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Purpose: Robotic-assisted thoracic surgery (RATS) is increasingly used for thoracic procedures; however, there are various regional 
anesthesia techniques for optimal pain management. This study aimed to compare the analgesic effectiveness and perioperative 
outcomes of different regional anesthesia techniques with those of general anesthesia (GA) in patients undergoing RATS.
Patients and Methods: We conducted a retrospective cohort study of adult patients undergoing elective RATS at Soroka University 
Medical Center from January 2018 to July 2024. Patients were grouped based on intraoperative pain management approach: thoracic epidural 
analgesia (TEA), thoracic paravertebral block (PVB), erector spinae plane (ESP) block, serratus anterior plane (SAP) block, or General 
anesthesia alone. Primary outcomes included postoperative pain (measured by Visual Analog Scale scores; VAS) and opioid consumption. 
Secondary outcomes included intraoperative hemodynamic stability, postoperative complications, and length of hospitalization.
Results: A total of 158 patients were analyzed: TEA (n=5), PVB (n=65), ESP (n=40), SAP (n=14), and GA alone (n=34). Demographics 
and surgical characteristics were similar across groups. Significant differences were observed in Post-Anesthesia Care Unit (PACU) 
morphine use (p < 0.001), with the lowest consumption in the ESP (3.75 ± 5.51 mg) and SAP (3.92 ± 4.00 mg) groups and the highest 
in the GA group (12.42 ± 6.01 mg). PACU VAS scores at 30 minutes and 1 hour were significantly lower in the PVB, ESP, and SAP groups 
compared to GA (p < 0.01). Hypotension and vasopressor use were most frequent with TEA and PVB, while SAP and ESP were associated 
with better hemodynamic profiles. No significant differences were observed in postoperative infection rates or hospital stay duration.
Conclusion: Regional pain management techniques, particularly ESP and SAP blocks, were associated with reduced pain and opioid 
use while maintaining hemodynamic stability compared to GA. Given the relatively small sample sizes in the TEA and SAP groups, 
these findings should be interpreted cautiously, and prospective studies are needed to confirm and refine these approaches.
Keywords: erector spinae plane block, opioid use, paravertebral block, postoperative pain, regional anesthesia, robotic-assisted 
thoracic surgery, thoracic epidural

Introduction
Robotic-assisted thoracic surgery (RATS) has become an established approach for managing a range of thoracic 
pathologies, particularly in lobectomies and other common interventions. With its enhanced visualization, precision, 
and ergonomic benefits, RATS offers several technical advantages over conventional open procedures. However, its 
benefits compared to video-assisted thoracoscopic surgery (VATS) remain a subject of ongoing debate. Studies compar
ing RATS and VATS have focused on metrics such as operative time, intraoperative blood loss, length of hospitalization, 
cost, complication rates, and, notably, postoperative pain control.1–3

Postoperative pain is a critical factor influencing recovery, respiratory function, and overall patient satisfaction following 
thoracic surgery. Regional anesthesia has recently become a cornerstone of multimodal analgesic strategies, aiming to reduce 
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opioid consumption and enhance clinical outcomes, including lower pain levels as assessed by validated measurement tools. 
Various regional techniques, including thoracic paravertebral block (PVB), intercostal nerve block, erector spinae plane (ESP) 
block, serratus anterior plane (SAP) block, and thoracic epidural analgesia (TEA), are employed to optimize postoperative 
analgesia.4–9

Each of these techniques presents unique advantages and limitations. The paravertebral block is widely regarded as 
a first-line approach for thoracic surgery due to its proven efficacy and safety profile.10 Nonetheless, its success can be 
affected by technical difficulty and anatomical variability, with rare but reported complications including pneumothorax 
and vascular injury.11 The ESP block, a more recently described fascial plane technique, is easier to perform and 
generally safer, but may provide suboptimal visceral pain relief and requires larger volumes of local anesthetic, posing 
a potential risk for systemic toxicity.12,13 TEA remains the most comprehensive regional approach, capable of producing 
dense segmental anesthesia, particularly valuable in patients with compromised pulmonary reserve. However, it is 
associated with a higher incidence of hemodynamic side effects, requires greater technical expertise, and carries a risk 
of serious complications such as epidural hematoma.14

At our institution, we have accumulated five years of experience delivering anesthesia for RATS procedures utilizing 
a range of regional techniques. Despite the increasing adoption of these methods, no clear consensus has been established 
regarding the optimal regional block for patients undergoing RATS. The primary aim of this study is to assess the 
comparative effectiveness of regional anesthesia techniques versus general anesthesia alone on postoperative pain control 
and perioperative outcomes in patients undergoing RATS. Our secondary objective is to compare peripheral nerve blocks 
with each other in terms of analgesic efficacy and recovery parameters. By identifying differences in analgesic efficacy, 
complication profiles, and recovery metrics, we aim to contribute to ongoing research on a preferred regional anesthesia 
strategy for robotic thoracic surgery.

Patients and Methods
Study Design and Setting
This retrospective cohort study was conducted at Soroka University Medical Center (SUMC), a tertiary referral hospital 
in Israel, between January 2018 and July 2024. The study was approved by the Institutional Review Board of SUMC 
(Approval No. 0195–24-SOR) and conducted in accordance with the principles of the Declaration of Helsinki. Given the 
retrospective design and use of de-identified data, the requirement for informed consent was waived by the ethics 
committee on the grounds of minimal risk to participants.

Patient Selection
We included all adult patients (aged ≥18 years) who underwent elective robotic-assisted thoracic surgery (RATS) under 
general anesthesia during the study period. Based on the intraoperative regional analgetic techniques used, patients were 
categorized into five groups: (1) general anesthesia with thoracic epidural analgesia (TEA), (2) general anesthesia with 
erector spinae plane block (ESP), (3) general anesthesia with paravertebral block (PVB), (4) general anesthesia with 
serratus anterior plane block (SAP), and (5) general anesthesia alone (GA).

Anesthesia Protocols
The choice of anesthesia technique was guided by institutional protocols, patient characteristics, and clinician preference. 
All patients received general anesthesia via total intravenous anesthesia (TIVA) with propofol (50–100 µg/kg/h), fentanyl 
(1 µg/kg), and rocuronium (0.8–1 mg/kg). One-lung ventilation was achieved using a standard double-lumen endobron
chial tube. Local infiltration with 0.5% bupivacaine (3–10 mL) was performed at incision sites.

Regional anesthesia techniques were performed using ultrasound guidance by board-certified anesthesiologists. 
Thoracic epidural analgesia (TEA) was placed pre-induction while the patient was awake, with the catheter positioned 
at T5–T7. A test dose of 5–8 mL ropivacaine 0.2% was administered, followed by continuous infusion of ropivacaine 
0.2% with fentanyl until postoperative day 2–3. Postoperatively, boluses of 10 mL ropivacaine were given every 8 hours 
for the first 24 hours.
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All plane blocks (ESP and SAP) were performed post-induction, after intubation, with the patient in the tilt position 
prior to skin incision.

ESP block: Targeted the same dermatomal range as PVB (typically T5–T8) with a bolus of ropivacaine 3 mg/kg and 
postoperative boluses of 10 mL every 8 hours.

SAP block: Administered at the fifth rib along the mid-axillary line with intermittent boluses of ropivacaine 3 mg/kg 
and postoperative boluses of 10 mL every 8 hours.

Data Collection
Data were retrospectively extracted from institutional electronic medical records using the MetaVision® and Chameleon® 

platforms. Collected variables included patient demographics (age, sex, weight, and ASA physical status classification), 
surgical details (procedure type, operative time, time to chest tube removal, and time to discharge), and intraoperative 
parameters such as total opioid use (converted to intravenous morphine equivalents), vasopressor administration, and 
incidence of hypotension. Postoperative outcomes included visual analog scale (VAS) pain scores recorded at predefined 
intervals: 30 minutes, 1 hour, and 2 hours in the post-anesthesia care unit (PACU), and 1, 2, 4, 8, 16, 24, 48, and 72 hours 
postoperatively in the ward.Both static and dynamic pain were measured. Static VAS assessed pain at rest in the PACU, 
while dynamic VAS measured pain during movement or activity in the ward. VAS scores and complications were 
documented by trained PACU and ward nursing staff as part of routine clinical care and recorded in the electronic 
medical record. Additional outcomes comprised total postoperative opioid consumption, complication rates (nausea, 
respiratory depression, pruritus, urinary retention, and hypoxemia), time to ambulation, PACU length of stay, and total 
hospital length of stay. Acute pain service consultations were provided when clinically indicated, ensuring standardized 
assessment and management of postoperative pain.No catheter-related complications were observed; however, some 
cases required administration of morphine.

Outcomes
The primary outcomes were defined as follows: (1) postoperative pain intensity, measured using the Visual Analog Scale 
(VAS, 0–10) in the post-anesthesia care unit (PACU) at 30 minutes, 1 hour, and 2 hours postoperatively, and then at 
regular intervals during the first 72 hours after surgery; (2) total opioid consumption, calculated as the cumulative dose of 
opioids administered postoperatively, expressed in intravenous morphine equivalents; and (3) length of hospital stay, 
defined as the number of days from the day of surgery until patient discharge.

Secondary outcomes were defined to monitor complications and side effects associated with the different anesthesia 
techniques. These included: (1) hemodynamic instability, defined by the occurrence of intraoperative hypotension or the 
need for vasopressor support; (2) respiratory complications, including postoperative oxygen requirement, atelectasis, air 
leak, pneumonia, hypoxemia, and unplanned intensive care unit (ICU) admission; and (3) postoperative infections and 
other complications potentially related to regional anesthesia techniques, such as urinary retention, constipation, and 
nausea. All secondary outcomes were systematically recorded during the in-hospital postoperative period to assess the 
safety and tolerability of each anesthesia approach.

Statistical Analysis
Continuous variables were reported as mean ± standard deviation or median (interquartile range), as appropriate, and 
categorical variables were summarized as counts and percentages. Normality was assessed using the Kolmogorov– 
Smirnov test. Between-group comparisons for continuous variables were performed using one-way ANOVA for normally 
distributed data or Kruskal–Wallis tests for non-normally distributed data, with post hoc pairwise comparisons conducted 
using Tukey’s test or Dunn’s test, respectively. For categorical variables, Pearson’s χ2 or Fisher’s exact tests were applied 
as appropriate. To account for multiple comparisons, Bonferroni correction was applied when evaluating outcomes 
measured at multiple time points (eg, VAS scores at 30 min, 1 h, and 2 h postoperatively). A p-value <0.05 was 
considered statistically significant. All analyses were conducted using R Statistical Software (version 4.4.0).
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Results
Patient Demographics and Operative Characteristics
A total of 158 patients were included in the analysis and divided Based on the intraoperative regional analgetic 
techniques used: thoracic epidural analgesia (TEA) (n=5), erector spinae plane (ESP) block (n=40), paravertebral 
(PVB) block (n=65), general anesthesia alone (GA) (n=34), and serratus anterior block (SAP) (n=14) (see Table 1). 
No statistically significant differences were found in age (p = 0.078), weight (p = 0.065), or gender distribution (p = 0.12) 
among groups. The SAP group had significantly lower ASA scores than the ESP, GA, and Paravertebral block groups, 
suggesting that SAP patients were generally healthier preoperatively.

The mean duration from admission to surgery ranged from 1.1 to 1.9 hours, with no significant differences (p = 0.9). 
Mean operative time ranged from 3.8 to 6.0 hours and did not differ significantly between groups (p = 0.3). Lobectomy 
was the most common surgical procedure in all groups, but differences in procedure types were not statistically 
significant (p = 0.54).

Intraoperative Management
Fluid balance varied across groups, with the highest volume recorded in the TEA group (2400 ± 894 mL) and the lowest 
in the SAP group (1736 ± 943 mL). However, the difference was not statistically significant (p = 0.4) (see Table 2).

Intraoperative fentanyl use was highest in the ESP and PVB groups (265 ± 126 mcg and 257 ± 89 mcg, respectively), and 
lowest in the SAP group (193 ± 85 mcg), with no statistically significant difference (p = 0.12). Morphine use was uncommon 
and limited to the ESP and PVB groups (p = 0.2). Intraoperative vasopressor use differed significantly (p = 0.038), with 80% of 

Table 2 Surgical Characteristics by Regional Pain Management Technique

Variable GA + TEA GA + ESP GA + PVB Only GA GA + SAP P-value

Lobectomy (%) 1 (20%) 14 (35%) 30 (46.2%) 14 (41.2%) 4 (28.6%) 0.54

Other Procedures (%) 4 (80%) 26 (65%) 35 (53.8%) 20 (58.8%) 10 (71.4%)

Time until operation (hours)* 1.1 ± 0.2 1.3± 0.7 1.9 ± 5.4 1.3 ± 0.4 1.2 ± 0.4 0.9

Operation time (hours)* 6.0 ± 2.3 4.2 ± 1.2 4.1 ± 1.4 4.2 ± 1.5 3.8 ± 0.9 0.3

Vasopressors use (N;%) 4 (80%) 22 (55%) 32 (49%) 19 (56%) 2 (14%) 0.038

Intraoperative Hypotension (N;%) 2 (40%) 10 (26%) 4 (6.2%) 6 (18%) 0 (0%) 0.008

Notes: *Mean±SD. Statistically significant results are shown in bold (p < 0.05). 
Abbreviations: PACU, Post-Anesthesia Care Unit; VAS, Visual Analog Scale; ESP, Erector Spinae Plane block; GA, General Anesthesia; PVB, 
Paravertebral Block; SAP, Serratus Anterior Plane block; TEA, Thoracic Epidural Analgesia.

Table 1 Demographic and Clinical Characteristics of the Study Population by Regional Pain Management 
Technique

Variable GA + TEA GA + ESP GA + PVB Only GA GA + SAP Total P-value

Age (years)* 67 ± 9.3 68 ± 12.3 66 ± 11.3 68 ± 13.2 57 ± 15.0 65.2 ± 13.0 0.078

Weight (kg)* 87 ± 14.2 71 ± 14.4 72 ± 15.1 78 ± 24.4 80 ± 15.1 77.6 ± 17.6 0.065

Female(N;%) 0 (0%) 22 (55%) 30 (46%) 14 (41%) 4 (29%) 70 (42%) 0.120

Male (N;%) 5 (100%) 18 (45%) 35 (54%) 20 (59%) 10 (71%) 88(53%) 0.120

ASA score* 3.00±0.00 2.87±0.34 2.82±0.39 2.82±0.39 2.36±0.50 2.78±0.45 <0.001

Notes: *Mean±SD. Statistically significant results are shown in bold (p < 0.05). 
Abbreviations: ESP, Erector Spinae Plane block; GA, General Anesthesia; PVB, Paravertebral Block; SAP, Serratus Anterior Plane block; 
TEA, Thoracic Epidural Analgesia; ASA, American Society of Anesthesiologists physical status classification.
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patients in the TEA group requiring vasopressors, compared to only 14% in the SAP group. Intraoperative hypotension was 
also significantly more frequent in the PVB group (39%) and absent in the SAP group (p = 0.008).

Post-Operative Outcomes
Post-anesthesia care unit (PACU) stay duration varied significantly across groups (p < 0.001), with the GA group staying the 
longest (2.7 ± 0.9 hours), and the ESP group the shortest (1.4 ± 0.5 hours). (see Table 3). Mean morphine consumption in the 
PACU also showed significant variation (p < 0.001), with the highest levels in the GA group (12.4± 6.0 mg) and the lowest in 
the ESP (3.7 ± 5.5 mg) and SAP (3.9 ± 4.0 mg) groups.

VAS scores recorded in the PACU at 30 minutes (p = 0.001), 1 hour (p = 0.041), and 2 hours (p = 0.003) 
demonstrated significantly better pain control in the TEA, ESP, and SAP groups compared to GA and PVB (see 
Figure 1). Postoperative PACU VAS scores differed across anesthesia groups. At 30 minutes, TEA, ESP, and SAP 

Table 3 Clinical Outcomes in the Post-Anesthesia Care Unit by Regional Pain Management Technique

Variable GA + TEA GA + ESP GA + PVB Only GA GA + SAP P-value

Time at PACU (hours)* 2.0 ± 0.0 1.4± 0.5 1.9± 0.6 2.7± 0.9 1.9 ± 0.8 <0.001

Morphine Consumption in PACU (mg)* 3.0 ± 2.7 3.7± 5.5 7.1± 4.0 12.4 ± 6.0 3.9± 4.0 <0.001

PACU VAS at ½ hour* 1.0±0.0 2.6± 0.9 4.3 ± 1.2 4.1 ± 1.2 3.2± 1.3 0.001

PACU VAS at 1 Hour* 1.0±0.0 2.2±0.9 2.7 ± 1.2 4.0± 1.4 2.3 ± 1.2 0.041

PACU VAS at 2 Hours* 1.0±0.0 1.7 ± 0.5 1.8± 0.6 2.4 ± 0.7 1.7 ± 0.6 0.003

Nausea 1 (20%) 4 (10%) 1 (1.8%) 0 (0%) 1 (7.1%) 0.182

Hypotension 0 (0%) 9 (23%) 22 (39%) 1 (5.9%) 1 (7.1%) 0.008

Notes: *Mean±SD Statistically significant results are shown in bold (p < 0.05). 
Abbreviations: PACU, Post-Anesthesia Care Unit; VAS, Visual Analog Scale; ESP, Erector Spinae Plane block; GA, General Anesthesia; PVB, 
Paravertebral Block; SAP, Serratus Anterior Plane block; TEA, Thoracic Epidural Analgesia.

Figure 1 Mean VAS Scores in the Post-Anesthesia Care Unit by Regional Pain management Technique at 30 Minutes, 1 Hour, and 2 Hours Postoperatively. Red: GA + 
Thoracic Epidural Analgesia. Blue: GA + Erector Spinae Plane block. Green: GA + Paravertebral block. Purple: GA + Serratus Anterior Plane block. Orange: Only General 
Anesthesia. 
Abbreviations: PACU, Post-Anesthesia Care Unit; VAS, Visual Analog Scale (Static score)*.
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provided better analgesia than PVB and GA. At 1 hour, TEA and ESP continued to outperform GA, with ESP also better 
than PVB. By 2 hours, differences between groups diminished, suggesting analgesic effects converge over time. 
Departmental (DEP) VAS scores at 2 and 24 hours postoperatively also favored the regional anesthesia groups 
(p < 0.001 and p = 0.01, respectively). Across all time points, the GA group consistently exhibited the highest VAS 
scores, highlighting the superior analgesic efficacy of TEA, ESP, and SAP blocks during the first 24 hours after surgery.

Postoperative Complications and Analgesic Use
The overall complication rate in the surgical department was significantly lower in the ESP and SAP groups compared to others 
(p = 0.029). Cardiovascular complications were highest in the TEA group (60%, p = 0.005), consistent with the known risk of 
hypotension associated with this technique. Incidences of urinary retention (p = 0.030) and constipation (p = 0.037) were also 
significantly higher in the GA group, with the lowest rate observed in the epidural group. Nausea was reported in a small subset of 
patients, primarily in the TEA and ESP groups, although the difference was not statistically significant (see Table 4).

Postoperative opioid use in the department was nearly universal in the GA group (100%) and significantly lower in all 
nerve block groups (p < 0.001). The lowest in-department opioid use was observed in the TEA group (0%), and lowest 
among block techniques in ESP (70%) and SAP (93%).

Functional Recovery and Hospitalization
No significant differences were found between groups in time to ambulation (mean range: 13–31 hours, p = 0.056), time 
to drainage removal (p = 0.2), or total length of hospital stay (mean 3.15–4.60 days, p = 0.2). Duration of oxygen therapy 
also did not differ significantly. No in-hospital mortality was observed in any of the groups. Follow-up hospitalization 
within 30 days occurred in a small number of patients, with no statistically significant difference between groups; the 
highest rate was observed in the paravertebral block group (6.2%) (p = 0.089).

Discussion
In this retrospective cohort study, we evaluated the impact of regional anesthesia techniques on postoperative pain 
control, opioid consumption, and perioperative outcomes in patients undergoing robotic-assisted thoracic surgery 
(RATS). Specifically, we compared general anesthesia alone with several regional block modalities, including thoracic 
epidural (TEA), paravertebral block (PVB), erector spinae plane (ESP) block, and serratus anterior plane (SAP) block. 

Table 4 Postoperative Clinical Outcomes and Complications in the Surgical Department by Regional Pain 
Management Technique

Variable GA + TEA GA + ESP GA + PVB Only GA GA + SAP P-value

Opioid use in the department 0(0%) 28 (70%) 45 (71%) 34 (100%) 13 (93%) <0.001

Cardiovascular 3 (60%) 3 (7.9%) 2 (3.2%) 3 (8.8%) 0 (0%) 0.005

Atelectasis 0 (0%) 1 (2.6%) 1 (1.6%) 1 (2.9%) 0 (0%) >0.9

Air leak 2 (40%) 7 (18%) 10 (16%) 2 (5.9%) 1 (7.1%) 0.2

Pneumonia 0 (0%) 1 (2.6%) 1 (1.6%) 1 (2.9%) 0 (0%) >0.9

Urinary retention 1 (20%) 0 (0%) 0 (0%) 1 (2.9%) 0 (0%) 0.030

Fever 0 (0%) 1 (2.7%) 0 (0%) 1 (2.9%) 0 (0%) 0.4

Hypoxemia 1 (20%) 9 (24%) 19 (30%) 8 (24%) 2 (14%) 0.8

Constipation 0 (0%) 2 (5.3%) 6 (9.7%) 10 (29%) 2 (14%) 0.037

Follow-up Hospitalization (%) 20% 2.5% 6.1% 0% 7.14% 0.089

Notes: Statistically significant results are shown in bold (p < 0.05). 
Abbreviations: PACU, Post-Anesthesia Care Unit; VAS, Visual Analog Scale; ESP, Erector Spinae Plane block; GA, General Anesthesia; 
PVB, Paravertebral Block; SAP, Serratus Anterior Plane block; TEA, Thoracic Epidural Analgesia.
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Our findings highlight the clinical value of regional pain management techniques in enhancing postoperative recovery 
and reducing opioid-related burden in thoracic robotic surgeries.

Patients who received general anesthesia alone demonstrated consistently worse outcomes in terms of analgesic 
requirements and early postoperative pain control. Morphine consumption in the PACU was highest in this group, 
averaging over 12 mg, and VAS scores remained significantly elevated at all recorded time points. These findings 
underscore the limitations of systemic analgesia alone in the context of RATS, especially when compared to the 
improved recovery observed in patients who received peripheral nerve blocks, as demonstrated in previous studies.15,16

Among the regional techniques, TEA offered the lowest VAS scores during the first hours postoperatively, affirming 
its efficacy in immediate pain control.17 However, one should consider the higher rates of intraoperative vasopressor use 
(80%). This is consistent with the known physiologic effects of thoracic epidural blockade, including sympathetic chain 
inhibition, which can lead to hypotension.18 PVB also demonstrated an increased incidence of intraoperative hypotension 
(39%), likely attributable to similar mechanisms involving sympathetic blockade.18 These hemodynamic effects should 
be weighed carefully against the analgesic benefits, particularly in patients with cardiovascular comorbidities.

When comparing the peripheral blocks (ESP, PVB, and SAP) with one another, ESP and SAP emerged as favorable 
options. Both techniques were associated with moderate VAS scores, low morphine requirements (3.75–3.92 mg in 
PACU), and shorter PACU stays. Notably, the ESP group demonstrated the shortest PACU time (1.41 ± 0.49 hours), 
indicating a potential advantage in early recovery metrics. Quantitative advantage of using Morphine in PVB group 
postoperative may explain the failure of block in any patients (7.1 mg vs 3.7 in ESP group vs 3.9 SAP group). PVB, 
while effective in pain control, was associated with higher rates of hypotension and greater variability in catheter 
management.

Beyond efficacy, successful implementation of ESP and SAP blocks requires adequate training and experience for 
anesthesiologists, as proper ultrasound guidance and anatomical knowledge are essential. These techniques are relatively 
feasible for adoption in other institutions, given appropriate resources and staff familiarity, and may offer potential cost- 
effectiveness by reducing opioid consumption and PACU duration.19–21 Our findings support the safe use of ESP and 
SAP blocks in thoracic surgery and align with emerging recommendations for multimodal pain management, high
lighting their advantages compared to other regional anesthesia techniques.19,22,23

Postoperative opioid use was nearly universal in the GA group (100%), whereas all regional anesthesia groups 
required markedly less, demonstrates the efficacy of targeted regional blocks into perioperative protocols for RATS.24 As 
for post-anesthesia complications were most frequent in the TEA and PVB groups. PACU hypotension occurred in 23% 
of ESP and 39% of PVB patients, consistent with sympathetic blockade. Nausea and urinary retention (Known side effect 
of opioid use) were concentrated in the TEA group, while constipation was most prominent in the GA group (29%). 
Urinary retention was observed only in TEA and GA. The reduction in opioid use observed with regional techniques was 
associated with fewer complications.

An important clinical endpoint, hospital discharge time, did not differ significantly across groups, although a trend 
toward earlier discharge was observed in the SAP group (mean, 3.15 days). This outcome may reflect more stable 
hemodynamic profiles and improved pain control; however, this result was likely influenced by variations in patient 
characteristics and procedural complexity.

This study has several limitations. As a retrospective analysis from a single tertiary care center, generalizability is 
limited. Some patient subgroups (particularly TEA and SAP) were relatively small, which may have underpowered 
certain comparisons and made it more difficult to draw firm conclusions or fully learn from these findings. We 
acknowledge this have highlighted it to ensure careful interpretation. Nevertheless, the overall cohort was robust, and 
the distribution of lobectomies and other procedures was comparable between groups, minimizing procedural bias. 
Additionally, the study reflects real-world clinical practice across a 5-year period and provides a valuable comparative 
framework for regional anesthesia in the context of robotic thoracic surgery.

Conclusion
Our findings support the routine use of regional anesthesia techniques in patients undergoing robotic-assisted thoracic 
surgery (RATS), highlighting the potential benefits of Erector Spinae Plane (ESP) and Serratus Anterior Plane (SAP) 
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blocks compared to general anesthesia alone. These techniques were associated with lower VAS scores, reduced opioid 
consumption, and improved perioperative recovery profiles, without the hemodynamic instability often observed with 
thoracic epidural analgesia (TEA) or thoracic paravertebral block (PVB).

The ESP block, in particular, can offer practical advantages: it is relatively simple to perform, has a low complication 
and failure rate, and allows for safe and stable continuous catheter placement. Moreover, it causes minimal hemodynamic 
disturbance compared to TPVB and TEA, an important consideration for intraoperative management in thoracic robotic 
procedures.

The SAP block demonstrated results comparable to the ESP block, likely reflecting its effective analgesic coverage of 
the lateral branches of the intercostal nerves, which innervate the regions commonly involved in thoracic drain 
placement. These findings also underscore the contribution of thoracic drains to postoperative pain following thoracic 
surgeries.

While these results are encouraging, the relatively small sample sizes in the TEA and SAP groups should be 
considered when interpreting their apparent advantages. Future prospective multicenter trials are warranted to 
validate these findings and to establish standardized regional anesthesia protocols for minimally invasive thoracic 
surgery.

Abbreviations
ASA, American Society of Anesthesiologists; AUC, Area under the curve; ESP, Erector spinae plane (block); GA, 
General anesthesia; ICU, Intensive care unit; IQR, Interquartile range; LS, Least squares; PACU, post-anesthesia care 
unit; PVB, Paravertebral block; RATS, Robotic-assisted thoracic surgery; SAP, Serratus anterior plane (block); SD, 
Standard deviation; SUMC, Soroka University Medical Center; TEA, Thoracic epidural analgesia; TIVA, Total intrave
nous anesthesia; VAS, Visual analog scale.
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