data reported by previous studies. Although ESPB is an effective analgesia approach 
especially in the first 6-8 hours, the patients should receive routine analgesia not to develop a pain-memory”. 
Furthermore, based on these reasons, the current study does not justify using two different blocks in patients 
undergoing LC. The value of our results lies that it is the first to report the effectiveness of ESPB focusing on the 
visceral analgesic effect in clinical setting, which may assist broadening the ESPB indication in perioperative pain 
management.

conclusions
Ultrasound-guided ESPB with RSB reduced the intraoperative remifentanil requirement and cumulative anal-
gesic consumption in the first 24 hours in patients undergoing LC compared to that in patients using RSB only, 
suggesting the potential visceral analgesic effect of ESPB. Although further clinical studies are needed to clarify 
the extent of analgesia, our results show that ESPB may be an effective technique for the management of postop-
erative visceral pain.

Materials and Methods
This is a single-center, prospective, randomised, single-blind trial. All subjects gave their informed consent for 
inclusion before they participated in the study. The study was conducted in accordance with the Declaration of 
Helsinki, and the protocol was approved by the Ethics Committee of the Institutional Review Board of Asan 
Medical Center, Seoul, Republic of Korea (2018-1320). This study was registered on December 07, 2018 at clini-
calTrials.gov (NCT03767816) prior to patient enrolment.

Patients. Patients scheduled for elective LC between December 17, 2018 and January 29, 2019 were screened 
for eligibility. Patients aged 20–80 years with an American Society of Anesthesiologists physical status class 1 or 
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2 were eligible for the study. Exclusion criteria were as follows: contraindications for regional anaesthesia, such 
as history of local anaesthetic allergy or steroid complication; use of anticoagulants; pregnancy or breastfeeding; 
history of previous abdominal surgery; pre-existing vertebra or chest wall abnormality; and refusal to partic-
ipate. The study also excluded patients with severe intraperitoneal inflammation or adhesions of cholecystitis 
(Parkland grade > 3)33, those with a single port insertion, patients with intraoperative bile duct injury, and those 
who maintained percutaneous drainage after surgery. Patients were randomized into two groups (ESPB group 
and non-ESPB group) according to a computer-generated randomization schedule created before the study start. 
Patients in the ESPB group received bilateral ESPB before general anaesthesia induction, whereas bilateral RSB 
were performed immediately after anaesthesia induction. In non-ESPB group, only bilateral RSB were performed 
immediately after induction and prior to incision. The regional blocks and anesthesia were performed by one 
of two investigators (H.-M. Kwon or J.-H. Lee). Subsequent data collection was performed by the blinded study 
research coordinator or a blinded study investigator.

Ultrasound-guided ESPB and RSB. ESPB was performed according to a standardized method, as pre-
viously described by Forero et al.1. After placing the patient in a prone position, a NextGen LOGIQe ultrasound 
console (GE Healthcare, Madison, WI, USA) with a 12 MHz high-frequency linear ultrasound transducer was 
placed in a longitudinal orientation 3 cm lateral to the T7 spinous process. Since ribs articulate posteriorly with 
the corresponding thoracic vertebra, we visualized the 12th rib and counted from there to the 7th rib to confirm 
the location of T7 thoracic vertebra. After identifying the fascia of erector spinae muscle superficial to the tip of 
the transverse process, under aseptic conditions, a 22-gauge Quincke needle (TaeChang Industrial Co., Gongju, 
Korea) was inserted in a caudal-to-cephalad direction by in-plane technique, until the needle tip touched the tip 
of the transverse process of T7 vertebrae and was laid in the fascial plane on the deep aspect of the erector spinae 
muscle. The location of the needle tip was confirmed by a visible linear spread of fluid lifting the erector spinae 
muscle off the transverse process on ultrasonographic imaging. A total of 20 mL of 0.20% ropivacaine was injected 
on one side. The same procedure was performed with 20 mL of 0.20% ropivacaine on the contralateral side.

RSB was performed after identifying the rectus abdominis muscle by placing the ultrasound probe in a trans-
verse orientation next to the incision site, which was 1 cm below the umbilicus, and a 22-gauge Quincke needle 
(TaeChang Industrial Co., Gongju, Korea) was inserted in-plane, medial-to-lateral direction to place the needle 
tip in the plane between the lateral side of the rectus abdominis muscle and the posterior rectus sheath. After 
confirming the needle tip by visible linear spread lifting the rectus sheath muscle, 15 mL of 0.20% ropivacaine was 
administered, and the same procedure was repeated on the opposite side.

Surgical technique of LC. LC was performed using a three-port surgical technique according to our hos-
pital protocol. In all patients, a 12 mm port was placed at the 1 cm below umbilicus, 5 mm port in the epigastric 
area, and another 5 mm port was placed on the right subcostal area. Non-humidified and non-heated CO2 were 
used to achieve pneumoperitoneum and the intra-abdominal pressure was maintained to be lower than 13 mm 
Hg in all patients.

Anaesthesia and analgesia. In the operating room, routine monitoring included electrocardiography, 
non-invasive blood pressure measurement, and pulse oximetry. After induction of anaesthesia using propofol 
(2 mg/kg), rocuronium (0.6 mg/kg) was administered and endotracheal intubation was performed. Balanced 
anaesthesia was maintained using desflurane (5–6%) in 50% oxygen and a continuous infusion of remifentanil 
(1.5–2.5 ng/ml of effect-site concentration, using Orchestra, Fresenius Vial, France). Remifentanil was maintained 
under 2.7 ng/ml to avoid postoperative hyperalgesia34. Changes of the intraoperative blood pressure were main-
tained within 20% from the baseline values. After emergence from anaesthesia, patients were transferred to the 
post-anaesthetic care unit (PACU) where pain was assessed and recorded by nursing staff using an 11-point 
Numerical Rating Scale (NRS). Intravenous fentanyl bolus (0.4 µg/kg) was administered upon patients’ request or 
when analgesia was insufficient (NRS ≥ 4). Administration of fentanyl was repeated until NRS < 4 or the patient 
did not request further pain relief. After transferring to the general ward, 50 mg of dexketoprofen, and 50 mg of 
tramadol or 25 mg of meperidine were administered in sequence only upon patient request or NRS was ≥ 4.

Outcome measures and data collection. The primary outcome was the difference in the 24-hour 
postoperative cumulative rescue analgesic consumption between patients in the ESPB and non-ESPB group. 
Secondary outcomes were intraoperative remifentanil consumption and postoperative pain score, evaluated by 
NRS.

The baseline pain level prior to surgery was evaluated by a single investigator to exclude any underlying 
visceral pain. Because this study was intended to evaluate the efficacy of ESPB in alleviating visceral pain, the 
patients with predominant somatic pain after the RSB were exclude from further analysis. Given that objectively 
differentiating pain component is difficult in clinical setting, an investigator, who was blinded to the treatment 
allocation, asked the patients if they had any ‘resting superficial pain’ and further confirmed by giving pressure 
on the umbilical port incision site to check for any residual resting somatic pain at PACU. Postoperative pain 
intensity was assessed using a single 11-point NRS (in which 0 = no pain and 10 = worst pain imaginable). 
Nursing staff blinded to the randomization administered intravenous rescue analgesics and recorded the total 
doses of rescue analgesics during the 24-hour postoperative period. The doses of all opioids and nonsteroidal 
anti-inflammatory drugs administered to patients were converted to intravenous fentanyl equianalgesic doses 
based on previously published conversion factors (intravenous fentanyl 100 μg = ketorolac 30 mg = tramadol 
100 mg)35. Cumulative analgesic consumption and the NRS were measured at 0, 0.5-, and 1 h at the PACU, and at 
2-, 6-, 12-, 18- and 24-h at the general ward after the surgery.
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Additional factors associated with visceral pain, such as the severity of adhesions and the cholecystitis inflam-
mation status were graded according to the Parkland scale (range 0–5)33 by the operating surgeon based on visual 
inspection. The surgical procedure characteristics related to visceral pain, such as the duration of surgery, peak 
abdominal gas pressure, severity of gallbladder bed injury during surgery, or rate of intraoperative bile leakage, 
were also compared between the groups. The severity of gallbladder bed injury was reported by the surgeon 
as follows: 1. insignificant injury to the liver; 2. mild injury to the liver; and 3. moderate injury to the liver. 
Vital signs were recorded, such as mean blood pressure (mm Hg) and heart rate (beats per minutes), measured 
before the incision, and the maximum value after the incision and before the induction of pneumoperitoneum. 
Furthermore, the adverse effects of analgesics, such as nausea and vomiting, and the complications associated 
with ESPB or RSB procedure, such as hematoma or pneumothorax, if any, were also recorded.

Sample size calculation. Based on our previous study15, we expected that the postoperative 24-hour cumu-
lative fentanyl consumption would be 220 ± 86 μg in patients receiving RSB. Sample size estimation, with a power 
of 80% and an alpha error of 0.05, showed that 25 patients in each group would be needed to reach significance of 
the 20% reduction of the 24-hour fentanyl consumption in patients receiving RSB and ESPB. To be able to com-
pensate for an incomplete data collection or patients dropping out, a total of 60 patients were recruited.

Statistical analysis. Continuous parameters were summarized as mean (± standard deviation) or median 
(interquartile range), and categorical parameters as frequency (percentage), as appropriate. Between-group com-
parisons were evaluated using the Student’s t-test or Mann–Whitney U-test for continuous variables, and the 
Chi-square or Fisher’s exact test for categorical variables, as appropriate. The repeated measurements of cumula-
tive fentanyl consumptions were performed using a linear mixed-effect model to evaluate the interaction of time 
and treatment between the ESPB and non-ESPB groups. Statistical significance was set at P < 0.05. Data manip-
ulation and analyses were performed using R software, version 3.6.2 (CRAN, R Foundation, Vienna, Austria)36

Received: 26 December 2019; Accepted: 17 April 2020;
Published: xx xx xxxx

References
 1. Forero, M., Adhikary, S. D., Lopez, H., Tsui, C. & Chin, K. J. The erector spinae plane block: a novel analgesic technique in thoracic 

neuropathic pain. Reg. Anesth. Pain Med. 41, 621–627 (2016).
 2. Yang, H. M. et al. Comparison of injectate spread and nerve involvement between retrolaminar and erector spinae plane blocks in 

the thoracic region: a cadaveric study. Anaesthesia 73, 1244–1250 (2018).
 3. Costache, I. et al. Does paravertebral block require access to the paravertebral space? Anaesthesia 71, 858–859 (2016).
 4. Barczynski, M. & Herman, R. M. A prospective randomized trial on comparison of low-pressure (LP) and standard-pressure (SP) 

pneumoperitoneum for laparoscopic cholecystectomy. Surg. Endosc. 17, 533–538 (2003).
 5. Ekstein, P. et al. Laparoscopic surgery may be associated with severe pain and high analgesia requirements in the immediate 

postoperative period. Ann. Surg. 243, 41–46 (2006).
 6. Joris, J., Thiry, E., Paris, P., Weerts, J. & Lamy, M. Pain after laparoscopic cholecystectomy: characteristics and effect of intraperitoneal 

bupivacaine. Anesth. Analg. 81, 379–384 (1995).
 7. Blichfeldt-Eckhardt, M. R., Ording, H., Andersen, C., Licht, P. B. & Toft, P. Early visceral pain predicts chronic pain after laparoscopic 

cholecystectomy. Pain 155, 2400–2407 (2014).
 8. Freise, H. & Van Aken, H. K. Risks and benefits of thoracic epidural anaesthesia. Br. J. Anaesth. 107, 859–868 (2011).
 9. Tsui, B. C. H., Fonseca, A., Munshey, F., McFadyen, G. & Caruso, T. J. The erector spinae plane (ESP) block: a pooled review of 242 

cases. J. Clin. Anesth. 53, 29–34 (2019).
 10. Chin, K. J., Adhikary, S., Sarwani, N. & Forero, M. The analgesic efficacy of pre-operative bilateral erector spinae plane (ESP) blocks 

in patients having ventral hernia repair. Anaesthesia 72, 452–460 (2017).
 11. Tulgar, S. et al. Evaluation of ultrasound-guided erector spinae plane block for postoperative analgesia in laparoscopic 

cholecystectomy: a prospective, randomized, controlled clinical trial. J. Clin. Anesth. 49, 101–106 (2018).
 12. Macaire, P. et al. Ultrasound-guided continuous thoracic erector spinae plane block within an enhanced recovery program is 

associated with decreased opioid consumption and improved patient postoperative rehabilitation after open cardiac surgery-a 
patient-matched, controlled before-and-after study. J. Cardiothorac. Vasc. Anesth. 33, 1659–1667 (2019).

 13. Krishna, S. N. et al. Bilateral erector spinae plane block for acute post-surgical pain in adult cardiac surgical patients: a randomized 
controlled trial. J. Cardiothorac. Vasc. Anesth. 33, 368–375 (2019).

 14. Altiparmak, B., Korkmaz Toker, M., Uysal, A. I., Turan, M. & Gumus Demirbilek, S. Comparison of the effects of modified pectoral 
nerve block and erector spinae plane block on postoperative opioid consumption and pain scores of patients after radical 
mastectomy surgery: a prospective, randomized, controlled trial. J. Clin. Anesth. 54, 61–65 (2019).

 15. Jeong, H. W. et al. Preoperative versus postoperative rectus sheath block for acute postoperative pain relief after laparoscopic 
cholecystectomy: A randomized controlled study. J Clin Med 8 (2019).

 16. Rosero, E. B. & Joshi, G. P. Hospital readmission after ambulatory laparoscopic cholecystectomy: incidence and predictors. J. Surg. 
Res. 219, 108–115 (2017).

 17. Bisgaard, T. Analgesic treatment after laparoscopic cholecystectomy: a critical assessment of the evidence. Anesthesiology 104, 
835–846 (2006).

 18. Barazanchi, A. W. H. et al. Evidence-based management of pain after laparoscopic cholecystectomy: a PROSPECT review update. 
Br. J. Anaesth. 121, 787–803 (2018).

 19. Lee, C. & Song, Y. K. The effect of intraperitoneal instillation and trocar site infiltration of 0.25% levobupivacaine on the 
postoperative pain after performing laparoscopic cholecystectomy under remifentanil based anesthesia. Korean J. Pain 21, 44–50 
(2008).

 20. Visoiu, M., Cassara, A. & Yang, C. I. Bilateral paravertebral blockade (T7-10) versus incisional local anesthetic administration for 
pediatric laparoscopic cholecystectomy: a prospective, randomized clinical study. Anesth. Analg. 120, 1106–1113 (2015).

 21. van Zundert, A. A. et al. Laparoscopic cholecystectomy under segmental thoracic spinal anaesthesia: a feasibility study. Br. J. 
Anaesth. 98, 682–686 (2007).

 22. van Zundert, A. A. et al. Segmental spinal anaesthesia for cholecystectomy in a patient with severe lung disease. Br. J. Anaesth. 96, 
464–466 (2006).

 23. Halabi, W. J. et al. Epidural analgesia in laparoscopic colorectal surgery: a nationwide analysis of use and outcomes. JAMA Surg 149, 
130–136 (2014).

https://doi.org/10.1038/s41598-020-65172-0


8Scientific RepoRtS |         (2020) 10:8389  | https://doi.org/10.1038/s41598-020-65172-0

www.nature.com/scientificreportswww.nature.com/scientificreports/

 24. Godden, A. R., Marshall, M. J., Grice, A. S. & Daniels, I. R. Ultrasonography guided rectus sheath catheters versus epidural analgesia 
for open colorectal cancer surgery in a single centre. Ann. R. Coll. Surg. Engl. 95, 591–594 (2013).

 25. El-Dawlatly, A. 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. 102, 763–767 (2009).

 26. Koh, W. U. & Lee, J. H. Ultrasound-guided truncal blocks for perioperative analgesia. Anesth. Pain Med. 13, 128–142 (2018).
 27. Altiparmak, B., Korkmaz Toker, M., Uysal, A. İ., Kuşçu, Y. & Gümüş Demirbilek, S. Efficacy of ultrasound-guided erector spinae 

plane block for analgesia after laparoscopic cholecystectomy: a randomized controlled trial†. Brazilian Journal of Anesthesiology 
(English Edition) 69, 561–568 (2019).

 28. Altiparmak, B., Korkmaz Toker, M., Uysal, A. I., Kuscu, Y. & Gumus Demirbilek, S. Ultrasound-guided erector spinae plane block 
versus oblique subcostal transversus abdominis plane block for postoperative analgesia of adult patients undergoing laparoscopic 
cholecystectomy: randomized, controlled trial. J. Clin. Anesth. 57, 31–36 (2019).

 29. Ivanusic, J., Konishi, Y. & Barrington, M. J. A cadaveric study investigating the mechanism of action of erector spinae blockade. Reg. 
Anesth. Pain Med. 43, 567–571 (2018).

 30. Chin, K. J., Malhas, L. & Perlas, A. The erector spinae plane block provides visceral abdominal analgesia in bariatric surgery: a report 
of 3 cases. Reg. Anesth. Pain Med. 42, 372–376 (2017).

 31. Abu Elyazed, M. M., Mostafa, S. F., Abdelghany, M. S. & Eid, G. M. Ultrasound-guided erector spinae plane block in patients 
undergoing open epigastric hernia repair: a prospective randomized controlled study. Anesth. Analg. 129, 235–240 (2019).

 32. Wang, Q., Huang, L., Zeng, W., Chen, L. & Zhao, X. Assessment of port-specific pain after gynecological laparoscopy: a prospective 
cohort clinical trial. J. Laparoendosc. Adv. Surg. Tech. A 27, 597–604 (2017).

 33. Madni, T. D. et al. The Parkland grading scale for cholecystitis. Am. J. Surg. 215, 625–630 (2018).
 34. Koo, C. H. et al. Intraoperative naloxone reduces remifentanil-induced postoperative hyperalgesia but not pain: a randomized 

controlled trial. Br. J. Anaesth. 119, 1161–1168 (2017).
 35. McPherson, M. L. Demystifying opioid conversion calculations: a guide for effective dosing. (American Society of Health-System 

Pharmacists, 2009).
 36. R Development Core Team. (R Foundation for Statistical Computing, Vienna, Austria, 2019).

Author contributions
Conceptualization, Doo-Hwan Kim and Jong-Hyuk Lee; Data curation, Sooin Park and Hyun-Jung Kwon; 
Formal analysis, Hye-Mee Kwon and Jong-Hyuk Lee; Methodology, Sooin Park and Hyun-Jung Kwon; Project 
administration, Kyu Taek Choi; Supervision, Sung-Moon Jeong; Visualization, Hye-Mee Kwon; Writing – original 
draft, Hye-Mee Kwon; Writing – review & editing, Doo-Hwan Kim and Jong-Hyuk Lee.

competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-65172-0.
Correspondence and requests for materials should be addressed to J.-H.L.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-65172-0
https://doi.org/10.1038/s41598-020-65172-0
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Does Erector Spinae Plane Block Have a Visceral Analgesic Effect?: A Randomized Controlled Trial
	Results
	Discussion
	Conclusions
	Materials and Methods
	Patients. 
	Ultrasound-guided ESPB and RSB. 
	Surgical technique of LC. 
	Anaesthesia and analgesia. 
	Outcome measures and data collection. 
	Sample size calculation. 
	Statistical analysis. 

	Figure 1 Study flow diagram of the participants.
	Figure 2 Cumulated analgesic consumption.
	Table 1 Patients demographics.
	Table 2 Intraoperative data.
	Table 3 NRS after surgery.
	Table 4 Postoperative Complications.




