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Background: A novel ultrasound-guided paravertebral block, the edge laminar block (ELB) was reported recently. However, it was 
unclear how effective ELB was in comparison with traditional blocking methods. We conducted a trial to compare the analgesic 
efficacy of ELB with the thoracic paravertebral block (TPVB) and the retrolaminar block (RLB) in patients undergoing video-assisted 
thoracic surgery (VATS).
Methods: We identified 90 patients who were scheduled for VATS and randomly assigned them to three groups: ELB group (Group 
E), TPVB group (Group T), and RLB group (Group R). Each group underwent ELB, TPVB, and RLB, respectively, under ultrasound 
guidance before general anesthesia induction. All patients received post-operative routine analgesia protocol. Our primary outcome 
was the extent of dermatomal sensory loss on the midclavicular, midaxillary, and scapular lines, measured using a pinprick 15 minutes 
after the nerve block. Secondary outcomes included the intraoperative dose of sufentanil, the numerical rating scale (NRS) scores 
assessed in the post-anesthesia care unit (PACU) and at 6, 12, and 24 hours post-operatively, and pethidine administrated as analgesic 
rescue dose.
Results: The percentages of nerve block range reaching the midclavicular line, midaxillary line, and scapular line in Group E were 
96.7%, 93.3%, 93.3%, and 60% in Group T and 30%, 56.7%, and 96.7% in Group R, respectively. Group E had wider dermatomal 
sensory loss on the midclavicular line and midaxillary line compared to Group R (P < 0.001) and had a wider range compared to 
Group T on the scapular line (P < 0.001). There was no significant difference in the intraoperative use of sufentanil in the three groups. 
Post-operative NRS scores at each time point were significantly lower in Group E than those in the other two groups (P < 0.01).
Conclusion: ELB had a wider nerve block range and applied better post-operative analgesia in comparison with TPVB and RLB.
Keywords: analgesia, retrolaminar block, thoracic paravertebral block, ultrasound guidance, video-assisted thoracic surgery

Background
Thoracic paravertebral block (TPVB) can provide effective perioperative analgesia and is currently used extensively in 
thoracic surgery as part of the enhanced recovery after surgery (ERAS) protocol.1,2 However, complications such as 
pneumothorax and nerve or vessel injury cannot be completely avoided.3 As an alternative to TPVB, interfascial plane 
block, including erector spinae plane block (ESPB) and RLB, has no risk of injection-induced injury and has also become 
commonly used analgesic method in chest surgery,4–7 but its analgesic effect is inferior to that of TPVB.4
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ELB had sufficient analgesic effect in the internal fixation of rib fractures.8 As we previously reported, in the 
ultrasound-guided laminar block the puncture needle was advanced by in-plane approach until the needle tip touched the 
lateral edge of “lamina’s cliff” with some resistance. The hypoechoic local anesthetics diffused to both sides (up and 
down to the lamina’s cliff) around the injection point. This is the reason why this new approach is called ELB. ESPB, 
which is an interfascial block procedure, has the similar puncture sites with RLB. However, several studies have reported 
that the blocking effect of ESPB is not ideal for RLB, which has been concluded in a study that ESPB is equivalent, and 
not superior, to RLB for postoperative analgesia.9,10 Hence, ESPB was not considered in this trial.

To evaluate the effectiveness of ELB in video-assisted thoracic surgery, more information is needed. Besides, as 
a new approach to therapeutic lamina block, there is no comparative study between it and traditional blocking methods. 
Therefore, this study was designed to fill the gaps by comparing the ELB with TPVB and RLB for analgesic efficacy in 
adult patients undergoing video-assisted thoracic surgery.

Materials and Methods
Study Participants
This double-blinded, prospective, randomized controlled trial was approved by the Ethics Committee of Shanghai Sixth 
People’s Hospital (2021–005) and registered at www.chictr.org.cn (ChiCTR2000040053). Written informed consent was 
obtained from each participant. Meanwhile, this study had been conducted in compliance with the current version of the 
Declaration of Helsinki. The trial began on February 5, 2021, and ended on October 29, 2021. We enrolled 90 patients 
who underwent VATS, aged 18–80 years, with American Society of Anesthesiologists (ASA) physical status I and II. The 
exclusion criteria were as follows: 1. Presence of local infection, 2. Neuropathy of spinal cord or trunk nerve, 3. 
Coagulation dysfunction, 4. Allergy to anesthetic drugs. Patients shifted to open thoracic surgery were also excluded.

Procedures
We randomly assigned each individual to Group E, Group T, or Group R in a 1:1:1 ratio, and the assigned group was 
concealed in an opaque, sealed envelope. Each envelope was opened only by the medical personnel who performed the 
nerve block procedure. All patients, operating room anesthetists, staff who did the postoperative NRS follow-up, and 
statisticians were blinded to the group allocation.

After the patients were admitted into an operating room, upper-limb blood pressure, pulse oxygen saturation, and 
electrocardiography were regularly monitored.

All three nerve blockades were performed using the S-Nerve™ Ultrasound System (Fujifilm SonoSite Inc. Bothell, 
WA, USA) with a convex-array probe (5–2 MHz; C60x; Fujifilm SonoSite Inc. Bothell, WA, USA). The patients were 
asked to lie in a lateral decubitus position (with the affected side up). Each patient was injected with 20 mL of 0.375% 
ropivacaine after negative aspiration using in-plane approach. In Group E, the low-frequency convex transducer was 
placed in a transverse position at the sixth vertebral level, ensuring that the spinous process, vertebral lamina (VL), and 
transverse process (TP) were visible on one screen. We rotated the probe 30–45 degrees, keeping VL and TP of the sixth 
thoracic vertebral in view, and moved the probe caudally until the hyperechoic line of TP diminished. Thus, the lateral 
edge of the laminar arcus was silhouetted.8 Local analgesic (LA) was injected at the edge of the lamina. In Group T, we 
injected the LA into the sixth thoracic paravertebral space (TPVS) through the paralaminar in-plane approach described 
by Taketa.11 In Group R, the LA was injected on the surface of the sixth thoracic lamina through the RLB approach. The 
ultrasound images and demonstration figure were showed in Figure 1.

The patients remained resting for 15 min after the nerve block procedure and were sent into the operating room. Each 
patient’s loss of pinprick sensation was evaluated by an anesthesiologist in the room. The dermatomal sensory loss on the 
midclavicular line, midaxillary line, and scapular line were recorded.

Anesthesia was induced with intravenous injection of 2 mg/kg propofol, 0.4 μg/kg sufentanil, 0.6 mg/kg rocuronium, 
and maintained with sevoflurane at 0.7–1.2 age-adjusted minimum alveolar concentration (MAC). Sufentanil adminis-
tered intermittently maintained the blood pressure within 20% of the baseline value. At the end of the surgery, 
sevoflurane inhalation was withdrawn and 50 mg of flurbiprofen was administered. All patients received a controlled 
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intravenous analgesia pump (PCA, 100 mL, infusion rate 2 mL/h) consisting of tramadol 500 mg + lornoxicam 16 mg 
with no initial infusion dose. A dosage of 50 mg of flurbiprofen was infused twice a day. If the patient’s NRS was more 
than 4, an additional intramuscular injection of 50 mg pethidine was given as an analgesic rescue.

Outcomes and Data Collection
Primary outcomes

The dermatomal sensory loss on the midclavicular line, midaxillary line, and scapular line were measured with 
a pinprick.

Secondary outcomes included:

(a) Dosages of sufentanil.
(b) NRS pain scores assessed at PACU (T0), 6 (T1), 12 (T2), and 24 (T3) hours after surgery.
(c) Pethidine dose administrated as analgesic rescue.
(d) Complications related to the nerve block procedure such as nerve or vessel injuries.

Sample Size
The sample size was calculated based on the ratio of blockade range at the midclavicular line with PASS 11.0 (NCSS, 
LLC, Kaysville, USA). According to our pilot study, the ratios were 80%, 80%, and 40% in ELB, TPVB, and RLB, 
respectively. A total of 23 cases in each group were required to achieve 80% power with an α-value of 0.05. Taking into 
consideration a potential dropout rate of 15%, we aimed to enroll 30 patients in each group in this trial.

Statistical Analysis
We used the Shapiro–Wilk test to check for data normality and Levene’s test to verify the homogeneity of variance. 
Normally distributed data were expressed as mean ± standard deviation. Student’s t-test was used for intergroup 
comparisons, and data in multiple groups were compared with analysis of variance (ANOVA). Non-normally distributed 
data were represented as median (interquartile range), and comparisons between groups were assessed by the Mann- 

Figure 1 Ultrasound-guided images and demonstration figure. (A) The image of TPVB. (B) The image of RLB. (C) The image of ELB. (D) The demonstration figure. 
Triangles indicate the needle; Arrow (black and white) and cross signs indicate the injection sites. 
Abbreviations: PP, Parietal Pleura; VL, Vertebral Lamina; TP, Transverse Process; SP, Spinae Process; IIM-SCTL, Internal Intercostal Membrane, and Superior 
Costotransverse Ligament.
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Whitney U-test or Kruskal–Wallis H-test. Categorical variables were described as numbers (%) and analyzed using the 
Chi-square test or Fisher’s exact test. P < 0.05 was considered as the significance level. All statistical analyses were 
performed using SPSS 26.0 software.

Results
A total of 90 patients were enrolled in this study. As no one was shifted to open thoracic surgery, all patients were 
included in the final study and there were 30 patients in each of the groups E, T, and R. A flow chart of patient 
recruitment is shown in Figure 2. Patient characteristics are listed in Table 1. No significant differences were found 
between the three groups.

The dermatomal sensory loss on the midclavicular line, midaxillary line, and scapular line of all groups are presented in 
Table 2. In order to better reflect the effects of the three blocking methods on the skin segment, we presented the case results of 
the three observation lines with blocking effects separately. We also measured the effective ratio of patients who achieved 
a blocking effect on one observation line in a group. Group E had wider dermatomal sensory loss on the midclavicular and 
midaxillary line compared to Group R and had a wider range on the scapular line compared to Group T (P < 0.001), regardless 
of whether non-effective dermatomes were included (Table 2). Meanwhile, in Group E, T, and R, the percentages of analgesic 
effect on the three observation lines were 93.3% (28/30 cases), 60% (18/30 cases) and 26.7% (8/30 cases), respectively. This 
suggested that ELB was able to block the region of the three lines simultaneously when compared with the other two nerve 
block techniques (x2 = 27.778, P < 0.001). Compared with the values in Group R, Group T had wider dermatomal sensory loss 
on the midclavicular line and midaxillary line (P < 0.001), but the range on the scapular line was narrower (P < 0.01). In 
addition, bilateral blockade occurred in two patients in Group E. They both had 9 hypoesthesia dermatomes (T4–T12).

Figure 2 Flow diagram of the study.
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There was no significant difference in the intraoperative sufentanil dosage in the three groups. Post-operative NRS 
scores at each time point were significantly lower in Group E than in the other two groups (P < 0.05). There was no 
statistical difference in NRS scores between Group T and Group R at each time point (Table 3). Patients in Group 
E received less pethidine rescue compared to the other two groups (P = 0.006).

Perioperative nerve block-related complications were not observed in any of them.

Discussion
Although the safety and effectiveness of TPVB have been acknowledged,12 the outcome depends to some extent on the 
skill of the operator on account of the anatomy of TPVS. Previous studies reported that the continuous RLB shows 
effective surgical analgesia and satisfactory postoperative pain control in PCNL surgery,13 breast cancer surgery by 
landmark technique14 and rib fracture.15 These studies indicated that RLB could be developed as an alternative to TPVB 
due to its easier and safer properties. However, its analgesic effect is inferior to that of TPVB.4 We developed the ELB 
based on RLB. There were no major vessels, nerves, or pleura in the needle pathway, which was confirmed with 

Table 1 Demographic and Clinical Characteristics of the Patients

Group E (n=30) Group T (n=30) Group R (n=30) p. Overall

Age (y) 58.5±11.7 59.2±15.3 56.0±13.1 0.377

Gender (Male/Female) 11/19 12/18 13/17 x2=0.278, p=0.963

Body mass index (kg/m2) 23.1±2.6 22.5±2.3 24.4±3.7 0.074

Height (cm) 162.6±5.4 165.5±7.5 165.0±7.3 0.254

Operative duration 70.8 ±33.8 66.8±34.3 65.2±30.4 0.839

Notes: ELB group; Group T: TPVB group; Group R: RLB group.

Table 2 Dermatomes and Ratios of Sensory Loss on Midclavicular Line, Midaxillary Line, and Scapular Line of Three Groups

Group E (n=30) Group T (n=30) Group R (n=30) p value

E vs T E vs R T vs R

All patients’ data calculated (noneffective dermatomes also included)

Midclavicular line Dermatomes 4.6±2.4 3.9±2.5 0.0(0, 1.0) 0.274 <0.001 <0.001

Midaxillary line Dermatomes 4.5±2.4 3.5±1.9 2.0(0, 3.0) 0.087 <0.001 <0.001

Scapular line Dermatomes 5.3±2.7 1.0(0, 4.3) 4.5±3.2 <0.001 0.277 0.001

Only effective dermatomes involved

Midclavicular line Dermatomes 4.8±2.3 4.3±2.3 2.6±2.0 0.441 0.012 0.051

Effective ratio 96.7%(29/30) 93.3%(28/30) 30%(9/30) 0.554 <0.001 <0.001

Midaxillary line Dermatomes 4.7±2.3 3.8±1.7 3.0±1.5 0.108 0.010 0.128

Effective ratio 96.7%(29/30) 93.3%(28/30) 56.7%(17/30) 0.554 <0.001 0.001

Scapular line Dermatomes 5.5±2.6 3.0(1, 6.3) 4.0(3, 5.5) 0.036 0.076 0.216

Effective ratio 96.7%(29/30) 60%(18/30) 96.7%(29/30) 0.001 1.000 0.001

Effective ratio on all lines in the same person 93.3%(28/30) 60%(18/30) 26.7%(8/30) x2=27.778, p<0.001

Notes: ELB group; Group T: TPVB group; Group R: RLB group.
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ultrasonography. The operator could easily advance the needle to the point of injection without worrying about the risk of 
TPVB.

In this study, we found that group T had wider dermatomal sensory loss on the midclavicular line and midaxillary line 
than Group R, but the blocking effect of Group R on the scapular line was superior to that of Group T. This is consistent 
with the conclusion of Sabouri.16 These results indicated that the injection sites of the two groups could be related to 
these results. Although TPVS is connected with the intervertebral foramen, the injection point is at a certain distance 
from the intervertebral foramen. Therefore, the TPVB local anesthetics mainly infiltrate the anterior thoracic nerve. 
However, the anesthetics for RLB were injected in the space between the erector spinae and the lamina that was close to 
the posterior branch. Although previous cadaver studies have demonstrated that LA of the RLB may penetrate the 
superior costal transverse ligament and the posterior ramus of the spinal nerve to the TPVS, its blocking effect is still 
inferior to that of the TPVB.16

The injection site of ELB which Shu8 introduced is at the edge of the lamina near the inferior articular process of the 
vertebra and is closer to the zygapophyseal than RLB. In this study, the analgesic dermatomal along the three lines in 
Group E were more than those of the other two groups, irrespective of whether the patients who did not experience the 
blocking effect were excluded or not. In addition, we found that ELB blocked anterior branches more effectively than 
RLB and blocked posterior branches more effectively than TPVB. A relatively wider range of blocks enabled Group E to 
experience better post-operative analgesia. Also, in Group E, the ratio of sensory loss on the midclavicular line, 
midaxillary line, and scapular line was 96.7% (29/30 cases). The percentage of patients who acquired anterior and 
posterior branch blockade simultaneously in Group E was 93.3% (28/30 cases), which was significantly higher than that 
in groups T and R (60% (18/30 cases), 26.7% (8/30 cases)), respectively. The above findings may be due to more 
anesthetics being diffused into the TPVS near the foraminal outlet as it spreads along the lamina, so the anterior and 
posterior branches of the thoracic nerve could be effectively blocked.

TPVB and RLB have been widely used for post-operative analgesia in VATS.17–20 Wang19 and Sandeep20 noted that 
TPVB was superior to RLB, while in our study, there was no significant difference in NRS scores between our T and 
R groups. This may be related to the routine daily intravenous infusion of flurbiprofen in our trial. It is worth noting that 
the post-operative NRS scores in our Group E were significantly lower than those in the other two groups at each time 
point (P < 0.05). There was no statistical difference in the intraoperative usage of sufentanil among the three groups, 
whether in the analysis of total amount or unit dosage. Meanwhile, the frequency of pethidine rescue in Group E was also 
significantly lower than those in the other two groups. It is assumed that the decrease in post-operative NRS might be 

Table 3 Intraoperative Consumption of Sufentanil, Postoperative Pethidine Rescue, and NRS Scores in Three Groups

Group E (n=30) Group T (n=30) Group R (n=30) p value

E vs T E vs R T vs R

Dose of sufentanil (μg) 35(30, 40) 35(30, 40) 37.5(30, 45) 0.737 0.090 0.059

Unit dose of sufentanil (μg/kg/h) Avrange (95% CI) 0.5(0.38, 0.68) 0.59(0.34, 0.85) 0.49(0.40, 0.84) 0.663 0.574 0.918

Pethidine rescue Doses 3 15 15 0.006

Cases 3/30 13/30 13/30 x2=10.175, p=0.006

NRS PACU 1.3±1.1 2.6±1.1 2.5±1.2 <0.001 <0.001 0.741

6h 2.7±1.1 4.0(3.0, 4.3) 3.5±1.5 <0.001 0.014 0.804

12h 2.4±1.1 3.4±1.5 3.3±1.5 0.002 0.005 0.792

24h 1.0(0.8, 2.0) 2.2±1.2 2.3±1.3 0.001 0.001 0.612

Notes: Group E: ELB group; Group T: TPVB group; Group R: RLB group. 
Abbreviations: NRS, the numerical rating scale; PACU, post-anesthesia care unit.
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attributed to ELB. Satisfactory post-operative analgesia depends on effective analgesia in the anterior, middle, and 
posterior areas of the chest wall, namely successful blockade at the anterior and posterior branches.

There were several limitations in this study. Firstly, there was no cadaver study, and we could not confirm whether the 
LA of the ELB was mainly diffused to the TPVS adjacent to the foramina. Even if this was the case, it is still not known 
whether the solution similarly infiltrates into the TPVS as it does in RLB. In addition, there were two patients with 
bilateral blocks in Group E. How the solution enters the vertebral canal can perhaps only be understood in a cadaver 
study. Secondly, only NRS scale was used to find the efficacy, other pain score assessment scales should be used to 
conclude this result. Finally, all the three nerve blocks in the study belong to the paravertebral block. Theoretically, LA 
spreads in different ways and ranges due to different doses. In a study with pig carcasses, Damjanovska21 found that LA 
of 10 mL could spread to the posterior branch of the spinal nerve, but could not spread to the TPVS when RLB was done. 
Nonetheless, LA was found in the TPVS when 30 mL dose was given. We do not know whether using higher doses in our 
study would have resulted in different results, and this needs to be addressed in further clinical studies.

Conclusion
In conclusion, ELB was effective in achieving block of the anterior and posterior branches of the thoracic nerve 
simultaneously, and had a wider nerve block range and better post-operative analgesia in comparison with TPVB and 
RLB. It has the potential to be a better alternative to TPVB in thoracic surgery.
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