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KEYWORDS Abstract

Analgesia; Background: Postoperative analgesia remains challenging in thoracic surgery, particularly with
Erector spinae plane the rise of Robotic-Assisted Thoracoscopic Surgery (RATS). The Erector Spinae Plane Block (ESPB)
block; is a promising opioid-sparing technique, but its role in RATS is unclear.

Lung neoplasms; Methods: In this retrospective dual-center cohort study, we included 78 patients with lung can-
Propensity score; cer undergoing RATS, who received general anesthesia with or without ESPB. ESPB involved a sin-
Robotic surgical gle shot of 30 mL of 0.5% ropivacaine injection at T7, followed by a 24-hour infusion of 0.2%
procedures; ropivacaine (7 mL.h"). The primary outcome was opioid rescue within 36 hours. Secondary out-
Thoracic surgical comes included hospital length of stay and chest tube duration. Confounders were balanced
procedures with Inverse Probability Treatment Weighting (IPTW).

Results: In unadjusted analyses, there was no significant difference in rescue opioid consump-
tion between groups (ESPB 37.8% vs. GA 27.3%; p = 0.46). After propensity score weighting to
improve covariate balance, ESPB use was associated with lower postoperative opioid require-
ments (OR = 0.57; 95% Cl 0.32—0.79; p = 0.01). This finding may reflect improved adjustment for
measured confounders, although residual confounding cannot be excluded. In contrast, chest
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tube presence within 24 hours was associated with higher opioid requirements (OR = 2.32; 95% ClI
1.22—4.20; p = 0.04). ESPB patients also required fewer scheduled opioids during the first 24

—36h postoperatively (p = 0.03).

Conclusion: In this observational cohort, ESPB use was associated with lower postoperative opi-
oid requirements in RATS. These findings suggest a potential role for ESPB within ERAS pathways,
although randomized studies are needed to confirm efficacy and define its role in minimally inva-

sive thoracic surgery.

© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Postoperative pain management remains a critical challenge
in thoracic surgery, in which inadequate analgesia can lead
to severe complications, including atelectasis, pneumonia,
respiratory failure, and chronic pain.’ Over the past decade,
minimally invasive techniques such as Video-Assisted Tho-
racic Surgery (VATS) and Robotic-Assisted Thoracoscopic Sur-
gery (RATS) have largely replaced traditional thoracotomy,
reducing surgical trauma and enhanced recovery.”™ How-
ever, optimal pain control strategies must evolve alongside
these advancements.

While thoracic epidural analgesia has long been consid-
ered the gold standard for thoracic procedures, its use has
gradually declined due to well-recognized adverse effects,
including hypotension and urinary retention, particularly
when continuous local anesthetic-opioid combinations are
employed.® In this context, opioid-sparing multimodal anal-
gesia strategies and ultrasound-guided fascial plane blocks
have gained increasing attention. Among these, the Erector
Spinae Plane Block (ESPB) has emerged as a promising alter-
native.*” First described in 2016,* ESPB is characterized by
technical simplicity, a favorable safety profile, and a lower
risk of neuraxial-related complications compared with tradi-
tional epidural techniques.®

Despite its growing adoption, key uncertainties remain
regarding ESPB’s mechanism of action. Studies report incon-
sistent spread to the paravertebral, epidural, and intercos-
tal spaces, with significant variability in block distribution
among patients.” "' This raises questions about its reliability
and optimal application, particularly in RATS, where evi-
dence remains scarce.

Evidence specifically addressing the use of ESPB in RATS
for lung cancer remains very limited, particularly regarding
continuous ESPB techniques using catheter-based local anes-
thetic infusion. Available data are largely restricted to small
case series or extrapolated from non-robotic or single-injec-
tion studies, leaving an important gap in evidence for this
increasingly common surgical setting.'>"”

In this context, the primary aim of this study was to
evaluate the effectiveness of continuous ESPB as part
of a multimodal, opioid-sparing analgesic strategy in
patients undergoing RATS lung resection using a dual-
center retrospective cohort design with propensity
score weighting. We hypothesized that adding continu-
ous ESPB to general anesthesia would reduce the pro-
portion of patients requiring postoperative rescue
opioids within 36 hours, compared with general anes-
thesia alone.

Methods

This investigation was approved by the Institutional Research
Ethics Board (IREB) (protocol 4.518.838, CAAE 42052821.
2.0000.0087), which waived informed consent. STROBE guide-
lines were followed, and a checklist is attached in the supple-
mentary material. This study complied with Resolution 466/
2012 of the Brazilian National Health Council. The authors
received no financial support for the research, authorship,
and/or publication of this article. No funding bodies had any
role in the design of the study; in the collection, analysis, or
interpretation of data; in the writing of the manuscript; or in
the decision to publish the results.

In this retrospective cohort, we reviewed electronic med-
ical records at two tertiary hospitals between March 2019
and March 2022. All consecutive patients who underwent
RATS for lung cancer during the study period were screened
for eligibility. A total of 86 patients were initially identified.
Six patients were excluded due to incomplete medical
records, primarily related to missing postoperative pain
assessments and/or incomplete documentation of rescue
opioid administration, which precluded reliable classifica-
tion of the primary outcome. One patient who received tho-
racic epidural analgesia and one patient with unintended
ESPB catheter dislodgement were also excluded. No intrao-
perative conversions to open thoracotomy occurred during
the study period. Patients with incomplete medical records
were excluded prior to analysis, ensuring complete data
availability for all covariates and outcome variables. No par-
tial missingness remained, and therefore complete case
analysis was performed without imputation.

During the study period, robotic thoracic surgeries were
managed by a dedicated anesthesia team that routinely cov-
ered all eligible cases. The assighment of anesthesiologists
to operating rooms was determined by standard departmen-
tal scheduling, independent of patient characteristics and
without prior knowledge of which specific surgical cases
would be performed. As a result, ESPB was not selectively
offered based on individual patient factors or perceived
pain risk.

For patients included in this study, thoracic procedures
were consistently performed by the same group of anes-
thesiologists, who were instructed to follow an institutional
protocol consisting of either general anesthesia alone or
general anesthesia combined with ESPB. Although the study
design was neither blinded nor systematically randomized,
anesthesiologists became aware of individual case details
only after assighment. This approach aimed to reduce selec-
tive application of ESPB, although residual confounding by
indication cannot be entirely excluded.
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We included patients aged > 18 years, undergoing RATS
with GA, with and without ESPB. We excluded patients with
chronic opioid consumption, chronic pain, substance abuse,
emergency surgeries, palliative care, Patient-Controlled
Analgesia (PCA) with the installation of an epidural pump,
single-shot epidural anesthesia, catheter dislodgement in
patients undergoing ESPB, patients who were not extubated
within 12 hours after surgery, combined surgical procedures,
reoperation, comatose patients, those with impaired ability
to assess pain or request analgesia, and incomplete medical
records.

The primary outcome was the incidence of postoperative
opioid rescue within 36 hours after awakening from the GA.
Rescue opioids were administered only if patients experi-
enced moderate to severe pain, either at rest or with move-
ment. Pain was assessed using the Numerical Rating Scale
(NRS), where 0 indicates no pain and 10 indicates extreme
pain. Scores > 4 were considered moderate or severe pain.
The secondary outcomes included hospital length of stay
and chest tube duration (in days). Although the NRS was
used clinically to guide rescue analgesia according to a stan-
dardized institutional protocol, pain scores were not consis-
tently documented in a structured manner in some of the
medical records, and in some cases only analgesic adminis-
tration was recorded. Therefore, longitudinal analysis of
NRS values was not feasible, and the occurrence of rescue
opioid administration was used as a surrogate marker of clin-
ically significant pain.

The studied variables included age, gender, Body Mass
Index (BMI), comorbidities, anesthetic technique, type of
surgery, duration of surgery, postoperative use of opioids
and pregabalin, chest tube duration, and Intensive Care Unit
(ICU) length of stay.

The general anesthetic management and block technique
were based on our hospital’s standard of care. Anesthetic
management followed institutional standards and was indi-
vidualized when clinically indicated, according to the judg-
ment of the attending anesthesiologist.

Anesthesia was induced with propofol 2 mg.kg™, and
selective tracheal intubation was facilitated with rocuro-
nium 0.6—1.2 mg.kg™'. Fentanyl or methadone was used as
the opioid for induction, with dexmedetomidine and magne-
sium sulfate administered as analgesic adjuncts. Anesthesia
was maintained with continuous infusions of propofol and
remifentanil; propofol was titrated to maintain Bispectral
Index (BIS) values between 40 and 60, while remifentanil
was administered to provide intraoperative analgesia
according to clinical judgment. As part of a standardized
multimodal analgesia protocol, parecoxib 40 mg, pantopra-
zole 40 mg, and dexamethasone 0.1 mg.kg™"' (maximum
10 mg) were administered before surgical incision. Twenty
minutes before surgical completion, intravenous metami-
zole 2000 mg was given.

Intraoperative monitoring consisted of Non-Invasive Blood
Pressure (NIBP), ECG, Pulse Oximetry (SpO,), capnography,
temperature, and BIS. Controlled ventilation was performed
in a closed circuit with a flow up to 2 L.min™, tidal volume up
to 7 mL.kg", with a Positive end Expiratory Pressure (PEEP) of
6-8 cm H,0, and respiratory rate to maintain an end-tidal
CO, between 35-40 mmHg. Neuromuscular blockade was
maintained at a post-tetanic count < 5 (i.e., deep block).
Reversal of neuromuscular blockade with sugammadex was

performed in all patients. A convective air circulation heating
system maintained normothermia. The same surgical team
conducted all the included surgeries.

The ESPB and catheter placement were performed at the
end of surgery, before emergence from general anesthesia
and prior to tracheal extubation, under sterile conditions
and ultrasound guidance. The block was intentionally per-
formed at this time point to avoid interference with intrao-
perative management and patient positioning, as
preoperative placement of a continuous ESPB catheter could
interfere with the surgical field during robotic thoracic sur-
gery and increase the risk of unintended catheter displace-
ment. Given the use of a continuous catheter, the primary
aim of the block was postoperative analgesia rather than
preemptive intraoperative analgesia.

The ESPB was performed in a standardized manner using a
high-frequency linear ultrasound transducer. A single-shot
unilateral ESPB was administered by injecting 30 mL of 0.5%
ropivacaine into the fascial plane between the deep surface
of the erector spinae muscle and the transverse process of
the seventh thoracic vertebra. A 20-gauge epidural catheter
was then inserted through the Tuohy needle and advanced
5 cm into the fascial plane. Continuous infusion of ropiva-
caine 0.2% was administered via the ESPB catheter at a basal
rate of 7 mL.h™", with the option of up to two additional
bolus doses of 5 mL.h™", for the first 24 hours. After this
period, the catheter was removed, and analgesia continued
with standard or rescue analgesics at the discretion of the
surgical team.

The surgical team determined postoperative analgesic
management. The regimen included oral oxycodone 10 mg
every 12 hours, IV tenoxicam 40 mg every 24 hours, and IV
metamizole 50 mg.kg™" every 6 hours.

Pain was assessed at 15-minute intervals during the first
postoperative hour and then every 6 hours after discharge
from the Post-Anesthesia Care Unit (PACU). Patients were
instructed to promptly inform the nursing staff if they expe-
rienced moderate to severe pain. Intravenous morphine was
administered as rescue analgesia for both groups when the
pain score was > 4, with dosing set at 1 mg every 10 minutes
for moderate pain (scores 4-7) and 2 mg for severe pain (>
7), aiming to maintain a score below 4. Rescue opioid admin-
istration followed a standardized institutional protocol
applied uniformly in both the Post-Anesthesia Care Unit
(PACU) and the surgical ward. Nursing staff administered
intravenous morphine based exclusively on patient-reported
pain intensity using the NRS. Due to the presence of an
indwelling ESPB catheter, blinding of nursing staff to group
allocation was not feasible. This lack of blinding may have
introduced performance or detection bias; however, the use
of objective pain thresholds (NRS > 4) and a standardized
rescue opioid protocol aimed to minimize subjective influ-
ence on analgesic administration.

Statistical analysis

The sample size was based on the available data, i.e., all
patients who underwent RATS between March 2019 and
March 2022. No statistical power calculation was performed
before the study.

Data distribution normality was evaluated through a nor-
mal Quantile—Quantile (Q—Q) plot. For categorical variables,
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Table 1 Summary of propensity weighted analysis.
Groups

GA 1.00
ESPB 0.57
Dose of Fentanyl (mcg) 0.96
Dose of Methadone (mg) 1.12
Chest tube in the First 24h 2.32

0.01
0.32-0.79
0.91-1.08 0.06
0.87 -1.15 0.09
1.22-4.2 0.03

Estimates correspond to Odds Ratio (OR); Cl, Confidence Interval; Weighted analysis evaluating the association between ESPB use and

postoperative rescue opioid requirements.

1 Postoperative rescue opioid requirement was defined as the occurrence of moderate to severe pain with the need for opioid analgesics
(morphine) in the first 36 hours. General Anesthesia without Erector Spinae Plane Block (GA); General Anesthesia with Erector Spinae
Plane Block (ESPB). The propensity score was estimated using a logistic regression model based on pre-treatment variables only (demo-
graphics, comorbidities, surgical characteristics, and intraoperative analgesic exposure). The weighted outcome model additionally
included selected postoperative variables (e.g., chest tube presence within the first 24h) to account for clinically relevant factors associ-

ated with postoperative pain.

the Pearson Chi-Squared test was applied, with partitioned
Chi-square analyses performed when p < 0.05. Comparisons
between two independent groups were conducted using the
Mann-Whitney U-test when the dependent variable was ordi-
nal or continuous but did not meet normality assumptions.
Propensity Scores (PS) were used to calculate weights: 1/PS
for patients in the treatment group (ESPB) and 1/(1—PS) for
those in the control group (GA), following the method of
Inverse Probability of Treatment Weighting (IPTW).

To mitigate confounding inherent to the retrospective
design, a propensity score—weighted analysis using Inverse
Probability of Treatment Weighting (IPTW) was performed to
estimate Odds Ratios (OR) with corresponding 95% Confi-
dence Intervals (95% Cl). The propensity score was derived
from covariates selected a priori based on biological plausi-
bility and prior evidence of association with postoperative
pain, opioid consumption, and treatment allocation. These
included demographic variables (age, sex, and body mass
index), baseline clinical status (ASA physical status, diabetes
mellitus, arterial hypertension, and chronic obstructive pul-
monary disease), surgical characteristics (type and duration
of surgery), and perioperative analgesic exposure (intrao-
perative doses of fentanyl, methadone, dexmedetomidine,
and magnesium sulfate). Variables with a direct impact on
postoperative pain and analgesic demand, including chest
tube presence/duration, length of ICU stay, and scheduled
opioid prescriptions during the first 36 postoperative hours,
were not incorporated. Covariate balance after weighting
was assessed using absolute standardized differences, with
values < 0.1 indicating adequate balance.

The propensity score model included only pre-treatment
variables selected a priori based on clinical relevance and
prior literature, namely demographic characteristics,
comorbidities, surgical factors, and intraoperative analgesic
exposure. Variables that occurred after treatment allocation
or were potentially influenced by the intervention (e.g.,
presence of a chest tube within the first 24 hours, ICU stay,
and postoperative analgesic prescriptions) were inten-
tionally excluded from the propensity score model to avoid
adjusting for mediators.

The final weighted outcome model (Table 1) was con-
structed to estimate the adjusted association between ESPB
use and postoperative opioid rescue, and additionally
included clinically relevant postoperative variables (e.g.,
chest tube presence within the first 24 hours) to account for
factors directly associated with postoperative pain and opi-
oid requirements. In particular, the presence of chest tube
within the first 24 hours was included as it is a well-recog-
nized contributor to postoperative pain and opioid consump-
tion, although it was not included in the propensity score
model as it may lie on the causal pathway between treat-
ment and outcome.

Absolute Standardized Differences (SD) were computed
to evaluate residual imbalances in measured covariates
after cohort weighting. A threshold of SD < 0.1 was inter-
preted as adequate covariate balance between groups. All
p-values were two-sided, and p < 0.05 was considered statis-
tically significant. Overlap assumptions were evaluated by
visually inspecting the distribution of estimated propen-
sity scores across treatment groups, confirming the pres-
ence of a common region of support. The distribution of
inverse probability treatment weights was examined to
identify potential instability or excessively large weights.
Because no extreme weights were observed, weight trun-
cation was not required. All statistical analyses were per-
formed using R Statistical Software (v4.0.1, The R
Foundation, Austria).

Results

A total of 86 patients underwent RATS lung resection during
the study period. After excluding 8 cases (6 for incomplete
records, 1 epidural anesthesia case, and 1 ESPB catheter dis-
lodgement), 78 patients were analyzed (45 in the ESPB group
and 33 in the GA alone group). The cohort had a mean age of
62 + 12 years and was 51.3% female. Demographic and clini-
cal characteristics are detailed in Table 2. Surgical proce-
dures included lobectomies (57.7%) and segmentectomies
(43.3%) (Fig. 1).



Brazilian Journal of Anesthesiology 2026;76(4): 844770

Table 2
outcomes.

Patient characteristics, surgical procedures and

Age (years) 62.62 +12.69
BMI (kg.m?) 28.01 +5.14
ASA-PS Classification % (n)
I 3.8(3)
I 78.2 (61)
1 17.9 (14)
Groups % (n)
General Anesthesia without Erector 42.3 (33)
Spinae Plane Block (GA)
General Anesthesia with Erector Spi- 57.7 (45)
nae Plane Block (ESPB)
Diabetes % (n)
No 79.5 (62)
Yes 20.5 (16)
Chronic Obstructive Pulmonary Dis-
ease (COPD) % (n)
No 85.9 (67)
Yes 14.1 (11)
Arterial Hypertension % (n)
No 44.9 (35)
Yes 55.1 (43)
Type of surgery % (n)
Thoracic Segmentectomy 42.3 (33)
Thoracic Lobectomy 57.7 (45)
Surgical duration (hours) 2.71+1.02
Intensive Care Unit (ICU) in the Post-
operative Period % (n)
No 83.1 (64)
Yes 16.9 (13)
Duration of chest tube (Days) 1.88+1.72
Chest tube in the first 24h % (n)
No 44.9 (35)
Yes 55.1 (43)
Chest tube in the first 48h % (n)
No 70.5 (55)
Yes 29.5 (23)
Rescue Opioids in the first 36h % (n)
No 66.7 (52)
Yes 33.3(26)
Length of Hospital Stay (Days) 3.39+2.69

The primary outcome occurred in 33.3% of patients (26/78)
requiring rescue opioids within 36 hours. Unadjusted analysis
showed no significant difference between groups (ESPB 37.8%
vs. GA 27.3%, p = 0.46) (Table 3). Univariate regression analysis
showed no statistically significant associations between post-
operative rescue opioid requirements and the evaluated clini-
cal variables; chest tube presence within the first 24 hours did
not reach statistical significance (p = 0.08) (Table 4). Propen-
sity-weighted analysis identified significant associations: ESPB
use was associated with a lower likelihood of postoperative
opioid rescue (OR = 0.57; 95% Cl 0.32—-0.79, p = 0.01), and
chest tube presence within the first 24 hours was associated
with increased odds of postoperative opioid rescue (OR = 2.32;
95% Cl 1.22—4.20, p = 0.03) (Table 1). Based on marginal pre-
dicted probabilities derived from the IPTW-weighted model,
ESPB was associated with a 9.7% absolute reduction (95% Cl 3.0

to 16.0) in the risk of postoperative rescue opioid consumption
within 36 hours. Covariate balancing after propensity score
weighting yielded standardized differences that remained
within accepted thresholds (Fig. 2).

Notably, the ESPB group received significantly fewer
scheduled opioids in the first 24 hours (33% vs. 72%, p <
0.05) and 36 hours (40% vs. 75%, p < 0.05) (Table 3). More-
over, 42.2% of ESPB patients required no opioids on postop-
erative day one versus 9% in the GA group (p = 0.003). Early
moderate-severe pain (first hour) occurred in 11.9% of cases,
with no group difference (GA 14.8% vs. ESPB 10%, p = 0.83).

No significant intergroup differences were observed in
intraoperative medications (fentanyl, methadone, dexme-
detomidine, magnesium sulfate; all p > 0.20), hospital stay
duration (mean 3.5 + 2.4 GAvs. 3.3 + 2.9 ESPB, p = 0.70),
and chest tube days (mean 1.98 + 1.82 GA vs. 1.80 + 1.67
ESPB, p = 0.65) (Table 3).

Discussion

The present dual-center retrospective study evaluated the
effectiveness of the ESPB as part of an opioid-sparing strat-
egy in patients undergoing RATS. Our findings suggest that
ESPB use was associated with lower postoperative opioid
requirements in the first 24 and 36 hours.

Epidural analgesia, traditionally considered the gold stan-
dard for thoracic procedures, presents well-documented com-
plications, including hypotension, urinary retention, and
technical difficulties, particularly in minimally invasive sur-
geries where the risk-benefit balance has shifted.® Paraverte-
bral blocks, although rare, also carry risks of pleural puncture
and pneumothorax, which are less acceptable in the current
surgical context.® In this scenario, ESPB emerges as a promis-
ing alternative, with a favorable safety profile, ease of execu-
tion, and minimal risk of serious complications, as evidenced
in large case series and systematic reviews.> %18

However, despite its increasing popularity, ESPB’s exact
mechanism of action remains a subject of debate. Several
cadaver and Magnetic Resonance Imaging (MRI) studies have
demonstrated inconsistent spread patterns of local anes-
thetics, with variable diffusion into the paravertebral, epi-
dural, and intercostal spaces.””'> The lack of reliable
paravertebral or epidural spread raises questions about the
primary mechanisms through which ESPB exerts its analgesic
effects. While MRI studies (e.g., Schwartzmann et al.,®
Serenstua et al.)'? have confirmed some degree of paraver-
tebral dissemination, clinical sensory blockade is often
unpredictable.” This suggests that mechanisms such as
dampening of dorsal rami nociceptive input and systemic
absorption of local anesthetics may also play significant roles
in ESPB’s analgesic effect.

Our study contributes to this discussion by demonstrating
that even in RATS, where surgical incisions often extend
beyond the expected dermatomal coverage of ESPB, the
block was associated with opioid-sparing outcomes. These
findings are consistent with a prior case series by Cavaleri et
al.” and with the randomized clinical trial by Finnerty et
al.,"® both of which reported improved postoperative anal-
gesia with ESPB in minimally invasive thoracic procedures.
Notably, Finnerty et al.’s randomized comparison between
ESPB and Serratus Anterior Plane (SAP) block demonstrated
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STROBE Flow Diagram

{ Enrollment J

Assessed for eligibility (n= 86)

Excluded (n=8)
+ Not meeting inclusion criteria (n=0)
+ Declined to participate (n=0)
+ Other reasons (n=8)
- Incomplete medical records (n=6)
- Thoracic epidural analgesia (n=1)
- ESPB catheter dislodgement (n=1)

A 4

L

( Allocation 1

A4

Allocated to GA alone (n=33)
+ Received allocated intervention (n=33)
+ Did not receive allocated intervention (n=0)

J
Allocated to GA + ESPB (n=45)

+ Received allocated intervention (n=45)

+ Did not receive allocated intervention (n=0)

‘, [

Follow-Up }

A 4

Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0)

Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0)

[ Analysis ]

Analyzed (n=33)
+ Excluded from analysis (n=0)

Figure 1
cohort study.

superior opioid-sparing effects with ESPB, supporting its
preferential use in thoracic surgery settings where deeper
analgesia is desired.

Propensity score weighting was employed to balance con-
founders (e.g., age, comorbidities, intraoperative medica-
tions), isolating the effect of ESPB on rescue opioid
requirements. The adjusted analysis showed that ESPB use
was associated with 43% lower odds of requiring rescue
opioids (OR =0.57; 95% Cl 0.32—0.79, p = 0.01) compared to
General Anesthesia (GA) alone (reference group: OR = 1.00).
Notably, this opioid-sparing effect persisted despite a com-
prehensive multimodal regimen that included systemic
agents like dexmedetomidine, magnesium sulfate, and
methadone, suggesting that ESPB may provide additive ben-
efits beyond systemic pharmacologic interventions.

The discrepancy between the unadjusted and IPTW
adjusted analyses was expected and likely reflected con-
founding inherent to the retrospective design and the non-
randomized allocation of ESPB. Patients were not random-
ized to receive ESPB, and although they were not selected
according to baseline clinical characteristics, the choice of

Analyzed (n=45)
+ Excluded from analysis (n=0)

STROBE flow diagram illustrating patient screening, exclusions, and group allocation in this retrospective dual-center

multimodal analgesic strategy, including the decision to per-
form ESPB, was made at the discretion of the attending
anesthesiologist. This clinical decision-making process,
influenced by anticipated surgical pain and intraoperative
considerations, may have contributed to differences in peri-
operative management that obscured the true association in
the crude analysis. Variability in intraoperative opioid titra-
tion, use of adjunct analgesics, and postoperative prescrib-
ing practices may therefore have biased the unadjusted
estimates toward the null. IPTW successfully improved
covariate balance across measured pre-treatment factors,
enabling a more accurate estimation of the independent
association between ESPB and postoperative opioid require-
ments. Although the unadjusted analysis did not demon-
strate statistical significance, the adjusted results were
consistent with clinical plausibility and aligned with previ-
ously published evidence.''""?

Methadone should be specifically addressed in the Discus-
sion due to its pharmacological properties, particularly its
long elimination half-life and potential prolonged analgesic
effects. In this study, methadone was administered as a
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Table 3

Patient characteristics, surgical procedures and outcomes of 78 patients undergoing robotic thoracic surgery according

to whether they had received Erector Spinae Plane Block with general anesthesia (ESPB) or not (GA).

Age (years)? 65.0+10.8 60.8 +13.7 0.15
Gender %(n) 0.88
Female 51.5(17) 51.1(23)

Male 48.5 (16) 48.9 (22)

BMI (kg.m%)? 27.1+5.3 28.6 + 4.9 0.22
ASA-PS classification®

| 0.0 (0) 6.7 (3) 0.31
1l 81.8 (27) 75.6 (34)

1} 18.2 (6) 17.8 (8)

Hypertension” 57.6 (19) 53.3 (24) 0.32
Diabetes” 27.3(9) 15.6 (7) 0.88
copD® 15.2 (5) 13.3 (6) 0.99
Postoperative prescription of pregabalin® 87.9 (29) 80.0 (36) 0.53
Type of surgery® 0.98
Thoracic Segmentectomy 42.4 (14) 42.2 (19)

Thoracic Lobectomy 57.6 (19) 57.8 (26)

Surgical duration (hours)® 2.60+1.3 2.8+0.78 0.38
ICU in the postoperative period® 27.3(9) 9.1 (4) 0.07
Duration of chest tube (days)® 1.9+1.8 1.8+ 1.6 0.65
Chest tube in the first 24 hours” 51.5 (17) 57.8 (26) 0.75
Chest tube in the first 48 hours” 36.4 (12) 24.4 (11) 0.37
Scheduled opioid prescription (first 24h)*° 72.7 (24) 33.3(15) 0.001
Scheduled opioid prescription (first 36h)*" 75.8 (25) 40.0 (18) 0.004
Postoperative opioids rescue” 0.46
No 72.7 (24) 62.2 (28)

Yes 27.3(9) 37.8 (17)

Dose of fentanyl® (mcg)® 258.3 £ 97 235 +41.1 0.50
Dose of methadone® (mg)? 12.44+4.8 13.8 + 4.1 0.26
Dose of dexmedetomidine“(mcg)® 95.6 £+ 69.5 105.5 +56.8 0.53
Dose of magnesium sulfate(mg)® 4000 + 1137.5 3555.6 + 1318.8 0.22
Hospital length of stay (days)® 3.5+2.3 3.2+2.9 0.70

The American Society of Anesthesiologists Physical Status (ASA-PS classification); Confidence Interval (Cl); General Anesthesia without
Erector Spinae Plane Block (GA); General Anesthesia with Erector Spinae Plane Block (ESPB).
1 Postoperative rescue opioid requirement was defined as the occurrence of moderate to severe pain with the need for opioid analgesics

(morphine).

@ Values expressed as mean + standard deviation; #2 Standardized prescription with pre-defined scheduled dosing of oxycodone.

® Values expressed as % (n); p-values are based on regression analysis.

¢ Total cumulative dose of anesthetics administered during the intraoperative period.

single intraoperative dose and was similarly distributed
between groups, providing a comparable baseline analgesic
effect rather than differential exposure. Moreover, metha-
done dose was not independently associated with postopera-
tive rescue opioid consumption and was adjusted for in the
propensity score model. Notably, its concomitant adminis-
tration in both groups may have provided sustained back-
ground analgesia over the early postoperative period,
potentially attenuating differences in pain intensity
between groups and, consequently, reducing the observed
need for rescue opioids.

After adjustment, ESPB use was independently associated
with a significantly lower likelihood of postoperative rescue
opioid requirements, consistent with a clinically opioid-spar-
ing association. These findings are in line with Enhanced

Recovery After Surgery (ERAS) protocols for thoracic surgery,
which emphasize opioid-sparing strategies aimed at enhanc-
ing recovery and minimizing opioid-related adverse events,
such as respiratory depression, nausea, and ileus.'”

Notably, scheduled opioid prescriptions in the first 36 hours
differed significantly between groups (p = 0.004), reinforcing
the importance of standardized postoperative protocols. The
difference in scheduled opioid prescriptions likely reflects
provider-driven analgesic strategies determined after treat-
ment allocation, with ESPB use intentionally associated with
reduced fixed opioid dosing. Although patients managed with-
out ESPB and without scheduled opioids could theoretically
require more rescue analgesia due to less robust baseline pain
control, scheduled opioid prescription represents a post-
treatment variable and is better interpreted as a mediator
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Table 4

according to the postoperative rescue opioids requirements (univariate regression analysis).

Patient characteristics, surgical procedures and outcomes of 78 patients undergoing curative robotic thoracic surgery

Age (years) 62.6 +12.6 63.2+12 61.3+12.5 0.99 (0.95 —1.3) 0.54

Gender

Female 1.00

Male 48.7 (38) 53.8 (28) 38.5 (10) 0.54 (0.2 — 1.38) 0.22

BMI (kg.m%) 28 +£5.1 28 +4.5 27.84+6.2 0.99 (0.9 — 1.09) 0.86

ASA-PS Classification

| 3.85(3) 3.8(2) 3.8(1) 1.00

1l 78.2 (61) 76.9 (40) 80.8 (21) 1.05 (0.1 —23.37) 0.97

[} 17.9 (14) 19.2 (10) 15.4 (4) 0.8 (0.06 —20.11)  0.87

Hypertension 55.1 (43) 55.8 (29) 53.8 (14) 0.93 (0.36 — 2.4) 0.87

Diabetes 20.5 (16) 23.1 (12) 15.4 (4) 0.61(0.15—-1.98)  0.43

COPD 14.1 (11) 13.5(7) 15.4 (4) 1.17 (0.28 —4.31)  0.82

Postoperative pregabalin 16.7 (13) 17.3(9) 15.4 (4) 0.87 (0.22 - 3) 0.83
prescription

Groups 0.13

GA 42.3 (33) 46.2 (24) 34.6 (9) 1.00

ESPB 57.7 (45) 53.8 (28) 65.4 (17) 1.62 (0.62 — 4.42)

Type of surgery 0.15

Thoracic Segmentectomy 42.3 (33) 48.1 (25) 30.8 (8) 1.00

Thoracic Lobectomy 57.7 (45) 51.9 (27) 69.2 (18) 2.08 (0.79 — 5.87)

Surgical duration (hours) 2.58 (2.19-3.17) 2.58 (1.9-3.19) 2.71 (2.42-3.15) 1.17 (0.73 — 1.9) 0.50

ICU in the postoperative period 16.8 (13) 19.2 (10) 11.5(3) 0.53(0.11—-1.96) 0.38

Duration of Chest Tube (days) 1.8+1.7 1.9+1.8 1.8+1.6 0.99 (0.74 —1.3) 0.96

Chest tube in the first 24h 55.1 (43) 48.1 (25) 69.2 (18) 2.43(0.92 -6.85) 0.08

Chest tube in the first 48h 29.4 (23) 38.4 (10) 25 (13) 1.87 (0.68 —5.17)  0.22

Schedule opioid prescription 50 (39) 50 (26) 50 (13) 1(0.39 —2.58) 1.00
(first 24h)°

Schedule opioid prescription 55.1 (43) 53.8 (28) 57.7 (15) 1.17 (0.45-3.07)  0.75
(first 36h)°

Dose of fentanyl (mcg) 328.7 +229.8 346 +260.5 275 + 65.4 0.48 (0.17 —1.27)  0.15

Dose of methadone® (mg) 13.4+£4.3 12.9 £ 4.6 14.6 £ 3.6 1.1 (0.97 — 1.26) 0.16

Dose of dexmedetomidine“ (mcg) 101.5 £ 61.8 100.5 + 58.7 103.8 £ 69.4 1(0.99 —1.01) 0.84

Dose of Magnesium Sulfate (mg) 3703.7 +1268.2 3562.5 + 1389.6 3909 + 1064.9 1(0.99 —1.11) 0.32

Body Mass Index (BMI) (kg.m'z); The American Society of Anesthesiologists Physical Status (ASA-PS classification); Confidence Interval (Cl);
General Anesthesia without Erector Spinae Plane Block (GA); General Anesthesia with Erector Spinae Plane Block (ESPB).
2 Postoperative rescue opioid requirement was defined as the occurrence of moderate to severe pain with the need for opioid analgesics

(morphine) in the first 36h.

b Standardized prescription with pre-defined scheduled dosing of oxycodone.
¢ Total cumulative dose of anesthetics administered during the intraoperative period.
"Values expressed as mean =+ standard deviation.

2Values expressed as %(n); p-values are based on regression analysis.

rather than a traditional confounder. Importantly, scheduled
opioid consumption was not independently associated with
rescue opioid requirements in univariate analysis (Table 4),
suggesting that postoperative prescribing practices alone are
unlikely to explain the adjusted opioid-sparing effect of ESPB,
while a residual influence cannot be entirely excluded.

The lack of early (first hour) differences in moderate-to-
severe pain incidence may be attributed to the multimodal
analgesia administered intraoperatively, consistent with
previous findings."” Conversely, the presence of chest tubes
in the first 24 hours significantly increased the odds of
requiring opioid rescue, underscoring their well-known

contribution to postoperative discomfort.?’ While ESPB pro-
vided a protective effect, its ability to fully counteract chest
tube-induced pain may be limited, reinforcing the need for
comprehensive multimodal approaches.

Limitations

This study has several limitations. Its retrospective design
inherently introduced the risk of selection bias, information
bias, and heterogeneity in perioperative management.
Although propensity score weighting was used to mitigate mea-
sured confounding, residual confounding from unmeasured
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Figure 2

Standardized differences, prior to and following inverse probability-weighting. Abbreviations: Body Mass Index (BMI)

(kg.m2); Chronic Obstructive Pulmonary Disease (COPD); The American Society of Anesthesiologists Physical Status (ASA-PS classifica-

tion).

variables could not be fully excluded. Patients were not ran-
domized to receive ESPB; instead, anesthesiology coverage
was determined by standard departmental scheduling, which
may have introduced differences in perioperative management
practices across providers. Furthermore, the relatively small
sample size may have increased the risk of unstable propensity
score weights and model sensitivity, potentially influencing
effect estimates. Despite efforts to minimize selective applica-
tion of ESPB, confounding by indication related to the choice of
ESPB versus general anesthesia alone remained a potential lim-
itation inherent to this observational study.

Sensory block mapping was not performed, precluding
direct correlation between dermatomal coverage and anal-
gesic efficacy. Intraoperative opioid selection was not fully
standardized; although methadone was similarly distributed
between groups and adjusted for in the propensity score
model, its prolonged and variable pharmacokinetics may
have contributed to background analgesia in both groups.
Scheduled postoperative opioid prescriptions represented
post treatment variables and may have acted as mediators
rather than traditional confounders, although they were not
independently associated with rescue opioid requirements
in univariate analysis. In addition, pain scores were not con-
sistently documented in the medical records, and in some
cases only analgesic administration was available, preclud-
ing detailed analysis of pain trajectories over time.

All analyses were conducted using complete case data
because patients with incomplete medical records were
excluded prior to analysis; although the number of exclu-
sions was small, this approach may still have introduced
selection bias and should be acknowledged as a methodolog-
ical limitation. Finally, although no formal sensitivity analy-
ses were performed due to sample size constraints,

inspection of the propensity score distributions and inverse
probability treatment weights did not suggest instability or
undue influence of extreme weights. Nevertheless, the
absence of additional formal robustness assessments should
be considered when interpreting the results.

Generalizability

The generalizability of these findings should be interpreted
with caution. This retrospective analysis included a limited
sample of patients undergoing elective RATS for lung cancer
at two high-volume tertiary centers, all managed by experi-
enced surgical and anesthesiology teams following ERAS-
aligned protocols. The ESPB technique was standardized in
terms of puncture level, dosing, and continuous infusion,
which strengthens internal validity but may limit applicabil-
ity to lower-volume institutions or settings with less exper-
tise in ultrasound-guided regional anesthesia. Furthermore,
the exclusion of emergency cases and patients with chronic
pain or prior opioid consumption restricts extrapolation to
more complex populations or larger thoracic procedures.
Prospective multicenter studies are warranted to validate
these findings across diverse practice environments.

Conclusion

In this retrospective cohort, ESPB was associated with
reduced postoperative opioid requirements in patients under-
going robotic thoracic surgery. Although these findings support
ESPB as a potentially valuable component of multimodal, opi-
oid-sparing analgesic strategies aligned with ERAS principles,
causality cannot be established due to the observational
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design. Residual confounding and variability in perioperative
analgesic management may have influenced the observed
associations. Therefore, the role of ESPB in robotic thoracic
surgery should be further evaluated in prospective random-
ized trials with standardized analgesic protocols, detailed
sensory mapping, and long-term follow-up to confirm efficacy
and clarify underlying mechanisms.
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