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A multitude of thoracic wall blocks have been described, including
parasternal-intercostal plane, Pecs I and II, serratus anterior plane,
paraspinal-intercostal plane, erector spinae plane blocks, and ret-
rolaminar blocks. They are almost all fascial plane blocks, relying
on passive spread of local anesthetic to target nerves within the
plane or in adjacent tissue compartments. They have emerged as
attractive alternatives to thoracic paravertebral and epidural
blocks because of their relative simplicity and safety. Although
research into these techniques is still at an early stage, the avail-
able evidence indicates that they are effective in reducing opioid
requirements and improving the pain experience in a wide range
of clinical settings. They are best employed as part of multimodal
analgesia with other systemic analgesics, rather than as sole
anesthetic techniques. Catheters may be beneficial in situations
where moderate-to-severe pain is expected for >12 h, although
the optimal dosing regimen requires further investigation.

© 2019 Published by Elsevier Ltd.
Introduction

Before ultrasound-guided regional anesthesia, the range of thoracic wall blocks was mainly
confined to three techniques: thoracic epidural analgesia (TEA), thoracic paravertebral blockade
(TPVB), and intercostal nerve blocks. Ultrasound revolutionized regional anesthesia by allowing real-
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time visualization of anatomical structures, needle advancement, and LA spread. This led not only to
refinement of existing techniques but also to the introduction of new ones. In particular, ultrasound has
been critical in the development of fascial plane blocks, in which a local anesthetic (LA) is injected into
a tissue plane rather than directly around nerves. These blocks are believed to work by passive spread
of LA to nerves travelingwithin that tissue plane or to adjacent tissue compartments containing nerves.
Consequently, we now have a veritable cornucopia of thoracic wall blocks to choose from (Fig. 1). The
popularity of these blocks has been driven by their relative simplicity and safety, especially compared
to TEA and TPVB, as well as their apparent efficacy. The objective of this review is to provide an
overview of these techniques and to summarize the currently available evidence for their use in the
management of acute pain.
Techniques

As illustrated in Fig. 1, thoracic wall blocks can be performed at various points of injection along the
thorax, from anterior to lateral to posterior. A brief description of the described techniques follows. It
should be noted that several names may exist in the literature for what is essentially the same tech-
nique targeting the same tissue plane, with only subtle differences in probe placement or needle
trajectory.
Fig. 1. Thoracic wall fascial plane blocks may be performed in various locations along the thoracic wall. The anteromedial group
includes the superficial and deep parasternal-intercostal plane (PIP) blocks. The anterolateral group includes the pectoralis type 1
(Pecs I), superficial and deep serratus anterior plane block (SPB), and the Pecs II block (a combination of both Pecs I and superficial
serratus anterior plane block). The posterolateral group includes the paraspinal-intercostal plane blocks, the erector spinae plane
block (ESPB), and retrolaminar block (RLB). Tm (trapezius muscle), RMm (rhomboid major muscle), ESm (erector spinae muscle),
SAm (serratus anterior muscle), Pmm (pectoralis minor muscle), PMm (pectoralis major muscle), and TTm (transversus thoracis
muscle). (Image reproduced with permission from Dr Kim Wild)
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Anterolateral chest wall blocks

The serratus anterior plane (SAP) block [1], pectoral block type 1 (Pecs I) [2], and pectoral block type
2 (Pecs II) [3] were first introduced as safer alternatives to TPVB for breast surgery. It is important to
note that the Pecs I and SAP blocks are distinct techniques that target two different fascial planes,
whereas the Pecs II involves injection into both of these fascial planes and is therefore a combination of
both Pecs I block and SAP block.

Serratus anterior plane (SAP) block
The basic SAP block involves LA injection into a fascial plane that may be either superficial to or deep

into the serratus anterior muscle, i.e., either between serratus anterior muscle and pectoralis minor or
latissimus dorsi muscles, or between serratus anterior muscle and intercostal muscles and ribs. The SAP
blockmay be performed anywhere in an area bounded by the anterior axillary line and posterior axillary
line, and the second to seventh ribs. Both superficial and deep SAP blocks primarily target the lateral
cutaneous branches of intercostal nerves [4e6], with the actual nerves involved being determined
largely by the exact point of injection and the volume of injectate [6]. However, the efficacy of the SAP
block in thoracotomy and rib fractures [7,8] suggests that it may also anesthetize deeper structures,
although cadaveric studies have yet to demonstrate this. The long thoracic nerve and thoracodorsal nerve
also run in the superficial serratus anterior muscle plane and may therefore be inadvertently or delib-
erately anesthetized by a superficial SAP block [5,9]. It is presently unclear whether there are significant
differences in analgesic efficacy between the superficial and deep SAP blocks [10,11].

Pectoral block type I (Pecs I)
ThePecs Iblock involves LAinjection intothe fascialplanebetweenpectoralisminorandmajormuscles.

The usual point of injection is where the pectoral branch of the thoracoacromial artery enters the inter-
pectoral plane, accompanied by the lateral pectoral nerve [2,12,13]. Branches of themedial pectoral nerve
(which lies deep into pectoralis minor) enter the fascial plane inferolateral to this point [13]. The pectoral
nerves innervate only the pectoral muscles and not the overlying cutaneous tissues [14] but are, never-
theless, valuable, where there is a component of pain due to stretch or surgical injury to the muscles.

Pectoral block type II (Pecs II)
The defining characteristic of the Pecs II block technique is two separate injections of LA: the first

between the pectoralis minor and major muscles (i.e., Pecs I block, usually with 10 ml in adults), and the
second superficial to the serratus planemuscle (i.e., SAP block, usually with 20ml) at the level of the third
to the fourth rib in the anterior axillary line. Both injections are generally accomplished with a single
needle pass, although varying probe positions and needle trajectories have been described [3,15,16].

Anteromedial chest wall blocks

Parasternal-intercostal plane blocks
The anteromedial chest wall (i.e., the sternum and parasternal region) is innervated by the anterior

branches of the intercostal nerves. The Pecs II and SAP blocks, which primarily anesthetize the lateral
cutaneous branches, are not expected to reliably cover this area, although a recent study of Pecs II block
in median sternotomy calls this into question [17]. These terminal anterior branches ascend in the
parasternal region through the intercostal and pectoralis major muscles to innervate the superficial
tissues. They can thus be targeted in one of two fascial planes: either deep into intercostal muscles and
superficial to transversus thoracis muscles or superficial to the intercostal muscles and deep into
pectoralis major muscle. The transversus thoracic plane (TTP) block utilizes the first approach with an
injection between the third and fourth ribs [18,19]. The second approach has been described in several
reports, each using slightly different sonographic landmarks and names. These include the pecto-
intercostal block [20], subpectoral interfascial plane block [21], parasternal intercostal nerve block
[22], and the anterior thoracic medial block [23]. As with the SAP block, it may be more rational to
describe these techniques as either deep or superficial parasternal-intercostal plane blocks, based on
the anatomical location that is targeted [62].
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Posterolateral chest wall blocks

Paraspinal-intercostal plane blocks
The fascial plane superficial to the intercostal muscles and ribs (the target of the deep SAP block)

extends posteriorly to the spinal midline, varying only with regard to the identity of the overlying
muscle layer (Fig. 1). Depending on the area in question, this may be the rhomboid or erector spinae
(iliocostalis and longissimus thoracis) muscles. Several approaches have been described, which this
review will refer to collectively as paraspinal-intercostal plane blocks. The earliest of these involved
tunneling a multi-orifice catheter longitudinally across multiple ribs to provide “continuous intercostal
blockade” [24e26] or “posterior paramedian subrhomboidal analgesia” [27] for rib fracture analgesia.
Ultrasound-guided variations of the paraspinal-intercostal plane block have also been described
[28,29]. The latest iteration is the rhomboid intercostal sub-serratus (RISS) block, which hybridizes
both paraspinal-intercostal plane and deep SAP blockade into one approach [30]. Cadaveric studies
indicate that LA injected into the paraspinal-intercostal plane spreads primarily to lateral cutaneous
branches of the ventral rami of spinal nerves with no staining of intercostal nerves themselves [28,30].
However, as with the deep SAP block, reports of efficacy in thoracic surgery [29,30] and rib fracture
analgesia [25e27] suggest that there must be other mechanisms of analgesic action.

Retrolaminar block
The retrolaminar blockwas described in 2006 [31] as a simpler surface landmark-guided alternative

to the TPVB (23,24). Rather than seeking to pierce the superior costotransverse ligament and enter the
paravertebral space, the aim in the retrolaminar block is merely to contact the bony vertebral lamina.
LA is injected into the fascial plane between the posterior surface of the thoracic lamina and the
overlying transversospinalis muscles. In the ultrasound-guided approach to the retrolaminar block, the
lamina, overlying muscle, and the LA spread between them are directly visualized [32]. Cadaveric
studies have confirmed that the injectate subsequently spreads anteriorly through the intertransverse
ligaments into the paravertebral and epidural spaces over 2e4 segmental levels [33,34].

Erector spinae plane (ESP) block
The ESP block is a recently described ultrasound-guided technique in which LA is injected into a

fascial plane between the tips of the thoracic transverse processes and the overlying erector spinae
muscle (longissimus thoracis) [35,36]. It is conceptually similar to the retrolaminar block and the
paraspinal intercostal plane blocks, differing primarily in the bony landmark that is sought (transverse
process versus lamina versus rib). Consistent with the anatomical middle ground it occupies, cadaveric
and imaging studies indicate that the ESP block results in injectate spread not only to paravertebral and
epidural spaces [33e35,37] but also to lateral cutaneous branches of the intercostal nerves [33,38].
Injectate spreads from a single point of injection to 3e5 segmental levels in the epidural space and
6e10 levels in the intercostal area [33,34,38].

Mid-point transverse process to pleura (MTP) block
The MTP block is an ultrasound-guided alternative to TPVB, in which the needle tip is inserted

beyond the posterior aspect of transverse processes but remains superficial to the superior costo-
transverse ligament [39]. Cadaveric investigation shows that fluid injected in this location spreads
anteriorly into the paravertebral space. The MTP block may therefore be as effective as TPVB while
carrying less risk of pleural puncture; however, it has yet to be fully investigated [40].
Which thoracic wall block to do and when?

Thoracic wall blocks as alternatives to TEA and TPVB e which to choose?

One of the primary indications for the thoracic wall blocks described above is the alternatives toTEA
and TPVB. Their chief advantages with regard to this are ease of performance and safety. There is no
need to locate and traverse the thoracic interlaminar spaces or the superior costotransverse ligament,
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and ultrasound can be used to guide needle insertion and confirm correct tip placement by visuali-
zation of a characteristic pattern of fluid spread. As the targets for injection are distant from critical
anatomical structures, there is theoretically little to no risk of spinal cord or nerve injury, epidural
hematoma or infection, major vascular injury, and pleural puncture or lung injury. The trade-off of
these “indirect” blocks is that somatic and sympathetic blockade may be less consistent or intense and
quality of analgesia possibly inferior [41]. This, however, has yet to be conclusively determined.

Given the paucity of head-to-head trials at this time, the choice of block to perform is influenced
mainly by the desired area of coverage and technical considerations. The parasternal-intercostal blocks
should cover the parasternal region; Pecs I, Pecs II, and SAP blocks should cover the axilla and ante-
rolateral thorax; and the posterior paraspinal blocks should cover almost the entire hemithorax. The
anterior wall blocks are readily performed in the supine position, whereas the paraspinal-intercostal,
ESP, and retrolaminar blocks require that the patient be in a lateral, sitting, or prone position. Wound
dressings and drains may limit probe placement and needle insertion, and there may be disruption of
tissue planes by air, fluid, or trauma. These factors may in turn influence the timing of block perfor-
mance: before or after induction of general anesthesia, pre-incision, or at the end of surgery.

Risks and complications of thoracic wall blocks

As discussed above, the anatomy of thoracic wall blocks means that they are relatively safe tech-
niques with a minimal risk of serious needle-related complications. Hypotension is a potential concern
with retrolaminar and ESP blocks, as epidural spread has been documented [33,37]. Nevertheless, it is
likely that the mass of LA reaching the epidural space is too small in most cases to result in a hemo-
dynamically significant sympathectomy [42,43].

The most important risk is that of LA systemic toxicity (LAST), as large volumes of LA are injected
into well-vascularized tissues. Although there are currently no published cases of LAST after thoracic
wall blocks, the risk is expected to be similar to that of abdominal wall blocks, where multiple cases
have been reported [44]. The following precautions should therefore always be observed: (1) keep
within the maximum recommended weight-based LA dose limits, (2) add epinephrine (e.g., 5 mg/ml),
to reduce systemic absorption (even with ropivacaine [45]), (3) monitor patients for at least 30 min,
and (4) ensure availability of a LAST rescue kit [46].

Thoracic wall blocks and coagulation abnormalities

The 4th edition of the American Society of Regional Anesthesia guidelines suggests that for pro-
cedures other than neuraxial, deep plexus, or deep peripheral nerve blocks, management should be
governed by consideration of “site compressibility, vascularity, and consequences of bleeding” [47]. The
injection site of most thoracic wall blocks is compressible because of their superficial nature and a bony
“floor.” There are no major vessels in the vicinity, hence making vascular injury and significant hem-
orrhage highly unlikely. Hematoma at the site of injection is possible but rare. Ueshima et al. reported
the complication rate in a series of 299 TTP blocks [48] and 498 Pecs II blocks [49]. There were no
hematomas in the TTP group versus 8 in the Pecs II group (1.6%) for an overall incidence of 1%. More
importantly, significant sequelae from the hematomas were not observed; secondary neural
compression or ischemia is extremely unlikely with any of the thoracic wall blocks. Thoracic wall
blocks have been used in anticoagulated patients, including full heparinization [42,43,50,51], but ul-
timately, any decision must be made by a careful riskebenefit analysis in the individual patient.

Expectations of efficacy e how well will thoracic wall blocks work?

Thoracic wall blocks rely on passive spread of LA, and consequently, only a proportion of the total
injected mass of LAwill reach and act on target nerves. The actual mass of LA and the nerves it reaches
are dependent on a multitude of potential factors including volume, direction of injection, speed of
injection, respiratory movement, gravity, and others yet to be elucidated. As such, there will be
inevitable interindividual variation in the extent and intensity of sensory loss. This was illustrated in a
recent study of the SAP block [52], in which there was a discrepancy between analgesic effect and loss
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of sensation to different testing modalities. All patients had excellent early analgesia; however, loss of
sensation to cold and pinprick ranged from 2 to 7 and 1 to 6 dermatomes, respectively, following in-
jection of 20ml of LA. Injection of a larger volume (40 ml) produced similarly variable results, with loss
of sensation to cold and pinprick ranging from 3 to 8 and 1 to 8 dermatomes, respectively.

The concept of differential blockade may explain these observations and the clinical effect of
thoracic wall blocks. Very low concentrations of LA applied to nerves will preferentially block unmy-
elinated C fibers (responsible for the majority of nociception) over the larger A-delta (which transmit
fast-onset pain) and A-gamma fibers (involved in touch, proprioception, and motor function but not
nociception) [53]. It is therefore conceivable that these fascial plane blocks may produce analgesia
despite the absence of discernible sensory and motor block.

Two final considerations are that of contralateral innervation across the midline [54] and over-
lapping innervation between adjacent nerves [55]. Unilateral blocks can therefore fail to provide
complete analgesia of the medial thorax. The communication that exists between nerves from the C3
and C4 roots (the supraclavicular nerves anteriorly and the spinal accessory nerve posteriorly) and
branches of the T2 spinal nerve, as well as between contiguous spinal nerves [55], may be a further
reason for incomplete sensory loss.

As a result, thoracic wall blocks should be regarded not as sole anesthetic techniques but rather as
an additional component of multimodal analgesia that provides opioid-sparing rather than opioid-
eliminating effects. The insertion of catheters is advantageous in allowing infusion or repeated bo-
luses of LA, which will prolong and may even augment the analgesic effect [8,42,56,57].

Efficacy in breast surgery
Pecs II block is currently the most widely studied thoracic wall block in breast surgery, with a recent

meta-analysis [58] identifying 8 studies (572 patients) that compare it to systemic analgesia and 5
studies (243 patients) that compare it to TPVB. Compared to systemic analgesia alone, Pecs II block
reduced 24-h opioid requirements (by 13.6 mg of oral morphine), prolonged time to first analgesic
request (by 301 min) and reduced 24-h pain scores by 0.9e1.9 points on average [58]. There was no
significant difference between the Pecs II block and TPVB in any of these measures. No complications of
the Pecs II block were reported in any of the included studies. The benefits of the Pecs II block may be
greater if combined with other regional anesthetic techniques. O'Scanaill et al. demonstrated that a
combination of pre-incisional Pecs II block and postoperative continuous wound infiltration provides
analgesia superior to that by either technique alone [59]. In particular, combining Pecs II block with
TPVB may be the optimal method for conducting “general anesthesia-free” breast surgery [60,61].
Addition of a TTP block to a Pecs II block also resulted in lower pain scores and reduced analgesic
requirements, presumably due to better coverage of the medial aspect of the breast [62].

Two randomized controlled trials (RCTs) have compared the superficial SAP block alone to TPVB in
breast surgery. Both reported similar intraoperative opioid requirements between groups, but 24-h
opioid requirements and time to first analgesic request were longer in patients who received TPVB
[63,64]. A third RCT comparing a deep SAP block with TPVB reported that the SAP block was easier to
perform, and the postoperative quality of recovery was similar in both groups [65].

It should be noted that there are surgical caveats to the superficial SAP and Pecs II block in breast
surgery: the injectate may hinder axillary nodal dissection and blockade of the long thoracic nerve and
thoracodorsal nerve prevents electrolocation and surgical preservation of these nerves. One alternative
is to perform only a Pecs I block, although there is conflicting evidence for this. Preincisional Pecs I
block did not reduce pain scores or opioid consumption when added to a regimen of LA wound
infiltration, oral acetaminophen, and NSAID therapy, except in the small subgroup undergoing major
surgery and then only during the early postoperative period [66]. A Pecs 1 catheter was also found to be
less effective than a superficial SAP catheter following modified radical mastectomy [67]. A retro-
spective review, on the other hand, reported a reduction in opioid use (mean of 20 mg oral morphine)
and the incidence of postoperative nausea and vomiting (32% vs. 89%) with a Pecs I block compared to
no block [68]. The Pecs I block was noninferior to a deep SAP block in the same population [68].

Posterior paraspinal blocks offer the advantage of preoperative catheter insertion, which must be
weighed against the patient positioning needed to perform the block. The present evidence for these
techniques is limited and somewhat mixed. A small case series demonstrated that a continuous
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landmark-guided retrolaminar block provided significant opioid-sparing following breast surgery [69],
and this technique was later shown to provide analgesia comparable to that of continuous TPVB, albeit
with higher local anesthesia dose requirements [57]. A single-injection bilevel landmark-guided ret-
rolaminar block, however, failed to demonstrate any benefit over placebo [70]. This may reflect the
importance of adequate LA and dose in achieving effective spread [71].

Numerous case reports support the efficacy of the ESP block in major breast surgery [72e75], and a
recent RCT demonstrated significant reduction in postoperative opioid consumption with a single-
injection ESP block compared to systemic analgesia alone [76]. On the other hand, another RCT re-
ported that the analgesia in modified radical mastectomy is inferior with the ESP block compared to a
Pecs II block [77]. Further comparative studies are awaited.

Efficacy in thoracic surgery
Thoracic wall blocks are a logical option in thoracic surgery. The side-effect profile is superior to TEA

and TPVB, and patients are placed in a lateral decubitus position for surgery, facilitating block per-
formance after induction of anesthesia, particularly the posterior paraspinal techniques. To date the
SAP block is the only one that has been studied in RCTs. The evidence for other blocks is confined to
case reports illustrating their efficacy where TEA or TPVB have failed or are not feasible [78e81].

Saad et al. reported that while a single-injection pre-incisional superficial SAP block provided su-
perior analgesia following thoracotomy compared to a control group, it was not as effective as TPVB
[82]. Median pain scores were higher starting 12 h after surgery, and 97% in the SAP group required
supplemental opioids in the first 24 h compared to 23% in the TPVB group. However, none of the SAP
group patients experienced hypotension, versus 13% of the TPVB group patients. A continuous catheter
technique may improve efficacy, as shown in a study comparing continuous superficial SAP block with
TEA in patients undergoing thoracotomy [8]. The SAP catheter was inserted at the end of surgery and
resulted in similar pain scores, need for rescue analgesia, and 24-h opioid consumption compared to a
TEA regimen utilizing the same rate of LA infusion. The SAP block again proved advantageous in
maintaining hemodynamic stability, whereas in the TEA group, mean arterial pressures were consis-
tently lower than baseline pressure and 20% of patients required active treatment for hypotension.

The role of SAP blocks in video-assisted thoracoscopic surgery is less clear. In two studies, a pre-
incisional single-injection deep SAP block was compared to a multimodal postoperative analgesic
regimen of opioids, acetaminophen, and NSAIDs, and although the SAP block produced statistically
significant improvements in intraoperative and postoperative analgesic outcomes, these were modest
and largely confined to the early postoperative period [83,84]. The SAP block, however, produced a
clinically meaningful difference in the quality of recovery (QoR-40) scores on postoperative days 1 and
2 [84]. Possible reasons for the underwhelming results include the limited duration of single-injection
blocks and the lack of visceral analgesia.

Efficacy in cardiac surgery
The use of TEA and TPVB in cardiac surgery is limited by the need for perioperative anticoagulation,

and thoracic wall blocks are therefore an attractive alternative. Continuous ESP blockade has been used
to provide effective analgesia for thoracotomy associated with LVAD implantation, demonstrating
feasibility even in the presence of full heparinization [50].

Bilateral thoracic wall blocks have also been shown to provide superior analgesia following median
sternotomy when added to a regimen of IV acetaminophen and tramadol. Kumar et al. performed
bilateral postoperative Pecs II blocks once patients had been stabilized in the intensive care unit (ICU)
and reported that patients receiving the block were extubated earlier, had lower pain scores up to 18 h
after extubation, and hadmarkedly fewer requests for rescue analgesia in the first 12 h than controls [17].
Krishna et al. performed bilateral preoperative single-injection ESP blocks and found that this reduced
intraoperative fentanyl requirements, time to extubation, and pain scores and need for rescue analgesia
in the first 12 h after extubation [43]. Furthermore, the superior analgesia translated into improvements
in longer term outcomes: patients in the ESP block group ambulated earlier (36 h vs. 62 h post-
extubation), resumed oral intake earlier (30 vs. 49 h), and had a shorter ICU length of stay (42 vs. 69 h).

A third RCT compared bilateral ESP catheters with TEA in patients undergoing median sternotomy
and found no significant differences in any of the outcomes studied, including intraoperative opioid
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use, time to extubation, ICU length of stay, postoperative pain scores, need for rescue analgesia, and
incentive spirometry volumes [42].

Efficacy in thoracic trauma
Numerous case reports have demonstrated the efficacy of thoracic wall blocks for analgesia

following thoracic trauma. Parasternal intercostal blocks have been used for sternal fractures [21]. The
options in rib fractures include SAP [7,85], paraspinal intercostal [25e27], and ESP blocks [36,86], with
the choice depending mainly on location of fractures, factors limiting patient positioning, and operator
experience. Retrospective and nonrandomized comparative studies have demonstrated that
paraspinal-intercostal block catheters result in significant improvements in resting and dynamic pain
scores, inspiratory volumes, and length of hospital stay [25] and that they may be as effective as TEA
[26,27]. Most recently, a retrospective cohort study of 79 patients with multiple rib fractures reported
that ESP blocks significantly improved inspiratory volumes and opioid consumption, particularly when
a continuous catheter technique was employed [87].
Conclusion

Thoracic wall blocks represent a significant advancement in regional anesthesia for their simplicity
and safety. Our current understanding of their mechanisms of action indicates that they should not be
expected to consistently provide the same degree of analgesia as a well-functioning epidural or TPVB.
Nevertheless, the available evidence indicates that they are still highly effective in reducing opioid
requirements and improving pain experience in a wide range of clinical settings. They are therefore
best employed as part of multimodal analgesia with other systemic analgesics. Catheters may be
beneficial in situations where moderate-to-severe pain is expected for >12 h, although the optimal
dosing regimen requires further investigation. Research into these techniques is still at an early stage,
and well-designed comparative trials are needed to ascertain the optimal choice of technique for
specific surgical applications. Until then, they may be regarded as viable alternatives to the traditional
techniques of TEA and TPVB, particularly where these are contraindicated or not feasible.
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Practice points

� Thoracic wall blocks are an option for analgesia in thoracic surgery or trauma, especially if
thoracic paravertebral or epidural analgesia is not feasible.

� The decision as to which block to perform is governed by factors including desired area of
coverage, the available sites for ultrasound probe placement and needle insertion, patient
positioning, and operator experience.

� The extent and intensity of sensory loss can be quite variable, and the blocks should always
be combined with systemic multimodal analgesia to maximize opioid-sparing.

� The effective duration of most single-injection techniques is 8e12 h, and catheter insertion
should be considered if a more prolonged effect is desired. Re-dosing through a catheter can
also improve the quality of analgesia.

� Thoracic wall blocks may be considered in patients with coagulation abnormalities after a
careful evaluation of the potential benefit versus the risks of associated with hematoma
formation or vascular injury.

� An adequate volume of local anesthetic is necessary for efficacy, as these are fascial plane
blocks and rely on passive spread to target nerves, However, local anesthetic systemic
toxicity is a real risk, and precautions must be observed including staying within the
maximum recommended dose limits, adding epinephrine to the local anesthetic, monitoring
patients, and being prepared to treat systemic toxicity if it occurs.
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Research agenda

� Well-designed comparative trials are required for many of the newer thoracic wall blocks to
determine their efficacy than thoracic paravertebral and epidural analgesia, as well as to each
other.

� Further investigation is needed into the impact of thoracic wall blocks on patient-centered
outcomes other than analgesia.

� The available evidence suggests that continuous catheter techniques may be more effica-
cious than single-injection blocks; however, additional comparative studies are needed.

� The optimal dosing regimen for catheters also needs to be defined with regard to local
anesthetic concentration, infusion rate, and continuous infusion versus intermittent bolus
dosing.

� Pharmacokinetic studies are needed to better establish the risk of local anesthetic systemic
toxicity and define the upper limits of safe dosing.
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