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Purpose: This study aimed to investigate the safety and efficacy of costotransverse foramen block for postoperative analgesia in
video-assisted thoracoscopic surgery (VATS).

Patients and Methods: Seventy-five patients undergoing elective VATS under general anaesthesia were recruited to this double-
blind, non- inferiority trial and randomized to preoperatively receive a thoracic paravertebral block (TPVB group), a costotransverse
foramen block (CTFB group), or an erector spinae plane block (ESPB group) with 0.5% ropivacaine 20 mL at T5 level. The primary
outcome was the postoperative numerical rating scale pain score assessed at 6 h. Secondary outcomes included pain scores at other
time points, total opioids consumption at 24 h postoperatively, time to first patient-controlled analgesia pump bolus, number of patients
requiring rescue analgesia, dermatomal coverage at 30 min after block, time to perform the block, satisfaction scores of the analgesic
effect, block-related side effects, and other complications. The health-related quality of life was evaluated one month after surgery.
Results: The pain scores at 6 h after surgery were 0 (0, 3) in the TPVB group, 0 (0, 2) in the CTFB group, and 4 (3, 4) in the ESPB
group. The 95% CI of median difference was 0 to 0 comparing CTFB with TPVB and —4 to —2 comparing CTFB with ESPB. Both the
upper 95% CI limits were lower than the predefined noninferiority margin of 1. The pain scores at postanaesthesia care unit, 1 h,
6 h and 12 h after surgery, number of block dermatomes, patient satisfaction scores, time to perform the block as well as the time to
first analgesia pump bolus were significantly different between the CTFB group and ESPB group. No differences were detected in
other secondary outcomes.

Conclusion: Ultrasound-guided CTFB provided noninferior analgesia compared to TPVB at 6 h after VATS. Additionally, CTFB
might provide better analgesia to ESPB although larger confirmatory researches for superiority are further warranted.
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Introduction

Video-assisted thoracic surgery is a minimally invasive procedure, which is, however, often associated with moderate-to-
severe postoperative pain involving both somatic and visceral components, leading to delayed recovery and higher
incidence of complications such as atelectasis and pulmonary infection due to ineffective breathing and clearing of
secretions.' Effective postoperative pain management may reduce these complications and the risk of chronic pain.
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The thoracic paravertebral block has long been the preferred effective regional anaesthesia for thoracic surgery.” It is
a demanding technique with potential risks of several complications. Even with an ultrasound, the risk of pneumothorax
and unexpected spread of local anesthetic into the epidural space cannot be avoided.* Moreover, the thoracic para-
vertebral block needs to pierce the superior costotransverse ligaments, the resultant opening pressure in the paravertebral
space will cause patients feel uncomfortable.

Interest in ultrasound-guided fascial plane blocks has been steadily increasing in recent years. Proxy blocks like the
erector spinae plane block,™ retrolaminar block,” the mid-point transverse process to pleura block,® and the thoracic
paravertebral block multiple-injection costotransverse block” have provided alternatives to thoracic paravertebral block.
These superficial blocks have a minimal risk of pneumothorax without actually piercing the superior costotransverse
ligaments and placing the needle tip inside the thoracic paravertebral space close to the pleura. Although they are
expected to achieve a similar analgesic effect compared to thoracic paravertebral block, the mechanisms of these novel
blocks have not been clarified and their clinical value is still controversial. Theoretically, the success of these blocks
depends on whether the local anesthetic can spread through superior costotransverse ligaments or through the costo-
transverse foramen, finally reaching the paravertebral space.'®'?

A novel technique called the costotransverse foramen block was first described by Shibana et al recently.'® Cadaveric
and case studies demonstrated that a solution injected directly into costotransverse foramen can consistently spread to
paravertebral space.'® However, there have been no studies published comparing the costotransverse foramen block to
the thoracic paravertebral block or erector spinae plane block for patients undergoing video-assisted thoracic surgery. The
intent of the current study was to compare the safety and analgesic efficacy of these blocks under the hypothesis that the
costotransverse foramen block would provide noninferior postoperative analgesia to thoracic paravertebral block and
erector spinae plane block following video-assisted thoracic surgery. The primary outcome was the numerical rating scale
pain score at 6 h after surgery.

Materials and Methods

Study Design

The trial was approved by the ethics committee of Beijing Chao-Yang Hospital (2019-ke-369) and performed at the
department of Anesthesiology, Beijing Chao-Yang Hospital, Capital Medical University between January 2021 and
January 2022. The study was registered with Chinese Clinical Trial Registry (ChiCTR2100041815) on January 6, 2021.
All patients provided written informed consent before the day of surgery. Our study complies with the Consolidated
Standards of Reporting Trials guidelines and the Declaration of Helsinki.'"? Patients scheduled to undergo video-assisted
thoracic surgery were eligible for enrolment in this study if they were between 18 years and 65 years and had an
American Society of Anesthesiologists (ASA) physical status of I to III. We excluded the patients with puncture site
infection, coagulopathy, allergy to local anesthetic, body mass index >40 kg m ™2, incompatibility of body position, lack
of consent for the procedure, decreased pulmonary reserve, major cardiac disorders, liver and renal dysfunction, pre-
existing neurological deficits, or psychiatric illness.

Patient Grouping, Blinding, and Randomization

Based on a computer-generated randomized number, eligible patients were randomly allocated in a 1:1:1 ratio to receive
costotransverse foramen block (CTFB group), thoracic paravertebral block (TPVB group), or erector spinae plane block
(ESPB group). Random numbers were concealed in sequentially numbered opaque envelopes that were opened by
anesthesiologists before the nerve block. Only the anesthesiologists who performed the block and assisted with the
procedure were aware of the allocation. The patients and study personnel responsible for postoperative data collection
were blinded to group allocation.

Block Interventions
Before the operation, patients were taught how to use the numerical rating scale (0—10, a modified version, Table S1) to score the
pain intensity. In the preoperative preparation room, SpO,, electroencephalography, and non-invasive blood pressure were
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monitored for the patients. Venous vascular access was established and oxygen was given. Patients were premedicated with
intravenous midazolam (0.02 to 0.03 mg.kg ') and sufentanil (0.05 to 0.1 ug.kg ™) titrated at the discretion of the anesthesiol-
ogists. The blocks were performed by one of the three skilled anesthesiologists (Jia Jiang, Hong Wen, or Danxu Ma).

All the blocks were performed at TS vertebral level under ultrasound guidance with patients in prone position. Using
an in-plane or an out-plane technique, a high-frequency linear or a low-frequency convex ultrasound transducer (Navi
Series, Wisonic Medical Technology Co. Ltd., Shenzhen, China) covered with a sterile sleeve was placed in a sagittal
orientation lateral to the posterior midline to identify the TS transverse process. The skin was disinfected with iodophor,
and 1 mL of 2% lidocaine was injected intradermal for local anaesthesia. A 22G 80-mm needle (Stimuplex D, B. Braun,
Melsungen AG, Germany) was chosen for all blocks.

In the CTFB group, according to the technique described by Shibata et al, the transducer was shifted lateral-to-medial
to identify the neck of sixth rib, the base of the T5 transverse process, the laminar, and the pleura if possible.'® The
needle was advanced caudal-to-cephalad until the needle tip contacted the anteroinferior part of the base of the T5
transverse process. The correct needle tip position was confirmed by a test dose of 1-5 mL of 0.9% normal saline
solution to visualize the spreading of local anesthetic in an anterior direction rather than a backward spread of the
injectate resulting in a bulging of the erector spinaec muscle or the muscle fascial plane (Figure 1A—C).

In the TPVB group, the transducer was tilted obliquely to locate the superior costotransverse ligaments between the
T5 transverse process and the T6 transverse process. Using a caudal-cranial needle trajectory, the needle pierced the
superior costotransverse ligaments and the correct needle tip position was confirmed by a test dose of 1-5 mL of 0.9%
normal saline solution to visualize the ventral movement of the parietal pleura (Figure 1B-D).

In the ESPB group, the needle was inserted in a caudal-cranial direction deep to the erector spinae muscle
(Figure 1E). The correct position of the needle tip was controlled with administration of 1 mL of local anesthetic
distributed as both cranial and caudal directions.

After negative aspiration, patients in three arms of the study received the same local anesthetic (20 mL of 0.5%
ropivacaine). Dermatomal distribution with pinprick sensation was monitored on the anterolateral chest every 5 min for

30 min after the completion of the block.

General Anesthesia Management

Anesthesia was conducted in accordance with a standardized protocol. After the blocks, all patients were taken from the
preparation area directly to the operation room, where the SpO,, electroencephalography and the invasive arterial blood
pressure were monitored during surgery. The depth of sedation and the degree of brain response to nociceptive stimuli
during surgery were monitored using multifunction combination monitor HXD-I (Beijing Easymonitor Technology Co.,
Ltd., Beijing, China). General anaesthesia was induced with sufentanil 0.2 to 0.3 pg.kg ', and propofol 2 to 3 mg.kg .
Rocuronium bromide 0.6 to 0.8 mg.kg ' was administered to facilitate double-lumen tracheal intubation. Anesthesia was
maintained by infusion of propofol (0.1 to 0.15 mg kg-1 min-1) and remifentanil (0.1 to 0.3 g kg-1 min-1), and targeted
for a wavelet index of 36 to 60 and pain threshold index of 40 to 60. At the conclusion of surgery, patients were
extubated and transported to the postanaesthesia care unit (PACU).

Postoperative Analgesia

On arrival at the PACU, all patients were connected to an intravenous patient-controlled analgesia (PCA) pump containing
sufentanil 1 pg.mL ™" with the following settings: background infusion 1 pg.h™!, demand dose 2 pg, and lockout time of
15 min. Patients were instructed to administer a bolus whenever numerical rating scale pain scores >3. The standard
postoperative analgesic regime consisted of 50 mg flurbiprofen axetil intravenously at the end of surgery, 50 mg flurbiprofen
axetil intravenously every 12 h after surgery. For patients with a numerical rating scale pain score remained >3 after two
consecutive sufentanil bolus, oral ibuprofen-codeine tablets (each tablet containing ibuprofen 0.2 g and codeine 12.5 mg; two

tablets for the first use and no more than 6 tablets per day) were administered as rescue analgesia.

Journal of Pain Research 2025:18 https: 2429



Li et al

Caudad

Cephaladsg

“Needle

15

T |

Thoracic
paravertebral
space

Superior
costotransverse
ligament

Base of the
ransverse
process

Vertebral
lamma

- Neck of rib
LA

P

Cephalad Caudad

Pleura

Figure | Ultrasound-guided costotransverse foramen block (CTFB) and thoracic paravertebral block (TPVB). (A) Schematic diagram of the costotransverse foramen and
the needle localization. Black dotted line refers to the costotransverse foramen. (B) Positioning of ultrasound probe for the CTFB (blue probe) and the TPVB (Orange
probe) between T5 and Té. (C) Ultrasound view of the CTFB during the injection with patient position. (D) Ultrasound view of the TPVB during the injection with patient
position. (E) Ultrasound view of the erector spinae plane block during the injection with patient position.

Abbreviations: TP, base of the transverse process; NR, neck of rib; LA, local anaesthetic; TP, transverse process; SCTL, the superior costotransverse ligaments; ESM,
erector spinae muscle; light blue oval area refers to the position of the LA; white dotted line refers to the needle path.

Outcome Measures

The primary outcome was numerical rating scale pain score at 6h after surgery. The secondary outcomes included numerical
rating scale pain scores at other time-points, cumulative oral morphine equivalent consumption within the first 24 h after surgery,
time to first PCA bolus, number of patients requiring rescue analgesia, total doses of rescue analgesia (expressed as oral morphine
equivalents), dermatomal coverage at 30 min after block, patient satisfaction score (4 = “very dissatisfied”, 3 = “dissatisfied”, 2 =
“satisfied”, 1 = “very satisfied”), block-related side effects (unexpected epidural anaesthesia, pneumothorax, total spinal
anaesthesia, or local anesthetic intoxication), postoperative complications (postoperative nausea and vomiting (PONV),
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drowsiness, or dyspnea), and length of hospital stay (days from surgery to discharge). Intraoperative and postoperative
complications were assessed according to the classifications of intraoperative adverse events (ClassIntra) version 1.0'* and the
Clavien-Dindo surgical complication classifications (CD classification), respectively, within seven days after surgery or before
discharge.'® The health-related quality of life was also evaluated by using the EQ-5D-3L questionnaire one month after surgery.
The information derived from the EQ-5D was converted into a single summary index (EQ-5Dj,gex Or EQ-5D Time Trade-Off
Value (TTO) with UK scoring (Table S2).'%!

Sample Size Calculation

This study was designed to assess the noninferiority of analgesic effect in CTFB cohorts compared to TPVB and ESPB
groups undergoing video-assisted thoracic surgery. The sample size calculation was determined according to the primary
outcome of numerical rating scale pain score at 6 h after surgery. According to previous literature, the non-inferiority
margin was determined a priori to be 1."®!'? In pilot study, we observed 5 patients in each CTFB, TPVB, and ESPB
group, and mean numerical rating scale scores at 6 h after surgery were 0.8, 0.8, and 3.6, respectively, with a similar SD
of 1.0. One-tailed power analysis indicated that a sample size of 21 subjects per group would provide at least 80% power
with an alpha of 0.0125 to demonstrate the noninferiority of costotransverse foramen block to thoracic paravertebral
block and erector spinae plane block. Bonferroni method was used for the correction for Type I error. Taking into account
about 20% of the loss to follow-up rate, 75 (25 in each group) patients should be enrolled.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism version 9.5 (GraphPad Software Inc., San Diego, CA, USA)
and IBM SPSS statistics for Windows version 26.0 (IBM Corp., Armonk, New York, USA). Categorical variables were
reported as number (percentage) and continuous variables as mean (SD) or median (IQR [range]) according to the
distribution characteristics of the data. The normality of distribution of continuous variables was analyzed by the
Kolmogorov—Smirnov test. Normally distributed continuous data were analyzed using one-way analysis of variance
(ANOVA), while nonnormal data were analyzed with Kruskal-Wallis test across groups. If the significant difference was
indicated among three groups, pairwise comparisons (CTFB group vs TPVB group, and CTFB group vs ESPB group)
were performed according to appropriate post-hoc tests with p <0.025 adjusted Bonferroni correction. Mann—Whitney
U-test was used for pairwise analysis of continuous data. Comparisons of categorical variables were performed using
Chi-Square test or Fisher exact test. For the data that could not be statistically analyzed, such as the dermatomal coverage
of sensory block, a descriptive result was planned.

Non-inferiority testing was done by comparing the 95% CI of median/mean difference using the Hodges—Lehmann
method between groups to the prespecified noninferiority margin. We compared both intention-to-treat analysis and per
protocol analysis. If noninferiority was met, superiority of costotransverse foramen block was to be tested using the intention-
to-treat population. Superiority was achieved if the upper limit of the 95% CI of the median difference was lower than 0.

Results

Between January 2021 and January 2022, 255 patients were assessed for eligibility, of which 75 patients were enrolled
and allocated randomly. Six patients were excluded from final per protocol analysis because one was converted to open
thoracotomy for severe adhesion, two were failed to block and three were lost to follow-up due to transfer to ICU
(Figure 2). Block failure occurred in one patient in the CTFB group with the needle tip displaced at lamina, and one in
the ESPB group for noncooperation with the block procedure. There was no imbalance in demographic data and surgical
data among three groups (Table 1).

The costotransverse foramen block was demonstrated to be non-inferior to both the thoracic paravertebral block and
the erector spinae plane block, based on a predefined non-inferiority margin of 1. For per protocol population, the
numerical rating scale score at 6 h after surgery was 0 (0, 1) for CTFB group and 0 (0, 3) for TPVB group with a median
difference 0 (95% CI, 0 to 0) in the comparison of CTFB and TPVB groups. Comparing the CTFB group with ESPB
group, the numerical rating scale pain scores were 0 (0, 1) for CTFB group and 4 (3, 4) for ESPB group with a median
difference —3 (95% CI, —4 to —2). Both upper limits of the 95% CI were less than the predetermined noninferiority
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| Not meeting inclusion criteria (n=155)
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intervention (failed block) intervention (noncooperation)
(n=2) (n=1)

Follow-Up

A 4 A 4 \ 4
Lost to follow-up (n=0) Lost to follow-up (n=1) + Lost to follow-up

(transferred to ICU) (n=2)
+ Open conversion (n=1)

Analysis
\4 \4

Analyzed (n=23) Analyzed (n=24) Analyzed (n=22)
+ Excluded from analysis + Excluded from analysis + Excluded from analysis

Figure 2 CONSORT flow diagram of patients.

margin of 1. For intention-to-treat analysis, the numerical rating scale pain scores at 6 h after surgery were 0 (0, 1.5), 0
(0, 3), 4 (3, 4) for CTFB, TPVB and ESPB groups, respectively. The median difference was 0 (95% CI, 0 to 0) between
the CTFB group and TPVB group, and —3 (95% CI, —4 to —2) between the CTFB group and ESPB group. Both analyses
indicated that costotransverse foramen block was noninferior to thoracic paravertebral block and erector spinae plane
block. After establishing noninferiority, costotransverse foramen block was also confirmed as superior to erector spinae
plane block, since the upper limit of the 95% CI was lower than 0 (Figure 3).

As indicated in Table 1, numerical rating scale pain scores at PACU, 1 h, 6 h and 12 h after surgery were significantly
different among three groups. These differences were statistically significant between CTFB group and ESPB group, but
not for CTFB group vs TPVB group. No differences in numerical rating scale pain scores at 24 h and 48 h were detected.
Moreover, no significant difference in numerical rating scale pain scores was found between CTFB group and TPVB
group at all time points. The CTFB group exhibited a significantly longer duration until the initial request for PCA bolus
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Table | Baseline Characteristics and Procedure Data of Patients Receiving Costotransverse
Foramen Block, Thoracic Paravertebral Block, or Erector Spinae Plane Block for Thoracic

Surgery
CTFB Group | TPVB Group | ESPB Group
(n=23) (n=24) (n=22)
Age (years) 50.5 (12.3) 49.0 (9.5) 52.4 (11.4)
BMI (kg.m 2) 23.0 (2.7) 25.1 (3.9) 239 (2.7)
Sex
Female I5 (65%) 16 (67%) 14 (64%)
Male 8 (35%) 8 (33%) 8 (36%)
ASA physical status class
-1l 21 (91%) 23 (96%) 21 (95%)
11l 2 (9%) 1 (4%) 1 (5%)
Surgical type
Lobectomy 14 (61%) 16 (67%) 10 (45.5%)
Segmentectomy 8 (35%) 7 (29%) 10 (45.5%)
Wedge resection | (4%) 1 (4%) 2 (9%)
Total premedication dose of sufentanil (ug) | 4.34 (1.12) 4.68 (0.84) 4.09 (1.23)
Operation time (min) 137.7 (52.8) 113.4 (53.0) 117.1 (45.9)
Length of hospital stay (days) 4.5 (1.3) 4.5 (1.5) 4.7 (1.8)

Notes: Values are presented as mean (SD) or number (proportion).

Abbreviations: CTFB, costotransverse foramen block; TPVB, thoracic paravertebral block; ESPB, erector spinae plane block.

compared to ESPB group (median difference, 8; 95% CI, 4-9; P = 0.001; Table 2). Patients in ESPB group showed
significantly higher satisfaction score compared to CTFB group (P = 0.019; Table 2). Cumulative oral morphine

equivalent consumption at 24 h postoperatively, total dose of rescue analgesics, and the number of patients requiring

analgesia were comparable am

ong the three groups (Table 2).

Two patients in CTFB and TPVB groups had unexpected epidural spread of the local anesthetic without any serious

consequences. There were no significant differences in block-related side effects and complications in these groups

(Table 3). ClassIntra and CD classifications were comparable among groups. Eighteen patients in CTFB group,19

patients in TPVB group and 17 patients in ESPB group completed the one-month follow-up, and EQ-5D;,4ex Was similar

for three interventions at one month after surgery (P = 0.965; Table 3).
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Figure 3 Noninferiority diagram of numerical rating scale pain difference. The solid vertical red line indicates the noninferiority margin (1.0). The grey dotted horizontal line
designates the 95% Cl of the difference between the pain scores at 6 h after surgery in the costotransverse foramen block and erector spinae plane block groups. The green

square represents the median difference 0 (95% CI 0-0) between the costotransverse foramen block and thoracic paravertebral block groups.

Abbreviations: CTFB, costotransverse foramen block; ESPB, erector spinae plane block; TPVB, thoracic paravertebral block.
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Table 2 Efficacy Outcomes of Patients Receiving Costotransverse Foramen Block, Thoracic Paravertebral Block, or Erector

Spinae Plane Block for Thoracic Surgery

Group P value | Pairwise Comparisons (Median Difference
or Relative Risk (All 95% CI))
CTFB (n=23) TPVB (n=24) ESPB (n=22) CTFB vs TPVB CTFB vs ESPB
[P value] [P value]
NRS
PACU 0 (0-1) 0 (0-0) 2 (0.75-2.25) <0.001 0 (0-0) [0.457] =1 (=2 to 0) [0.003]
I'h 0 (0-1) 0 (0-0) 3 (24) <0.001 0 (0-0) [0.457] -3 (—4 to —2) [<0.001]
6h 0 (0-2) 0 (0-3) 4 (34) <0.001 0 (0-0) [0.353] —3 (—4 to —2) [<0.001]
12 h 3 (24) 35 (3-4) 4 (3-5) 0.019 =1 (2t0 0) [0.113] | —I (-3 to 0) [0.006]
24 h 3(2-3 3(2-3) 3 (2.75-3) 0.442 0 (0-1) 0 (-! to 0)
48 h 2 (2-3) 2 (2-2.75) 2 (1-3) 0.333 0 (0-1) 0 (0-1)
OME, first 24 h (mg) 99.8(93.8-105.8) | 99.8(93.7-104.8) | 117(89.4-123.8) | 0.25I 0(—6 to 6) —14.5 (24 to 3.75)
Time to first PCA demand (h) 12 (10-16) 12 (10-14) 3(1-9) <0.001 0 (-2 to 2) [0.836] 8 (4-9) [0.001]
Number of patients requiring rescue analgesia | 17 (74%) 19 (79%) 17 (77%) 0911 0.93 (0.68-1.28) 0.96 (0.69-1.33)
Total doses of rescue analgesia (mg) 3.10 (2.01) 3.36 (1.91) 3.58 (1.91) 0.668 0 (0-0) [0.649] 0 (—1.88 to 0) [0.376]
Patient satisfaction score 1 (1-2) 1 (1-1) 2 (1-2) 0.005 0 (0-0) [0.455] 0 (-1 to 0) [0.019]
Time to perform the blocks (min) 18 (17-20) 11.5 (10-13.8) 11 (10-12) <0.001 7 (5-8) [<0.001] 7 (7-8) [<0.001]
Number of blocked dermatomes 5 (3-6) 6 (4-7) 0 (0-4) <0.001 =1 (-2 to 1) [0.400] | 4 (3-5) [<0.001]

Notes: Values are presented as mean (SD), median (IQR [range]) or number (proportion).
Abbreviations: CTFB, costotransverse foramen block; TPVB, thoracic paravertebral block; ESPB, erector spinae plane block; NRS, numerical rating scale; PACU,
postanaesthesia care unit; OME, oral morphine equivalents; PCA, patient-controlled analgesia.

Table 3 Complications and Recovery Quality of Patients Receiving Costotransverse

Foramen Block, Thoracic Paravertebral Block, or Erector Spinae Plane Block for

Thoracic Surgery

Group CTFB | Group TPVB | Group ESPB | P
Block-related side effects
Total spinal anesthesia 0 0 0
Unexpected epidural anesthesia | 2 (9%) 2 (9%) 0 0.536
Pneumothorax 0 0 0
Local anesthetic intoxication 0 0 0
Complications
PONV 5 (22%) 8 (33%) 5 23(%) 0.604
Drowsiness 0 0 0
Dyspnea 0 0 0
Intraoperative awareness 0 0 0
ClassIntra grade 0.939
0 14 (61%) 15 (63%) 12 (55%)
[ 7 (30%) 7 (29%) 8 (36%)
Il 2 (9%) 2 (8%) | (4.5%)
n 0 0 | (4.5%)
IV or above 0 0 0
CD classifications >0.99
[ 22 (96%) 23 (96%) 22 (100%)
Il or above | | 0
EQ-5Dindex 1 (0.877-1) 1 (0.877-1) | (0.877-1) 0.965

Note: Values are presented as median (IQR [range]) or number (proportion).

Abbreviations: CTFB, costotransverse foramen block; TPVB, thoracic paravertebral block; ESPB, erector spinae
plane block; PONV, postoperative nausea and vomiting; ClassIntra: classifications of intraoperative adverse events;
CD classification, Clavien-Dindo surgical complication classifications.
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Figure 4 The sensory block dermatomes of patients receiving costotransverse foramen block (pink), thoracic paravertebral block (blue) and erector spinae plane block
(Orange). The patients reported a dermatomal coverage of sensory block with the highest level of T2 and the lowest level of T12 at 30 min after the block with
costotransverse foramen block and thoracic paravertebral block. At 30 min after injection, the sensory blockade range of T4-T6é was obtained in every patient in
costotransverse foramen block and thoracic paravertebral block groups. The patients in erector spinae plane block group reported the highest level of T3 and the lowest
level of T8, and only eight patients have levels of sensory block.

The median (IQR) highest sensory levels were both T3 (T3-T4) in CTFB and TPVB groups, while the lowest levels
were T7 (T6-T8) in CTFB group and T8 (T6-T8.75) in TPVB group. T3 to T7 dermatomes were covered in more than
60% patients in CTFB and TPVB groups. For patients with epidural spread, the range of the sensory block dermatomes
(affected side/non-affected side) were: CTFB group-T3-T10/T3-T10, T3-T12/T3-T12; TPVB group-T4-T10/T5-T8, T4-
T12/T4-T9. The sensory block level was detected in only eight patients in ESPB group, ranged from the highest T3 and
lowest T8 (Figure 4). The costotransverse foramen block blocked more dermatomes compared with erector spinae plane
block (median difference, 4; 95% CI, 3-5; P < 0.001), but similar count compared with thoracic paravertebral block. The
costotransverse foramen block procedure was more time-consuming than the thoracic paravertebral block (median
difference, 7; 95% CI, 5-8; P < 0.001) and erector spinae plane block (median difference, 7; 95% CI, 7-8; P < 0.001).

Discussion

Our findings demonstrated that ultrasound-guided CTFB achieved non-inferior early postoperative analgesia compared to
TPVB, while exhibiting superior analgesic efficacy relative to ESPB at 6 h after surgery with a multimodal analgesia regimen
after video-assisted thoracic surgery. There were significantly different in numerical rating scale pain scores at other time points
(PACU, 1 h, 12 h), time for first PCA demand, patient satisfaction score and dermatomal coverage between CTFB group and
ESPB group. Notably, to our knowledge, this was the first randomized controlled study to compare costotransverse foramen
block with thoracic paravertebral block and erector spinae plane block on analgesic effect after video-assisted thoracic surgery.

The costotransverse foramen is a fissure between the neck of the rib and the superior costotransverse ligaments, which
allows the dorsal ramus and accompanying blood vessels through. It is defined medially by the thoracic lamina, laterally by
the superior costotransverse ligaments, cranially to the base of the transverse process, caudally to the neck of the rib below,
posteriorly to the intertransverse ligament, and anteriorly continuous with the paravertebral space.'®?° Therefore, local
anesthetic injected into the costotransverse foramen will theoretically penetrate into the paravertebral space without any
obstacles. One cadaveric study showed that costotransverse foramen block resulted in a consistent anterior spread of dye
into the paravertebral space.'” Our study verified that sensory assessment of anterior chest wall revealed a dermatome
coverage with costotransverse foramen block from T3 to T7 on the affected side in more than 60% of the patients, which
was comparable to the thoracic paravertebral block. These observations align with the recent findings by Oh et al.?'

We chose the numerical rating scale (NRS) pain score at 6 h postoperatively as the primary outcome to ensure that the effects
of all nerve blocks remained active during assessment, allowing us to accurately evaluate their early analgesic efficacy. In recent
years, people have been trying to find proxy methods to replace the paravertebral block.**** Among which, erector spinae plane
block with its relatively simple technique and superficial anatomical landmarks is being rapidly adopted clinically.” The
mechanism of the erector spinae plane block has been scrutinized, yet far less clarified.** The considerable discrepancy in
clinical efficacy echoes the unpredictable dissemination of the injectate in cadaveric studies.”''>® This can be explained by the
complexity of the paravertebral structures.”” Although the superior costotransverse ligament is not completely continuous, the
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local anesthetic in the erector spinae plane block has to traverse the intertransverse tissue complex before entering the
paravertebral space.”® In addition, the exact needle tip position, the volume administered, patients’ respiration, the tonicity of
the musculature, the depth of the anaesthesia, as well as the disposition and composition of the ligaments along the spinal column,
will all affect the spread of the local anesthetic.**>® According to the mechanisms of costotransverse foramen block and erector
spinae plane block, we planned to test for superiority if costotransverse foramen block was found to be noninferior to erector
spinae plane block. The superiority efficacy of costotransverse foramen block in our study provides initial evidence that supports
its use in patients undergoing video-assisted thoracic surgery. However, clinical trials directly comparing the superiority of
costotransverse foramen block compared to erector spinae plane block are warranted using proper margins.

Some other techniques were attempted to be closer to the endpoint to overcome the resistance of the intertransverse tissue
complex. The mid-point transverse process to pleura block and multiple-injection costotransverse block are two similar
alternative techniques to the thoracic paravertebral block. Both injection points are within the intertransverse tissue complex
and posterior to the superior costotransverse ligament. Cadaveric studies on both mid-point transverse process to pleura block and
multiple-injection costotransverse block demonstrated a consistent spread of injectate into the paravertebral space.”?® However,
very little studies focused on the analgesic effects of the two techniques, it is therefore too early to draw any conclusion for its
clinical value. One more medial method called retrolaminar block was first described in 2006.%' Several injectate pattern studies
confirmed that the injectate in retrolaminar block can spread to the paravertebral space, but the spread was substantially variable,
strongly volume dependent, and was more limited compared with the thoracic paravertebral block.**>* A newly published
cadaveric study indicated that there was a similarity between the costotransverse foramen block and the retrolaminar block in
terms of the dye spreading into the paravertebral space. Even though, the authors emphasized that a minimal difference of
injection targets performed in the paraspinal area can affect the spread pattern, and thus influencing the clinical effect.** The
clinical reports on the use of retrolaminar block are still very limited, and the results were controversial.*>~’

The costotransverse foramen block is theoretically considered a superficial and safer technique, as it does not require
penetration of the superior costotransverse ligament and keeps the needle tip away from critical structures such as the
pleura.'® However, our results showed, for the experienced anaesthesiologists, the costotransverse foramen block was
more time-consuming than the thoracic paravertebral block. The limited target area at the base of the transverse process,
the steep needle trajectory, and the need for fine-tuned ultrasound guidance can make the block technically demanding.
Even small movements of the ultrasound probe may shift the anatomical landmarks, increasing the difficulty of needle
positioning. Therefore, even the block has clear safety advantages, we recommend that it be performed by experienced
practitioners who are familiar with detailed sonoanatomy.

Other advantages like lower risks of pleural puncture, intercostal nerve and vessels injury, or dorsal ramus injury are
actually not unique to the costotransverse foramen block. Any method that without direct puncture the superior
costotransverse ligament will remain distant from the pleura, subcostal vessels, and ventral rami. Certainly, there
could be an even lower incidence of pneumothorax because the pleural structure has moved deeper and away from
the transverse process at the base of the transverse process. Unlike Shibana et al’ s observation,”” some patients in our
CTFB group still complained of a mild heaviness sensation in the chest during procedure. This may be due to a fast
injection leading to an opening pressure in the paravertebral space.

The costotransverse foramen block with a caudal-to-cranial needle trajectory and the tip of the needle in a bony area
avoid the risk of accidentally entering the epidural space. However, bilateral extensive block occurred in two patients in
each group of our study. In fact, even with an erector spinae plane block, a radiological imaging study and case reports
have observed this uncommon but possible epidural spread.”®~° Hence, in any paraspinal blocks, a high volume and
over-fast injection should be avoided, and close monitoring is needed for any sign of an extensive epidural block.

This study has some limitations. First, the sensory block was not reassessed after surgery. The injected local
anesthetic needs to penetrate the costotransverse foramen indirectly into the paravertebral space, and then spread
craniocaudally through the adipose tissue at the anteromedial corner of the thoracic paravertebral space.*® The dimin-
ished sensory dermatomes might not be the same before and after surgery. Second, the sample size is relatively small in
our study. Finally, although cost-transverse foramen block was also confirmed as superior to erector spinae plane block in
this trial, further studies with larger population directly comparing the superiority of costotransverse foramen block
compared to erector spinae plane block are further warranted using proper clinically important margins.

2436 e Journal of Pain Research 2025:18



Li et al

Conclusion

In conclusion, the ultrasound-guided costotransverse foramen block is an effective alternative to thoracic paravertebral
block or erector spinae plane block in patients undergoing video-assisted thoracic surgery. Future researches should
compare this novel technique with other paraspinal blocks such as retrolaminar block.
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