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Abstract

For perioperative analgesia in thoracic surgery, epidural anesthesia has long been consid-
ered the gold standard. However, as surgical techniques have become less invasive, interest
in less invasive analgesic strategies has increased. According to the procedure-specific
postoperative pain management (PROSPECT) guidelines published by the European Soci-
ety of Regional Anesthesia in 2021, epidural anesthesia is no longer recommended as the
method of choice for regional anesthesia in video-assisted thoracic surgery (VATS), and
thoracic paravertebral block (TPVB) and erector spinae plane block (ESPB) are now rec-
ommended. Understanding the effectiveness and limitations of each regional technique is
essential to facilitating appropriate anesthetic planning for individual cases. This narrative
review summarizes current evidence regarding thoracic epidural anesthesia, TPVB, ESPB,
serratus anterior plane block, and emerging intertransverse process block techniques for
thoracic surgery.

Keywords: thoracic paravertebral block; erector spinae plane block; serratus anterior plane
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1. Introduction

Thoracic surgery places unique demands on postoperative pain management because
even mild discomfort can interfere with deep breathing and early ambulation. These
physiological limitations increase the risk of pulmonary complications, making the selection
of an appropriate analgesic strategy clinically important. Moreover, moderate-to-severe
acute pain can contribute to the development of persistent postsurgical pain [1]. Although
thoracic epidural analgesia has long been regarded as the gold standard, concerns regarding
hypotension, urinary retention, and contraindications related to anticoagulation have
increased interest in alternative regional anesthesia techniques.

One of the major factors contributing to this shift has been the widespread adoption
of minimally invasive surgical approaches. Open thoracic surgery performed under direct
visualization has declined, and video-assisted thoracoscopic surgery (VATS) has become
the standard approach for many thoracic procedures. The reduced invasiveness of VATS
has prompted a reevaluation of perioperative analgesic strategies. This narrative review
summarizes current approaches to the selection and effective use of regional anesthesia
techniques for perioperative analgesia in thoracic surgery.

This review was based on a structured literature search conducted in the PubMed and
Embase databases for studies published between 2000 and 2025. The keywords included

” o ai

“thoracic surgery,” “regional anesthesia,” “thoracic paravertebral block,” “erector spinae
plane block,” “intertransverse process block,” and “serratus anterior block.” Additional

relevant articles were identified through manual screening of reference lists.
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Studies were selected based on their relevance to perioperative analgesia in thoracic
surgery, with priority given to randomized controlled trials, systematic reviews, and
high-quality observational studies. Case reports and technical descriptions were included
when they provided clinically meaningful insights into emerging techniques. Articles not
published in English were excluded.

Although numerous thoracic wall and paraspinal block techniques have been de-
scribed in recent years—including rhomboid intercostal block and retrolaminar block—the
present review focuses on regional anesthesia techniques recommended or discussed in the
procedure-specific postoperative pain management (PROSPECT) guidelines for VATS or
supported by comparatively robust clinical evidence. These techniques include thoracic
paravertebral block (TPVB), erector spinae plane block (ESPB), serratus anterior block, and
thoracic epidural anesthesia. The intertransverse process block (ITVB) is included as an
emerging modification of ESPB. Other recently proposed techniques were not reviewed
in detail because the current evidence base remains limited, and these techniques’ clinical
roles in VATS analgesia have not yet been clearly established.

2. Current Trends in Perioperative Analgesia

Epidural anesthesia has traditionally been considered the gold standard for peri-
operative analgesia in thoracic surgery. However, with the increasing use of minimally
invasive surgical techniques, interest in less invasive analgesic approaches has grown. The
PROSPECT guidelines published by the European Society of Regional Anesthesia and Pain
Therapy re-evaluated analgesic priorities for VATS and shifted away from routine epidural
use. Instead, these guidelines highlight TPVB and ESPB as preferred options, reflecting a
broader trend toward less invasive perioperative management [2].

TPVB and ESPB may provide slightly less potent analgesia than epidural anesthe-
sia. Nevertheless, contemporary perioperative pain management relies on a multimodal
approach that combines acetaminophen, nonsteroidal anti-inflammatory drugs, opioids,
and regional anesthesia techniques. Compared with TPVB, ESPB generally provides a
narrower and less predictable extent of analgesic coverage. In contrast, ESPB is technically
easier to perform, requires less time, and is associated with fewer complications. A clear
understanding of the advantages and limitations of each regional technique is therefore
essential for optimal analgesic planning.

3. TPVB

The paravertebral compartment lies immediately lateral to the vertebral column,
where the intercostal nerves and sympathetic fibers traverse a narrow anatomical corri-
dor. Injection of a local anesthetic into the paravertebral space produces a predominantly
unilateral somatic and sympathetic block (Figure 1). TPVB, in which a local anesthetic is
injected into this space, was first described by Eason and Wyatt in 1979 [3]. Initially, the
loss-of-resistance technique was used to identify the paravertebral space. Although this
technique is relatively simple, it is associated with a risk of complications. The introduc-
tion of ultrasound-guided techniques has improved the safety and reliability of TPVB by
allowing direct visualization of anatomical structures and needle trajectory [4].

TPVB can be considered a form of unilateral epidural anesthesia. A major advantage
of this unilateral approach is a lower incidence of hypotension compared with epidural
anesthesia. In addition, because the injection is performed outside the spinal canal, serious
complications such as epidural hematoma can be avoided [5]. Given its analgesic efficacy,
which is comparable to that of epidural anesthesia, and its more favorable safety profile,
TPVB has become a mainstream regional anesthesia technique for thoracic surgery.
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Figure 1. Transverse schematic view of the paravertebral space. PVS: paravertebral space; M: muscle;
N: nerve.

Three main ultrasound-guided approaches have been described, depending on
whether the needle reaches the paravertebral space laterally (intercostal approach), in
a parasagittal orientation (parasagittal approach), or medially (paralaminar approach) [6,7]
(Figure 2).

Figure 2. Three ultrasound-guided approaches for paravertebral blocks. Ultrasound probe position
and needle insertion direction for the three approaches. A: intercostal; B: parasagittal; C: paralaminar.

The intercostal approach is often considered the most suitable for beginners because
of its technical simplicity. In this approach, the ultrasound probe is placed parallel to
the ribs to visualize the transverse process, internal intercostal membrane (or muscle),
and lateral pleura (Figure 3). A local anesthetic is injected once the needle penetrates the
internal intercostal membrane, and ventral displacement of the pleura confirms entry into
the paravertebral space.
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Figure 3. Ultrasound image of the intercostal approach. PVS: paravertebral space.

https:/ /doi.org/10.3390/anesthres3030019


https://doi.org/10.3390/anesthres3030019

Anesth. Res. 2026, 3, 19

40f 10

4. Continuous TPVB

A single injection of a local anesthetic for TPVB typically provides analgesia for up to
10 h. In more invasive procedures, a continuous paravertebral block using an indwelling
catheter may be beneficial. In minimally invasive VATS, however, a single-injection block
combined with intravenous patient-controlled analgesia using opioids provides sufficient
postoperative analgesia in many cases [8]. Therefore, the need for catheter placement
should be assessed on an individual basis.

Several technical considerations are important when inserting a paravertebral catheter.
The paravertebral space is anatomically adjacent to the pleura. The catheter may inadver-
tently penetrate the pleura and enter the thoracic cavity or migrate into the intervertebral
foramen. Lekhak et al. reported a case of total spinal anesthesia caused by inadvertent
placement of a paravertebral catheter into the subarachnoid space [9]. These potentially
life-threatening complications underscore the need for meticulous technique. For safer
catheter placement, the catheter should generally be advanced approximately 2 cm beyond
the needle tip to minimize the risk of migration. After catheter insertion, injection of saline
containing air under ultrasound guidance can help confirm correct catheter placement
within the paravertebral space.

For continuous TPVB, an initial bolus of 10-20 mL of local anesthetic is typically
administered, followed by a continuous infusion at a rate of 5-10 mL/h. The analgesic
effect usually extends over approximately three vertebral segments and is influenced by
the catheter tip location and the method of administration [10].

Takeda et al. compared TPVB performed using the intercostal and paralaminar ap-
proaches in patients undergoing VATS [11]. Both groups received an initial bolus of 20 mL
of 0.5% ropivacaine, followed by a continuous infusion of 0.2% ropivacaine at 5 mL/h.
Analgesic efficacy was superior with the paralaminar approach, providing sensory blockade
over four vertebral segments compared with three segments with the intercostal approach.
These findings suggest that a more medial catheter position results in a broader distribution
of local anesthetic within the paravertebral space.

Programmed intermittent bolus (PIB) administration has been proposed as another
strategy to enhance the extent of analgesia. Whereas conventional syringe pumps deliver
local anesthetics at a constant rate, some patient-controlled analgesia pumps allow PIB
administration. Takeda et al. compared continuous infusion at 5 mL/h with PIB admin-
istration of 15 mL every 3 h [12]. Although postoperative opioid consumption and pain
scores did not differ between the groups, the sensory block extended over a greater number
of vertebral segments in the PIB group. Similar findings were reported by Hida et al. and
Chen et al. [13,14]. These results suggest that PIB administration may be advantageous
when broader analgesic coverage is required.

Despite these strategies, continuous TPVB typically provides analgesia over no more
than four vertebral segments. When more extensive analgesia is required, multiple blocks
may be considered. However, multiple blocks increase procedural time and the risk of
complications. In most VATS procedures, a single TPVB provides sufficient analgesia [15].

When multiple continuous blocks are planned, catheter placement should be carefully
considered preoperatively. The risk of local anesthetic systemic toxicity increases with the
cumulative dose required for multiple continuous infusions, particularly when higher total
volumes of long-acting local anesthetics are administered.

5. ESPB

Although TPVB provides excellent analgesia for thoracic surgery, it is technically
demanding. The ESPB is a fascial plane block classified as a paraspinal peripheral nerve
block technique. It involves ultrasound-guided injection of a local anesthetic into the plane
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deep to the erector spinae muscle and superficial to the transverse processes of the vertebrae
(Figure 4).

[ erector spinae muscle @

Pleura

superior costotransverse ligament

Figure 4. Sagittal schematic view of ESPB and ITVB. PVS: paravertebral space; ESPB: erector spinae
plane block; ITVB: intertransverse process block; TPVB: thoracic paravertebral block.

The proposed mechanism of ESPB involves blockade of the dorsal rami and, in some
cases, the ventral rami of the intercostal nerves. Anterior spread of the local anesthetic
toward the paravertebral space has been demonstrated in anatomical and imaging studies,
potentially affecting the sympathetic chain and intercostal nerves. However, the extent and
consistency of this anterior spread remain variable, which may contribute to differences in
clinical analgesic efficacy.

However, although ESPB is widely used, its pharmacodynamic behavior is still being
elucidated. Imaging and cadaveric studies have shown that the injectate may reach the
paravertebral region in some—but not all—cases, suggesting that its clinical effect depends
on anatomical and technical factors. Whereas some anatomical and imaging studies have
demonstrated anterior spread of local anesthetic into the paravertebral space, others have
reported limited or inconsistent spread beyond the erector spinae plane. This variability
may be influenced by factors such as the injection level, the volume of local anesthetic, and
individual anatomical differences.

As a result, the extent to which ESPB reliably blocks the ventral rami and sympathetic
chain remains uncertain. This inconsistency in paravertebral spread is considered a key
factor underlying variability in its clinical analgesic efficacy.

ESPB has increasingly been used as an alternative to TPVB. The characteristics and
mechanisms of ESPB were previously summarized [16]. Although its analgesic effect
is generally weaker and less predictable than that of TPVB, ESPB is easier to perform,
requires less time, and is associated with fewer complications [17,18]. Consequently, ESPB
is recommended alongside TPVB in the PROSPECT guidelines for VATS. It should be
emphasized that the PROSPECT guidelines also recommend systemic analgesics, including
acetaminophen, nonsteroidal anti-inflammatory drugs, and opioids. Therefore, ESPB
should be regarded as one component of a multimodal analgesic strategy.

Findings from randomized controlled trials are generally consistent with these obser-
vations. In a randomized study of patients undergoing VATS, TPVB provided significantly
better early postoperative pain control than ESPB, although overall analgesic outcomes
were similar over time.

A recent meta-analysis including more than 1800 patients demonstrated that TPVB was
associated with lower pain scores within the first 6 h after surgery and reduced early opioid
consumption compared with ESPB, although the differences diminished at 2448 h [19].

Taken together, current evidence suggests that although ESPB offers a simpler and safer
technique with broadly comparable overall analgesia, TPVB may provide more reliable and
stronger early postoperative pain relief. Therefore, the choice between these techniques
should be individualized based on clinical priorities, including the need for greater early
analgesic intensity, technical feasibility, and patient-specific risk factors.

ESPB may be considered when TPVB is contraindicated or technically difficult, such as
in patients receiving anticoagulation therapy [20]. As with TPVB, a catheter can be inserted
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to provide continuous ESPB. PIB administration may also be effective [21]; however, clinical
studies directly comparing continuous infusion with PIB administration for ESPB are
currently lacking.

To increase the extent of analgesic coverage, multiple ESPB injections may be consid-
ered. The combined use of TPVB and ESPB has also been reported [22]. In such cases, TPVB
may be used for the most invasive surgical areas, with ESPB applied to additional regions.

6. ITVB

The ITVB is a relatively recent addition to the spectrum of paraspinal regional anes-
thesia techniques for thoracic surgery. ITVB is a collective term encompassing several
techniques, including the mid-point transverse process-to-pleural block [23] and the cos-
totransverse foramen block [24], in which a local anesthetic is administered in deeper
paraspinal planes between ESPB and TPVB [25] (Figure 4).

In ITVB, a local anesthetic is injected posterior to the superior costotransverse ligament.
This region is referred to as the retro-superior costotransverse ligament (SCTL) space [26].
Anatomical and imaging studies have demonstrated that injection of local anesthetic into
the retro-SCTL space may facilitate more reliable spread toward the paravertebral space
and produce variable sensory blockade of the ipsilateral anterior hemithorax. ITVB can be
considered a modified technique of ESPB that more reliably targets the paravertebral space.

Cadaveric studies also suggest that deeper paraspinal injections may achieve more
consistent paravertebral spread than ESPB while maintaining a more favorable safety
profile compared with TPVB [27].

ITVB is performed by injecting a local anesthetic posterior to the SCTL in the retro-
SCTL space, which is anatomically closer to the paravertebral space than the ESPB injection
plane. This deeper injection site may facilitate more consistent anterior spread of the local
anesthetic toward the paravertebral space. As a result, ITVB is hypothesized to provide a
balance between the safety and technical simplicity of ESPB and the more reliable analgesic
effect of TPVB.

Despite these promising anatomical and mechanistic considerations, the current clin-
ical evidence supporting ITVB remains limited. Most available data are derived from
cadaveric and imaging studies demonstrating the spread of the injectate toward the par-
avertebral space. Clinical evidence is largely restricted to small observational studies and
case series, with few randomized controlled trials directly comparing ITVB with established
techniques such as TPVB and ESPB.

Therefore, at present, ITVB should be considered an emerging technique rather than
a standard regional anesthesia option. Although it may offer theoretical advantages,
its clinical role remains to be established, and further validation through high-quality
randomized controlled trials is required.

7. Serratus Anterior Block

The serratus anterior block is recommended as a second-line regional anesthesia
technique for VATS in the PROSPECT guidelines [2]. This block targets the lateral cutaneous
branches of the intercostal nerves by injecting a local anesthetic either superficially or deep
to the serratus anterior muscle(Figure 5). Consequently, anesthetic coverage is limited to
the lateral chest wall. When VATS port sites are located predominantly on the anterior
chest wall and other regional techniques are difficult to perform, the serratus anterior
block may be considered [28]. In fact, a recent meta-analysis has shown that, in terms of
postoperative analgesia following VATS, the serratus anterior block is superior to local
infiltration anesthesia but inferior to paravertebral blocks and ESPB [29].
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Figure 5. Transverse schematic view of thoracic blocks. ESPB: erector spinae plane block; TPVB:
thoracic paravertebral block; PECS: pectoral nerve block; M: muscle; N: nerve.

Injection superficial to the serratus anterior muscle is referred to as the superficial
serratus anterior plane block, whereas injection deep to the muscle is termed the deep
serratus anterior plane block. At present, there is insufficient evidence to determine which
approach provides superior analgesia. Therefore, when interpreting studies on the serratus
anterior block, it is important to note the precise injection plane used.

Multiple injections or continuous catheter techniques may be employed to increase the
extent and duration of analgesia. However, in thoracic surgery, catheter placement should
be performed with caution because of its anatomical proximity to the surgical field.

8. Thoracic Epidural Anesthesia

Thoracic epidural anesthesia is no longer the first-line regional technique for minimally
invasive VATS. Nevertheless, epidural anesthesia remains valuable in open thoracic surgery
involving rib resection. In fact, the PROSPECT guidelines recommend thoracic epidural
anesthesia and TPVB equally for open thoracic procedures [30]. Open thoracotomy contin-
ues to require a more aggressive analgesic strategy because of its substantially greater pain
burden. Therefore, although the present review focuses primarily on minimally invasive
surgery, it is important to recognize that epidural anesthesia retains a central role in open
thoracotomy, and its use should be individualized based on surgical invasiveness and
patient-specific factors.

In clinical practice, thoracic epidural anesthesia remains a useful option, particularly
in settings in which ultrasound equipment is unavailable or practitioner expertise favors
epidural techniques. It should be recognized that epidural anesthesia is not universally the
gold standard for postoperative analgesia and that the choice of technique should depend
on institutional resources and the anesthesiologist’s experience.

9. Conclusions

This narrative review summarizes current approaches to the selection and effective use
of regional anesthesia techniques for perioperative analgesia in thoracic surgery (Table 1).
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Table 1. Comparison of thoracic regional anesthesia techniques. VATS: video-assisted thoracoscopic
surgery; SCTL: superior costotransverse ligament.

Technique Indication Mechanism Advantages Limitations
Epidural spread blocking I.—Iypotensmr'l,
. . Open . . . urinary retention,
Epidural anesthesia the spinal nerves and Reliable analgesia L .
thoracotomy . . contraindicated with
sympathetic chain . .
anticoagulation
Injection into the Reliable unilateral Technically
Paravertebral block VATS paravertebral space analgesm, fewer demanding, risk of
blocking the ventral rami  systemic effects than
. . . . pneumothorax
and sympathetic chain epidural anesthesia
Blockade of the dorsal
Erector spinae plane VATS rami with indirect spread Easy to perform, low Less reliable
block (ESPB) to the paravertebral complication rate analgesia
space
Emerging option Injection into the More consistent
Intertransverse STEMS Op retro-SCTL space with Limited clinical
in thoracic . paravertebral spread .
process block (ITVB) potential spread to the evidence
surgery than ESPB
paravertebral space
Serratus anterior VATS (lateral Blockade of the lateral Simple technique, Limited dermatomal
chest wall cutaneous branches of useful for lateral
block . . coverage
procedures) the intercostal nerves chest wall pain

In current clinical practice, the choice of regional anesthesia technique should be
individualized. TPVB may be preferred when strong and reliable early postoperative
analgesia is required, particularly for more invasive procedures. In contrast, the ESPB
may be considered when technical simplicity and safety are prioritized, such as in patients
receiving anticoagulation therapy or those at higher procedural risk. The serratus anterior
plane block may serve as a useful adjunct for lateral chest wall analgesia, whereas thoracic
epidural anesthesia remains an important option in open thoracic surgery.

Emerging techniques such as the ITVB may offer a potential balance between efficacy
and safety; however, their clinical role remains to be fully established. Current evidence is
limited and heterogeneous, and high-quality randomized controlled trials directly compar-
ing these techniques with established approaches are needed.

Future research should focus not only on comparative effectiveness but also on stan-
dardizing nomenclature, clarifying mechanisms of action, and identifying procedure-
specific analgesic approaches. Given the diversity of thoracic procedures and patient
characteristics, no single regional technique is universally optimal. An individualized
strategy that integrates procedural invasiveness, patient comorbidities, and institutional
expertise is likely to provide the greatest overall clinical benefit.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The author declares no conflicts of interest.

https://doi.org/10.3390/anesthres3030019


https://doi.org/10.3390/anesthres3030019

Anesth. Res. 2026, 3, 19 90f 10

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Wang, L.; Yang, M.; Meng, W. Prevalence and characteristics of persistent postoperative pain after thoracic surgery: A systematic
review and meta-analysis. Anesthesiology 2023, 137, 48-57. [CrossRef]

Feray, S.; Lubach, J.; Joshi, G.P,; Bonnet, E.; Van de Velde, M. PROSPECT guidelines for video-assisted thoracoscopic surgery:
A systematic review and procedure-specific postoperative pain management recommendations. Anaesthesia 2022, 77, 311-325.
[PubMed]

Eason, M.].; Wyatt, R. Paravertebral thoracic block a reappraisal. Anaesthesia 1979, 34, 638-642. [CrossRef] [PubMed]

Shibata, Y.; Nishiwaki, K. Ultrasound-guided intercostal approach to thoracic paravertebral block. Anesth. Analg. 2009, 109,
996-997. [CrossRef] [PubMed]

Yeung, ] H.Y,; Gated, S.; Naidu, B.V.; Willson, M.J.A.; Smith, F.G. Paravertebral block versus epidural for patients undergoing
thoracotomy. Cochrane Database Syst. Rev. 2016, 21, CD009121. [CrossRef]

Krediet, A.C.; Moayeri, N.; van Geffen, G.-J.; Bruhn, J.; Renes, S.; Bigeleisen, P.E.; Groen, G.J. Different approaches to ultrasound-
guided thoracic paravertebral block: An illustrated review. Anesthesiology 2015, 123, 459-474. [CrossRef] [PubMed]

Taketa, Y.; Fujitani, T.; Irisawa, Y.; Sudo, S.; Takaishi, K. Ultrasound-guided thoracic paravertebral block by the paralaminar
in-plane approach using a microconvex array transducer: Methodological utility based on anatomical structures. |. Anesth. 2017,
31,271-277. [PubMed]

Termpornlert, S.; Vijitpavan, A.; Ngodngamthaweesuk, M.; Sangkum, L.; Saeaeh, L.; Pipatpongsa, B.; Leucharusmee, P.; Wanish-
pongpan, S.; Sakura, S. Analgesic efficiency of intravenous dexamethasone as an adjunct to ultrasound-guided paravertebral
block with bupivacaine in video-assisted thoracoscopic surgery. J. Pain Res. 2022, 15, 2351-2361. [CrossRef] [PubMed]

Lekhak, B.; Bartley, C.; Conocher, I.D.; Nouraei, S.M. Total spinal anaesthesia in association with insertion of a paravertebral
catheter. Br. |. Anaesth. 2001, 86, 280-282. [CrossRef] [PubMed]

Termpornlert, S.; Sakura, S.; Aoyama, Y.; Wittayapairoj, A.; Kishimoto, K.; Saito, Y. Distribution of injectate administered through
a catheter inserted by three different approaches to ultrasound-guided thoracic paravertebral block: A prospective observational
study. Reg. Anesth. Pain Med. 2020, 45, 866-871. [CrossRef] [PubMed]

Taketa, Y.; Irisawa, Y.; Fujitani, T. Comparison of analgesic efficiency between two approaches of paravertebral block for
thoracotomy: A randomized trial. Acta Anaesthesiol. Scand. 2018, 62, 1274-1279. [PubMed]

Taketa, Y.; Irisawa, Y.; Fujitani, T. Programmed intermittent bolus infusion versus continuous infusion of 0.2% levobupivacaine
after ultrasound-guided thoracic paravertebral block for video-assisted thoracoscopic surgery. Eur. J. Anaesthesiol. 2019, 36,
272-278. [CrossRef] [PubMed]

Hida, K.; Murata, H.; Ichinomiya, T.; Inoue, H.; Stato, S.; Hara, T. Effects of programmed intermittent thoracic paravertebral bolus
of levobupivacaine on the spread of sensory block: A randomized, controlled, double-blind study. Reg. Anesth. Pain Med. 2019,
44, 326-332. [CrossRef] [PubMed]

Chen, L.; Wu, Y;; Cai, Y.; Ye, Y.; Li, L.; Xia, Y.; Papadimos, T.J.; Xu, X.; Wang, Q. Comparison of programmed intermittent bolus
infusion and continuous infusion for postoperative patient-controlled analgesia with thoracic paravertebral block catheter: A
randomized, double-blind, controlled trial. Reg. Anesth. Pain Med. 2019, 44, 240-245. [CrossRef] [PubMed]

Kaya, EN.; Turker, G.; Mogol, E.B.; Bayraktar, S. Thoracic paravertebral block for video-assisted thoracoscopic surgery: Single
injection versus multiple injections. J. Cardiothorac. Vasc. Anesth. 2012, 26, 90-94. [CrossRef] [PubMed]

Morimoto, Y. Current status of the erector spinae plane block. Anaesth. Pain Intensive Care 2021, 25, 81-85. [CrossRef]

Xiong, C.; Han, C.; Zhao, D.; Peng, W.; Xu, D.; Lan, Z. Postoperative analgesic effects of paravertebral block versus erector spinae
plane block for thoracic and breast surgery: A meta-analysis. PLoS ONE 2021, 16, e0256611. [CrossRef] [PubMed]

Taketa, Y.; Irisawa, Y.; Fujitani, T. Comparison of ultrasound-guided erector spinae plane block and thoracic paravertebral block
for postoperative analgesia after video-assisted thoracic surgery: A randomized controlled non-inferiority clinical trial. Reg.
Anesth. Pain Med. 2020, 45, 10-15.

Choi, Y.J.; Kang, T.; Kim, S.H. Erector spinae plane block versus thoracic paravertebral block for postoperative analgesia in
thoracic surgery: A systematic review and meta-analysis of randomized and observational studies. J. Clin. Med. 2026, 15, 1370.
[CrossRef] [PubMed]

Mudarth, M.; Satyapriya, V.; Coffman, J.; DeSocio, P.; Lawrence, A.; Schwartz, S.; Schwartz, S.; Kushelev, M. Continuous erector
spinae plane block for analgesia after thoracotomy for lung transplantation in an anticoagulated patient. Case Rep. Anesthesiol.
2021, 2021, 6664712. [CrossRef] [PubMed]

Zhu, X.; Ye, W.; Chen, J.; Xiao, ].; Zhao, W. Comparative retrospective review of perioperative analgesia using ultrasound-guided
programmed intermittent erector spinal plane block for video-assisted thoracoscopic lobectomy. BMC Anesthesiol. 2023, 23, 370.
[CrossRef] [PubMed]

Alagoz, A.; Findik, G.; Sazak, H.; Demiroz, S.M.; Baldemir, R.; Ulger, G.; Zengin, M. Non-intubated video-assisted thoracoscopic
surgery under combination of erector spinae plane block and thoracic paravertebral block. BMC Anesthesiol. 2022, 22, 99.
[CrossRef] [PubMed]

https:/ /doi.org/10.3390/anesthres3030019


https://doi.org/10.1213/ane.0000000000006452
https://www.ncbi.nlm.nih.gov/pubmed/34739134
https://doi.org/10.1111/j.1365-2044.1979.tb06363.x
https://www.ncbi.nlm.nih.gov/pubmed/517716
https://doi.org/10.1213/ane.0b013e3181af7e7b
https://www.ncbi.nlm.nih.gov/pubmed/19690285
https://doi.org/10.1002/14651858.cd009121.pub2
https://doi.org/10.1097/aln.0000000000000747
https://www.ncbi.nlm.nih.gov/pubmed/26083767
https://www.ncbi.nlm.nih.gov/pubmed/27896665
https://doi.org/10.2147/jpr.s372780
https://www.ncbi.nlm.nih.gov/pubmed/35996452
https://doi.org/10.1093/bja/86.2.280
https://www.ncbi.nlm.nih.gov/pubmed/11573676
https://doi.org/10.1136/rapm-2020-101545
https://www.ncbi.nlm.nih.gov/pubmed/32848087
https://www.ncbi.nlm.nih.gov/pubmed/30047132
https://doi.org/10.1097/eja.0000000000000945
https://www.ncbi.nlm.nih.gov/pubmed/30664012
https://doi.org/10.1136/rapm-2018-100021
https://www.ncbi.nlm.nih.gov/pubmed/30674696
https://doi.org/10.1136/rapm-2018-000031
https://www.ncbi.nlm.nih.gov/pubmed/30700619
https://doi.org/10.1053/j.jvca.2011.09.008
https://www.ncbi.nlm.nih.gov/pubmed/22055006
https://doi.org/10.35975/apic.v25i1.1435
https://doi.org/10.1371/journal.pone.0256611
https://www.ncbi.nlm.nih.gov/pubmed/34852009
https://doi.org/10.3390/jcm15041370
https://www.ncbi.nlm.nih.gov/pubmed/41753058
https://doi.org/10.1155/2021/6664712
https://www.ncbi.nlm.nih.gov/pubmed/33728071
https://doi.org/10.1186/s12871-023-02338-z
https://www.ncbi.nlm.nih.gov/pubmed/37950148
https://doi.org/10.1186/s12871-022-01634-4
https://www.ncbi.nlm.nih.gov/pubmed/35387585
https://doi.org/10.3390/anesthres3030019

Anesth. Res. 2026, 3, 19 10 of 10

23.

24.

25.

26.

27.

28.

29.

30.

Costache, I.; Neumann, L.D.; Ramnanan, C.J.; Goodwin, S.L.; Pawa, A.; Abdallah, EW.; McCartney, C.J.I. The mid-point transverse
process to pleura (MTP) block: A new end-point for thoracic paravertebral block. Anaesthesia 2017, 72, 1230-1236. [CrossRef]
[PubMed]

Shibata, Y.; Kampitak, W.; Tansatit, T. The novel costotransverse foramen block technique: Distribution characteristics of injectate
compared with erector spinae plane block. Pain Physician 2020, 23, E305-E314. [CrossRef] [PubMed]

El-Boghdadly, K.; Wolmarans, M.; Stengel, A.D.; Albrecht, E.; Chin, K.J.; Elsharkawy, H.; Kopp, S.; Mariano, E.R.; Xu, J.L.;
Adhikary, S.; et al. Standardizing nomenclature in regional anesthesia: An ASRA-ESRA Delphi consensus study of abdominal
wall, paraspinal, and chest wall blocks. Reg. Anesth. Pain Med. 2021, 46, 571-580. [CrossRef] [PubMed]

Sivakumar, R.K.; Karmakar, M.K. Variable anterior spread of local anesthetic after erector spinae plane block (ESPB): Time to turn
the spotlight on the ‘retro-SCTL space’. Reg. Anesth. Pain Med. 2023, 48, 483-484. [CrossRef] [PubMed]

Varela, V.; Ruiz, C.; Montecinos, S.; Prats-Galino, A.; Sala-Blanch, X. Spread of local anesthetic injected in the paravertebral space,
intertransverse processes space, and erector spinae plane: A cadaveric model. Reg. Anesth. Pain Med. 2024, 49, 228-232. [PubMed]
Wang, L.; Wang, Y.; Zhang, W.; Zhu, X.; Zhu, X.; Wang, G. Serratus anterior plane block or thoracic paravertebral block for
postoperative pain treatment after uniportal video-assisted thoracoscopic surgery: A retrospective propensity-matched study. J.
Pain Res. 2019, 12, 2231-2238. [CrossRef] [PubMed]

Dostbil, A.; Kasali, K.; Aydin, Y.; Ince, I.; Ulas, A.B.; Yilmaz, M.A.; Ceren, M.; Eroglu, A.; Ozgodek, H.B.; Ozkal, M.S; et al.
Comparison of the postoperative analgesic efficacy of serratus anterior plane block with different types of block for video-assisted
thoracoscopic surgery: A systematic review and meta-analysis of randomized controlled trials. Turk. J. Thorac. Card. Surg. 2024,
32,419-435. [CrossRef]

Lemoine, A.; Alber, A.; Joshi, G.P; Van de Velde, M.; Dewinter, G.; Pogatzki-Zahn, E.; Bonnet, M.-P. Pain management after open
thoracotomy 2025: Procedure-specific postoperative pain management (PROSPECT) recommendations. Anaesthesia 2026, 81,
541-555. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/anesthres3030019


https://doi.org/10.1111/anae.14004
https://www.ncbi.nlm.nih.gov/pubmed/28762464
https://doi.org/10.36076/ppj.2020/23/e305
https://www.ncbi.nlm.nih.gov/pubmed/32517407
https://doi.org/10.1136/rapm-2020-102451
https://www.ncbi.nlm.nih.gov/pubmed/34145070
https://doi.org/10.1136/rapm-2023-104362
https://www.ncbi.nlm.nih.gov/pubmed/36805496
https://www.ncbi.nlm.nih.gov/pubmed/37607803
https://doi.org/10.2147/jpr.s209012
https://www.ncbi.nlm.nih.gov/pubmed/31413621
https://doi.org/10.5606/tgkdc.dergisi.2024.26887
https://doi.org/10.1111/anae.70123
https://www.ncbi.nlm.nih.gov/pubmed/41521792
https://doi.org/10.3390/anesthres3030019

	Introduction 
	Current Trends in Perioperative Analgesia 
	TPVB 
	Continuous TPVB 
	ESPB 
	ITVB 
	Serratus Anterior Block 
	Thoracic Epidural Anesthesia 
	Conclusions 
	References

