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The impact of ultrasound-guided
erector spinae plane block
combined with paravertebral
block on postoperative rebound
pain following thoracoscopic
lobectomy

Yihang He', Dongxu Chen?#, Youbo Zuo'* and Jing Lin*

!Department of Anesthesiology, Affiliated Hospital of North Sichuan Medical College, Nanchong,
Sichuan, China, ?Department of Anesthesiology, West China Second University Hospital, Sichuan
University, Chengdu, Sichuan, China

Background: Thoracic paravertebral block (TPVB) is the mainstream
analgesic regimen for post-video-assisted thoracoscopic surgery (VATS) pain
management. However, rebound pain frequently emerges once the block effect
subsides. Given that the erector spinae plane block (ESPB) may modulate the
incidence of rebound pain through its mechanism of local anesthetic diffusion
into the paravertebral space, this study sought to evaluate whether combining
TPVB with ESPB could effectively reduce postoperative rebound pain in VATS
patients.

Methods: A total of 110 patients scheduled for elective video-assisted
thoracoscopic lobectomy were enrolled and randomly allocated via a random
number table to either the TPVB group (Group P, n = 55) or the TPVB combined
with ESPB group (Group PE, n =55). In Group P, TPVB was performed under
oblique axial scanning at the T5 level using the in-plane technique, with 20 mL
of 0.5% ropivacaine administered. In Group PE, TPVB was first performed with
10 mL of 0.5% ropivacaine; the needle was then withdrawn and repositioned with
its tip deep to the erector spinae muscle at the transverse process level, followed
by injection of 10 mL of 0.5% ropivacaine for ESPB. The primary outcome was
the incidence of rebound pain within 24 h postoperatively. Secondary outcomes
included: Numeric Rating Scale (NRS) scores at rest (quiet supine position) and
during activity (coughing and expectoration) on postoperative day 1 morning
(D1 am), evening (D1 pm), day 2 morning (D2 am), and evening (D2 pm); time
to first rebound pain within 24 h; Modified Rebound Pain Scale (MRPS) score;
Quality of Recovery-15 (QoR-15) scores on postoperative days 1 and 2; total
sufentanil consumption via patient-controlled intravenous analgesia (PCIA) over
48 h; number of rescue analgesia doses administered in the ward; postoperative
hospital stay; patient satisfaction score at discharge; and postoperative
complication rate.

Results: Compared with Group P, Group PE had a significantly lower
incidence of rebound pain within 24 h postoperatively (23.64% vs. 47.27%,
p = 0.010) and a significantly reduced MRPS score (3.06 + 1.75 vs. 3.84 + 2.05;
p = 0.035). Additionally, Group PE had lower activity-related NRS scores on D1
am (p = 0.010), D1 pm (p < 0.001), and D2 pm (p = 0.031), as well as a lower
resting NRS score on D1 am (p = 0.048). Furthermore, Group PE showed higher
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QoR-15 scores on both postoperative days 1 and 2 (p < 0.05), reduced 48-h
PCIA sufentanil consumption (p = 0.002), fewer rescue analgesia requirements
(p = 0.048), and a shorter postoperative hospital stay (p < 0.001).

Conclusion: Compared with TPVB alone, the combination of TPVB and ESPB
significantly reduces the incidence of postoperative rebound pain, prolongs
analgesic duration, and improves the quality of postoperative recovery.

KEYWORDS

rebound pain, paravertebral block, erector spinae plane block, thoracoscopic surgery,
postoperative recovery quality

Introduction

Video-assisted thoracoscopic surgery (VATS) has emerged as the
preferred alternative to open thoracotomy, owing to its significant
advantages in reducing surgical trauma and inflammatory responses,
as well as shortening hospital stays (1, 2). However, postoperative pain
remains a critical issue affecting patient recovery after VATS. Studies
have indicated that postoperative pain primarily stems from chest wall
incisions, intercostal nerve injuries, stimulation by chest drain tubes,
and pleural inflammation. Its intensity reaches moderate-to-severe
levels, with a particular peak within the first 24 h postoperatively (3).
This pain not only impairs patients’ ability to cough and expectorate—
thereby increasing the risk of pulmonary infection and atelectasis—
but may also trigger chronic neuropathic pain, severely compromising
postoperative quality of life (4).

In VATS, regional nerve blocks constitute an essential component
of combined anesthesia and postoperative multimodal analgesia.
Thoracic paravertebral block (TPVB), which precisely blocks
nociceptive transmission through the thoracic spinal nerves and offers
advantages such as reliable analgesic efficacy, has become a
mainstream choice for post-thoracoscopic analgesia (5). In recent
years, the erector spinae plane block (ESPB) has attracted attention
due to its simplicity and high safety profile, though its analgesic
effectiveness remains a subject of debate (6).

Nevertheless, clinical observations and studies have revealed that
some patients experience a sudden intensification of pain after the
nerve block effect wears off (7, 8), a phenomenon termed “rebound
pain” Rebound pain is defined as transient, acute, severe postoperative
pain that occurs after the regression of a peripheral nerve block.
Specifically, it refers to a sudden transition from well-controlled pain
(Numerical Rating Scale, NRS < 3) to severe pain (NRS >7) in
patients receiving regional anesthesia, presenting as intense burning
pain at rest or during movement. This pain typically lasts 2-6 h and
occurs more frequently at night (9). It has been primarily reported in
orthopedic surgeries (e.g., shoulder, ankle procedures) involving
upper limb brachial plexus blocks or lower limb sciatic/femoral
nerve blocks.

Although rebound pain is most commonly observed in orthopedic
surgery, recent studies have indicated that it also occurs after TPVB in
VATS, with an incidence as high as 33.3% (10). This may be associated
with the injection of local anesthetics (LA) into the paravertebral
space (PVS), which contains intercostal spinal nerves, dorsal root
ganglia, and the sympathetic chain (11-13). While single-injection
TPVB can provide adequate analgesia, it often results in high
concentrations of LA localized at a single vertebral level, potentially
leading to rapid drug dissipation and triggering postoperative rebound
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pain. ESPB exerts its effects by facilitating the diffusion of LA into the
paravertebral space (14, 15). This indirect mechanism of action may
delay its onset but could potentially reduce the incidence of
postoperative rebound pain.

Previous studies have demonstrated that combining TPVB with
ESPB can shorten the onset time of the block, prolong the duration of
nerve blockade, reduce the incidence of intraoperative hypotension
during VATS, and decrease the risk of chronic postoperative pain (16,
17). However, the impact of this combined block on the incidence of
postoperative rebound pain in patients has not been investigated. In
this study, we aim to explore whether the combination of TPVB and
ESPB can effectively reduce the incidence of postoperative rebound
pain in patients undergoing VATS.

Materials and methods
Study design and patient enrollment

This study was approved by the Ethics Committee of the Affiliated
Hospital of North Sichuan Medical College (Approval No:
2024ER195-1) and registered with the Chinese Clinical Trial Registry
(ChiCTR2400084759). The clinical trial followed the Declaration of
Helsinki, the Good Clinical Practice (GCP) for Drug Clinical Trials
issued by the State Drug Administration (SDA) and other relevant
regulations. Written informed consent was obtained from all
participating patients.

Patients scheduled for thoracoscopic lobectomy between May
2024 and December 2024 were recruited. The inclusion criteria were
as follows: age 18 to 65 years, ASA classification I to III, and scheduled
for elective unilateral VATS. Exclusion criteria included: (1) body
mass index greater than 30 kg/m?* (2) coagulation disorders, (e.g.,
platelet count below normal or prolonged clotting time); (3) history
of opioid misuse, defined as persistent or recurrent use beyond
medical guidelines and for non-medical purposes; (4) prior diagnosis
of chronic pain; (5) allergies to local anesthetics or analgesics; (6)
infection at the injection site; (7) inability to comprehend or respond
to pertinent questions.

Randomization and blinding

Prior to initiating the study, an independent research assistant
utilized a computer-generated random number table to assign
participants into two equal groups. This allocation process was
masked by using sequentially labeled opaque sealed envelopes. Before
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anesthesia administration, another assistant, who was not part of the
study, opened one of these envelopes to reveal the group assignment.
The attending anesthesiologist then performed the designated nerve
block anesthesia (either TPVB or ESPB combined with TPVB) as per
the group allocation. Throughout the data collection period, personnel
involved in postoperative data collection (pain scores NRS, MRPS,
QoR-15, satisfaction), administration of rescue analgesia, and
assessment of complications in the PACU and surgical ward were
blinded to group allocation. Patients were informed that they were
receiving one of two effective regional analgesic techniques being
compared, without specifying the details of the blocks, to minimize
expectation bias regarding pain relief or rebound pain.

Intervention

Patients were randomly assigned to one of two groups: the TPVB
group (Group P) or the TPVB combined with ESPB group (Group
PE). Nerve blocks were administered following anesthesia induction
in both groups. All blocks were performed by a certified
anesthesiologist experienced in ultrasound using US guidance
(Mindray M9 Ultrasound System) and a high-frequency linear
ultrasound probe. All patients were positioned in a lateral decubitus
manner, and the needle was inserted at the level of the T5
transverse process.

For TPVB, as previously described (18), 20 mL of 0.5%
ropivacaine was administered slowly. Successful blockade was
indicated by the displacement of the pleura (Figure 1A). In the group
PE, TPVB combined with ESPB was performed through a single
puncture. A high-frequency linear array transducer was used to
locate the T’5 paravertebral space, the tip of the T5 transverse process,
overlying the erector spinae muscle, apex of the TPVS, and pleura
were identified. A 22-gauge block needle was inserted using an
in-plane technique. After confirming no blood return upon
aspiration, 10 mL of 0.5% ropivacaine was slowly injected, with
successful blockade indicated by the pleura being displaced deeper

10.3389/fmed.2025.1651245

by the local anesthetic. The needle was then withdrawn and
repositioned at the surface of the T5 transverse process. An additional
10 mL of 0.5% ropivacaine was injected above the T5 transverse
process, with local anesthetic dispersion visualized under ultrasound
(Figure 1B).

Anesthesia management

All patients were required to undergo routine fasting and
abstinence from water. Upon entering the operating room, the
patient’s basic information was verified, and monitoring devices were
connected to measure electrocardiogram, oxygen saturation, and
non-invasive blood pressure. Peripheral intravenous access was
established, and anesthesia was standardized for both groups of
patients. General anesthesia was induced using propofol (2-3 mg/kg),
sufentanil 0.5 pg/kg, and cisatracurium 0.2 mg/kg, followed by the
insertion of a double-lumen tube. Mechanical ventilation was initiated
with a constant flow volume-controlled mode, setting tidal volume at
6-8 mL/kg, and adjusting ventilation frequency to maintain end-tidal
carbon dioxide pressure between 35 and 45 mmHg, with airway
pressure kept below 30 cm H,O. Anesthesia was maintained with
1-2% sevoflurane inhaled in 50% oxygen, propofol infusion at
2-6 mg/(kg.h), to maintain bispectral index (BIS) values between 40
and 60. Intermittent intravenous injections of sufentanil (based on
blood pressure and heart rate) and cisatracurium (0.05 mg/kg every
30 min) were also administered. Intraoperative hypotension (defined
as systolic pressure < 90 mmHg or a decrease of more than 20% from
baseline) was managed with an intravenous injection of ephedrine
6 mg. If the heart rate (HR) dropped below 50 beats per minute,
atropine 0.5 mg was administered intravenously. The intraoperative
fluctuations in heart rate and blood pressure were maintained within
20% of the baseline values. Upon meeting the extubation criteria at
the conclusion of the surgery, the double-lumen endotracheal tube
was removed, and the patient was transferred to the Post-Anesthesia
Care Unit (PACU) for observation.

FIGURE 1

Procedures for the TPVB and the TPVB+ESPB. (A) The ultrasound imaging after injection of TPVB and pleura depression was observed. (B) The
ultrasound imaging of TPVB+ESPB after injection at erector spinae muscles. P, Pleura; PVS, Paravertebral space; TP, Transverse process; ES, Erector
spinae; LA, Local anesthetics; White arrows indicate the needle injection path.
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Postoperatively, both groups of patients received patient-controlled
intravenous analgesia (PCIA) pumps, with a formulation consisting of
sufentanil 150 pg, butorphanol 8 mg, and tropisetron 5 mg, diluted in
150 mL of normal saline. The initial dose was set to zero, the continuous
infusion rate was 1.5 mL/h, the bolus dose was 3 mL, with a lockout
interval of 15 min, and a maximum dosage of 10 mL/h. In the Post-
Anesthesia Care Unit (PACU), if a patient reports a pain score of
NRS > 4, the anesthesia nurse will administer a bolus dose by activating
the button on the patient-controlled intravenous analgesia (PCIA)
pump. Following transfer to the surgical ward, should the patient
report an NRS score > 4, the rescue analgesia protocol is initiated with
the intravenous administration of 100 mg tramadol. Additionally, if
moderate to severe postoperative nausea or vomiting (PONV) occurs,
2.5 mg tropisetron will be administered intravenously.

Outcomes

The primary outcome was the incidence of rebound pain within
the first 24 h postoperatively. Rebound pain was monitored hourly by
trained ward nursing staff who were blinded to group allocation.
Patients were specifically asked about their pain intensity at rest using
the NRS. A rebound pain episode was recorded if the patient reported
an NRS score > 7, representing a sudden increase from their lowest
recorded NRS score (< 3) documented upon leaving the PACU.

Secondary outcomes

The secondary outcome measures included the time to first rebound
pain within 24 h postoperatively; the Modified Rebound Pain Score
(MRPS), calculated as MRPS = HNRS - LoNRS(PACU), where HNRS
represents the highest NRS pain score recorded within 24 h after the
regional nerve block, and LONRS(PACU) represents the lowest NRS pain
score recorded within the PACU (19); and NRS pain scores assessed at
rest (lying quietly) and during activity (coughing and expectoration) at
the following time points: preoperative day 1, upon leaving the PACU,
morning (Dlam) and evening (D1pm) of postoperative day 1, and
morning (D2am) and evening (D2pm) of postoperative day 2. Additional
outcomes encompassed the total PCIA sufentanil consumption within
48 h postoperatively; the number of rescue analgesic administrations
required on the surgical ward; postoperative hospital length of stay;
Quality of Recovery-15 (QoR-15) scores on postoperative days 1 and 2
(20); and patient satisfaction at discharge, rated on a scale where
1 = “Dissatisfied,” 2 = “Somewhat satisfied,” and 3 = “Satisfied” (19);
Postoperative complications rate, such as block site hematoma, nausea,
vomiting, respiratory depression or hypotension.

Statistical analysis

The sample size was calculated based on a preliminary trial, which
the incidence of rebound pain within 24 h postoperatively was 35%
for group P, 10% for group PE. Sample size calculation was performed
using PASS software (v.15.0, NCSS, USA), and statistical analysis was
conducted utilizing the Chi-square test, with a power of 0.90, and «
error level of 0.05, along with a 20% follow-up loss consideration, the
required sample size was determined to be 55 participants per group.
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Data management and statistical analysis were conducted using
SAS 9.4 (SAS Institute, Inc., Cary, NC, USA). Qualitative data were
expressed as frequencies and percentages (%), and inter-group
comparisons performed using the Chi-square or Fisher’s exact test.
Normality was evaluated via the Shapiro-Wilk test. For normally
distributed data, means and standard deviations (X+ s) were utilized,
and comparisons between groups were made using independent
samples t-test. The Cox proportional hazards model was applied for
survival analysis of rebound pain across groups. Kaplan-Meier curves
for rebound pain were plotted. Non-normally distributed data were
presented as median (M) and interquartile range (IQR), with
comparisons made using the Mann-Whitney U-test. A difference of
p <0.05 was considered statistically significant.

Results
Baseline data

A total of 112 patients were recruited and evaluated in this study,
of whom 2 were excluded. The remaining 110 patients were randomly
assigned to group P and group PE (n =55) and entered into the
intentional analysis (Figure 2). There were no statistically significant
differences in the baseline data between the two groups (Table 1).

Primary outcome

The Kaplan-Meier analysis revealed a significantly lower
cumulative incidence of rebound pain in the group PE compared to
group P(log-rank p = 0.0087; Breslow p = 0.0090). The hazard ratio of
0.43 (95% CI: 0.22-0.84) indicates a 57% reduction in rebound pain
risk with the combined block. This protective effect emerged within
8 h postoperatively and progressively widened over the observation
period, with the most pronounced separation occurring between 8
and 14 h when the TPVB-alone group demonstrated accelerated
rebound pain onset (Figure 3). Following adjustment for confounding
variables, the group PE demonstrates a 60% reduction in risk
compared to group P, with a hazard ratio of 0.41 (95% CI 0.20 to 0.80;
p=0.009; Table 2).

Secondary outcome

As shown in Figure 4, NRS pain scores at rest (quiet rest) were
significantly lower in the group PE compared to the group P at the
Dlam time point (p = 0.048). Resting NRS scores at other time points
within the first 48 h postoperatively did not differ significantly
between the two groups. For NRS pain scores during activity
(coughing and expectoration), the group PE demonstrated
significantly lower scores than the group P at the Dlam, D1pm, and
D2pm time points (p < 0.05) (Figure 4).

Significant differences were observed between the two groups
in QoR-15 scores on postoperative days 1 and 2, postoperative
hospital length of stay, PCIA sufentanil consumption within 48 h,
and the MRPS. Specifically, the group PE demonstrated a
significantly higher QoR-15 score than the group P on postoperative
day 1 (100.3 £ 10.1 vs. 94.4 + 7.3, p < 0.001). Although statistically
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Enrollment

Assessed for eligibility (n=112)

 J

Excluded (n=2)
* Refused to participate (n=1)

* Not meeting inclusion criteria (n=1)

Randomized (n=110)

:

)

Allocation
Allocated to intervention (n=55) Allocated to intervention (n=55)
TPVB alone TPVB combined with ESPB
* Received allocated intervention (n= 55) * Received allocated intervention (n= 55)
Follow-Up
Lost to follow-up (n=0) Lost to follow-up (n=0)
Analysis
Analysed (n=55) Analysed (n=55)

FIGURE 2
CONSORT flow diagram.

significant (p = 0.048), the observed difference in rescue analgesia
should be interpreted conservatively. The borderline p-value and
identical median values (0 vs. 1) indicate fragile evidence for
clinical meaningfulness. However, no significant differences were
observed between group P and PE regarding the time to first
rebound pain or patient satisfaction (Table 3).

Postoperative complications are summarized in Table 4. No
significant intergroup differences were observed in the incidence of
nausea/vomiting, postoperative hypotension, hematoma at block site,
and respiratory depression after surgery.

Discussion

This single-center randomized controlled trial demonstrates that,
compared to TPVB alone, the combination of TPVB and ESPB
significantly reduced the incidence of rebound pain from 47.3 to
23.6%, without compromising intraoperative and postoperative
analgesic efficacy. Additionally, the combined block improved the
QoR-15 scores on postoperative days 1 and 2.

Acute pain following thoracic surgery is extremely severe and may
progress to chronic pain. It has been reported that the incidence of
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chronic pain at 3 and 6 months post-thoracotomy is 57 and 47%,
respectively, ranking among the highest of all surgical procedures (21,
22). Despite the introduction of VATS, nearly 16% of patients still
experience moderate-to-severe acute pain within 48 h postoperatively
(23). The optimal postoperative pain management strategy for VATS
remains uncertain. Existing systematic reviews and guidelines for
post-VATS pain management recommend regional analgesic
techniques such as paravertebral block, serratus anterior plane block,
and erector spinae plane block (24, 25). However, even as the analgesic
effect of nerve blocks wanes, there remains a 30-45% chance of severe
rebound pain occurring (26-28). Notably, the incidence of rebound
pain in the TPVB group of this study (47.3%) differed significantly
from the 33.3% incidence reported by Zeng et al. (10) for TPVB-
associated rebound pain after VATS. This clinical discrepancy may
be related to differences in the pharmacological parameters of the
local anesthetics used. Specifically, our protocol employed 20 mL of
0.5% ropivacaine for the blocks, presenting a gradient difference in
both concentration and volume compared to the 15 mL of 0.25%
ropivacaine used in the study by Zeng et al.

Rebound pain, recognized as a side effect of regional anesthesia
(RA), manifests as intensified pain perception following the
regression of local anesthetic effects. This pain is often described as
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TABLE 1 Demographic data and clinical variables.

10.3389/fmed.2025.1651245

Variables Group P (n = 55) Group PE (n = 55)
Gender, 1 (%) 0.055
Male 29 (52.73) 19 (34.55)
Female 26 (47.27) 36 (65.45)
Age (year) 56.0 £8.8 549+11.1 0.568
BMI (kg/m?) 242+29 23.6£35 0.344
ASA classification 0.340
il 42 (76.36) 46 (83.64)
111 13 (23.64) 9 (16.36)
Surgical site 0.128
Right upper lobe of the lung 19 (34.55) 27 (49.09)
Right lower lobe of the lung 12 (21.82) 7 (12.73)
Right middle lobe of the lung 4(7.27) 3 (5.45)
Left upper lobe of the lung 9(16.36) 14 (25.45)
Left lower lobe of the lung 11 (20.00) 4(7.27)
Duration of surgery (min) 136.7 £25.4 128.5£21.5 0.071
Intraoperative Sufentanil Dosage(pg) 59.6 £4.2 58.1+4,1 0.488
Extubation time (min) 273+4.1 274+41 0.889
Length of stay in PACU (min) 60.2 + 6.1 61.6 6.5 0.239
Data are expressed as mean + SDs or number of patients (%) as appropriated.
£ 100% —| HR:0.431(95%CI:0.221-0.839) Group P
o Log-rank-P=0.0087
og .
_:' Breslow-P=0.0090 S,
c
3
8 75%-
[
-
—
o
]
c 50% - |
o 1
8
Q
£
g 25% - "
s
8
E
3 0% - -
Number of subjects at risk
5§ 5§ 5§ sS 55 49 38 33 30 29 29 29 29
5§ 5§ 5§ 5§ 5§ 53 47 42 42 42 42 42 42
T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24

FIGURE 3

Occurrence time of rebound pain(h)

Kaplan-Meier curve for rebound pain survival analysis.

excruciating and intractable, exerting profound negative effects on
mental health, recovery quality, and activities of daily living.
Although the phenomenon has garnered research attention over the
past decade, its precise mechanisms remain unelucidated, and
specific treatment guidelines have not been established (8, 29). RA

Frontiers in Medicine

06

suppresses the amplification of neuronal activity and responsiveness
in the spinal dorsal horn, a process known as central sensitization
(30). Conversely, peripheral nerve blocks (PNBs) have limited impact
on peripheral sensitization, and inflammatory processes persist
unabated in the absence of systemic pharmacologic intervention (31).
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TABLE 2 Survival analysis of rebound pain.

10.3389/fmed.2025.1651245

Variables Unadjusted Adjusted
HR (95%Cl) HR (95%Cl)
Group P 1.00 (ref) 1.00 (ref)
Group PE 0.43 (0.22 to 0.83)* 0.013 0.40 (0.20 to 0.80)* 0.009 ‘
Adjusted for age, gender and BMI. * indicates statistically significant difference (p < 0.05).
TABLE 3 Postoperative data comparisons between two groups.
Variables Group P (n = 55) Group PE (n = 55) P
QoR-15 score on postoperative day 1 944+73 100.3 +£10.1 <0.001
QoR-15 score on postoperative day 2 99.0+8.8 108.5+ 11.1 <0.001
Modified Rebound Pain Score (MRPS) 3.84 +£2.05 3.06 £ 1.75 0.035
Time to First Rebound Pain (h) 11.00 £ 2.04 11.08 £ 1.38 >0.8
PCIA Sufentanil Consumption (pg) 81 (72, 84) 78 (72, 81) 0.002
Rescue Analgesia (ward), n 1(0,2) 0(0,2) 0.048
Postoperative Hospital Stay (days) 5.00 (4.00, 5.00) 3.00 (3.00, 5.00) <0.001
Patient Satisfaction, n (%) 0.368
Dissatisfied (1) 7 (12.73) 6(10.91)
Somewhat satisfied (2) 33 (60.00) 27 (49.09)
Satisfied (3) 15(27.27) 22 (40.00)
Data are represented as mean + SDs, M (IQR) or patients (%) as appropriated.
e Group P e Group P
= = Group PE == = Group PE
5 € 75
[
g ok ok
- * T 6.5
g 4 1 5 hk
® 5 55
—_—— !
e ., £ gt
o s — —
2 T 45 —
2 8
24
z il 3 35
[2)
14
1- Z 25
T
The first AM  The first PM  The second  The second The first AM  The first PM  The second The second
AM PM AM PM
FIGURE 4
Mean numeric rating scale (NRS) score at rest and while coughing during the first 2 d after surgery. The error bars represent standard error. *“The
difference was significant at 0.05 level.

Consequently, when the effect of a PNB regresses, nociceptive signals
originating from the hyperalgesic zone at the injury site manifest as
rebound pain. Furthermore, local anesthetics themselves may possess
neurotoxic and cytotoxic properties (32-34). The combination of
ESPB and TPVB employed in this study may reduce the exposure of
nerve roots to local anesthetics and delay their rapid dissipation,
thereby lowering the incidence of rebound pain.

This study found that TPVB combined with ESPB significantly
reduced the incidence of postoperative rebound pain compared to
TPVB alone. Other methods to reduce rebound pain include
continuous PNB catheter techniques, adjunctive medications for
single-shot PNBs, and multimodal analgesia regimens (9, 29, 35).

Frontiers in Medicine

However, continuous regional blocks are associated with issues such
as catheter dislodgement, infection, patient discomfort, and increased
management time (36, 37). The TPVB+ESPB combination offers a
novel option for rebound pain prevention.

The study by Fu et al. (38) showed that the combined application of
TPVB and ESPB after VATS reduced hydromorphone consumption
within 12 and 48 h compared to a single block. In non-intubated VATS,
the combined block also optimizes surgical conditions by suppressing
the cough reflex (39). Consistent with these findings, our study observed
reductions in PCIA sufentanil consumption within 48 h, the number of
rescue analgesic administrations on the ward, and NRS scores during
coughing within 48 h in the group PE compared to the group P.
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TABLE 4 Postoperative complications.

Variables Group P Group PE

(n = 55) (n = 55)
Nausea/vomiting, 7 (%) 8 (14.50) 5(9.10) 0.38
Hypotension, # (%) 3 (5.50) 2 (3.60) 0.65
Hematoma at block site, n (%) 0 (0.00) 0 (0.00) -
Respiratory depression, # (%) 0 (0.00) 0 (0.00) -

Data are represented as patients (%) as appropriated.

The study data revealed a significant difference in MRPS between
the PE and P groups (3.06 + 1.75 vs. 3.84 + 2.05, p = 0.035). Previous
research by Barry et al. (9) confirmed that increased MRPS scores
directly correlate with decreased patient satisfaction with postoperative
analgesia. The lower MRPS levels in the group PE suggest less severe
rebound pain. Notably, despite the higher incidence of rebound pain in
the group P, 87.27% of these patients still rated their overall pain
management as “satisfied” or “somewhat satisfied} a result not
significantly different from the group PE and consistent with prior
research conclusions (9). This apparent discrepancy may arise from
several factors. Firstly, while rebound pain is distressing, the overall
analgesic protocol (including PCIA and rescue tramadol) was effective
in managing pain for most patients in both groups after the initial
rebound episode, leading to comparable final satisfaction. Secondly,
satisfaction is a multidimensional construct influenced by factors beyond
pain control alone, such as communication with staff, overall hospital
experience, and achievement of recovery milestones (19). Thirdly, the
3-point satisfaction scale used, while practical, may lack the sensitivity to
detect subtle differences in satisfaction levels compared to more granular
scales like a Visual Analogue Scale (VAS) for satisfaction. Future studies
could benefit from using more sensitive satisfaction metrics.

This study utilized the QoR-15 scale to assess the quality of
recovery after anesthesia and surgery (20). According to the study by
Et T et al. (40), the reduction in rebound pain incidence leads to
significantly less moderate-to-severe pain, providing patients with
better control and a more comfortable experience. Our finding of
significantly better QoR-15 scores in the group PE on postoperative
days 1 and 2 indicates that the combined block effectively enhances
postoperative recovery quality and promotes early rehabilitation,
thereby shortening hospital length of stay. The shorter hospital stay
in the group PE likely reflects synergistic benefits of improved
analgesia enabling earlier mobilization, reduced opioid-related side
effects, and enhanced overall recovery—though surgical factors and
complication rates also play critical roles. We also posit that rebound
pain has a particularly disruptive effect on early postoperative sleep
quality and quality of life.

This study has several limitations: First, the nerve blocks were
performed after anesthesia induction, and the dermatomal level of
TPVB and ESPB analgesia was not routinely verified, although
ultrasound was used to confirm local anesthetic spread. Concurrent
dermatomal sensory examinations were not performed postoperatively.
Future studies should correlate sensory loss duration with rebound
pain onset. Second, to avoid interference from other factors, additional
specific rebound pain prevention measures were not extensively
employed. In clinical practice, adjuncts like dexamethasone added to
local anesthetics or postoperative multimodal analgesia incorporating
agents such as oxycodone could be used to minimize rebound pain
incidence. Finally, this study focused only on short-term rebound pain
following the nerve blocks and did not observe long-term chronic
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postoperative pain, further investigations with long-term follow-up are
warranted to validate the persistence of the outcomes.

Conclusion

In conclusion, for patients undergoing thoracoscopic lobectomy,
the combination of ESPB and TPVB provides superior postoperative
pain relief, reduces the incidence of rebound pain, shortens hospital
stays, and improves the quality of recovery compared to TPVB alone.
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