Review of Contemporary Philosophy
ISSN: 1841-5261, e-ISSN: 2471-089X
Vol 22 (1), 2023
pp. 4364 - 4373

Recent Innovations in Regional Anesthesia: Evaluating Their
Efficacy and Impact on Postoperative Pain Management
Across Major Surgical Procedures
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Abstract

Background: Regional anesthesia has gained renewed attention in recent years due to its efficacy in
managing postoperative pain, particularly in major surgeries. This resurgence is significantly influenced by
advancements in ultrasound technology, which have enhanced the safety and accessibility of regional
anesthesia techniques.

Methods: This review examines current advancements in regional anesthesia, focusing on fascial plane
blocks, neuromodulation techniques, and pharmacological innovations. A comprehensive analysis of recent
literature was conducted, highlighting both clinical outcomes and the integration of these methods into
Enhanced Recovery After Surgery (ERAS) protocols.

Results: The use of fascial plane blocks, especially the erector spinae plane (ESP) block, has shown
promising results in reducing opioid consumption and improving postoperative recovery metrics. Evidence
from randomized controlled trials indicates that ESP blocks can lead to enhanced quality of recovery, lower
pain scores, and decreased complications in various surgical procedures. Additionally, advancements in
neuromodulation methods, particularly percutaneous peripheral nerve stimulation (PNS), have emerged
as effective tools for acute pain relief, with a favorable safety profile. Pharmacological innovations, such as
liposomal formulations of local anesthetics, have also been explored, although their clinical advantages
remain debated.
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Conclusion: The integration of these advancements into clinical practice signifies a paradigm shift in
postoperative pain management, emphasizing multimodal approaches that enhance patient outcomes
while minimizing opioid use. Continued research and standardized protocols are essential to optimize these
techniques further and establish their long-term efficacy in diverse surgical populations.

Keywords: Regional anesthesia, postoperative pain management, fascial plane blocks, neuromodulation,
opioid-sparing techniques.
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Introduction

Regional anesthesia is a specialist of anesthesia that has had a resurgence in recent years. Regional
anesthesia involves the administration of temporary nerve-blocking agents, often local anesthetics, to a
specific nerve, nerve plexus, or anatomical plane, therefore inducing anesthesia at a place distant from the
injection point. [t may be used for surgical anesthesia or analgesia, particularly in the postoperative period.
In the last two decades, there has been an increasing recognition of the use of regional methods within the
anesthesia profession [1]. This is reflected in the literature via fresh research and novel developments. Since
the advent of ultrasound technology, regional anesthesia has been more effective, safer, and more accessible
to anesthetists across all disciplines. It is often integrated into a multimodal strategy for anesthesia and
analgesia, with its widespread use attributed to its opioid-sparing properties [2]. Its use, especially in
trauma-related injuries, has significantly increased in recent years. The use has been expanded to include
both surgical and non-surgical patients, yielding promising results on analgesic effects and patient
outcomes [3]. The value of regional anesthesia is evident in its inclusion in many surgical Enhanced
Recovery After Surgery (ERAS) protocols, which have led to decreased recovery durations, shorter hospital
stays, and lower morbidity rates [4,5]. In recent years, there has been a trend favoring motor-sparing blocks
for lower limb operations and the use of regional anesthesia in patients with substantial comorbidities
having surgical procedures [6,7]. This article will examine current advancements in regional anesthesia,
including fascial plane blocks, local anesthetic pharmacology, neuromodulation for acute pain, and the use
of regional anesthesia in non-surgical patients.

Fascial Plane Blocks

In the last decade, the fascial plane has emerged as an anatomical target for regional anesthesia [8].
Fascial plane blocks are often large-volume injections that aim at musculofascial planes including several
nerves, rather than targeting specific nerves as in conventional methods. A definitive agreement on the
functionality of these blocks has not yet been reached. It is posited that several factors contribute to the
mechanism of analgesia: the obstruction of sensory afferent nerves within the fascia, the inhibition of
nociceptors in adjacent tissue, the systemic absorption of local anesthetics, and the suppression of
sympathetic nerves within the fascial plane may play a role [9,10]. The path of these distinct nerves across
fascial planes differs significantly, complicating the prediction of blocking [11]. The unpredictability of
fascial plane blocks is exacerbated by the considerable variety of fascia. The efficacy of a fascial plane block
is believed to be affected by its distribution. This spread depends on the anatomical configuration of the
fascia, which varies across people. The structure of fascia is influenced by aging, injury, and diseases
including diabetes mellitus. Fusion lines may develop due to adhesion development, which has also been
hypothesized to impede the distribution of local anesthetics, leading to an unexpected block [11].

Although the underlying mechanisms of many fascial plane blocks remain inadequately understood,
their clinical efficacy and popularity have significantly grown in recent years [12-14]. Chest wall-specific
blocks have shown efficacy in enhancing recovery and decreasing opioid use in patients after breast and
thoracic surgery [15,16]. The primary focus is the erector spinae (ESP) block, initially delineated in 2016
[17]. Its popularity continues to rise, mostly due to its comparative technological simplicity and comforting
safety record. It is a posterior chest wall block that focuses on the area between the erector spinae muscle
sheath and the transverse process of the vertebrae. This produces analgesia extending from the rear to the
midline of the axilla. The expansion of analgesia to the anterior chest may occur, although it is inconsistent
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[18,19]. The primary objective of the LA agent is the dorsal rami of the spinal nerve, with extensions seen
in the ventral rami and the intercostal and paravertebral regions [9,20,21]. The ESP block is often compared
to the paravertebral block (PVB) because of its analogous target regions, although it is linked to a reduced
incidence of problems [13,14]. ESP blocks (Figure 1) are preferred for their ability to include a broad

\ ‘ ca |
\ T1] \ = ) r —
T2| T2

—F— lung

A

Anterior rami

\
\ Local anaesthetic !
\ 13!

Tfag ; n /

T5
16 T4
- 17
T8 5
N T |
P 0 ===
\
|
Dorsal lr:ml \\ T9
| branches 10 \

anatomical region with a single injection, producing effects at many spinal levels: often three cranially and
three caudally [9,21-24]. Evidence indicates that an ESP block administered at the T5 level produces
analgesia from T3 to T9 [17]. The block may be executed at various spinal levels, providing analgesia to a
diverse array of areas [19]. Another appealing attribute of this block is its safety profile for anti-thrombotic
medications. The ESP block is classified as a superficial block, making it safer for patients receiving these
treatments compared to deeper paravertebral or epidural blocks [25,26].

Erector spinae muscles

US probe

Figure 1. The Erector Spinae Plane Block

In two randomized controlled trials (RCTs), the ESP block demonstrated superiority over the
serratus anterior plane block for video-assisted thoracoscopic surgery (VATS), including decreased opioid
usage for up to 48 hours postoperatively [27,28]. The patient-centric outcome quality of recovery-15 score
(QoR-15) was used, revealing that ESP patients exhibited enhanced recovery quality and a reduced
incidence of surgical complications, as assessed by the Comprehensive Complications Index [27]. The QoR-
15 served as the major outcome in a randomized controlled trial examining the impact of the ESP block in
thoracolumbar decompressive surgery, revealing that patients receiving bilateral ESP block had enhanced
recovery and less pain for up to 24 hours postoperatively compared to those without the block [29]. It was
moreover contrasted with PVB in VATS, where the ESP block was administered by an anesthetist, while the
video-assisted PVB was executed by a surgeon. Both groups were administered an initial bolus, followed by
a continuous infusion of levobupivacaine for 48 hours. The findings indicated a statistically significant
enhancement in the QoR-15 score at 24 and 48 hours postoperatively in favor of the ESP block. No
substantial change in opioid use was seen [30]. The current inquiry about the fascial plane block is whether
local anesthetic administered by a programmed intermittent bolus (PIB) regimen is superior to continuous
infusion. PIB is firmly recognized as superior to continuous infusion in labor epidurals, for instance [31].
The PIB group had a slightly elevated QoR-15 after 24 hours postoperatively; however, this difference was
not statistically significant (p = 0.29) [32].

Meta-analyses indicate that the ESP block offers superior analgesia, lower pain ratings, and a
statistically significant reduction in opioid use after 24 hours compared to general anesthesia alone in the
context of breast surgery [14]. The results indicated that, in comparison to PVB, patients receiving ESP
blocks had elevated pain ratings within the first 2 hours postoperatively, but not at any subsequent time
point. The usage of opioids did not exhibit significant differences. The PVB group had a greater pooled
incidence of pneumothorax at 2.58%, compared to 0% in the ESP group [14]. In thoracic surgery, a single-
injection ESP block yielded comparable analgesia to a six-level ultrasound-guided intercostal nerve block
regarding opioid use and postoperative pain ratings [33]. A comprehensive review emphasizes more
research in thoracic surgery, identifying six randomized controlled trials comparing erector spinae plane
block to either no block or paravertebral block. The research indicated that in the comparison of ESP vs no

https://reviewofconphil.com 4366



block, opioid intake over 24 hours was dramatically decreased in the ESP group, however, was comparable
to that of the PVB group [16].

Several drawbacks of face plane blocks are delineated above, including the unpredictability of
anesthetic diffusion and anatomical variations that may lead to incomplete blocks. Addressing these
difficulties is a challenge that has not been thoroughly investigated yet. Current research on the
dissemination oflocal anesthetics in fascial plane blocks and regional blocks, in general, may be constrained
by the individuals used in these experiments, namely cadaveric specimens. In this research, factors such as
alterations in intrathoracic pressure and tissue tension are not readily replicable [11]. Innovative strategies
to mitigate these limits are essential, and an agreement on the criteria for a successful or unsuccessful block
would enhance consistency. Additional clarity is required about the selection of equipment for fascial plane
blocks and the standardization of the procedure. Technical variables such as needle dimensions, alignment,
and injection pressure remain significantly underexamined. The impact of needle endpoint and injection
velocity remains inadequately clarified in these blocks [34]. Given the substantial volume of these blocks, a
more robust data foundation regarding the appropriate dosage and concentration for fascial plane blocks
would enhance their already favorable safety profile [9].

Despite the many unresolved inquiries about ESP blocks, there is considerable enthusiasm for
them among the anesthesia community [12]. This surge of interest and optimism should also be
accompanied by a measure of caution about publishing bias. A narrative evaluation indicated that among
23 randomized controlled trials (RCTs) examining the therapeutic applications of the ESP block, only 7 were
of good quality. Deficiencies in the remaining 16 RCTs were ascribed to issues such as inconsistencies in
procedures and differences between registered and reported protocols [35]. Prudence must always be used
until there is proof that each new block is at least comparable to or greater than our current approaches
[36].

Neuromodulation Methods for Acute Pain

The notion of neuromodulation is well-known in chronic pain treatment, and recent technological
advancements are being explored for its applicability in acute pain management [37,38]. Neuromodulation
is characterized as the alteration of neurological function, including both neuronal and glial cell activity, by
the application of electrical, magnetic, or chemical stimulation to designated neurological targets.
Numerous methods for neuromodulation exist, including spinal cord stimulation, transcutaneous electrical
nerve stimulation (TENS), and peripheral nerve stimulation (PNS) [39,40]. PNS is a technique that has
garnered significant interest in regional anesthesia for its efficacy in addressing immediate postoperative
pain [37,41-45]. PNS involves the insertion of electrodes in proximity to a designated nerve. An external
pulse generator delivers electrical pulses via the implanted electrode [46]. In the last decade, minimally
invasive percutaneous peripheral nerve stimulation (PNS) has emerged, using the ultrasound-guided
percutaneous insertion of tiny (0.2 mm) monopolar, coiled electrical leads [47].

The operational mechanism of PNS is mostly based on the Gate Theory of pain [48,49]. Recently,
alternative and complementary processes have been suggested, including hypotheses at both peripheral
and central levels [46,50,51]. The peripheral nervous system functions to diminish local inflammatory
mediators and blood circulation. It has been shown to downregulate inflammatory neurotransmitters and
endorphins, while electrophysiological investigations indicate a reduction in the transmission of efferent
nociception [50,52]. The primary mechanism of action is thought to be the activation of A fibers, but these
pathways likely play a role in analgesia. Upon activation, they impede pain transmission at the dorsal root
ganglion (DRG) between the first- and second-order neurons via an inhibitory interneuron in the substantia
gelatinosa of the spinal cord [53].

In 2018, the Food and Drug Administration sanctioned the use of pPNS for acute postoperative pain
management [41]. It has potentially advantageous attributes for acute pain treatment, such as opioid
sparing and the lack of sensory, motor, or proprioceptive impairments, which may enhance patient
rehabilitation [42,43]. The infection risk is less than 1 per 32,000 indwelling days, and the leads are
authorized for use for a maximum of 60 days [54]. Lead insertion is often 1-2 cm from the target nerve,
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potentially minimizing the risk of neurological harm [45]. The leads may also be a possible constraint, since
they may fracture or detach and may remain in place [44]. Unresolved inquiries include the ideal distance
between the lead and target nerve, the ramifications of tissue impedance, the stability of electrical current,
and the long-term consequences of extended use [55,56].

A use for pPNS in ambulatory orthopedic surgery has been suggested in a pilot randomized sham-
controlled experiment. A lead was percutaneously inserted preoperatively to target the sciatic nerve for
significant foot or ankle surgery or anterior cruciate ligament reconstruction. The brachial plexus was the
focus for individuals having rotator cuff restoration. Postoperatively, patients were randomized into a sham
or electrical stimulation group using an external pulse generator in a double-blind manner [45]. The
authors determined that pPNS resulted in a statistically significant enhancement in analgesia and a
decreased need for opioids, persisting for 7 days postoperatively. It is noteworthy that all participants in
this trial were administered a single-injection peripheral nerve block immediately after lead insertion and
before the commencement of surgery [45]. Certain members of the same research team have already
disseminated their results on the use of peripheral nerve stimulators for rotator cuff restoration. In this
trial, patients were randomized into either a stimulation group or a sham group, and no peripheral nerve
block was administered. Eleven out of sixteen patients needed a rescue block before release, and little
analgesic effect was seen soon postoperatively [42]. These were little research constrained by various
technological difficulties. The existing study does not allow for the conclusion of superiority over present
approaches, necessitating additional comparison investigations.

Pharmacological Innovations

The search for pharmacological agents that will achieve the "ideal block" continues. Such an agent
might extend the length of a high-quality block predictably without adverse consequences for patients [57].
The duration of regional anesthesia is significantly constrained, with conventional single-injection blocks
providing analgesia for a maximum of 8 to 14 hours [58]. Efforts are being intensified to tackle this issue by
both pharmaceutical and non-pharmacological methods, including the use of catheters [59]. Three primary
pharmacological strategies have been investigated concerning block prolongation: intravenous adjuncts,
perineural adjuncts, and sustained-release local anesthetic molecules.

Sustained-release long-acting compounds represent the latest advancement in pharmacology for
regional anesthesia [60]. Liposomal bupivacaine received approval from the Food and Drug Administration
in 2011 for surgical site infiltration. In November 2023, two further indications were sanctioned: adductor
canal block and sciatic nerve block [61]. The accessibility of this agent is now restricted, and it is expensive
[62]. Preliminary investigations of liposomal bupivacaine were conducted regarding local infiltration [63].
Liposomal bupivacaine was evaluated against bupivacaine hydrochloride in interscalene block, revealing
"modest" advantages for the liposomal formulation in the highest pain levels during the first week
postoperatively [64]. A meta-analysis comparing liposomal vs non-liposomal bupivacaine for peripheral
nerve blockade, including nine trials, focused on the main outcome of the difference in rest pain scores 24-
72 hours after the blockade. Liposomal bupivacaine failed to achieve the established criterion for clinical
relevance. For all other secondary outcomes, liposomal bupivacaine exhibited comparable results to non-
liposomal bupivacaine [65]. Consequently, liposomal treatments seem to provide no advantages over
existing medications, and their elevated cost further diminishes the likelihood of their use in the foreseeable
future.

Prospective Trajectories

The increasing interest in regional anesthesia among anesthetists is shown by the rising memberships
in organizations like the European Society of Regional anesthesia (ESRA) [66]. With the increasing weight
of supporting data for regional anesthesia in recent years, there has been a corresponding focus on its
incorporation into core education within anesthesia training programs in both the UK and Ireland [99,100].
Previously, regional anesthesia was predominantly the domain of enthusiasts; nevertheless, it is gradually
becoming an anticipated element of a qualified anesthetist's repertoire. The UK's "plan A blocks" strategy
emphasizes training on a fundamental set of proven blocks that provide foundational competency for the
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10.

11.

12.

13.

14.

15.

trainee anesthesiologist to enhance patient outcomes [36]. Despite its relative simplicity, the ESP block is
one of the seven plan A blocks; yet a study revealed that only 10% of trainee anesthetists felt confidence
conducting an ESP block with remote supervision, in contrast to 60% for axillary blocks [67]. Future
anaesthesiology training programs should focus on imparting proficiency in fundamental abilities such as
ultrasonography, needling techniques, and essential nerve blocks.

Conclusion

Considering the rapid advancement of artificial intelligence worldwide, its significance in regional
anesthesia is expected to grow in the future. Several recent papers have examined the relevance of these
technologies in regional anesthesia teaching and training [66]. Image interpretation is crucial for effective
and secure regional anesthesia. Assistive technology may facilitate the delineation of structures and the
identification of targets using color overlay. This topic has been briefly examined in a few research so far
[68]. Future technologies may improve psychomotor skills like needle visualization, image optimization,
picture interpretation, and mapping the distribution of local anesthesia. Similar to how ultrasonography
enhanced adoption and results in regional anesthesia, emerging technologies may provide more
advancements. Quality control and stringent randomized controlled trials should continue to be the
foremost emphasis for advancements in regional anesthesia [69].
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