
O R I G I N A L  R E S E A R C H

Safety and Efficacy of Ultrasound-Guided 
Retrolaminar Block of Multiple Injections in 
Retroperitoneal Laparoscopic Nephrectomy: 
A Prospective Randomized Controlled Study

This article was published in the following Dove Press journal: 
Journal of Pain Research

Dexing Liu1,2 

Xinpeng Xu2 

Yuhang Zhu2 

Xingxing Liu 1,2 

Faliang Zhao1,3 

Guobiao Liang1,3 

Zhaoqiong Zhu 1,2

1Soochow University Medical College, 
Suzhou, 215000, People’s Republic of 
China; 2Department of Anesthesiology, 
Affiliated Hospital of Zunyi Medical 
University, ZunYi, 563000, People’s 
Republic of China; 3Department of 
Urology, Affiliated Hospital of Zunyi 
Medical University, ZunYi, 563000, 
People’s Republic of China 

Purpose: Ultrasound-guided retrolaminar block (RLB) has the potential to provide post-
operative analgesia in retroperitoneal laparoscopic surgery. This study was conducted to 
evaluate the effects of RLB when compared with local infiltration analgesia (LIA) in retro-
peritoneal laparoscopic nephrectomy.
Patients and Methods: One hundred and fifteen patients scheduled for laparoscopic 
nephrectomy were divided into two groups: the RLB group (n = 57) received an ultrasound- 
guided RLB, while the LIA group (n = 58) received LIA. At 2, 4, 6, 24, and 48 hours after 
operation, the maximal visual analog score (VAS), sufentanil and rescue analgesia consump-
tion, and the utilization of patient-controlled intravenous analgesia (PCIA) were assessed. 
The incidence rates of postoperative nausea and vomiting (PONV); time of leaving bed (at 
the first instance); and the levels of plasma β-Endorphin (β-EP), Interleukin-1β (IL-1β), and 
prostaglandin E2 (PEG2) 30 min after extubation were noted.
Results: Patients in the RLB group had significantly lower VAS scores; lower sufentanil 
cumulative consumption; lower manual addition frequency of PCIA; lower proportion of 
using rescue analgesia within 48 hours after operation; lower incidence rate of PONV; shorter 
resuscitation times; earlier time of leaving the bed; and lower β-EP, IL-1 β, and PEG2 levels.
Conclusion: Ultrasound-guided RLB of multiple injections is both safe and controllable for 
postoperative analgesia after retroperitoneal laparoscopic nephrectomy. When compared with 
LIA, RLB has better and longer-lasting analgesic effect, lower incidence rates of PONV, and 
the potential to reduce the level of postoperative inflammatory factors.
Trial Registration: China Clinical Trials Registration Center (http://www.chictr.org.cn, No. 
ChiCTR1800017526, Date of registration: 2018–08-02).
Keywords: ultrasound guidance, retrolaminar block, retroperitoneal laparoscopic 
nephrectomy, local infiltration anesthesia

Introduction
Laparoscopic nephrectomy is a common surgical method for the treatment of renal 
parenchyma diseases and was first reported by Clayman et al.1 When compared 
with traditional open operations, laparoscopy has the advantages of reduced intrao-
perative bleeding, earlier time of leaving bed, and faster recovery of gastrointestinal 
function.2 Although the operation can also be completed through transperitoneal or 
retroperitoneal approaches,3 the retroperitoneal approach is capable of achieving 
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a better perioperative outcome,4 and therefore, this method 
is currently favored by urologists.

Although laparoscopic nephrectomy narrows down the 
surgical incision point, it still fails to reduce patients’ 
postoperative pain and requires the same level of post-
operative analgesia that open surgeries do.5 Multimodal 
analgesia, combined with regional block anesthesia, is an 
important component of contemporary clinical anesthesia 
management.6 However, the incision of retroperitoneal 
laparoscopic surgery is located on the lateral side of the 
abdomen, which poses a challenge for anesthesiologists to 
perform a nerve block. Retrolaminar block (RLB) was first 
reported by Pfeiffer in 2006,7 and an ultrasound-guided 
operation was completed in 2013.8 The efficacy of RLB 
has been confirmed by comparison of postoperative 
analgesia in breast surgery; however, it is characteristic 
of weak diffusion at the craniocaudal extension, and there-
fore, it limits the clinical application of this technique.9 In 
this randomized controlled study, it was hypothesized that 
through the improvement of three injection points, ultra-
sound-guided RLB could potentially provide better man-
agement of postoperative analgesia in posterior 
laparoscopic nephrectomy when compared with that pro-
vided by local infiltration analgesia (LIA).

Patients and Methods
Study Design and Participants
We performed a prospective, randomized, double-blind con-
trolled trial registered with the Chinese Clinical Trial 
Register (ChiCTR1800017526). This study was approved 
by the Ethics Committee of the Affiliated Hospital of 
Zunyi Medical College (ethical review of the Affiliated 
Hospital of Zunyi Medical College in 2018, No. 56), and 
written informed consent was obtained from all subjects or 
their relative. This trial was conducted in accordance with 
the Declaration of Helsinki. All patients were informed of 
the purpose of the study and signed an informed consent. 
Because some patients were illiterate and could not write 
their own names, a consent form was signed by their surro-
gates during hospitalization. A total of 120 patients, who 
underwent elective operations of retroperitoneal laparo-
scopic nephrectomy at the Affiliated Hospital of Zunyi 
Medical University from September 2018 to August 2019, 
were recruited for the study. Inclusion criteria were as fol-
lows: age 18–65 years; BMI 18–28kg/m2; American Society 
of Anesthesiologists (ASA) grade I–II; elective operation of 
laparoscopic nephrectomy. Exclusion criteria were as 

follows: severe heart, liver, and lung dysfunction; abnormal 
blood coagulation; history of allergy to anesthetic drugs; 
history or family history of malignant hyperthermia; history 
of long-term drinking, chronic pain, long-term use of psy-
chotropic drugs or history of taking or injecting analgesics; 
scar, infection, and tumor of puncture site; pregnancy and 
lactation; patients with diabetes; patients with severe visual 
or auditory disorders; patients with endocrine system dis-
eases; patients transferred to the intensive care unit after 
operation; loss of core data during follow-up; withdrawal 
from the study for any reason.

Anesthesia Implementation
After entering the operating room, patients were given per-
ipheral venous passage routinely and continuous mask oxy-
gen inhalation, and their electrocardiogram (ECG), blood 
pressure, and peripheral oxygen saturation (SpO2) were 
monitored using a cardiogram monitor (T8, Mindray Ltd, 
Shenzhen, China). All patients were treated with general 
anesthesia under tracheal intubation. Midazolam of 0.05–-
0.1mg/kg, etomidate of 0.2–0.3mg/kg, sufentanil of 0.3–-
0.5μg/kg, and rocuronium of 0.5mg/kg were used for 
inducing anesthesia. Mechanical ventilation was employed 
with tidal volume 6–8mL/kg, breath rate 12–16bpm, and 
partial pressure of end-tidal carbon dioxide (PETCO2) of 
35–45mmHg. After induction, radial artery puncture and 
catheterization were performed to monitor arterial blood 
pressure. According to routine usage in the anesthesia 
department of our institute, propofol of 4–10mg·kg−1·h−1 

and remifentanil of 6–10μg·kg−1·h−1 were injected intrave-
nously. The final dose of propofol and remifentanil to main-
tain anesthesia was calculated on the basis of the patient’s 
weight. Sevoflurane (only an appropriate supplement) was 
inhaled intermittently, and rocuronium was injected intrave-
nously to maintain anesthesia according to the need of 
operation. All general anesthetic drugs were stopped imme-
diately after operation, and sufentanil of 5μg and flurbipro-
fen axetil of 50mg were given as loading infusion. 
Remifentanil was discontinued using the Gradual 
Withdrawal method at the end of the operation.10 The 
patients were sent back to the post-anesthesia care unit 
(PACU) after the operation without extubation. The resusci-
tation of the two groups of patients was completed by 
PACU’s full-time doctors and nurses. Recovery from 
anesthesia was assessed using a modified Steward score. If 
a patient’s Steward score was more than 4, he/she was sent 
back to the general ward. Immediately before leaving the 
PACU, patients were treated with patient-controlled 
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intravenous analgesia (PCIA) according to the hospital stan-
dardized analgesia scheme: sufentanil of 2μg/kg and normal 
saline of 100mL were injected at the speed of 2mL/h, with 
single compression of 0.5mL and locking time of 15min. If 
patients were given insufficient analgesia after the operation, 
doctors were informed and a follow-up with a bedside eva-
luation was performed at the time. Incidence of postopera-
tive nausea and vomiting (PONV) and postoperative pain 
level were assessed by Visual Analog Scale (VAS). PONV 
was defined as VAS ≥1. If the VAS score was >4, a single 
intramuscular injection of parecoxib sodium of 20mg was 
the first choice for analgesia, with an interval of 6 hours. If 
there was still a need for analgesia during this interval, 
a single intravenous injection of sufentanil of 5μg was 
added as a secondary remedy.

Nerve Block and Local Anesthesia
After the induction of general anesthesia, the patients in the 
RLB group were placed in a lateral position, T7 was located 
at the subscapular angle of the patient’s back, and T8, T9, 
and T10 were then marked in turn. After preparing the skin 
and completing draping, portable color Doppler ultrasono-
graphy (M9, Mindray Ltd, Shenzhen, China) was used to 
identify the laminae corresponding to T8, T9, and T10 via 
a convex array probe of 1–5Hz, in the transverse plane of 
centrum, and through the short axis of the spine (Figure 1A, 
Supplementary Table S1). The puncture needle was then 
inserted, and it made contact with the lamina under the 
guidance of ultrasonography. Afterwards, the needle tip 
was withdrawn approximately 1mm to the lamina and then 
further withdrawn to ensure that was no blood or cerebrosp-
inal fluid. Through real-time imaging, 10mL of 0.4% 

ropivacaine was injected into the laminae of T8, T9, and 
T10, respectively, for a total of 30mL (Figure 1B and C).

Referring to the published literature11,12 and the sur-
geon’s opinion, patients in the LIA group were given 
30mL of 0.4% ropivacaine to selectively perform local 
infiltration of the subcutaneous and muscular layer of 
incision in accordance with incision conditions.

All patients were covered with the same dressing at the 
puncture point and incision, and dressings were intact until 
the end of the last follow-up at 48 hours to ensure appro-
priate blinding of the study methodology.

Follow-Up
Drug dosage during operation along with heart rate (HR), 
mean blood pressure (MAP), and SpO2 at 10 min after RLB, 
10 min after local anesthesia infiltration, at the end of 
operation, immediately after extubation, 10 min after extu-
bation, 20 min after extubation, and 30 min after extubation 
were recorded. The main outcomes recorded were as fol-
lows: maximal VAS score and the cumulative consumption 
of sufentanil at 2, 4, 6, 24, and 48 hours after operation, the 
cumulative times of effective PCIA compression, and the 
proportion of remedial analgesia at 24 and 48 hours after 
operation. The secondary outcomes included the incidence 
of PONV, the period from back to ward to leaving bed (at the 
first instance) for activity, and the levels of plasma β-EP, IL- 
1β, and PEG2 30 min after extubation.

Study Design and Sample Estimation
When all of the patients had entered the operating room 
and completed recording of baseline data, opaque random 
envelopes were opened, and researchers from the two 
groups with different responsibilities completed the 

Figure 1 Schematic diagram of ultrasound-guided RLB. (A) Paravertebral median transverse plane with spinal short-axis section was used to identify the structure of the 
lamina of spinous process (SP) and transverse process (TP) and pleura. (B) The short arrow is the trajectory of the puncture needle, and the long arrow is the diffusion of 
local anesthetic injection. (C) As the puncture diagram presents, advanced the needle under the guidance of the technology of in-plane ultrasound. When the needle 
contacted lamina, withdrew the needle by 1mm and injected drugs to the space between lamina and erector spinae.
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study. Group I included two anesthesiologists who were 
trained in the same period and had valuable experience in 
clinical regional blocks. After opening the envelope, they 
checked the sequence to determine random grouping. 
Researchers in Group II included two other anesthesiolo-
gists who were subspecialized in urology, and they were 
responsible for anesthesia management, postoperative fol-
low-up, and data recording. The induction of general 
anesthesia was completed by researchers in Group II, 
who then left the operating room. Patients from the RLB 
group were treated with RLB by researchers in Group 
I. Patients in the LIA group received anesthetic manage-
ment only while in the room. Researchers in Group I left 
the operating room before operation, and then, researchers 
in Group II entered the operation room to continue anes-
thetic management. When the operation was completed, 
researchers in Group II left the operating room again. If 
patients were in the LIA group, surgeons were instructed 
by researchers in Group I to perform LIA, and patients in 
the RLB group had anesthetic management done while 
indoors only. After skin suturing was completed, research-
ers in Group I left the operating room again, and research-
ers in Group II immediately entered the operation room to 
stop general anesthesia and sent patients to PACU for 
resuscitation. To make the time for patients to receive 
local infiltration anesthesia consistent, the patients in 
Group I were designed to complete LIA before the inci-
sion was sutured after surgery. Researchers from the two 
groups completed the transfer of patient anesthesia man-
agement twice to ensure the safety of patients without 
disturbing their clinical decisions. The flow chart of the 
study design is shown in Supplementary Figure S1.

The sample size of this study was based on the results of 
pre-research (n = 15 in the RLB group, n = 15 in the LIA 
group). Superiority test was conducted to compare the max-
imum VAS in 24 hours after surgery (2.86±1.46 VS 4.52 
±0.99), SM = 1, α = 0.05, β = 0.2, and the sample proportion 
was 1:1, with each group requiring 45 patients. Because the 
VAS score pre-research was non-normal distribution, we refer 
to the calculation method of non-normal distribution in the 
study by Valerie J Page.13 Finally, after increasing the number 
of recruits by1.053 times and allowing for 20% loss to follow- 
up, the target sample size was 60 per group (120 total).

Statistical Analysis
SPSS 17.0 software was used for analysis. Measurement 
data from the normal distribution were represented by 
mean ± standard deviation (SD), and independent sample 

t-tests were used for comparison between groups. 
Measurement data of non-normal distribution were repre-
sented by median (interquartile range) and analyzed by 
a nonparametric rank sum test. Numerical data were repre-
sented by case numbers and percentages, and the χ2 test 
was used for comparison between groups. A p-value of 
less than 0.05 (P < 0.05) represented a statistically sig-
nificant difference.

Results
Of the 155 cases recruited for this study, 120 were 
included in the study, and 115 completed follow-up and 
data analysis (Figure 2). There was no significant differ-
ence in demographic information, anesthesia time, surgical 
incision size, operation site, or surgical classification 
between the two groups (Table 1). None of the subjects 
involved in this study showed clear opioid-induced hyper-
algesia during postoperative follow-up.

There was no significant difference in the utility of 
propofol and rocuronium between the two groups. The 
dosage of remifentanil in the RLB group (1.2±0.5 mg) 
was lower than that in the LIA group (1.5±0.6mg) (P = 
0.005). Although 31.5% (n = 18) of the RLB patients used 
ephedrine during operation, there was no significant dif-
ference when compared with its usage in the LIA group 
(22.4%, 13) (Table 2).

After 10 min of finishing RLB, HR (64.6±9.2bpm) and 
mean arterial pressure (MAP) (70.3±10.7mmHg) in 
patients of the RLB group were lower than those in 
patients of the LIA group (67.9±7.2bpm, 76.6±10.3 
mmHg) (PHR =0.036, PMAP= 0.002); however, in terms 
of Pulse Oxygen Saturation (SpO2), there was no signifi-
cant difference. After 10 min of completing local anesthe-
sia, there was no significant difference in HR, MAP, or 
SpO2 in patients between the two groups (Figure 3). The 
HRs of patients in the RLB group were lower than those of 
patients in the LIA group after extubation, 20 min after 
extubation, and 30 min after extubation (90.5±11.3bpm, 
80.7±10.2bpm, 76.4±9.5bpm vs 96.2±13.1bpm, 86.3 
±11.9bpm, 85.1±10.3bpm) (P = 0.013, P = 0.008 and P < 
0.001). Besides, MAP of patients in the RLB group was 
lower than that of patients in the LIA group after extuba-
tion, 10 min after extubation, 20 min after extubation, and 
30 min after extubation (91.7±11.8mmHg, 86.9 
±12.4mmHg, 82.8±11.8mmHg, 81.1±8.3mmHg vs 109.2 
±16.9mmHg, 97.6±14.5mmHg, 94.7±12.7mmHg, 93.8 
±10.7mmHg) (P < 0.001). There was no significant 
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difference in SpO2 between the two groups after extuba-
tion (Figure 3).

Patients in neither group developed adverse events, 
such as death, allergy, or poisoning concerning local 
anesthesia, pneumothorax, and so on. The incidence rate 
of PONV in patients of the RLB group (15.7%, 9) was 
lower than that in patients of the LIA group (34.5%, 20) 
(P = 0.031). There were two cases that showed excessive 
sedation in the RLB group and four cases in the LIA group 
during the perioperative period; however, the difference 
between them was not statistically significant. In the RLB 
group, patients’ retention time in PACU (54.9±16.2 min) 
and first time of leaving bed (44.8±7.9 hours) were lower 
than those of patients in the LIA group (67.1±20.3 min, 
53.7±11.7 hours) (P = 0.001, P < 0.001). There was no 
significant difference in total hospital stay time after 
operation between the two groups (Table 3).

Patients in neither group used remedial drugs in PACU 
or remedial sufentanil during the postoperative follow-up 
period. There was no significant difference in patients’ 
VAS score between the two groups at 2 and 4 hours after 
operation. The VAS score of patients in the two groups 
showed no difference at 2 or 4 hours after operation ((2 
[2, 3], 3 [2, 4] and 3 [3, 4]), while VAS scores of patients 
in the RLB group at 6, 24, and 48 hours after operation 
were lower than those of patients in the LIA group (3 [2, 
4.25], 5 [4, 6], and 5 [4,5.25]) (P = 0.022, P < 0.001, and 
P < 0.001) (Figure 4A). There was no significant differ-
ence in the cumulative consumption of sufentanil for 
patients between the two groups at 2 and 4 hours after 

operation, while the cumulative consumption of sufentanil 
for patients in the RLB group at 6, 24, and 48 hours after 
operation was lower than that for patients in the LIA group 
(P = 0.042, P = 0.001, and P = 0.005) (Figure 4B). Manual 
additional times of PCIA per capita in the RLB group at 
the first 24 hours, the second 24 hours, and the cumulative 
48 hours were lower than those in the LIA group (P < 
0.001) (Figure 4C). There was no significant difference in 
the proportion of patients using rescue analgesia between 
the RLB group and the LIA group in the second 24 hours. 
The proportion of patients using rescue analgesia in the 
RLB group (8.7%, 5) was lower than that in the LIA group 
(29.3%, 17) within the first 24 hours. The proportion of 
patients using rescue analgesia in the RLB group (14%, 
10) was also lower than that in the LIA group (32.3%, 23) 
for the cumulative 48 hours (P = 0.009) (Figure 4D).

In patients in the RLB group, the levels of plasma 
inflammatory factors β-EP, IL-1 β, and PEG2 were lower 
in comparison with those in the LIA group (P β-EP=0.007, 
PIL-1β<0.001, and PPEG2<0.001) (Figure 5).

Discussion
Peripheral nerve block can not only reduce acute pain 
but also reduce mortality, pulmonary complications, and 
hospital stay time during the perioperative period.14,15 

With regard to the incision in the lateral abdominal area, 
it poses a new challenge for anesthesiologists when 
choosing a suitable approach for postoperative analge-
sia. Comparison between the quadratus lumborum block 
and the traditional intrathecal block and between the 

Figure 2 A flow chart illustrating patient inclusion.
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quadratus lumborum block and the paravertebral block 
(PVB) in laparoscopic renal surgery had been 
reported,16,17 which showed that the trunk nerve block 
can be involved in postoperative analgesia management 

after laparoscopic nephrectomy with the introduction of 
ultrasound. However, performing PVB is relatively com-
plex, and there has been no breakthrough for traditional 
epidural analgesia yet.18 With ongoing development in 

Table 1 Patient Characteristics and Clinical Data in the Study

Group- 
RLB 
(n=57)

Group- 
LIA 
(n=58)

Χ2/t P

Age(years) 48.7±11.2 50.1±12.2 −0.633 0.66

Height(cm) 160.9±8.4 158.5±7.4 1.607 0.111

Weight(kg) 60.6±10.2 59.2±10.9 0.694 0.489

BMI 23.3±2.7 23.2±3.2 0.059 0.953

Gender, n (%)
Male 28(49.1%) 27(46.5%) 0.076 0.853
Female 29(50.9%) 31(53.5%)

Ethnic group, n (%)
Han 51(89.5%) 55(5.2%) 1.142 0.322
Minority 6(10.5%) 3(94.8%)

ASA classification, 
n (%)

I 22(38.6%) 26(44.8%) 0.459 0.572
II 35(61.4%) 32(55.2%)

Anesthesia time(min) 231.3±67.4 220.4±75.3 0.817 0.415

Surgical time (min) 157.2±63.7 160.4±68.1 −0.258 0.797

The incision size (cm) 6.7±2.9 6.9±2.5 −0.379 0.705

Position of surgery, 
n (%)

Lift 23(40.4%) 27(46.6%) 0.45 0.574
Right 34(59.6%) 31(53.4%)

Classification of 
surgery, n (%)

Malignant tumor 14(24.6%) 15(25.9%) 0.093 0.954
Benign tumour 9(15.8%) 10(17.2%)

Non-functioning 

kidney

34(59.6%) 33(56.9%)

A

B

C

Figure 3 Perioperative vital signs. Mean ± SD was used in two groups, and t-test 
was used for comparison between groups. (A) HR of patients in the RLB group was 
lower than that of patients in the LIA group at 10 min after injection of local 
anesthesia. After extubation, 20 min after extubation, and 30 min after extubation, 
HR of patients in the RLB group was lower than that of patients in the LIA group. 
(B) MAP of patients in the RLB group was lower than that in patients in the LIA 
group 10 min after injection of local anesthesia. MAP of patients in the RLB group 
was lower than that of patients in the LIA group at each timepoint after extubation 
in the recovery room. (C) There was no significant difference in SpO2 of patients 
between the two groups at 10 min after local anesthetic injection. There was no 
significant difference in SpO2 of patients between the two groups at each time point 
after extubation in the recovery room.

Table 2 Comparison of Intraoperative Drug Consumption

Group-RLB 
(n=57)

Group-LIA 
(n=58)

t/χ2 P

Propofol(mg) 712.9±243.9 735.5±217.4 −0.523 0.602

Rocuronium(mg) 38.3±20.5 39.9±16.7 −0.477 0.634
Remifentanil(mg) 1.2±0.5 1.5±0.6 2.795 0.005

Ephedrine, n (%) 18(31.5) 13(22.4) 1.226 0.299
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nerve block technology, newer PVB approaches have 
been the focus of many studies in recent years, such 
as RLB. It was speculated that RLB would be more 
inclined to work through the PVB pathway, that is, 
through “deep” penetration.19 The clinical effect of 
RLB has been reported in ipsilateral thoracic 
surgery.8,20 In this study, the effect of RLB when com-
pared with that of LIA in retroperitoneal laparoscopic 
nephrectomy was assessed, which resulted in a better 
and longer-lasting analgesic effect, lower incidence rates 
of PONV, and lower level of postoperative inflammatory 
factors.

RLB has the disadvantage of weak craniocaudal diffu-
sion ability,21 which limits its clinical application. Inspired 
by analgesia in breast surgery completed by a two-point 
block,9 a three-point block at lateral abdominal region of 
T8-10 was designed for this study. Considering that there 
was still capacity dependence in deep infiltration,22 a total 
local anesthetic capacity of 30mL was designed, and 
anesthesia at three injection sites was carried out respec-
tively. Weak craniocaudal diffusion can be observed in 
RLB of the traditional sagittal plane of the spinal long 
axis section; however, deep and shallow drug diffusion can 
be observed in the spinal short-axis section of the 

Table 3 Complications Within 48 Hours After Surgery

Group-RLB (n=57) Group-LIA (n=58) t/χ2 P

Nausea and vomiting, n (%) 9(15.7) 20(34.5) 5.327 0.031
Excessive sedation, n (%) 2(3.5) 4(6.9) 0.704 0.679

PACU discharge time (min) 54.9±16.2 67.1±20.3 −3.528 0.001

The time out of bed (hour) 44.8±7.9 53.7±11.7 −0.482 <0.001
Postoperative hospital stay (day) 7.2±4.2 7.7±3.6 7.7±3.6 0.513

A B

C D

Figure 4 Perioperative VAS and analgesic use. Counting data were represented by median and interquartile range, and the nonparametric rank sum test was used for 
comparison between groups. The utility of remedial drugs was expressed by rate, and the χ2 test was used for comparison between groups. (A) The maximal VAS score of 
patients in the RLB group was lower than that of patients in the LIA group at 6, 24, and 48 hours after operation. (B) Cumulative consumption of sufentanil of patients in the 
RLB group was lower than that of patients in the LIA group at 6, 24, and 48 hours after operation. (C) In the first 24 hours, the second 24 hours, and the cumulative 48 
hours, the manual adding times of PAIC in the RLB group were lower than those in the LIA group. (D) The proportion of patients with cumulative use of remedial drugs in 
the first 24 hours and cumulative 48 hours in the RLB group was lower than that in patients in the LIA group.
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transverse plane, that is, whether drugs diffuse to the 
spinous process or to the transverse process. Because the 
superior costotransverse ligament may play a role in deep 
penetration of the drug into paraspinal and even epidural 
space after RLB,23 we hold the view that the technique of 
in-plane insertion with the transverse plane can better exert 
the effect of RLB.

PVB has been considered associated with risk concern-
ing serious complications, such as pneumothorax, hypo-
tension, or nerve injury.19 In this study, no serious adverse 
events, such as allergic reactions, poisoning of anesthetics, 
and pneumothorax, or uncontrollable persistent hypoten-
sion were observed, suggesting that ultrasound-guided 
RLB of multiple injections is safe for postoperative 
analgesia after retroperitoneal laparoscopic nephrectomy. 
It has been demonstrated that PVB provides better hemo-
dynamic stability when compared with epidural 
analgesia.24 In this study, HR and MAP in the RLB 
group were lower than those in the LIA group after extu-
bation, implying RLB could provide more stable hemody-
namics than LIA in retroperitoneal laparoscopic 
nephrectomy.

In addition, the maximal VAS score from the 6th hour 
through to the end of the follow-up period and the propor-
tion of PONV in patients in the RLB group were both 
lower than those in the LIA group, which may be the 
reason for the shorter time of leaving bed in RLB group 

during the early stages after operation. It was reported that 
the intraoperative use of remifentanil in breast surgery was 
higher in patients receiving retrolaminar injection with 
saline than that in patients receiving RLB with local anes-
thetic mixture.25 In our study, we also found that RLB 
clearly reduced the perioperative consumption of remifen-
tanil, which led to shorter retention time in the recovery 
room of patients in the RLB group. However, the differ-
ence in the cumulative amount of sufentanil, cumulative 
PAIC bolus at 24 and 48 hours, and the frequency of using 
remedial drugs might be the reason for which the propor-
tion of PONV in patients in the RLB group was lower than 
that in patients in the LIA group. These findings proved 
that the management of postoperative analgesia in RLB 
was effective in retroperitoneal laparoscopic nephrectomy 
and significantly better than that of LIA. Although there 
was a statistical difference in postoperative sufentanil con-
sumption within 48 hours between the RLB group and the 
LIA group, the difference in medians between the two 
groups was small (90μg vs 99μg). The results were limited 
by the current standards of the hospital PCIA regimen, and 
both groups used background dose; hence, the ability of 
RLB to reduce the use of postoperative opioids was under-
estimated in this study.

The puncture site of RLB is relatively superficial and is 
located away from the operation area. It was previously 
shown that anesthetics could effectively diffuse to 

A B C

Figure 5 The levels of plasma β-EP (A), IL-1β (B), and PEG2 (C) 30 min after extubation. Data are expressed as means ± SD. t-test was used for comparison between 
groups.
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paraspinal and even epidural spaces.20 A human imaging 
study uncovered direct evidence of drugs involved with 
RLB diffused to the epidural space.22 It was suggested that 
RLB could not only have the effect of incision analgesia 
but also produce visceral analgesia and reduce neuroin-
flammation. As we all know, surgical injury can activate 
the immune system and cause peripheral inflammation.26 

Effective analgesia has been considered to reduce stress 
levels, thereby reducing systemic inflammation 
responses.27 In this study, we revealed that the levels of 
plasma inflammatory factors β-EP, IL-1β, and PEG2 in the 
RLB group were significantly lower than those in the LIA 
group, suggesting that RLB has the distinct advantage of 
inhibiting inflammatory outbreaks. These results may be 
attributed to RLB’s effectiveness in penetrating to the 
paravertebral cavity, blocking the transmission of noxious 
stimuli in the abdominal cavity, reducing stress levels, and 
thereby reducing perioperative inflammation.20,22 Because 
the present study did not include a comparison of β-EP, IL- 
1β, and PEG2 levels before surgery or during follow-up, 
further evidence to confirm these results is still needed.

There are some limitations to this study. First, because 
of the limitation of the standardized analgesia scheme, we 
did not implement opioid-free analgesia management, 
which limited the significance of the results to a certain 
extent; hence, it is necessary to conduct further clinical 
studies on opioid-free postoperative pain. Second, parace-
tamol was not used in the multimodal analgesia of this 
study because of its unavailability in clinical practice in 
our hospital. Third, the study only held preliminary dis-
cussions about the relationship between RLB and post-
operative inflammation, and thus, the study lacked 
stronger evidence to verify its benefits to the overall reha-
bilitation of patients. However, it does point to the impera-
tive that further study is warranted in this area. Fourth, the 
depth of anesthesia cannot be monitored using bispectral 
index (BIS) monitoring because of the impact of local 
medical insurance policies and for the fact that the 
anesthesiology department lacks consumables for BIS 
monitoring all year round. The monitoring of the depth 
of anesthesia in the maintenance phase of anesthesia in 
this study can only rely on the anesthesiologist to judge on 
the basis of the changes in blood pressure and heart rate. 
Fifth, the use of antiemetic drugs was not incorporated into 
the study design, which led to differences in the evaluation 
of VAS and the use of HTs receptor inhibitors by different 
surgeons on duty in the formal study. In addition, because 
the study only included random daily elective operations, 

patients who came to the operating room between 8am and 
4pm were admitted, and as a result, most patients were in 
the state of late-night sleep at the 12th and 36th hours and 
failed to carry out more intensive follow-ups. To avoid 
jeopardizing blindness, patients from neither group carried 
out an assessment on the range of abnormal skin sensation 
at each follow-up time.

Conclusion
In terms of laparoscopic nephrectomy, ultrasound-guided 
RLB with multiple injections might be able to provide safe 
and effective postoperative analgesia and reduce postopera-
tive resuscitation time, time in bed after operation, PONV, 
and postoperative inflammatory factors. Multidimensional 
clinical studies are still needed to confirm these findings. In 
addition, determining the nerve block approach that is the 
optimal choice for laparoscopic nephrectomy remains to be 
done in the follow-up clinical study.
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