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ABSTRACT

Background and Aims: Ultrasound-guided regional anaesthesia has led to the development of
various paraspinal block techniques, with the most notable being the erector spinae plane (ESP)
block and the subtransverse interligamentary (STIL) block. The objective of this study was to assess
and compare the analgesic efficacy of STIL block with ESP block in patients undergoing modified
radical mastectomy (MRM) surgery, in terms of postoperative pain scores, 24-h opioid consumption,
rescue analgesia requirements and adverse effects. Methods: One hundred twenty female patients,
aged 18-65 years, scheduled to undergo MRM, were randomised to receive either ESP (Group I) or
STIL (Group Il) blocks with 20 mL of 0.25% levobupivacaine and dexamethasone 4 mg. The primary
outcome was pain scores at 12 h. The secondary outcomes were 24-h opioid requirement, total
duration of analgesia and number of rescue analgesia doses required. Paired Student’s #-test was
used to compare normally distributed quantitative data, while Mann—Whitney U test was conducted
to analyse non-normally distributed quantitative variables. The Chi-square test was employed to
assess the association between categorical variables. A P value of less than 0.05 was considered
statistically significant. Results: The median Numerical Rating Scale (NRS) scores were significantly
lower in Group Il compared to Group | at2, 6, 12 h (P<0.001) and 24 h (P < 0.008). The total opioid
requirement (P < 0.0001) and the number of rescue analgesia doses (P < 0.001) were significantly
lower in Group Il. The duration of analgesia was significantly longer in Group Il (P < 0.001). The
time taken to perform the procedure was significantly less in Group | (P < 0.001). Conclusion: The
STIL block is associated with a lower NRS score and decreased postoperative opioid consumption
compared to the ESP block in patients undergoing MRM.

Keywords: Analgesia, erector spinae plane block, ESP block, mastectomy, nerve block, opioid,
subtransverse interligamentary block, pain, postoperative pain, STIL block, ultrasonography,
ultrasound guidance
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INTRODUCTION

Breast carcinoma is a common malignancy in females,
with modified radical mastectomy (MRM) being the
most frequently performed surgery.!! Postoperative
pain can lead to significant morbidity, including
chronic pain syndrome and reduced quality of
life.”?! Various regional anaesthesia techniques, such
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as thoracic paravertebral block (TPVB) and newer
ultrasound-guided blocks, have been developed to
improve post-mastectomy analgesia while minimising
complications. Ultrasound-guided regional anaesthesia
has led to the development of novel blocks that target
thoracic nerves without entering the paravertebral
space, reducing complications associated with
TPVB.B®l These ‘paravertebral by proxy’ blocks®
include the erector spinae plane (ESP) block,?
mid-point transverse process to pleura (MTP) block,™®
multiple injection costotransverse block (MICB),"
costotransverse  foramen block (CTFB)® and
subtransverse process interligamentary (STIL) block,!!
collectively known as intertransverse process (ITP)
blocks.!"

The recently introduced STIL block offers a safer
alternative by targeting thoracic nerves without
entering the paravertebral space.” However, studies
comparing its efficacy with the widely used ESP block
for postoperative MRM pain management are limited.
We hypothesised that the STIL block would provide
better postoperative analgesia than the ESP block
in patients undergoing MRM without an increase in
adverse effects. The primary objective was to score the
pain level at 12 h. The secondary objective included
cumulative opioid consumption during surgery
duration, the number of rescue analgesia doses within
24 h, the duration of postoperative analgesia at 24 h
and the total time taken to perform the block.

METHODS

Ethical clearance was obtained from the Institutional
Review Board (vide approval number ECR/526/
Inst/UP/2014/RR 20, No. dean/2022/EC/4066, dated
15 April 2023). The trial was registered with the
Clinical Trials Registry-India (registration number
CTRI/2023/05/052796, accessible at www.ctri.nic.
in) prior to patient enrolment. The principles of
the Declaration of Helsinki (2013) and the Good
Clinical Practice guidelines were followed in this
study. Informed written consent was obtained from
all participants, and the study was conducted with
permission to use the data for educational and research
purposes. One hundred and twenty patients with
carcinoma breast, aged 18-65 years, with American
Society of Anesthesiologists (ASA) physical status I
and II were included in the study. Patients’ refusal or
noncompliance, patients with a history of allergy to the
study drugs or with severe pulmonary, cardiac, hepatic
or renal diseases, those with uncontrolled diabetes
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mellitus or hypertension, obese patients (body mass
index >35 kg/m?), patients with vertebral deformity,
evidence of infection or coagulation disorders, and
haemodynamically unstable patients were excluded
from the study.

Participants were randomly assigned to one of two
groups using a computer-generated randomisation
table (OpenEpi.com, Version 3, open-source calculator),
with assignments sealed in opaque envelopes. The
allocation ratio was 1:1. In both groups, patients
received 20 mL of 0.25% levobupivacaine with
dexamethasone 4 mg. Patients in Group I received an
ultrasound-guided ESP block, while those in Group II
were administered an ultrasound-guided STIL block.

Before surgery, patients were explained the Numerical
Rating Scale (NRS) and the details of the procedure.
On arrival in the operating room, intravenous (IV)
access was established and standard ASA monitors
were applied. The anaesthesiologists, who were
well-versed in ultrasound-guided regional anaesthesia
techniques, performed either the ESP or STIL block
after the induction of general anaesthesia, according
to the allocated groups. They were not involved in
data collection, analysis, or interpretation. General
anaesthesia was administered as per our institutional
protocol.

Patients who received the ESP block were placed in
the lateral decubitus position, with the operative site
non-dependent. Under strict aseptic precautions, a
high-frequency linear ultrasound probe (M-TURBO
FUJIFILM Sonosite, Inc., Bothell, WA, USA) was
placed in a parasagittal orientation at the T4-
T5 thoracic level, and the erector spinae muscle
plane was identified at the level of the transverse
process (TP) [Figure 1]. A 22-gauge echogenic
needle (Bbraun” Stimuplex®, ultra 360°; Melsungen,
Hessen, Germany) was inserted using an in-plane
approach from a caudad-to-cephalad direction, and
the correct needle tip position was confirmed by
the administration of 1-2 mL of 0.9% normal saline
solution. After confirmation of the plane and negative
aspiration, 20 mL of 0.25% levobupivacaine with 4 mg
dexamethasone was administered.

The STIL block was performed in the lateral position,
with the operative site being non-dependent. Under
strict aseptic precautions, the high-frequency linear
ultrasound probe was placed in the parasagittal
position at the T4-T5 thoracic level. TP was seen
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as a square-shaped structure lying closer to the
skin than the ribs. The superior costotransverse
ligament (SCTL) was observed above the paravertebral
space [Figure 2]. A 22-gauge echogenic needle was
inserted in a caudad-to-cephalad direction, in-plane,
with the needle tip directed toward the base of the T4
TP immediately posterior to the junction of SCTL and
T4 TP. The correct needle tip position was confirmed
by administering 1-2 mL of 0.9% normal saline
solution. After confirming negative aspiration, 20 mL
of 0.25% levobupivacaine with 4 mg dexamethasone
was administered.

Intraoperatively, if there was an increase in heart
rate by more than 20% of baseline, other causes of
tachycardia were ruled out, and IV fentanyl 0.5 ug/kg
was administered as a bolus and recorded. All patients
received IV paracetamol at a dose of 15 mg/kg three
times a day and ketorolac at 0.5 mg/kg twice daily
during the first 48 h. Postoperatively, if the patient
reported an NRS =3, IV tramadol 1.5 mg/kg was
administered as a rescue analgesic, and frequencies
were noted for the first 24 h.

The primary outcome was the measurement of
postoperative pain using the NRS scale at 12 h. Pain
assessment was done at 2, 6, 12 and 24 h following
surgery. Secondary outcomes were the measurement
of cumulative opioid consumption, the number of
rescue analgesia doses, the duration of postoperative
analgesia (defined as the time period recorded after
emergence from anaesthesia till the requirement of
the first dose of rescue analgesia) and the total time
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Figure 1: ESP block — ultrasonography image with needle position
during injection. ESP= erector spinae plane, SCTL= superior
costotransverse ligament, TP= transverse process, TPVS=Thoracic
paravertebral space
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taken to perform the block (time from placement of
transducer on the patient to the completion of drug
injection). Complications related to blocks, if any,
were also noted.

Postoperatively, at 2 h, the sensory blockade was
assessed both longitudinally and anteroposteriorly
using cold sensation and pin-prick testing to identify
the dermatomes involved. Two reference lines were
drawn to assess the extent of sensory blockade:
anteriorly, the midclavicular line, and posteriorly, a
line passing through the tip of the inferior angle of the
scapula drawn parallel to the spinous processes of the
spine.

The sample size was calculated using OpenEpi.com,
Version 3, an opensource calculator, based on a pilot
study on six patients, where the minimum expected
difference in the mean NRS score at 12 h between two
groups was found to be 25%: Group I- 2.71 [standard
deviation (SD): 0.65] and Group II- 2.12 (SD: 0.58).
For statistically significant results with oo = 0.05 and
B = 0.80 with a 95% confidence interval, 49 patients
were required in each group (Fleiss, Statistical
Methods for Rates and Proportions). Assuming a 10%
dropout rate, 60 patients were enroled in each group.

All data were compiled and analysed using
Microsoft Excel (Office 365), GraphPad Prism 8.4.2,
and Statistical Package for the Social Sciences
version 27 (International Business Machines
Corporation, Armonk, NY, USA). The normality of data
distribution was tested using the Kolmogorov—Smirnov
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Figure 2: STIL block — ultrasonography image with needle position
during injection. STIL= subtransverse interligamentary, SCTL= superior
costotransverse ligament, TP= transverse process, TPVS=Thoracic
paravertebral space
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test. Descriptive statistics were shown as proportions
for categorical variables (ASA) and mean (SD) for
normal continuous quantitative variables (age,
weight, height, heart rate, blood pressure, duration of
analgesia, average duration to perform the block and
total dose of fentanyl), which were compared using
paired Student’s t-test. Non-normally distributed
quantitative variables (NRS) were expressed as the
median and interquartile range (IQR) and compared
using the Mann-Whitney U test. The effect size was
calculated using Cohen’s d. A two-tailed P value below
0.05 was considered significant. The Chi-squared test
was applied to categorical data.

RESULTS

A total of 134 patients were assessed for eligibility; 14
were excluded, and 120 patients were finally included
in the study [Figure 3]. There was no significant
difference between the two groups in terms of baseline
patient characteristics [Table 1].

Postoperative =~ NRS  scores were statistically
significantly higher in Group I compared to Group II
at the 12" hour (median 4 [IQR: 0-1] versus 2 [IQR:
0-1], P < 0.001; Table 2). The duration of analgesia (in

hours) was significantly prolonged in Group II
compared to Group I (P < 0.001). Total fentanyl
consumption was found to be significantly higher
in Group I than in Group II (P < 0.0001). The mean
time taken to perform the ESP block (in minutes) was
significantly shorter than that taken to perform the
STIL block (P < 0.001) [Table 3]. Patients in Group I
frequently required rescue analgesia doses compared
to those in Group II, and the difference was statistically
significant (P < 0.001) [Table 3]. The upper and lower
limits of the dermatomes involved in Group I were
T2-T3 and T5-T6, respectively and in Group II, were
T1-T2 and T6-T7, respectively. A greater number of
patients in Group II than in Group I exhibited medial
to mid-clavicular line extension of the block (42 vs.
13, P < 0.0001). None of the patients in either group
suffered any complications.

DISCUSSION

This randomised comparative study demonstrated the
superior analgesic efficacy of the STIL block over the
ESP block in MRM surgery under general anaesthesia.
Patients receiving the STIL block experienced
better postoperative pain control and prolonged
analgesia, with reduced opioid and rescue analgesic

Assessed for allocation (N = 134)

Excluded (n = 14)
Did not meet inclusion criteria (n = 10)
Refused to participate (n = 4)

Randomisation (n = 120)

Allocated to Group |

Allocated to Group |

(n = 60) ESP block

Loss to follow-up (n = 0)
Discontinued intervention
(n=0)

Analysed (n = 60)
Excluded from analysis
(n=0)

(n = 60) STIL block

Loss to follow-up (n = 0)
Discontinued intervention
(n=0)

Analysed (n = 60)
Excluded from analysis
(n=0)

Figure 3: CONSORT flow diagram for participant enrolment (n = number of patients). CONSORT = Consolidated Standards of Reporting Trials,

ESP = erector spinae plane, STIL = subtransverse interligamentary
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Table 1: Baseline patient demographics

Parameters

Group | (n=60)

Group Il (n=60)

Age (in years)

Weight (in kg)

Height (cm)

ASA (I/11) (n)

Heart-rate (beats/minute)

SBP (in mmHg)

DBP (in mmHg)

MAP (in mmHg), mean (SD) (95% Cl)

49.80 (7.34) (42.46, 57.14)
70.03 (14.35) (55.68,84.38)
152.10 (6.62) (145.48, 158.72)
37/23
103.05 (16.12) (86.93, 119.17)
128.18 (11.57) (116.61, 139.75)
82.75 (7.33) (75.42, 90.08)
97.89 (7.87) (90.02, 105.76)

48.87 (6.75) (42.12, 55.62)
73.48 (13.39)
153.45 (5.45) (148, 158.9)
39/21
104.38 (24.14) (80.24, 128.52)
129.13 (11.89) (117.24, 141.02)
80.45 (8.68) (71.77, 89.13)
96.67 (8.71) (87.96, 105.38)

Data expressed as mean (SD) (95% CIl) or frequency. The haemodynamic parameters (HR, SBP, DBP, MAP) are the baseline values noted before induction
of anaesthesia. Group |=patient received erector spinae plane block, Group lI=patient received subtransverse interligamentary block. n=number of patients,
ASA=American Society of Anesthesiologists physical status, Cl=confidence interval, DBP=diastolic blood pressure, HR=heart rate, MAP=mean arterial pressure.

SBP=systolic blood pressure, SD=standard deviation

Table 2: Comparison of NRS between two groups at
various time intervals

Time Group | Group I Effect size P
points (h) (n=60) (n=60) (Cohen’s d) CI=95%

2 2 (0-1) 1(0-2) 0.234 <0.001
6 3 (0-1) 2 (0-1) 1.436 <0.001
12 4 (0-1) 2 (0-1) 0.842 <0.001
24 4 (0-1) 3 (0-1) 0.969 <0.008

Data expressed as median (interquartile range). Group |=patient received
erector spinae plane block, Group Il=patient received subtransverse
interligamentary block. Cl=confidence interval, NRS=Numerical Rating Scale,
n=number of patients

requirements. However, the ESP block was quicker to
perform.

Managing pain in MRM remains
challenging due to the complex
innervation, often contributing to post-surgical pain
syndrome." The procedure-specific postoperative
pain management (PROSPECT) guidelines recommend
TPVB as the preferred regional analgesia technique
for oncologic breast surgeries.? However, TPVB is
an advanced procedure, leading to increasing use
of fascial plane blocks, such as ESP and ITP, which
offer comparable analgesia with fewer complications.
While the ESP block is effective in breast surgeries,
its precise mechanism remains debated.** Local
anaesthetic (LA) diffusion into the paravertebral
space has been suggested,** though cadaver studies
show inconsistent results.'” Some clinical studies
indicate TPVB provides superior postoperative pain
relief compared to ESP block, likely due to limited
paravertebral spread of ESP block.[**'”! The STIL block
was first described by Kilicalsan et al.!”! for thoracic
spine surgery. They administered LA anterior to the
ITL and posterior to the SCTL-TP junction within
the retro-SCTL space. It is believed to block both
the dorsal and ventral rami due to the anterior
diffusion of LA into the paravertebral space, similar
to ESP. The SCTL's porous structure may facilitate this

surgery
breast’s
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communication." Ince et al.' reported significant
postoperative pain relief with the STIL block in a
lumpectomy case. To our knowledge, this is the first
randomised controlled trial (RCT) evaluating the STIL
block in MRM surgery and comparing it to the widely
studied ESP block.

Intertransverse tissue complex (ITTC), comprising the
intertransverse ligament, intertransverse and levatores
costarum muscles and fatty tissue, connects the
erector spinae muscle plane and the retro-SCTL space
to the paravertebral space.'® The superior analgesia
and sensory coverage of the STIL block in this study
is likely the result of more direct LA spread into the
paravertebral space compared to the ESP block. In
the ESP block, LA is deposited farther from the target
site, resulting in dorsal rami blockade but inconsistent
paravertebral diffusion, which depends on the volume
and time.*"*? Cadaver studies suggest that higher LA
volumes do not necessarily enhance paravertebral
spread.®®! Research on ITP blocks has consistently
demonstrated paravertebral spread and involvement
of sympathetic ganglia, similar to TPVB,** which
supports the STIL block’s superior analgesic effect. The
ESP block’s shorter procedure time may be attributed
to its more superficial location, requiring fewer needle
adjustments.

Among ITP block variants, the STIL block offers
advantages. It provides a clearer drug deposition
endpoint compared to the subjective midpoint
targeting in the MTP block. MICB and CTFB, with LA
deposited near the SCTL, pose risks of pneumothorax
and vascular puncture, particularly for novices. Sethi
et al.” found that while the MTP block and the ESP
block had similar analgesic efficacy for the first 2 h
postoperatively, the MTP block was inferior beyond
the third hour due to inadequate intersegmental drug
distribution. The STIL block’s superior results in this
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Table 3: Comparison of block characteristics, fentanyl consumption, duration of analgesia and dose of rescue analgesia

needed between both groups

Parameters

Group | (n=60)

Group Il (n=60) P

Average duration to perform block (in min)
Total dose of fentanyl (ug)

Duration of analgesia (in h)

Number of doses of rescue analgesics

0 6
1 18
2 10
3 26

10.42 (2.12) (8.3, 12.54)
175.67 (16.21) (159.46, 191.88)
11.41 (1.79) (9.62, 13.2)

13.75 (1.84) (11.91, 15.59) <0.001
156.50 (10.73) (145.77, 167.23) <0.0001
17.49 (2.64) (14.85, 20.13) <0.001
22 12=84.64
10 P<0.001
10
18

Data expressed as mean (SD) (95% Cl) or frequency. Group |=patient received erector spinae plane block, Group lI=patient received subtransverse
interligamentary block. Cl=confidence interval, SD=standard deviation, n=number of patients

study may be due to more effective intersegmental
spread, as LA is deposited near the TP edge, facilitating
better diffusion into the paravertebral space.

Thisstudy providesvaluableinsightsinto postoperative
analgesia for breast surgery, with strengths including
a clearly defined research question, rigorous RCT
methodology, standardised pain assessment tools (NRS
and opioid consumption) and multivariable statistical
analysis to control confounders. However, limitations
exist, including variability in patient characteristics,
comorbidities, and surgical techniques that may
introduce confounders despite statistical adjustments.
A relatively small sample size limits generalisability
and reliance on patient-reported outcomes poses
potential recall bias. The short follow-up primarily
assesses immediate postoperative effects, leaving
long-term pain outcomes unexamined. Multiple
operators performed the blocks, which may have
affected the outcomes, although all were trained in
ultrasound-guided techniques.

This study strengthens the current understanding of
paravertebral anatomy and analgesia. Future research
with larger, more diverse populations, extended
follow-ups and patient-centred outcomes could
further clarify the comparative benefits of the ESP and
STIL blocks.

CONCLUSION

In patients undergoing MRM, the STIL block is
associated with an improved NRS score at 12 h
compared to the ESP block.

Study data availability

De-identified data may be requested with reasonable
justification from the authors (via email to the
corresponding author) and will be shared after approval
in accordance with the author’s institution’s policy.
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