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Preface

Regional anaesthesia (RA) and acute pain medicine have undergone exciting advances in the

past few decades and have emerged as a transformative force to redefine the paradigms of patients’

care. Ultrasound-guided RA techniques have become the gold standard, thanks to the associated

improvements in efficacy, ease of performance and safety. As such, the accessibility, clinical use

and popularity of RA have increased substantially. The seamless integration of RA with acute pain

management protocols has far-reaching implications for patient outcomes. From minimizing opioid

usage and associated side-effects to expediting recovery timelines, this holistic approach stands as

a testament to the ever-evolving nature of medical science. As we navigate the complexities of this

multidimensional landscape, it becomes increasingly apparent that RA and acute pain management

are not merely adjuncts, but rather integral components in the continuum of patient-centered care.

However, the fields have not yet reached their full potential. Emerging nerve blocks and updated

acute pain management practices, though recent, have room for refinement, with certain techniques

and protocols warranting meticulous scrutiny.

The goal of this Special Issue is to focus on contemporary evidence, underscore prevailing topics

and highlight future directions in the aforementioned fields.

Eleni Moka

Guest Editor
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Editorial

Transforming Perioperative Care: Evolving Paradigms of the
Expanding Role of Regional Anesthesia and Acute
Pain Management

Eleni Moka

Faculty of Medicine, School of Health Sciences, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece;
mokaeleni@hotmail.com

Over the past few decades, the field of regional anesthesia (RA) has witnessed a
period of profound advances, extraordinary progress, and dynamic transformation. Once
regarded as a niche domain within anesthesiology—primarily confined to selected surgical
specialties—RA has evolved and has now emerged as a foundational pillar of modern
anesthetic practice and a key enabler of individualized perioperative care. This evolution
has been fueled by a confluence of scientific breakthroughs, clinical innovations, and tech-
nological advancements, all contributing to reshaping RA to be a refined, sophisticated,
evidence–based, and widely implemented approach in contemporary medical practice.
Its seamless integration into acute pain management protocols and perioperative clinical
pathways has far-reaching implications on patient care, with recognized benefits that ex-
tend beyond superior analgesia to include enhanced recovery, greater patient satisfaction,
reduced opioid dependence via opioid-sparing strategies, cost efficiency, and improved
overall system performance. Ultrasound-guided RA (UGRA) techniques have revolution-
ized RA delivery, establishing a new “gold” standard of care thorough increased precision,
safety, and ease of performance. Consequently, the accessibility, global clinical adoption,
and popularity of RA have expanded dramatically. In the current era of patient-centered
care, RA and acute pain management are no longer considered adjunctive tools but are
viewed as integral components of a comprehensive, holistic, personalized perioperative
strategy [1–3].

This progression has been propelled by the convergence of an expanding body of
rigorous, high–quality clinical research, refined anatomical insights and complementary un-
derstanding, advanced pharmacologic options, and a shift towards value-based, outcome-
driven healthcare. By minimizing opioid exposure and its associated risks while facilitating
earlier mobilization and smoother recovery trajectories, the synergistic application of RA
and acute pain management protocols exemplifies the principles of personalized and preci-
sion medicine. Yet, despite these strides, the field has not yet reached its full potential and
continues to evolve. Emerging peripheral nerve blocks (PNBs), new-generation pharmaco-
logical adjuvants, and updated clinical protocols and practices still present opportunities
for further refinement, validation, widespread dissemination, and broader implementa-
tion. The continued pursuit of innovation, safety, and patient-centered excellence will
be essential to realizing the full potential of RA and acute pain management in the years
ahead [2–4].

This Special Issue of the Journal of Clinical Medicine titled “Advances in Regional
Anesthesia and Acute Pain Management” presents a timely, comprehensive, and multi-
dimensional exploration and overview of this rapidly advancing discipline. Comprising
eighteen rigorously peer-reviewed articles, authored by leading international experts, this

J. Clin. Med. 2025, 14, 6257 https://doi.org/10.3390/jcm14176257
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collection offers an in-depth examination of the latest advances in RA and acute periopera-
tive pain management. The contributions span a broad range of critical topics, including
detailed anatomical considerations, technical innovations, pharmacologic developments,
clinical applications and outcomes, safety protocols, and educational methodologies. Col-
lectively, these studies not only synthesize current best practices but also illuminate ongoing
challenges, emerging questions, and key opportunities that will shape the next phase of
clinical evolution. At the core of this Special Issue lies the shared conviction that RA is
uniquely positioned to advance the goals and support the evolving paradigm of modern
perioperative medicine—delivering care that is not only effective and efficient but also
individualized, humane, and grounded in the principles of precision and compassion.
Unlike systemic analgesics, which affect the entire body and carry a higher burden of
adverse effects, RA techniques enable site-specific interventions that can be adjusted to
suit individual anatomy, the type of surgical procedure, patient comorbidities and indi-
vidual characteristics, and recovery goals. These tailored strategies improve not only the
physiological outcomes—such as pain control, reduction in postoperative nausea and vom-
iting, and early mobilization—but also psychological well-being and overall satisfaction.
Importantly, in an era of escalating healthcare costs, RA contributes to value-based care
through decreased hospital stays, reduced reliance on opioids, and improved long-term
functional recovery.

The principle of a personalized approach to perioperative care is vividly exemplified
in the population-based study by Cozowicz C. et al., which serves as a featured contribu-
tion within this Special Issue [5]. In this large-scale analysis encompassing data from over
1.3 million patients undergoing hysterectomy, the authors investigated outcomes associ-
ated with multimodal analgesia strategies, including RA implementation. Their findings
revealed substantial improvements in postoperative outcomes, with multimodal analgesia
being associated with a 35% reduction in overall complications, a 24% decrease in opioid
consumption, and a 14% shorter hospital length-of-stay. A closer examination showed
that respiratory complications were reduced by approximately 40%, cardiac complications
decreased by 30%, and genitourinary complications declined by 40% when compared to
patients who did not receive multimodal analgesia. Furthermore, the study demonstrated
a stepwise reduction in opioid prescriptions, with the incremental application of additional
analgesic modalities. The large-scale, high-volume, and real-world nature of this study
offers compelling and generalizable evidence in support of multimodal pain management
strategies. These findings make a persuasive case not only for the routine implementation
of such protocols in gynecologic surgery but also for their broader adoption as a model
of best practice across various surgical specialties. At a time when healthcare systems are
striving to optimize outcomes within constrained resource environments, the implications
of this research are both timely and highly consequential.

In orthopedic surgery—a field where postoperative pain is often profound and func-
tional recovery depends on early mobilization—RA has consistently demonstrated sub-
stantial benefits. Multiple studies in this Special Issue reinforce the clinical value of PNBs
in enhancing analgesia and reducing reliance on systemic opioids. Beric S. et al. pro-
vided clear evidence that supplementing spinal anesthesia with adductor canal and sciatic
nerve blocks in patients undergoing anterior cruciate ligament reconstruction significantly
improved immediate postoperative pain relief, preserved range of motion, and led to a
marked reduction in opioid consumption [6]. As such, their study underscores the utility
of targeted, site- and procedure-specific nerve blocks in optimizing recovery trajectories in
procedures characterized by a high nociceptive burden. Complementing these findings,
Viderman D. et al. conducted a comprehensive systematic review and meta-analysis, ex-
amining the use of gabapentinoids in joint arthroplasties [7]. While their analysis of over

2



J. Clin. Med. 2025, 14, 6257

1200 patients demonstrated a consistent, albeit modest, opioid-sparing effect, the overall
benefit–risk profile of gabapentinoids remains a topic of ongoing debate and, according to
the authors, pain reduction was not clinically relevant. Sedation was not evaluated in their
study and, if taken into account, it might have influenced their conclusions. An important
limitation of this study was that different gabapentinoids, their administration times, and
dosages, as well as varying intraoperative management protocols, were pooled together.
These agents have been incorporated into many multimodal analgesic regimens, based
on early enthusiasm regarding their potential to reduce central sensitization and enhance
postoperative pain control [8]. Nevertheless, more recent evaluations have highlighted
concerns about their limited efficacy in reducing pain scores in the immediate and longer
postoperative period and their association with side effects such as sedation, dizziness,
and impaired balance—factors that could hinder early mobilization and increase the risk
of falls in the orthopedic population [9,10]. As such, the role of gabapentinoids in ortho-
pedic pain management is increasingly viewed as context-dependent, requiring careful
patient selection, as well as dose titration and meticulous adjustment. Their inclusion
in perioperative analgesia protocols should be informed by a nuanced understanding of
both their pharmacodynamics and the evolving evidence base [10]. The juxtaposition of
studies on RA techniques and gabapentinoids highlights the complexity of contemporary
perioperative pain management, where no single approach or intervention suffices or can
address the diverse needs of every patient. Instead, these findings reinforce the importance
of individualized, evidence–based strategies that integrate pharmacologic, procedural, and
functional considerations to achieve optimal outcomes while minimizing adverse effects.

Among the most clinically relevant and increasingly recognized challenges addressed
in this Special Issue is the phenomenon of rebound pain (RP). Defined as a marked resur-
gence of intense pain following PNB resolution, RP has the potential to significantly disrupt
the postoperative recovery process. It can impair patient satisfaction, delay functional
rehabilitation, and in some cases, it may lead to increased reliance on rescue opioid anal-
gesics [11]. Lee B. et al. provided valuable insights into this issue by directly comparing
the efficacy of continuous versus single-shot superior trunk blocks in patients undergoing
arthroscopic shoulder surgery [12]. Even when the analgesic efficacy of single-shot blocks
was prolonged with intravenous dexmedetomidine as an adjuvant, their results demon-
strated that continuous nerve blocks provided smoother, more stable, and more reliable
postoperative analgesia while significantly reducing both the intensity and the frequency
of RP following arthroscopic rotator cuff repair. These findings align with the growing
clinical consensus that RP is a predictable phenomenon, and the expert opinion is that it
must be anticipated and proactively managed, particularly in outpatient and ambulatory
surgical settings, where patients are often discharged before PNBs wear off completely [13].

Indeed, the incidence of RP is notably higher in ambulatory patients and appears to
be modulated and influenced by a combination of patient-specific, surgical, and anesthetic
factors. Strategies to mitigate RP include thorough preoperative patient education, the
implementation of multimodal analgesic protocols, the use of continuous PNB techniques,
and the administration of systemic agents, such as intravenous dexamethasone. While RP
may not universally lead to increased overall opioid consumption nor uniformly affect
functional recovery or patient satisfaction scores, it is nonetheless a source of significant
discomfort for surgical patients. Interestingly, despite experiencing RP, the majority of
affected patients report that they would still opt for PNBs in future operative procedures,
underscoring the perceived value and benefits of RA techniques. Moving forward, fur-
ther research should aim to establish predictive models and tools to identify patients at
higher risk for developing RP and to explore novel pharmacological or procedural modifi-
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cations and strategies that may help reduce RP incidence and improve the continuity of
postoperative analgesia [11,13,14].

The pharmacological enhancement of the RA technique efficacy represents another
area of active investigation. Studies in this Special Issue explore the use of adjuvants to
extend fascial plane block duration, improve postoperative analgesia quality, and mitigate
side effects. Korkutata Z. et al. compared dexmedetomidine and tramadol as adjuvants
to bupivacaine in transversus abdominis plane (TAP) blocks, finding dexmedetomidine
to be superior in both analgesic duration and hemodynamic stability [15]. Urfalı S. et al.
examined the impact of dexamethasone and dexmedetomidine on bupivacaine TAP blocks
in cesarean section patients, observing longer-lasting analgesia and a reduced need for
rescue medication [16]. Dexamethasone, due to its delayed onset but extended duration,
was found to achieve lower pain scores and higher patient satisfaction scores. These
findings are important not only for enhancing the RA efficacy but also for reducing the
systemic opioid burden, a key public health priority in the context of the opioid epidemic.

In addition, fascial plane blocks—one of the fastest-growing areas in RA—are also well
represented. M. et al. conducted a head-to-head comparison of the serratus anterior, erector
spinae, and paravertebral blocks for breast cancer surgery [17]. Their results demonstrated
comparable intraoperative analgesic efficacy across all three RA techniques, but with
the serratus anterior block emerging as equally effective as the paravertebral block for
reducing postoperative pain; it was determined to be the most practical option due to its
ease of application and lower complication risks. Kim S. et al. extended the utility of the
erector spinae plane block to cardiac surgery, showing its effectiveness, as a supplementary
approach to cardiac anesthesia, in reducing opioid use and ICU length-of-stay in off-pump
CABG patients [18]. These studies illustrate the versatility of fascial plane blocks and
highlight their value in patients who are not suitable candidates for neuraxial techniques
due to anticoagulation or hemodynamic instability.

Furthermore, the anatomical basis of PNBs is explored in detail in several contributions
in this Special Issue. Bjorn S. et al. provided an important update on the medial femoral
cutaneous nerve, demonstrating its anatomical consistency and clinical relevance in total
knee arthroplasty (TKA) [19]. Inadequate coverage of this nerve may contribute to residual
anteromedial knee pain postoperatively—a persistent issue in a subset of patients, although
further trials are mandated to investigate whether its blockade translates into a clinical
effect on postoperative pain after TKA or if it can be used for diagnosis and interventional
pain management for chronic neuropathic pain due to its damage during surgery. Moreover,
Staikou C. et al. examined the role of pericapsular nerve group (PENG) block in major hip
surgery, concluding that it offers better postoperative analgesia with possibly less opioid
consumption, prolonging the time to the first analgesic without the significant common
side effects of anesthesia/analgesia or duration of hospital stay [20]. Similarly, Muse I. et al.
reviewed the PENG block and its relevance to hip analgesia and highlighted a new block
that anesthetizes nerves to the posterior capsule, superior gluteal nerve, and the nerve to the
quadratus femoris muscle, called the posterior pericapsular deep-gluteal block, suggesting
that complete analgesia for hip fracture surgery is possible, thus optimizing perioperative
pain management [21]. These studies underscore the continued importance of anatomical
precision in the development and refinement of RA techniques. As new blocks emerge and
old ones are modified, anatomical validation remains essential to ensuring efficacy and
avoiding inadvertent injury during PNB placement or surgery.

Notably, RA is no longer confined to adult surgical populations. Capuano P. et al.
presented a compelling case study involving a pediatric renal transplant recipient, managed
with a continuous erector spinae plane block [22]. The child experienced excellent pain
relief, avoided systemic opioids, and had an uneventful recovery. This case, while limited in
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generalizability, offers a valuable template for expanding RA into pediatric and transplant
populations—areas that have historically been underrepresented in RA clinical research.
With proper training, institutional support, and vigilant monitoring, RA techniques can be
safely employed in even the most vulnerable patient groups.

Education and training are also central to safe, consistent, and effective RA applica-
tion. Seybold B. et al. explored the learnability of an ultrasound-guided cervical plexus
blockade, used for carotid endarterectomy, and it demonstrated high success rates among
anesthesia trainees, following brief yet structured instructional sessions [23]. Their findings
highlight the rapid acquisition of this skill, a notably low failure rate, and a reduction in
complications, particularly among anesthesiologists already familiar with other UGRA
techniques. Their study affirms the critical role of simulation-based learning, hands-on
mentorship, and stepwise skill-building in mastering anatomically complex and technically
demanding PNBs [24,25]. As RA continues to expand in clinical scope and complexity, the
standardization of educational frameworks will become increasingly important [26]. Incor-
porating simulation platforms [27], artificial intelligence (AI)-driven feedback systems [28],
structured performance checklists, and objective competency assessments into training
curricula will be essential for ensuring proficiency, quality, and patient safety. Furthermore,
as RA becomes more advanced and widely accessible, remote learning solutions and virtual
education models offer promising strategies to overcome geographical and institutional
barriers to training [29]. These innovations may significantly expand global access to
high-quality RA education, ultimately contributing to better outcomes and safer care across
diverse practice settings.

Safety is a recurring theme in this Special Issue, particularly in relation to complex or
controversial areas of practice. Hilber N. et al. addressed the concern that RA may mask
symptoms of acute compartment syndrome in limb trauma surgery [30]. By reviewing
35 case reports and series, they concluded that RA techniques—especially when low-
concentration local anesthetics are used—do not prevent timely diagnosis, especially when
combined with vigilant clinical monitoring. Their analysis highlights the importance of
interdisciplinary collaboration, patient education, and protocol-driven practice in high-risk
settings. Safety is not a passive outcome but an active process requiring commitment,
communication, and continual reassessment.

The international scope of this Special Issue deserves special mention. Authors from
Europe, North America, Asia, and other regions bring diverse perspectives, practices,
and innovations to the table. This geographic diversity underscores both the universal
applicability of RA and the importance of context in its implementation. In low- and middle-
income countries, for instance, barriers such as limited ultrasound machines access, staffing
shortages, and insufficient training infrastructure must be addressed creatively. Solutions
such as mobile simulation labs, remote mentoring platforms, and scalable educational
programs may offer a roadmap for global equity in RA provision to our patients [31].

Technology is playing an increasingly important role in the evolution of RA. Emerging
tools such as AI-assisted image interpretation, augmented reality-guided needle placement,
and automated injection systems promise to enhance block accuracy, reduce operator
variability, and improve patient safety. As these technologies mature, their integration
into clinical practice must be guided by rigorous validation studies and cost-effectiveness
analyses [32]. Moreover, the integration of RA data into electronic health records and
clinical dashboards will enable real-time quality monitoring and performance improvement,
ensuring that best practices are not only defined but also consistently implemented.

Looking forward, several strategic priorities emerge for this specialty. First, continued
investment in high-quality research, including multicenter randomized trials and longi-
tudinal outcome studies, is essential to answer remaining questions about block efficacy,
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safety, and comparative value [33,34]. Second, more attention must be paid to long-term
outcomes, such as chronic postsurgical pain, return to function, and health-related quality
of life [1,35]. Third, health economic studies should quantify the cost–benefit profile of RA
techniques across different healthcare systems and patient populations. Fourth, efforts to
standardize documentation, procedural nomenclature, and outcome reporting will enhance
the comparability and generalizability of future research [1,35,36].

In conclusion, the articles presented in this Special Issue reflect the strength, depth,
and maturity of RA as a discipline. They showcase a field that remains innovative, is
evidence-based, and globally engaged; it is a field committed to improving patient care
through precision, empathy, and scientific rigor. The knowledge shared herein not only
advances the science of RA but also reaffirms its role as a cornerstone of modern peri-
operative medicine. The editorial team extends their sincere appreciation to all authors,
peer reviewers, and collaborators who contributed to this issue. Their dedication, vision,
and scholarly excellence have made this publication a valuable resource for clinicians,
educators, and researchers alike. It is hoped that the insights gathered here will inspire
continued inquiry, collaboration, and innovation in the service of better, safer, precise, and
more personalized perioperative pain management worldwide.

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

References

1. Hutton, M.; Brull, R.; Macfarlane, A.J.R. Regional anaesthesia and outcomes. BJA Educ. 2018, 18, 52–56. [CrossRef]
2. Chitnis, S.S.; Tang, R.; Mariano, E.R. The role of regional analgesia in personalized postoperative pain management. Korean J.

Anesthesiol. 2020, 73, 363–371. [CrossRef]
3. Mariano, E.R.; El-Boghdadly, K.; Ilfeld, B.M. Using postoperative pain trajectories to define the role of regional analgesia in

personalized pain medicine. Anaesthesia 2021, 76, 165–169. [CrossRef]
4. Zeng, S.; Qing, Q.; Xu, W.; Yu, S.; Zheng, M.; Tan, H.; Peng, J.; Huang, J. Personalized anaesthesia and precision medicine: A

comprehensive review of genetic factors, artificial intelligence, and patient—Specific factors. Front. Med. 2024, 11, 1365524.
[CrossRef] [PubMed]

5. Cozowicz, C.; Gerner, H.D.; Zhong, H.; Illescas, A.; Reisinger, L.; Poeran, J.; Liu, J.; Memtsoudis, S.G. Multimodal Analgesia and
Outcomes in Hysterectomy Surgery—A Population—Based Analysis. J. Clin. Med. 2024, 13, 5431. [CrossRef]
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Abstract: Background: We aimed to evaluate the intraoperative hemodynamics, opioid consumption,
muscle relaxant use, postoperative analgesic effects, and possible adverse effects (such as nausea and
vomiting) of dexmedetomidine and tramadol added as adjuvants to bupivacaine in the transversus
abdominis plane block (TAP block) to provide postoperative analgesia. Materials and Methods:

This was a prospective, randomized, controlled trial on patients who underwent laparoscopic
cholecystectomy. After obtaining ethical approval at the Van Yuzuncu Yil University and written
informed consent, this investigation was registered with ClinicalTrials.gov (NCT05905757). The
study was conducted with 67 patients with ASA I–II physical status, aged 20–60 years, of either
sex who were scheduled for an elective laparoscopic cholecystectomy under general anesthesia.
Exclusion criteria were the patient’s refusal, ASA III and above, a history of allergy to the study drugs,
patients with severe systemic diseases, pregnancy, psychiatric illness, seizure disorder, and those
who had taken any form of analgesics in the last 24 h. The patients were equally randomized into
one of two groups: Group T (TAP Block group) and Group D (Dexmedetomidin group). Standard
general anesthesia was administered. After intubation, Group T (Bupivacaine + adjuvant tramadol) =
solutions containing 0.250% bupivacaine 15 mL + adjuvant 1.5 mg/kg (100 mg maximum) tramadol
25 mL and Group D (Bupivacaine + adjuvant dexmedetomidine) = solutions containing 0.250%
bupivacaine 15 mL + 0.5 mcg/kg and (50 mcg maximum) dexmedetomidine 25 mL; in total, 40
mL and 20 mL was applied to groups T and D, respectively. A bilateral subcostal TAP block was
performed by the same anesthesiologist. Intraoperative vital signs, an additional dose of opioid
and muscle relaxant requirements, complications, postoperative side effects (nausea, vomiting),
postoperative analgesic requirement, mobilization times, and the zero-hour mark (patients with
modified Aldrete scores of 9 and above were recorded as 0 h), the third-hour, and sixth-hour visual
analog scale (VAS) scores were recorded. The main outcome measurements were the effect on pain
scores and analgesic consumption within the first 6 h postoperatively, postoperative nausea and
vomiting (PONV), and time to ambulation. The secondary aim was to evaluate intraoperative effects
(on hemodynamics and opioid and muscle relaxant consumption). Results: It was observed that
dexmedetomidine and tramadol did not have superiority over each other in terms of postoperative
analgesia time, analgesic consumption, side effect profile, and mobilization times (p > 0.05). However,
more stable hemodynamics were observed with dexmedetomidine as an adjuvant. Conclusions:

We think that the use of adjuvant dexmedetomidine in the preoperative TAP block procedure will
provide more stable intraoperative hemodynamic results compared with the use of tramadol. We
believe that our study will be a guide for new studies conducted with different doses and larger
numbers of participants.

Keywords: bupivacaine; transversus abdominis plane block; dexmedetomidine; tramadol; cholecystectomy
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1. Introduction

Today, cholecystectomy can be performed with open and laparoscopic techniques [1].
After laparoscopic surgery, most patients have severe abdominal pain and feel the need for
effective analgesia [2]. Pain is a factor that causes a delay in postoperative discharge [3].
One of the most important goals of anesthesia applications is perioperative pain control.
The development of different methods for pain control reduces the incidence of side effects
due to high-dose analgesics. The use of locoregional anesthesia has spread during the
last few years as it can be useful to reduce the time of hospitalization, the incidence of
adverse events related to general anesthesia, and pain; moreover, it can be useful to achieve,
almost, opioid-free anesthesia. It can be used as a substitute for general anesthesia or as an
adjuvant to general anesthesia to achieve better pain control and lessen the use of intra-
and postoperative analgesics (most all opioids), thus resulting in less nausea and vomiting
risk, faster mobilization and recovery, and more rapid hospital discharge [4,5]. The use of
ultrasonography (USG) increases the success of nerve blocks and plane blocks and reduces
the amount of drugs used, as well as the possibility of side effects and complications [6,7].
The transversus abdominis plane block is one of the most frequently used regional ap-
proaches to provide analgesia in the anterior abdominal wall after laparoscopic abdominal
surgery. Local anesthetic is injected into the planar space between the internal oblique
and transversus abdominus muscles, and the afferent nerves are blocked [8]. By providing
effective analgesia, this method significantly reduces the postoperative stress response and
facilitates postoperative recovery [9].

Dexmedetomidine, a highly selective α2-adrenergic agonist that has sedative, anal-
gesic, sympatholytic, and anesthetic effects, is an interesting agent that prolongs the block
time with its adjuvant use with local anesthetics. Its central mediated analgesia, the mecha-
nism by which dexmedetomidine enhances the quality of regional anesthesia when used
as an adjuvant to local anesthetic, can be explained by two peripheral mechanisms. First
is the vasoconstrictor effect around the site of injection, which leads to a delay in the ab-
sorption of the local anesthetic and prolongs the duration of the local anesthetic effect. The
second mechanism is the direct action of dexmedetomidine on the activity of peripheral
nerves [10]. Parenterally or orally administered tramadol is effective in the treatment of
acute postoperative pain in adults, and it can also block potassium channels. Also, the
serotonin (5-hydroxytryptamine, 5-HT) subtype 3 (5-HT3) receptors situated on peripheral
nerve endings and in the dorsal laminae of the spinal cord are possibly peripheral sites
of analgesic action for tramadol [11]. There are many studies evaluating the effects of
tramadol as an adjuvant to local anesthetics [12–14]. We acted with the idea that comparing
the effectiveness of such interesting and effective drugs as adjuvants in regional anesthesia
would be valuable and contribute to the literature.

In ultrasound-guided TAP block applications, adjuvants can be added to the local
anesthetic agent in order to increase the analgesic efficiency and reduce the potential side
effects and toxic effects of the drug used. This prospective, randomized study aimed to
evaluate the efficacy of perineural tramadol and dexmedetomidine added to the local
anesthetic solution in prolonging postoperative analgesia, maintaining stable hemody-
namic parameters, and reducing intraoperative opioid and muscle relaxant consumption,
postoperative side effects, and postoperative mobilization time in patients undergoing
laparoscopic cholecystectomy cases.

2. Methods

2.1. Study Design

The study was initiated after Van Yuzuncu Yil University Faculty of Medicine Ethics
Committee’s approval (15.12.2020/06), registered with ClinicalTrials.gov (NCT05905757).
Sixty-seven patients who applied to the anesthesiology and reanimation clinic for elective
laparoscopic cholecystectomy were included. The patients were informed in detail about
the study and possible complications before the operation, and their verbal and written
consents were obtained. All study patients were described on a 10 cm visual analog scale
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(VAS) preoperatively with VAS 0–2: no pain, 3–4: mild pain, 5–6: moderate pain, 7–8: severe
pain, and 9–10: unbearable pain. The inclusion criteria included patients aged 20–60 years,
undergoing elective laparoscopic cholecystectomy surgery, having ASA I–II physical status,
and giving consent. Patients outside the 20–60 age range; with ASA III and above physical
status; with severe heart, lung, or liver disease; with kidney failure; with bleeding diathesis;
who developed complications during the procedure; with fever and active infection; allergic
to the drugs to be used in the study; who refused to participate; who had hypothermia or
acid-base disorder; and who were taking antibiotics, anticonvulsants, antiarrhythmics, or
cholinesterase inhibitors; as well as pregnant women; bleeding cases; emergency cases; and
those with a BMI of 30 and above were excluded from the study (Figure 1).

Figure 1. Flowchart of the study.

2.2. Sample Size Calculation

The purpose of adding dexmedetomidine (Sedadomid®, Kocak Farma, Istanbul,
Turkey) or tramadol (Ramadex®, Haver, Tekirdag, Turkey) as an adjuvant to the local
anesthetic is to observe the effect on the analgesic duration. According to the results of
previous similar studies on this subject [15,16], at least 30 patients were required to detect
a significant difference between the groups in terms of 180 min analgesia duration with
a power of 80% and an α error of 0.05. Considering the patients who might be excluded
from the study, the study started with 67 patients.

2.3. Anesthesia Application

A 22-gauge intravenous line was placed, and 10 mL kg−1 isotonic saline infusion was
started. All patients were premedicated with 0.3 mg/kg midazolam. Standard monitoring
with electrocardiography, non-invasive blood pressure, peripheral oxygen saturation, and
bi-spectral index monitoring (Datex-Ohmeda S/5 monitor MBIS module, Helsinki, Finland)
was applied to all patients in the operating room. Anesthesia induction was performed
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with intravenous propofol 2–3 mg kg−1, fentanyl 2 μg kg−1, and rocuronium bromide
0.6 mg kg−1 by the same anesthesiologist. Endotracheal intubation was performed when
the BIS score was 40–60. Maintenance of anesthesia was provided with 4–6% end-tidal
desflurane in 3 L of 40% O2 and 60% air mixture. The minimum alveolar concentration
of desflurane was targeted to reach a BIS value between 40 and 60. All patients were
administered 20 mg/kg paracetamol IV as a standard analgesic before extubation.

2.4. Patient Randomization

The patients were randomly allocated into two groups using the single-blind closed-
envelope method by a researcher who was not involved in the study.

2.5. Block Application

Following intubation, patients received a TAP block with an oblique subcostal ap-
proach in the supine position. The same anesthesiologist placed the ultrasound (Esaote®

MyLab 5, Florence, Italy) probe (12MHz, linear probe; LA4 35) obliquely on the upper
abdominal wall along the subcostal margin in the midline of the abdomen. The landmarks
were the rectus abdominis muscle and transversus abdominis muscle. The probe was
moved until the aponeurosis of the external, internal oblique, and transversus abdominis
were seen. Then, the transversus abdominis muscle was identified by moving the probe
laterally. The anesthesiologist directed the peripheral block needle (100 mm 22 G Echoplex,
Vygon, Ecouen, France) toward the transversus abdominis fascia and injected 20 mL solu-
tion between the rectus abdominis and transversus abdominis muscles along the subcostal
line. The same procedure was repeated on the contralateral side.

Group T (Bupivacaine (Buvicaine® 0.5%, Polifarma, Tekirdag, Turkey) + Adjuvant
tramadol): 0.250% bupivacaine 15 mL + adjuvant 1.5 mg/kg (100 mg maximum) tramadol
25 mL, 40 mL in total, 20 mL was applied to each side.

Group D (Bupivacaine + adjuvant dexmedetomidine): 0.250% bupivacaine 15 mL +
0.5 mcg/kg and (50 mcg maximum) dexmedetomidine 25 mL, 40 mL in total, 20 mL was
applied to each side.

Demographic data (age, weight, height, body mass index (BMI)), systolic arterial
pressure (SAP), diastolic arterial pressure (DAP), mean arterial pressure (MAP), HR values,
and operation times of the patients were recorded. Heart rate, non-invasive blood pressure,
and SpO2 measurements were taken immediately before induction, at 15 min intervals after
intubation, and 5 min after extubation. Postoperative nausea and vomiting were noted as
‘present or absent’ only once, at the sixth postoperative hour. The patients were evaluated
with a 0–10 verbal rating scale visual analog scale (VAS) at 0 h (modified Aldrete score > 9
in the recovery unit), 3 h, and 6 h after the operation, and the data were recorded. In the
postoperative period, VAS value > 4 was evaluated in favor of analgesic need in all groups,
and 50 mg Dexketoprofen IV bolus was administered in accordance with conventional
treatment. There was no need for additional analgesia postoperatively at 6 h.

3. Statistical Data Analysis

In the descriptive statistics of the data, mean, standard deviation, median minimum
and maximum, frequency, and ratio values were used. The distribution of variables was
measured with the Kolmogorov–Smirnov test. Independent sample t-test and Mann–
Whitney U test were used in the analysis of quantitative independent data. The Chi-square
test was used in the analysis of qualitative independent data. The SPSS 28.0 software (SPSS
Inc., Chicago, IL, USA) program was used in the analysis.

4. Results

T and D groups did not differ significantly in terms of demographic data and ASA
scores (p > 0.05) (Table 1).
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Table 1. Demographic data.

Group T Group D
p

Mean ± sd/n% Mean ± sd/n%

Age 45.9 ± 10.1 42.7 ± 10.9 0.428 t

Gender
Female 21 70.0% 25 83.3%

0.222 X2

Male 9 30.0% 5 16.7%

Height (cm) 162.7 ± 9.9 162.5 ± 7.8 0.562 m

Weight (kg) 77.3 ± 15.1 74.0 ± 13.1 0.375 t

BMI 29.2 ± 5.7 28.0 ± 4.8 0.371 m

ASA
I 16 53.3% 13 43.3%

0.438 X2

II 14 46.7% 17 56.7%
t Independent sample t-test/m Mann–Whitney U test/X2

Chi-square test.

When the groups were compared in terms of intraoperative heart rate, it was found
that there was no statistically significant (p > 0.05) difference between the groups until the
30th minute, and the intraoperative 30th-minute values were higher in favor of the T group
(p < 0.05) (Figure 2).

Figure 2. Heart rate changes.

Systolic and diastolic blood pressures did not differ significantly (p > 0.05) between
the groups for the pre-induction, intraoperative, and post-extubation periods. While the
mean arterial pressures at the pre-induction and intraoperative 15th minutes did not differ
between the groups (p > 0.05), the intraoperative 0 min and 30 min values were found to be
significantly lower, in favor of the T group (p < 0.05). The mean arterial pressure at the fifth
minute after extubation was found to be significantly higher in group T (p < 0.05) (Table 2).
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Table 2. Evaluation of blood pressures.

Group T Group D
p

Mean ± sd Mean ± sd

Systolic Blood Pressure (SBP)

Pre induction 143.5 ± 19.6 143.5 ± 17.9 0.935 m

Intraoperative 0 min 116.0 ± 21.2 128.1 ± 19.5 0.011 m

Intraoperative 15 min 122.9 ± 30.3 119.3 ± 21.4 0.605 m

Intraoperative 30 min 126.2 ± 21.8 112.7 ± 19.7 0.053 m

Post extubation 5 min 136.1 ± 18.6 128.3 ± 17.6 0.156 m

Diastolic Blood Pressure (DBP)

Pre induction 78.9 ± 11.6 82.0 ± 13.0 0.339 t

Intraoperative 0 min 70.7 ± 14.6 77.5 ± 12.8 0.058 t

Intraoperative 15 min 78.9 ± 24.0 76.9 ± 17.2 0.703 t

Intraoperative 30 min 78.6 ± 13.5 71.0 ± 14.5 0.042 t

Post extubation 5 min 83.2 ± 12.6 78.5 ± 13.8 0.173 t

Mean Arterial Pressure (MAP)

Pre induction 104.8 ± 13.0 104.7 ± 14.1 0.988 m

Intraoperative 0 min 89.1 ± 15.1 96.6 ± 14.2 0.017 m

Intraoperative 15 min 96.7 ± 23.7 93.4 ± 17.4 0.451 m

Intraoperative 30 min 96.4 ± 14.1 87.5 ± 15.6 0.043 m

Post extubation 5 min 103.9 ± 14.5 96.3 ± 15.1 0.037 m

t Independent samples t test/m Mann–Whitney U test. (Bold numbers are significant values).

VAS scores did not differ between the groups in all evaluated time periods (0 h, 3 h,
and 6 h postoperatively) (p > 0.05) (Figure 3).

Figure 3. VAS scores for all groups.

The groups were also compared in terms of additional opioid and muscle relaxant
needs (fentanyl, rocuronium), postoperative non-opioid analgesic consumption, mobiliza-
tion times, and side effects (nausea, vomiting, etc.), and no statistically significant difference
was observed (p > 0.05) (Table 3).
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Table 3. Additional dose requirement, analgesic consumption, mobilization times, and side effects.

Group T Group D
p

Mean ± sd/n-% Mean ± sd/n-%

Additional dose
requirement

(-) 22 73.3% 27 90.0%
0.095 X2

(+) 8 26.7% 3 10.0%

Rocuronium (mg) 10.0 ± 0.0 10.0 ± 0.0 1.000 m

Fentanyl (μcg) 56.3 ± 17.7 50.0 ± 0.0 0.540 m

Postoperative consumption of nonopioid analgesics

1 h
(-) 24 80.0% 26 86.7%

0.488 X2

(+) 6 20.0% 4 13.3%

2 h
(-) 30 100.0% 30 100.0%

1.000 X2

(+) 0 0.0% 0 0.0%

3 h
(-) 20 66.7% 20 66.7%

1.000 X2

(+) 10 33.3% 10 33.3%

4 h
(-) 30 100.0% 30 100.0%

1.000 X2

(+) 0 0.0% 0 0.0%

5 h
(-) 30 100.0% 30 100.0%

1.000 X2

(+) 0 0.0% 0 0.0%

6 h
(-) 18 60.0% 20 66.7%

0.592 X2

(+) 12 40.0% 10 33.3%

Postoperative mobilization time 4.0 ± 1.8 4.0 ± 1.4 0.862 m

Nausea
Vomiting

(-) 23 76.7% 19 63.3%
0.260 X2

(+) 7 23.3% 11 36.7%

m Mann–Whitney U test/X2
Chi-square test.

5. Discussion

Transversus abdominis plane block can be applied as part of a good perioperative
hemodynamic and analgesic regimen in appropriate abdominal surgeries. This situation
has brought with it efforts to increase the effectiveness and duration of the action of
peripheral nerve blocks made for analgesic purposes. This study aimed to evaluate the
efficacy of adjuvant tramadol and dexmedetomidine in addition to bupivacaine in the
TAP block procedure, which was performed to increase postoperative analgesic efficacy,
reduce the incidence of side effects, reduce the need for additional intraoperative doses
(neuromuscular blocker, opioid), and shorten mobilization time. The doses to be used
were determined based on different studies in the literature, and the minimum dose and
maximum effect were targeted. This study, which is among the few studies evaluating
the adjuvant efficacy of dexmedetomidine and tramadol, showed that dexmedetomidine
provided stable intraoperative hemodynamics and showed similar efficacy to tramadol in
terms of analgesic efficacy.

Postoperative analgesia management is a topic that remains popular today. Inadequate
use of analgesics in the treatment of pain causes unmanageable pain, and unnecessary
use of analgesics causes side effects [17]. Neethirajan et al. [18] used 1 μg/kg dexmedeto-
midine as an adjuvant to bupivacaine in TAP block in their randomized controlled study
conducted in 2020. Heart rate and blood pressure values in the dexmedetomidine group
were significantly lower than in the control group. In their study, the median value for the
30th-min heart rate was 56/min, and the mean arterial pressure was 72 mmHg. Similarly, in
our study, heart rate and mean arterial pressure values at the 30th minute intraoperatively
and after extubation were found to be lower in D-group patients than in T-group patients.
The heart rate and blood pressure values were closer to the physiological limits in the D
group because of the adjuvant dexmedetomidine for the dose we used. This suggests that
it provides a more stable perioperative process in terms of hemodynamics.
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In a large-scale meta-analysis by Abdallah et al. [19], in which a minimum of 0.75 μg/kg
dexmedetomidine was added to local anesthetic as an adjuvant in peripheral block appli-
cations, it was reported that dexmedetomidine caused transient bradycardia despite its
analgesic efficacy and time advantages. It was stated that cases with bradycardia were
transient and reversible with atropine. On the contrary, in our study, there were no cases of
bradycardia and hypotension as complications at a dose of 0.5 μg/kg dexmedetomidine,
results that were more stable in terms of hemodynamics and closer to the physiological
limits that were obtained in the dexmedetomidine group.

Basavarajaiah et al. [20] applied TAP block by adding tramadol and dexmedetomidine
as adjuvants to levobupivacaine in pediatric laparoscopic orchiopexy surgeries in 2022.
In their study evaluating the analgesic efficacy, they added 1 μg/kg dexmedetomidine
and 1 mg/kg tramadol to levobupivacaine. They used the Face, Legs, Activity, Cry,
and Consolability (FLACC) pain scale in the postoperative period and showed that the
postoperative analgesia time was significantly longer in the dexmedetomidine-added
group. This differs from our study in that the local anesthetic doses applied, the doses of
tramadol and dexmedetomidine added as adjuvants, and the pain scale used for follow-up
were different. In our study, postoperative 0 h, 3 h, and 6 h VAS scores did not differ
significantly (p > 0.05) in T- and D-group patients. It was observed that they provided
more effective analgesia with the high-dose dexmedetomidine they used in their studies.
In this respect, the current study is important in terms of shedding light on new studies
that will provide more effective analgesia and stable hemodynamics at different doses than
those used in our study. In our study, no difference was observed between the tramadol
and dexmedetomidine groups in terms of side-effect profiles, in line with the study of
Basavarajaiah et al.

Elyazed et al. [21] investigated the effects of tramadol and dexmedetomidine added
to ropivacaine as an adjuvant in supraclavicular brachial plexus block in a study they
conducted on 105 patients in 2015. Compared with the control group, the analgesia
duration of the groups with tramadol and dexmedetomidine was found to be significantly
longer. While their study is a peripheral nerve block study, our study is a facial plane block
study. Therefore, it would not be correct to compare the peripheral nerve block with the
facial plane block. Additionally, the difference in local anesthetics used is also an important
issue. The purpose of sharing this study here is to draw attention to the fact that both
dexmedetomidine and tramadol are used as adjuvants in the supraclavicular block, which
is a peripheral nerve block.

There are some limitations to this study. The main limitation of this study is the lack
of a no-intervention control group. Secondly, postoperative pain perception is a subjective
phenomenon that is burdensome to quantify. Thirdly, since there are not many studies with
similar features in the literature, the doses we determined are minimal doses that provide
effectiveness. Working with different doses and more participants may change the results.
Finally, clinical signs or symptoms of neurotoxicity were not assessed.

As a result, we found that tramadol and dexmedetomidine did not have significant
differences in postoperative analgesia, postoperative analgesic consumption, side effect
profile, and postoperative mobilization time when added as an adjuvant to local anesthetic
drugs in TAP block applications. However, we observed that the dexmedetomidine group
provided more physiological hemodynamics in terms of heart rate and mean arterial
pressure. We think that adjuvant dexmedetomidine would be appropriate when applying
a TAP block for more stable hemodynamic results. In addition, we believe that new studies
with the use of dexmedetomidine over 50 μg as an adjuvant to increase the duration of
sensory and motor blockade in adults may yield more meaningful results on the duration
of postoperative analgesia.
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Abstract: Pain management in patients undergoing kidney transplantation requires careful consider-
ation due to their altered physiology, and potential risks associated with certain analgesic options. In
recent years, personalized and multimodal approaches have proven to be pivotal in perioperative
pain management, as well as in children. Implementing regional analgesia methods offers a valuable
solution in many pediatric surgical settings and the erector spinae plane block (ESPB) could represent
a possible analgesic strategy in pediatric patients undergoing renal transplantation. Here, we report
the case of a 13-year-old child who underwent living-donor kidney transplantation (LDKx) and
received continuous erector spinae plane block (ESPB) for perioperative pain management. This
multimodal approach with continuous ESPB resulted in optimal pain control without the need for
opioids, allowing for early mobilization and for an optimal postoperative course.

Keywords: fascial plane blocks; erector spinae plane block; kidney transplantation

1. Introduction

Kidney transplantation is the most effective treatment for children affected with end-
stage renal disease [1]. When available, living-donor kidney transplantation (LDKx) carries
several advantages, principally when performed as a pre-emptive strategy. These recipients
often experience improved quality of life, better growth and development, and a reduced
risk of complications associated with dialysis. Furthermore, having a kidney from a living
donor tends to offer a longer lifespan for the transplanted organ due to less ischemic injury
to the organ and lower rates of rejection [2].

Designated transplant centers for LDKx should construct multidisciplinary approaches
to optimize outcomes and mitigate potential risks associated with the surgery and the
hospital stay [3]. Pain is one of the main complications during the hospital stay for children
because of its impact on general recovery and inflammation, and to the stress it causes
for the family and caregivers. In cases of kidney disease, there are further challenges in
pain management since impaired kidney function significantly limits the array of available
analgesic options due to potential toxicity and altered drug metabolism related to alterations
in drug distribution volume, modifications in protein binding, and delayed clearance [4].
In recent years, personalized and multimodal approaches have proven to be pivotal in
perioperative pain management, as well as in children [5]. Implementing regional analgesia
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methods offers a valuable solution in many pediatric surgical settings; however, the use of
a central regional anesthesia technique such as epidural blockade has been traditionally
limited by concerns about bleeding—either primary or secondary to combining regional
analgesia and anticoagulants after transplantation.

Today, a new generation of regional anesthesia techniques, called “fascial plane
blocks”, are emerging as an effective alternative to conventional techniques such as par-
avertebral, epidural, or spinal blocks [6]. The primary target of fascial plane blocks is the
deep fascia, a dense membrane of connective tissue that extends throughout the body. It
surrounds and encases muscles, nerves, and other structures, including mechanoreceptors
and nervous fibers [7].

These blocks, by avoiding direct injection into the nerve or toward the neural axis, can
minimize the risk of serious complications such as neural injury and neuraxial hematoma
and can potentially represent a valid alternative option in high-risk patients.

However, despite the use of fascial plane blocks becoming increasingly widespread
even in the context of high-risk surgeries such as cardiothoracic surgery, there are still no
specific guidelines on their use and management in patients at risk of bleeding [8].

Here, we report the case of a 13-year-old child who underwent LDKx and received
continuous erector spinae plane block (ESPB) for perioperative pain management.

The parents of the child gave their consent for anonymous publication of the case report.

2. Case Presentation

A 13-year-old boy, with a weight of 38 kg and height of 152 cm, suffering from renal
failure due to a dysplastic single kidney was referred to our institute for work up for a
kidney transplant. The mother was identified as a possible compatible donor.

Blood creatinine was 6.8 mg/dL, BUN was 158 mg/dL, while daily urine output
was still 2500 mL. Platelet count was 325 (×103/uL), and coagulation values were in the
normal range.

In November 2023, the patient was scheduled for a pre-emptive kidney transplant
from a living donor. General anesthesia was achieved according to standard practice
(fentanyl 100 mcg, propofol 120 mg, cisatracurium 8 mg), including the monitoring of
neuromuscular blockade and the depth of anesthesia with Bispectral Index (BIS), blood
pressure monitoring via radial artery, and placement of a central venous catheter.

After induction of anesthesia, the patient was placed in the left lateral position, and
ultrasound-guided ESPB was performed for perioperative analgesia. A linear ultrasound
transducer was placed on the parasagittal plane about 2 cm lateral to the T9-T10 transverse
process and rhomboid major, and erector spinae muscles were identified superior to the
hyperechoic transverse process (Figure 1).

Using an in-plane approach, an 18-gauge, 100 mm Contiplex Ultra 360® needle
(B.Braun, Melsungen, Germany) was inserted in the caudal–cephalad direction, with
the tip of the T10 transverse process below the erector spinae muscle as the endpoint for the
needle tip. After hydrodissection with 2 mL of normal saline, 20 mL of 0.375% ropivacaine
was injected into the area. Then, a peripheral nerve catheter was inserted into the fascial
plane, and placement was checked with ultrasound (Figure 2).

The operation lasted 3 h, and a hockey-stick incision into the right iliac fossa was per-
formed for retroperitoneal access to the iliac vessels. Apart from the fentanyl administered
at induction, no additional analgesics drugs were used. The patient was extubated in the
operating room and then transferred to the intensive care unit for postoperative monitoring.
He was moved to the surgery ward on postoperative day one.
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Figure 1. Sono-anatomy of the erector spinae plane block; RH: rhomboid muscle; ESM: erector spinae
muscle; T10: transverse process.

Figure 2. Ultrasound visualization of the ESPB catheter; ESM: erector spinae muscle; T10:
transverse process.

Postoperative analgesia was achieved with paracetamol 500 mg every 6 h, together
with ropivacaine 0.2% 20 mL every 8 h. With this multimodal approach, consistent good-
quality analgesia (NRS < 3) was achieved, without side-effects such as constipation and
postoperative nausea and vomiting. Postoperative physiotherapy was started immediately,
and the patient was positioned out of bed on the second day and began walking early
(Table 1).
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Table 1. Ropivacaine administration, lab values, and progress indicators in the postoperative period.

Operative Day POD 1 POD 2 POD 3 POD 4

Catheter
placement

Ropivacaine dose
0.375% 20 mL
pre-operative 0.2% 20 mL × 3 0.2% 20 mL × 3 0.2% 20 mL × 3 Catheter removed

NRS at rest 0 0 0 0

NRS at movement 3 2 0 0

Gas canalization x x x x

Stool canalization x x x

Creatinine mg/dL 6.8 2.52 1.2 1.21 0.69

Platelet (×103/uL) 325 271 285 299 301

INR 1.03 1.01 1 0.98 0.95

Diet Sips of water Soft diet Regular diet Regular diet

Movement In the bed Out of bed Ambulating Regular activity

In the first postoperative day, preventive anticoagulant treatment was initiated as per
protocol (unfractionated heparin in continuous infusion in the range of 2–5 units/kg/h)
until the fourth postoperative day, with no adverse effects observed.

Overall, the postoperative course was uneventful, complicated only by a urinary tract
infection on day 8, promptly treated with piperacillin/tazobactam, and the patient was
discharged on postoperative day 14.

3. Discussion

Pain management in patients with chronic kidney disease, particularly those who
have undergone kidney transplantation, requires careful consideration due to their altered
physiology, and potential risks associated with certain analgesic options. Drug metabolism
and elimination can be significantly affected, leading to potential toxicity concerns with
many pain medications.

Generally, morphine is still the most used drug for postoperative pain control, though
its use, like other derivative opioids, is not without risk, because of the accumulation of
toxic metabolites [9]. On the other hand, the use of other drugs such as gabapentinoids
and NSAIDs, commonly administered in multimodal approaches, is also inadvisable in
patients with chronic renal failure.

Consequently, the use of fascial plane blocks can be considered as a potential alterna-
tive in nephropathic patients, providing a valuable option for a multimodal approach to
pain management.

The ESPB is a relatively new technique in the field of regional anesthesia and pain
management. It was first described by Forero in 2016 and has gained attention in several
surgical settings. In fact, the erector spinae is made up of three muscles (Spinalis, Longis-
simus, and Iliocostalis) that run from the sacrum to the skull, extending throughout the
lumbar, thoracic, and cervical regions [10].

ESPB has gained attention and sparked debates over its mechanism of action since its
first description. According to cadaveric studies and magnetic resonance imaging, it has
been observed to provide analgesia for both somatic and visceral pain [11,12].

By injecting the local anesthetic into the interfascial plane between the erector spinae
muscle and the transverse process, it can spread through channels in the intertransverse
connective tissues. This spreading allows the local anesthetic to reach the ventral and
dorsal rami of the thoracic spinal nerves, as well as the sympathetic ramus communicans
at the intervertebral foramen level.
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Furthermore, the involvement of lateral cutaneous branches of intercostal nerves is
mentioned, suggesting that these nerve branches also contribute to the analgesic effect of
the block [13].

ESPB has recently been described as a possible analgesic strategy in adult patients
undergoing renal transplantation. When performed at the T9-10 level, ESPB provides
analgesia without motor blocks in the abdominal–pelvic region: in the present case, a
decreased sensation to pinprick and analgesia from T7 to T12 was recorded. In fact, ESPB
provides both somatic and visceral analgesia by blocking both dorsal and ventral rami
of the spinal nerves, and because of the transforaminal spread of local anesthetic into the
paravertebral space and a variable amount of epidural spread [10].

In the 2019, Temirov et al. [14] first reported the successful use of a multimodal
approach with a single ESPB shot in a 36-year-old man who underwent kidney transplanta-
tion. Continuous ESPB has also been described in the adult population for postoperative
management in kidney transplantation. In a case series of 28 patients, Sharipova et al. [15]
reported less pain and less opioid consumption, together with a lower incidence of nausea
and vomiting, in 14 patients treated with continuous ESPB.

Similar results were reported by Vishwanath et al. [16]: in their quality improvement
project, they switched from epidural catheters to erector spinae plane catheters in managing
postoperative pain in 13 kidney transplantations. They reported a better safety profile,
minimal use of opioids, and lesser adverse effects.

Though the use of the ESPB in children has been described for various types of
surgery [17–20], to the best of our knowledge, this is the first report describing the use of
continuous ESPB for pediatric kidney transplantation.

The importance of minimizing opioid use during the perioperative period for kidney
transplant recipients has recently been addressed in the literature. As known, Enhanced
Recovery After Surgery (ERAS) protocols focus on multimodal analgesia strategies aimed
at reducing opioid consumption in various surgical settings, including kidney transplanta-
tion [21]. Therefore, adopting alternative or complementary analgesic strategies becomes
crucial in mitigating opioid-related risks, and improving postoperative outcomes.

In the present case, a multimodal approach with continuous ESPB resulted in optimal
pain control without the need for opioids, thus allowing for early mobilization. By elimi-
nating the need for opioids, we observed a rapid recovery of intestinal function, without
side-effects such as constipation and vomiting. Though desirable in all patients, a rapid and
regular course is particularly desirable in pediatric cases, in which it is necessary to try to
eliminate as much trauma as possible. Moreover, ESPB demonstrated a good safety profile,
despite the need to initiate anticoagulant therapy with heparin, and no complications
were observed. This is consonant with what is reported in the literature regarding the
efficacy and the safety of fascial plane blocks in patients at high risk of bleeding in the
cardiothoracic setting [8,22]. Specifically, Toscano et al. investigated the safety of fascial
plane blocks, specifically continuous ESPB and SAPB in patients receiving anticoagulation
and coagulopathy. They analyzed 70 patients undergoing minimally invasive mitral valve
surgery through a right mini-thoracotomy. These patients received either continuous ESPB
or SAPB for perioperative pain control. No adverse outcomes attributable to SAPB or ESPB
in terms of vascular puncture, active bleeding, or hematoma formation were reported.

In fact, one of the advantages often highlighted with the Erector Spinae Plane Block is
its anatomical location, which is deep in the erector spinae muscle plane and superficial to
the transverse processes. This positioning is thought to contribute to a reduction in certain
risks when compared to other regional anesthesia techniques [22].

Due to the distance of the ESP from major vessels and the spinal cord (medulla), there
is a decreased risk of complications such as hypotension and hematoma when compared to
techniques like Thoracic Epidural Analgesia (TEA) and Paravertebral Block (PVB) [8].

Furthermore, thanks to the interforaminal spread of the injectate in the ESPB, the risk
of pneumothorax is reduced compared with PVB, where the needle is advanced closer to
the pleura [22].
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These anatomical considerations are also in line with a recent review that analyzed
the safety and risk profiles of thoracic PVB and ESPB in patients receiving anticoagulant
or antiplatelet therapy for cardiothoracic surgery or thoracic procedures [23]. The authors
analyzed 15 articles and evidenced a low risk of bleeding associated with PVB and minimal
or absent risk for ESPB, suggesting their favorable safety profiles for patients receiving
anticoagulant or antiplatelet therapy, particularly in the context of cardiothoracic surgery
or thoracic procedures.

Similar considerations were made by a panel of Canadian experts on regional anesthe-
sia: they reviewed the evidence and classified the risk of bleeding complications following
regional nerve blocks [24]. The ESPB was considered low-risk.

In the present case, the ESPB catheter was removed without stopping UFH infusion
and no complications were observed.

There are currently no specific guidelines available on the management of the ESPB
catheter during anticoagulation therapy. However, Adhikary et al. [25] reported the use
of continuous ESPB for pain management in five patients undergoing left thoracotomy
for left ventricular assist device placement. Despite the need for prolonged postoperative
heparinization, they reported no complications in the management of catheters.

Similarly, in the study by Toscano et al. [8], regional catheters were removed at 48
hours irrespective of the international normalized ratio (INR) value and no complications
were reported.

Finally, in the context of a multimodal approach in renal surgery, a possible alternative
is represented by the quadratus lumborum block (QLB), which targets the somatic and
visceral fibers on the anterolateral abdominal wall, achieving sensory block [26].

Onay et al. recently compared QLB and ESPB in terms of their effects on postoperative
pain in open nephrectomy: they found that both approaches achieve similar results for
at-rest and at-movement pain scores and opioid consumption during the postoperative
period [27].

In our opinion, QLB is a valid option for pain management in kidney surgery but
has some limitations in the field of renal transplantation. First, the QLB is considered a
deeper block at high risk of bleeding, with a needle trajectory into a noncompressible space.
Consequently, the risk of bleeding and complications is similar to that of the lumbar plexus
block. Moreover, the postoperative catheter placement is probably more comfortable with
the ESPB, with less impediment regarding early mobilization.

4. Conclusions

Continuous ESPB appears to be a valid and safe option in the multimodal analgesia of
patients undergoing renal transplantation, even in the pediatric population, allowing good
analgesia with a sparing of opioids. Future randomized trials will be needed to confirm
our preliminary report.
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Abstract: Regional anesthesia has shown to be successful in controlling major pain in trauma patients.
However, the possibility of masking acute compartment syndrome (ACS) after peripheral nerve
blocks for limb injuries is still controversially discussed. Therefore, we aimed to summarize the
current literature regarding this topic to shed light on the impact of peripheral regional anesthesia on
the diagnosis of ACS in trauma patients. We searched Pubmed, Google Scholar and the Cochrane
Library for literature following the PRISMA (preferred reporting items for systematic reviews and
meta-analyses) guidelines. The analysis of these reports was included in the context of the current
literature concerning this topic. We found no (randomized) studies, and only six case reports dealing
with the impact of peripheral nerve blocks and ACS in patients after a limb trauma met our criteria
and were included in our review. Only one reported a delay in the diagnosis of ACS. In most of
the cases (5 of 6), the breakthrough pain, despite the nerve block, proved to be a good indicator
of a developing ACS. However, despite some narrative articles about the topic including some
recommendations about the possibly safe use of regional anesthesia techniques for limb trauma, there
is still no international consensus and only one national guideline focusing on the possibly safe use
of peripheral nerve blocks in trauma patients at risk of ACS. After reviewing the respective literature,
we consider that intra-articular analgesia, sensory blocks, fascial plane blocks and low-concentration
continuous peripheral nerve blocks are effective for analgesia and a low-risk analgesia tool for trauma
and postsurgical patients at risk of ACS due to the fact that they do not lead to a dense block. Finally,
we summarized suggestions based on the results of the literature for the different regional anesthesia
modalities in these patients in a table to facilitate the use of these techniques.

Keywords: regional anesthesia; limb trauma; compartment syndrome; anesthesia; pain management;
nerve block

1. Introduction

Peripheral (continuous) regional anesthesia is considered a highly effective analgesia
regimen after elective and trauma surgery [1], avoiding the complications caused by
opioids such as dizziness, nausea and vomiting and urinary retention. Moreover, its
positive impact on the long-term functional outcome after elective large joint replacement
has also been described [2]. However, its use is controversially discussed due to anecdotal
reports [3] blaming peripheral nerve blocks for masking an incipient ACS [4]. There
is limited knowledge concerning the impact of regional anesthesia on the diagnosis of
ACS [4–6], as highlighted by the American and European Societies of regional anesthesia
(ASRA, ESRA) [7]. In fact, the American College of Surgeons National Surgical Quality
Improvement Project (ACS-NSQIP) published data where no differences in postoperative
complications after lower extremity fractures comparing a regional or general anesthesia
regimen could be shown [8]. Moreover, Zadrazil et al. recently published a case series of
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565 pediatric patients using regional anesthesia for pain treatment after extremity trauma
and could not describe a single case of ACS [9].

This controversy has pushed a Working Party established by the Association of Anaes-
thetists of Great Britain and Ireland to publish the first Guidelines dealing with regional
analgesia for lower leg trauma and the risk of ACS [10]. They offered a multi-professional,
consensus opinion based on an objective, narrative review of case reports and case series,
aiming to provide pragmatic guidance for optimal analgesia and highlighting the need for
careful observation of ACS in any patient at risk, independent of the analgesia regimen.
Based on our previous publications [5,6,11], and encouraged by the topic of this special
issue, we performed a systematic review, screening all studies, case reports/series and
reviews available with the aim of summarizing the literature regarding the impact of pe-
ripheral regional anesthesia of the upper and lower extremities in trauma on ACS. However,
to draw a complete picture about the impact of regional anesthesia and ACS, we studied
the current literature dealing with other regional anesthesia modalities and summarized
all results in a final table to facilitate the use of these techniques in the trauma setting.

1.1. What Is Acute Compartment Syndrome?

The definition of ACS includes a pressure increase within a fixed osteofascial anatomic
space. The high pressure leads to decreased tissue perfusion and to an impairment of
the cellular function. It can end in persistent damage with considerable functional loss
after muscle necrosis [12,13]. Three factors influence the outcome in the case of increased
compartment pressure: the amount and the duration of the pressure as well as the severity
of the soft tissue damage. Severe injuries to soft tissues and fractures are the main causes
of developing ACS [4,14]. ACS is less common in women and children than in men [6,14].
In a developing ACS, pain is considered to be a clinical symptom of pivotal importance.
However, muscle tenseness, paresthesia and paresis might also indicate ACS. No palpable
pulses are considered a late sign and are associated with a poor functional outcome [5,6,11].
The pain increases with stretching of the involved muscle compartment and is often
reported as more intense and severe than should be expected for the injury. Moreover,
pain worsens with time, and does not respond to increasing doses of pain medication,
including opioids and boluses of local anesthetics applied through a peripheral nerve
catheter [5,6,10,11] (Table 1).

Table 1. Symptoms and signs of acute compartment syndrome.

Symptoms Signs

• Pain is greater than expected or increasing
• Paresthesia in affected extremity
• Splinting or removal of casts leads to

no relief
• Raise in pain and analgesic demand

• Pain after passive stretching of the
respective compartment

• Swollen and tense compartment
• Pallor
• Pulselessness (late sign)
• Muscle weakness
• Sensory deficit of the nerves enclosed in

the compartment

Note:
In the early stage of ACS, pulses might be present, but they are absent in the late stage. Therefore,
palpable pulses do not exclude ACS.
During the early development of ACS, the capillary refill is present.
ACS can occur in open fractures.
Clinical signs remain unclear due to their low specificity and sensitivity.
After regional anesthesia or opioid patient-controlled analgesia (PCA), probably more sensitive
clinical signs of ACS:
- Breakthrough pain despite well-working regional anesthesia.
- Increase demand of analgesics.
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The data from the Royal Infirmary of Edinburgh report an annual incidence of 3.1 per
100,000 people (7.3 per 100,000 men and 0.7 per 100,000 women) on average [15]. ACS is
commonly seen in males and in patients younger than 35 years [16]. After extremity trauma,
40% of all cases of ACS are described after tibial shaft fracture, whereas 23% are described
after soft tissue tibial trauma and 18% after forearm fractures [17,18]. The incidence of
ACS in children is lower despite the fact that they show a higher preexisting compartment
pressure [19,20].

A crucial fact is that ACS might also be present in the absence of fractures. Different
medical conditions with abnormal bleeding diatheses (clotting disorders, hemophilia,
etc.), neurocognitive impairment and neurologic disorders with reduced sensitivity and
sensibility of the limbs, as well as intramedullary nails, vascular injury, burns, high energy
injury and the use of tourniquets are associated with an increased risk of ACS [15].

1.2. Diagnosis of Acute Compartment Syndrome

Clinical symptoms and signs are summarized in Table 1. It is important to recognize
that the specificity of clinical signs is 97–98%; however, their sensitivity is as low as
13–19% [6]. In the presence of one clinical symptom, the probability of diagnosing ACS
correctly is 25%. This probability increases to 93% if three clinical symptoms are present. [6].

The measurement of compartment pressure is the golden standard to determine if
fasciotomy is indicated or not [11]. It is crucial that an immediate diagnosis is made,
followed by surgical treatment to prevent further damage to the tissues; therefore, an
objective measurement of the compartment pressure has to be performed using of the
commercially available pressure devices [21]. Interestingly, there is no final consensus
about the threshold value of compartmental pressure and its relation to systolic, diastolic
or mean blood pressure for the diagnosis and treatment of ACS [22].

A noninvasive tool which might show an incipient ACS is near-infrared spectroscopy
(NIRS), which analyzes the relative oxygen saturation (rScO2) of tissue hemoglobin [23,24].

NIRS can measure changes in local muscle oxygen saturation, offering continuous,
noninvasive monitoring of intra-compartmental ischemia and hypoxia [25,26].

1.3. Treatment of ACS

The only treatment to avoid permanent damage after diagnosis of ACS is a surgical
decompression of the affected osteofascial compartments [27,28]. The outcome after fas-
ciotomy actually depends on the timing and the additional injuries. A delay of surgical ACS
treatment for more than 12 h impairs the outcome [29–31]. In fact, Hayakawa et al. reported
that performing a fasciotomy within 6 h after ACS diagnosis showed a satisfactory outcome
in 88% of cases, leading to an amputation rate of 3.2% and a mortality rate of 2%. However,
a fasciotomy performed after 12 h had a satisfactory outcome in 15% of cases, leading to
14% amputations and 4.3% reported deaths [32]. However, there are reports of residual
functional impairment if fasciotomy is delayed for only 2 h after ACS diagnosis [33–38].
The surgical fasciotomy can be performed safely under general or (short-acting) regional
anesthesia [21].

2. Methods

Pubmed, Google Scholar and the Cochrane Library were searched for literature
concerning compartment syndrome in the upper and lower extremities in combination
with a peripheral nerve block (PNB) and trauma in adult patients in the time period
January 1980–June 2023. We excluded articles written in any languages other than English.
The use of only intravenous opioid patient-controlled analgesia (PCA) and elective surg-
eries was also excluded. We used keywords such as ‘acute compartment syndrome’, ‘upper
extremity’, ‘lower extremity’, ‘trauma’, ‘peripheral nerve block’, ‘nerve block’, ‘regional
anesthesia’, ‘compartment syndrome’, ‘upper limb’ and ‘lower limb’, in different combina-
tions. We followed the PRISMA guidelines. Some of the articles were cross-referenced.
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We also studied articles concentrating on other regional anesthesia techniques used
for trauma patients, like central blocks (epidural (EDA) and spinal anesthesia), intra-
articular analgesia, intravenous regional anesthesia (IVRA), wound infusion and fascial
plane blocks for extremity surgery, to check the references and to summarize the data
reported and offer suggestions based on the results of the literature for the different
regional anesthesia modalities.

3. Results

We identified 296 citations, 90 of which were related to the topic: compartment
syndrome and regional anesthesia in the reviewed time period. We excluded duplicates
(n = 46), articles including only PCA and no regional anesthesia (n = 8) and articles not
in English (n = 3), which gave us a total of 35 full-text articles. We further excluded from
the primary analysis articles including peripheral blocks for elective surgery (6), articles
including patients in a study protocol for liposomal bupivacaine (1), articles including
pediatric trauma and regional anesthesia (1), articles dealing with IVRA (7) and articles
including spinal/EDA (12). Therefore, we included a total of six full-text articles in the
final analysis: case reports (n = 6) (Table 2) (Figure 1).

Figure 1. Data search diagram.

Only one case reported a possible delay in the diagnosis of ACS. Ganeshan et al. [39] re-
ported a case of a 75-year-old man with a distal radius fracture. The surgery was performed
after an axillary nerve block. However, the local anesthetic used, and its concentration and
volume were not reported. After the failure of K-wires, a volar periarticular locking plate
was put in place. After surgery, the patient was sent home. Unfortunately, the authors did
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not report if the patient was discharged after the block had worn off with full sensory and
motor blockade. There was no documented monitoring of the patient for signs/symptoms
of developing ACS in the time frame from post-surgery until block resolution. Only 24 h
after surgery did the patient present to the emergency department with blisters, and loss of
sensation and motor function in the fingers and wrist.

The case by Hyder et al. [3] was published in an orthopedic journal with the title
“Compartment syndrome in tibial shaft fracture missed because of a local nerve block”,
clearly suggesting that regional anesthesia was the cause of a delayed diagnosis of ACS.
In this case, a 28-year-old male received an intramedullary nailing to fix a closed tibial
shaft fracture. Postoperatively, the patient received a former called 3 in 1 block (a femoral
nerve with uncertain spread to the obturator and lateral cutaneous nerve or the thigh) for
pain control. The patient’s complaints about paresthesia of the foot were attributed to the
triple nerve block. The symptoms persisted, and 48 h later, he could not flex his great toe.
A fasciotomy was performed, but after surgery, the patient needed an ankle-foot orthosis
for walking due to anterior tibial compartment necrosis.

Rauf et al. [40] reported a case of a young man with a mid-shaft fracture of the radius
and a malalignment after ORIF (open reduction internal fixation). The patient received a
supraclavicular block using a mixture of lidocaine 2%, adrenaline and bupivacaine 0.5%
prior to general anesthesia. Twenty minutes after extubation, the patient complained about
dull and severe pain in his forearm. Despite the administration of paracetamol, diclofenac
and morphine, the pain did not resolve and a dense sensory and motor blockade was still
present. No compartment pressure monitoring was performed, but after the removal of
the cast, the radial pulse was absent. The wound was explored in the operating room.
A bleeding vessel was identified as causing the clinical symptoms. There was no fasciotomy
performed and the patient did not suffer any long-term disabilities. The patients of the
other reported cases [5,39,41,42] suffered severe pain up to a visual analogue scale (VAS)
10/10, despite a functioning peripheral nerve block. All cases using peripheral nerve blocks
are summarized in Table 2.

3.1. Other Regional Anesthesia Techniques and ACS
3.1.1. Neuraxial Blocks

We did not find a case where a single shot epidural or single shot spinal anesthesia
was implicated in the delay of an ACS. However, continuous epidural analgesia has been
reported to mask symptoms of ACS, delaying its diagnosis [43]. Mar and colleagues [43]
reviewed 23 cases where continuous epidural analgesia (EDA) was blamed for masking
ACS, and they could show that in 90% of the cases, patients showed the classical symptoms
of ACS but these symptoms were not recognized in time. Breakthrough pain, a heavy
clinical indicator of ACS, was ignored in most cases. However, a dense block caused by
continuous EDA delayed the diagnosis of ACS in four cases.

3.1.2. Intravenous Regional Anesthesia

Different reports have implicated intravenous RA (IVRA) in causing ACS [44–50].
In the cases describing ACS after IVRA, the use of prolonged and high-pressure

tourniquets as well as the extravascular or erroneous injection of a foreign substance into
the forearm venous system were the most likely causes of ACS.

3.1.3. Single Shot/Continuous Intra-Articular Injection

After local infiltration analgesia (LIA) or continuous wound infusion (CWI), there is
no report of a delay in diagnosis of ACS.

3.1.4. Compartment/Fascial Plane Blocks

After compartment/fascial plane block, there is no report of a delay in diagnosis
of ACS.
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4. Discussion

Of the included six case reports dealing with peripheral nerve blocks and ACS, only
one remains unclear. In the report by Ganeshan et al., without further information about the
medications used for the blockade, and with unclear monitoring for ACS symptoms after
the surgery, it is difficult to state that the peripheral nerve block delayed ACS diagnosis [39].
Additionally, ambulatory surgery in patients at risk of developing ACS remains contro-
versial and close post-discharge monitoring is highly recommended [49]. The timeline
remains unclear: when did the block wear off? When did pain start? Why did the patient
wait for so long and present to the emergency department only the day after surgery with
blisters, and motor and sensory compromise of the wrist and fingers? [39]. This patient
suffered from persistent dysfunctions of the hand and wrist after surgery for ACS and is an
unfortunate example of the need for some basic guidelines for this specific complication
in the ambulatory surgery setting: not to be alone at home the first night after surgery,
written information about postoperative care, a phone number of healthcare professionals
as well as a follow-up call the day after surgery. Mobile apps and remote monitoring will
possibly improve postoperative follow-up [51]. The case presented by Hyder et al. [3] is
a clear misunderstanding of basic anatomy. After a femoral nerve block with or without
the involvement of other nerves of the lumbar plexus, the sciatic nerve remains unblocked.
Moreover, it would only cover analgesia in the area of the insertion of the medullar nail for
an analgesia duration of approximately 8 h [11,52]. Despite this anatomical fact, and the
clear misunderstanding of local anesthetic pharmacology, Tran et al. [53] recently blamed
this block for the delay of ACS. Severe breakthrough pain reaching a VAS 10/10 shows that
the peripheral nerve blockade did not impair or preclude ACS diagnosis. Such sudden and
severe pain must make the attending doctor suspicious, and an incipient ACS has to be
ruled out [5].

We are aware that there is not much literature concerning the question if a peripheral
nerve block may delay the diagnosis of ACS. However, in most of the articles blam-
ing regional anesthesia for masking ACS, there was an epidural analgesia (EDA) or an
intravenous opioid patient-controlled analgesia (PCA) present. Actually, PCA and continu-
ous EDA might mask the symptoms of acute compartment syndrome [4,16,19–24,31]. In
fact, single shot epidural or single shot spinal anesthesia have not been associated with
ACS [14,54–61].

However, continuous epidural analgesia has been reported to mask symptoms of
ACS, delaying its diagnosis. In the review by Mar and colleagues [43], continuous epidural
analgesia (EDA) was blamed for masking ACS in 23 cases and they could show that in 90%
of the cases, patients showed the classical symptoms of ACS but these symptoms were not
recognized in time. Breakthrough pain, a heavy clinical indicator of ACS, was ignored in
most cases. However, a dense block caused by continuous EDA delayed the diagnosis of
ACS in four cases.

In the recent Pro-Con debate about the use of PNB for trauma patients, authors
highlighted the fact that a developing ACS with breakthrough pain might be more easily
detected [62].

Considering other regional anesthesia techniques, intravenous RA (IVRA) has been
implicated in causing ACS [44–48]. IVRA is frequently performed in trauma in different
parts of the world and the concept of causing ACS performing an IVRA is not well under-
stood [49,50]. The most controversial theories focus on the double tourniquet used for this
technique and emphasize the ischemia-reperfusion injury leading to hyperemia, swelling
and the additional application of high volumes of local anesthetics and adjuvants into a
“newly created compartment.” [45]. Additionally, other factors like inflation pressure and
duration as well as the use of hypertonic saline infusion [44,47,48] have also been involved
in the development of ACS. According to the literature, ACS after IVRA can be caused
by (1) placing the intravenous line and injection into the radial artery, (2) an idiosyncratic
allergic reaction to the local anesthetic or the preservative and (3) inadvertent injection of
an inappropriate agent into the forearm venous system [44,47,48].
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Continuous wound (articular) infusion (CWI) or peri-articular infiltration (local infil-
tration analgesia [LIA]) are effective regional analgesia techniques but have no impact on
motor or major sensory block due to the lack of effect on major nerves [63,64]. The surgery
most profiting from these techniques is total knee arthroplasty, whereas hip surgery and
upper extremity trauma are controversially discussed [65]. Fascial plane blocks represent
a modern regional analgesia approach, where high volumes of low-concentration local
anesthetics are injected for analgesia, therefore avoiding central blocks or PNBs. Fascial
plane blocks lead to minimal, if at all, motor block and therefore offer an underestimated
alternative for patients at risk of ACS. In fact, classic perineural blocks could be replaced
by techniques like midfemoral saphenous nerve blocks for medial tibia plateau fractures,
supra-inguinal fascia iliaca blocks for femur neck fractures and quadratus lumborum blocks
for hip fractures [66,67].

The articles we included are case reports and therefore represent only class IV evidence
according to the Agency for Healthcare Research and Quality (AHRQ). This is the main
limitation of this review. There are no randomized controlled studies available on this
topic. There are some articles stating that regional anesthesia does not delay the diagnosis
of ACS [28,29], but these studies are also based on case series, which limits the evidence.
Considering the fact that even PCA has been blamed for masking ACS [16,20–22], using
well-adapted regional anesthesia techniques might offer different advantages. Apart from
the avoidance of opioid-related side effects, the breakthrough pain, through a functioning
continuous peripheral nerve block, can be used as an early diagnostic tool, as shown in
five of our included cases. In fact, breakthrough pain persisted after systemic analgesics
and even after a top up of the perineural catheter. As stated by Aguirre et al., ‘proper
documentation and a high level of suspicion coupled with postoperative repeated clinical
and, if needed, invasive monitoring are of utmost importance’ [3].

5. Conclusions

Due to the low quality of data, only six case reports, it is difficult to state that regional
anesthesia could routinely be used in trauma patients. Five of these case reports show that
regional anesthesia did not mask the diagnosis of ACS and the sixth case report remains
inconclusive due to missing data. We can state that if surgeons and anesthesiologists
keep a high index of suspicion, adapt the regional anesthesia techniques and use basic
clinical monitoring in patients at risk of ACS, regional anesthesia remains a valuable
option for good postoperative pain management. Even though in most case reports high
concentrations of local anesthetics were used when breakthrough pain was present, we
recommend the use of local anesthetics, volumes and concentrations to avoid dense and
long-lasting blocks. Moreover, ACS must be excluded when (breakthrough) pain cannot be
managed despite a well-placed continuous regional anesthesia. Due to the unclear literature
concerning IVRA and ACS, this technique should not be used in trauma surgery [3,25].
Moreover, dense motor blocks [3,32] and high-concentration epidural catheters [43] should
be avoided; we recommend lower concentrations and higher flowrates to achieve that.

We summarized the Recommendations from the ESRA/ASRA Joint Committee State-
ment [7] and the Recommendations of the Association of Anaesthetists of Great Britain
and Ireland [10] (Tables 3 and 4) to display the two existing Anesthesia Societies’ rec-
ommendations on this topic. Moreover, based on the literature reported in this review
and our experience [5], we summarized possible suggestions for the different regional
anesthesia modalities to apply in patients at risk of ACS in a table to facilitate the use of
these techniques (Table 5).
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Table 3. Recommendations from the ESRA/ASRA Joint Committee Statement, modified according to
Ivani G et al. [7].

All patients with regional anaesthesia/acute pain should be followed by the actue pain service.
Perform compartment pressure measurement if ACS is suspected.
If regional anesthesia is performed in patients at high risk of ACS, the dose (volume and
concentration) of local anesthetics should be reduced.
Carefully evaluate the use of adjuvants due to the possible increase in block duration and block
intensity.
Use bupivacaine, levobupivacaine or ropivacaine at concentraions of 0.1–0.25% for single shot
peripheral nerve blocks and neuraxial blocks.
Use bupivacaine 0.125% or ropivacaine 0.1–0.2% at rates of 0.1–0.3 mg/kg/hr for continuous
peripheral nerve blocks and continuous neuraxial blocks.

Table 4. Recommendations of the Association of Anaesthetists of Great Britain and Ireland, modified
according to Nathanson NH et al. [10].

Manage patients at risk of ACS within agreed, multidisciplinary protocols.
Trained staff should be able to indentify signs and symptoms of ACS in the postoperative period.
The use of objective scoring charts is recommended.
All surgery or trauma patients should be offered effective analgesia after full explanation and
documented informed consent.
In the case of no consensus between anesthetist and surgeon, the role of the anaesthetist as the
expert on pain relief should be respected.
Avoid the use of neuraxial or peripheral regional techniques resulting in dense blocks of long
duration significantly exceeding the duration of surgery.
Use lower concentrations of local anaesthetic drugs without adjuncts for single shot or continuous
peripheral nerve blocks provided post-injury, and postoperative surveillance is appropriate and
effective to avoid delays in diagnosis of ACS.
Due to the lack of reliable, published data on the safety and efficacy of analgesia in patients at risk
of ACS and as prospective randomized trials would need to be large due to the low evidence of
ACS, the Working Party recommends the conduct of prospective audits.
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Abstract: Background/Objectives: Intravenous dexmedetomidine (DEX) can increase the analgesia
duration of peripheral nerve block; however, its effect in combination with superior trunk block
(STB) remains unclear. We examined whether combining single-shot STB (SSTB) with intravenous
DEX would provide noninferior postoperative analgesia comparable to that provided by continuous
STB (CSTB). Methods: Ninety-two patients scheduled for elective arthroscopic rotator cuff repair
were enrolled in this prospective randomized trial. Patients were randomly assigned to the CSTB or
SSTB + DEX group. Postoperatively, each CSTB group patient received 15 mL of 0.5% ropivacaine
and a continuous 0.2% ropivacaine infusion. Each SSTB group patient received a 15 mL postoperative
bolus injection of 0.5% ropivacaine. DEX was administered at 2 mcg/kg for 30 min post anesthesia,
then maintained at 0.5 mcg/kg/h till surgery ended. Pain scores were investigated every 12 h for
48 h post operation, with evaluation of rebound pain incidence and opioid consumption. Results:

The SSTB + DEX group had significantly higher median pain scores at 12 h post operation (resting
pain, 8.0 vs. 3.0; movement pain, 8.0 vs. 5.0) and a higher incidence of rebound pain (56% vs. 20%)
than the CSTB group. However, no significant between-group differences were observed in pain
scores postoperatively at 24, 36, or 48 h. The CSTB group required less opioids and fewer rescue
analgesics within 12–24 h post operation than the SSTB + DEX group. Conclusions: Compared with
CSTB, SSTB + DEX required additional adjuvant or multimodal analgesics to reduce the risk and
intensity of postoperative rebound pain in patients who underwent arthroscopic rotator cuff repair.

Keywords: brachial plexus block; catheters; dexmedetomidine; pain; postoperative; nerve block

1. Introduction

Arthroscopic shoulder surgery involves significant pain during the early postoperative
period. During this period, postoperative pain control is essential to accomplish early reha-
bilitation and recovery. Interscalene brachial plexus block (ISB) is the standard approach
used to manage acute pain after shoulder surgery. Given that single-shot ISB can provide
an analgesic effect for 8 h post operation, studies have reported strategies for optimal
pain management, including local anesthetic adjuvants for single-shot or continuous ISB,
to control pain beyond 12–24 h after shoulder surgery. Continuous ISB provides better
pain relief and less rebound pain than single-shot ISB; however, the procedure necessi-
tates catheter insertion, leading to additional equipment costs and requiring specialized
provider training [1,2]. The benefits of ISB may be offset by the related high incidence of
hemidiaphragmatic paresis. To spare the phrenic nerve, a superior trunk block (STB) can
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be performed immediately before the location where the suprascapular nerve branches
from the superior trunk. This method provides sufficient analgesia while preserving di-
aphragmatic function after shoulder arthroplasty [3–5]. Most studies have investigated the
combined effects of adjuvants with single-shot ISB, with only a few studies comparing the
pain control effect of single-shot ISB combined with an adjuvant with that of continuous
ISB. The analgesic effects of continuous superior trunk block (CSTB) compared with those
of single-shot superior trunk block (SSTB) and intravenous dexmedetomidine (DEX) on
pain after arthroscopic shoulder surgery remain unclear.

We hypothesized that SSTB combined with intravenous DEX would provide noninfe-
rior analgesia compared with that provided by CSTB in patients undergoing arthroscopic
shoulder surgery. This study aimed to examine this hypothesis. The primary study end-
point was pain scores at 24 h post operation. Secondary endpoints included the incidence
of rebound pain, opioid consumption, and pain scores at other times within the 48 h
postoperative period.

2. Materials and Methods

This prospective randomized controlled study was approved by the Severance Hos-
pital Institutional Review Board (protocol number: 4-2021-0853) on 13 August 2021, and
registered at ClinicalTrials.gov (NCT05020821, principal investigator: Jaewon Jang, date
of registration: 25 August 2021). This study was conducted according to the guidelines of
the Declaration of Helsinki and followed the Consolidated Standards for Reporting Trials
reporting guidelines for clinical trials. We enrolled 92 adult patients scheduled for elective
arthroscopic rotator cuff repair between September 2021 and August 2022. The exclusion
criteria were a history of shoulder surgery, contraindications to peripheral nerve block use,
allergy to lidocaine or ropivacaine, heart failure, arrhythmia, preoperative bradycardia, opi-
oid use disorder, or hepatic or renal insufficiency. All patients provided written informed
consent.

2.1. Randomization and Study Protocol

Patients were randomly assigned to the CSTB or SSTB + DEX group using a computer-
generated randomization sequence by an investigator not involved in intraoperative patient
management. The same investigator provided two sets of solutions, namely, the experimen-
tal drug (DEX) and placebo (normal saline), which were both colorless and transparent. The
attending anesthesiologists, other investigators, surgeons, and nursing staff were blinded
to the group allocation assignments before the nerve block procedure.

A standard monitoring protocol was used after each patient arrived in the operating
room. All patients underwent general anesthesia with tracheal intubation using propofol
(1.0–2.0 mg/kg), rocuronium (0.6–0.8 mg/kg), and remifentanil (0.05–0.1 mcg/kg/min).
Anesthesia was maintained using sevoflurane and remifentanil (0.01–0.1 mcg/kg/min) in
an air/oxygen mixture. In the SSTB + DEX group, DEX was administered at 2 mcg/kg for
30 min after anesthesia induction, followed by the administration of the fixed maintenance
dose at 0.5 mcg/kg/h until the end of surgery. In the CSTB group, an equivalent volume of
the placebo solution was administered similarly. When the heart rate was <50 beats/min
or the systolic pressure was <80 mmHg, the anesthesiologist administered an atropine
bolus injection (0.5 mg) or a continuous infusion of norepinephrine (0.01–0.1 mcg/kg/min),
respectively. Dexamethasone was not administered to exclude its effects as an adjuvant
for nerve block. The same surgeon performed all surgical procedures while each patient
was in a beach chair position and maintained controlled hypotension. Neuromuscular
blockade was reversed using neostigmine (1 mg) and glycopyrrolate (0.2 mg) after the
surgical procedure.

2.2. Nerve Block Procedure

Nerve blocks were administered postoperatively to avoid catheter dislodgement. The
anesthetized patients were placed in a supine position, with the head slightly turned to
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the contralateral side of the operative side. Subsequently, a linear ultrasound probe (6 to
13-MHz, HFL38xp, SonoSite Inc., Bothell, WA, USA) was used to perform a sequential
prescan from the supraclavicular fossa to the upper part of the interscalene groove, and
then in the reverse direction to the supraclavicular fossa [6]. After tracing C5 and C6
convergence, we identified the suprascapular nerve originating from the superior trunk.
After sterile skin preparation, STB was performed based on the group assignment. In
the CSTB group, we used an end-hole perineural catheter through a catheter-over-needle
system (E-cath, PAJUNK® GmbH, Geisingen, Germany). An 18-gauge cannula with an
indwelling 21-gauge needle was advanced in plane at a lateral-to-medial direction until
the tip was located just deep into the superior trunk. Non-adrenalized ropivacaine (10
mL, 0.5%) was injected to facilitate hydrodissection to expose space for catheter insertion.
Next, a 21-gauge end-hole E-catheter was inserted through an indwelling 18-gauge cannula.
To ensure correct catheter tip placement in the medial aspect beneath the superior trunk,
additional non-adrenalized ropivacaine (5 mL, 0.5%) was injected during ultrasound
imaging (Figure S1). A sterile occlusive dressing and an anchoring device were used to
secure the catheter. In the SSTB + DEX group, STB was performed in a similar manner using
an insulated stimulating needle (22 gauge, 50 mm; UniPlex Nanoline, Pajunk, Geisingen,
Germany). Local anesthetic (15 mL of 0.5% ropivacaine) with epinephrine (1:200,000) was
injected to extensively surround the trunk in the lateral, inferior, and medial aspects.

2.3. Postoperative Management

In the post-surgery ward, each patient was prescribed acetaminophen (1200 mg) at 8 h
intervals as required to control postoperative pain before hospital discharge. Intravenous
tramadol (50 mg) was administered as rescue analgesia when the numeric rating scale
pain score (NRS) was >4. No steroids were administered after surgery. In the CSTB group,
patients received a continuous infusion of 0.2% ropivacaine (a total volume of 300 mL)
at a basal rate of 5 mL/h, a 4 mL bolus, and a 30 min lockout time using a disposable
patient-controlled infusion pump (Accufuser, Woo Young Medical, Republic of Korea). In
the SSTB + DEX group, DEX was no longer administered after surgery. Based on routine
clinical practice, all patients were discharged 1 day post operation. All patients received
phone calls from an investigator at 36 and 48 h post operation for evaluation of pain scores
and any block- or equipment-related complications. The catheters were removed at each
patient’s local clinic 48 h after surgery.

2.4. Outcome Assessments

The primary outcome was the 24 h postoperative resting pain score. Pain scores at
other times, rebound pain incidence and opioid consumption were included as secondary
endpoints. Pain intensities at rest and during activity were assessed using an 11-point nu-
meric pain score (0, no pain, to 10, worst imaginable pain). Pain scores were recorded at five
points: the preoperative baseline, and 12, 24, 36, and 48 h postoperatively. Rebound pain
was defined as severe pain (NRS score ≥ 7) at the surgical site following the STB resolution.
The administration of tramadol was converted to the oral morphine equivalents [7].

2.5. Statistical Analysis

The noninferiority hypothesis was used to calculate the sample size based on the pri-
mary endpoint. A pain score standard deviation of 3.2 was used for the calculation [8]. The
predetermined noninferiority margin was 2 points on the 11-point pain intensity scale [9].
To achieve a significance level of 2.5% and power of 80%, 41 patients were required in
each group. To account for a dropout rate of 10%, 46 patients were included in each group.
The noninferiority hypothesis for the primary outcome was assessed using a one-sided
t-test (between-group difference in pain score of ≥2 points) at a significance level of 2.5%.
We performed between-group comparisons of preoperative measurements and secondary
outcomes. Parametricity was confirmed using the Shapiro–Wilk and Kolmogorov–Smirnov
tests. Parametric and non-parametric continuous variables were analyzed using an inde-
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pendent t-test and a Mann–Whitney U test, respectively. Between-group comparisons of
categorical variables were conducted using Fisher’s exact test or a χ2 test, as appropriate.
Parametric and non-parametric continuous variables are shown as means ± standard
deviation and medians (interquartile range), respectively, while categorical variables are
shown as numbers (percentages). All statistical analyses were performed using R (version
3.5.1; R Foundation for Statistical Computing, Vienna, Austria), IBM SPSS Statistics for
Windows, version 23.0 (IBM Corp., Armonk, NY, USA), or MedCalc Statistical Software
version 18.11.3. Statistical significance was set at p < 0.05.

3. Results

Among the 111 patients screened for eligibility, we enrolled 92 and allocated them
to either group. One CSTB group patient was excluded because her Horner’s syndrome
diagnosis required catheter removal at 6 h post operation. One SSTB + DEX group patient
was excluded due to changes in the surgical procedure. Accordingly, we included data
from 90 patients in the final analysis. A flowchart of the study is presented in Figure 1.

Figure 1. CONSORT study flow diagram. CONSORT, Consolidated Standards for Reporting Trials;
CSTB, continuous superior trunk block; SSTB + DEX, single shot of superior trunk block with
intravenous dexmedetomidine.

No significant between-group differences were observed in patient characteristics
and operative data (Table 1). No significant between-group differences were found in the
number of patients requiring intraoperative atropine, the fluid amount, or the minimum
blood pressure; however, the minimum heart rate was significantly lower in the SSTB + DEX
group than in the CSTB group (49 bpm vs. 52 bpm, p = 0.007). In addition, systolic,
mean, and diastolic blood pressures were lower in the CSTB group compared with that of
SSTB + DEX group, but without statistical significance.
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Table 1. Demographic and operative data.

CSTB Group
(n = 45)

SSTB + DEX Group
(n = 45)

p Value

Age (years) 65 ± 7 62 ± 8 0.126
Female/Male 20/25 19/26 >0.999
Height (cm) 160.6 ± 8.5 160.8 ± 8.9 0.931
Weight (kg) 64.5 (59.0–70.5) 62.5 (57.0–69.0) 0.345

Body mass index (kg/m2) 24.9 (23.5–26.2) 24.6 (22.8–26.1) 0.399
ASA class (I/II/III) 22/16/7 17/25/3 0.121
Surgical procedure

Arthroscopic rotator cuff repair 45 (100) 45 (100)
Subpectoral biceps tenodesis 30 (67) 22 (49) 0.135

Operation time (min) 90 (70–115) 90 (70–105) 0.539
Anesthesia time (min) 148.7 ± 29.9 152.9 ± 31.4 0.515

Fluid amount (mL) 550 (450–650) 550 (450–650) 0.939
Remifentanil use (mcg) 448 (388–576) 442 (371–579) 0.473
Norepinephrine (mcg) 256 (117–336) 208 (124–293) 0.416

The number of patients who required
intraoperative atropine 0 3 (7) 0.242

Minimum SBP 81 (78–83) 83 (78–85) 0.256
Minimum DBP 36 ± 6 38 ± 6 0.067
Minimum MBP 52 (49–57) 55 (51–59) 0.088

Minimum heart rate 52 (49–57) 49 (46–53) 0.007

Values are presented as median (interquartile range), mean ± standard deviation, or number of patients (%). ASA,
American Society of Anesthesiologists; CSTB, continuous superior trunk block; DBP, diastolic blood pressure;
MBP, mean blood pressure; SBP, systolic blood pressure; SSTB + DEX, single shot of superior trunk block with
intravenous dexmedetomidine.

The mean scores for resting pain 24 h post operation were 4.4 ± 2.3 and 5.0 ± 2.0 in
the CSTB and SSTB + DEX groups, respectively, and the between-group difference was
0.64 (95% confidence interval [CI], −0.25 to 1.54). Since the upper limit of the 95% CI was
lower than the predefined noninferiority margin (δ = 2), noninferiority was established
(Figure 2). The mean difference in the moving pain score 24 h post operation was 1.09
(95% CI, 0.21–1.97), which also indicated noninferiority. Similarly, the lack of a significant
between-group difference in the resting and moving pain scores 36 and 48 h postoperatively
also indicated noninferiority. However, the resting and moving pain scores at 12 h post
operation were significantly higher in the STB + DEX group than in the CSTB group, with
a mean between-group difference of >2 (mean difference in resting pain score, 3.31; 95%
CI, 1.97 to 4.65; mean difference of moving pain score, 3; 95% CI, 1.67–4.33). The pain
scores at 12 h post operation indicated that SSTB + DEX was inferior to CSTB. The resting
and moving median pain scores at 12 h post operation were significantly higher in the
SSTB + DEX group than in the CSTB group (resting pain, 8.0 vs. 3.0; movement pain, 8.0 vs.
5.0), with no between-group difference in the pain scores at the other time points (Figure 3).

The median between-group time difference in time to first pain was 3 h (14 h vs.
11 h, p = 0.014, Table 2). The rebound pain incidence was 20% and 56% in the CSTB and
SSTB + DEX groups, respectively (p = 0.001); the overall incidence was 38%. Opioid
consumption within the 12–24 h postoperative period was higher in the SSTB + DEX
group than that in the CSTB group. The SSTB + DEX group had more patients requiring
rescue analgesics within the 12–24 h post operation than the CSTB group. DEX use was
not associated with a prolonged post-anesthesia care unit stay. No patients experienced
adverse pulmonary events and, at the 48 h follow-up, no patients reported any block- or
equipment-related complications.
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Figure 2. Noninferiority diagram of between-group differences in the numerical rating scale pain
scores within 48 h post operation, both at rest (A) and during movement (B). The solid line indicates
a noninferiority margin (δ) of 2. Squares indicate differences in the mean pain score, while error bars
indicate the 95% CIs of the between-group differences. Statistical significance was set at p < 0.05.
CSTB, continuous superior trunk block; SSTB + DEX, single shot of superior trunk block with
intravenous dexmedetomidine.

Figure 3. Pain scores at rest (A) and during movement (B). Boxplot represents the median with the
25th/75th percentile. Whiskers reveal the minimum/maximum values, excluding outliers. Points
represent the outliers. CSTB, continuous superior trunk block; SSTB + DEX, single shot of superior
trunk block with intravenous dexmedetomidine. * p < 0.05 between the CSTB and SSTB + DEX
groups in the post hoc analysis.

Table 2. Postoperative variables.

CSTB Group
(n = 45)

SSTB + DEX Group
(n = 45)

p Value

Time to first pain report (h) 14 (10–15) 11 (10–13) 0.014
Patients experiencing rebound pain (n) 9 (20) 25 (56) 0.001

Patients requiring rescue analgesics (n)
0–12 h 9 (20) 9 (20) >0.999

12–24 h 23 (51) 36 (80) 0.008
Opioid consumption (morphine equivalents)

0–12 h 0 (0–0) 0 (0–0) >0.999
12–24 h 10 (0–10) 20 (10–20) <0.001

Postoperative anesthesia care unit (PACU) stay (min) 38 (30–55) 48 (35–63) 0.070

Values are presented as median (interquartile range) or number of patients (%). CSTB, continuous superior trunk
block; SSTB + DEX, single shot of superior trunk block with intravenous dexmedetomidine.
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4. Discussion

In our study, SSTB + DEX yielded significantly inferior analgesia at 12 h post operation
than CSTB did. Furthermore, SSTB was associated with a higher rebound pain incidence
than CSTB. The patients in the CSTB group required less opioid consumption and fewer
rescue analgesics within the postoperative 12–24 h period than those in the SSTB + DEX
group. However, SSTB + DEX yielded pain scores comparable to those of CSTB within
24–48 h post operation.

Single-injection ISB is an important component of multimodal analgesia for postoper-
ative pain and provides effective analgesia during the early postoperative period (6–8 h
postoperatively) to reduce opioid requirement [10]. Continuous ISB has been shown to lead
to better analgesia, less opioid consumption, better sleep patterns, and a higher quality of
recovery than single-injection ISB [11–13]. Given the difficulty and cost of catheterization,
most recent studies have focused on increasing the analgesic duration of single-shot ISB
by adding perineural or intravenous adjuvants [14–18]. Among the various adjuvants for
local anesthetics, intravenous DEX prolongs the analgesic duration of single-shot ISB and
reduces postoperative analgesic consumption [3,19,20]. However, limited studies exist
on the effectiveness of intravenous administration of DEX, in addition to STB, a phrenic-
sparing alternative to ISB. Therefore, this study compared the postoperative analgesic
effect of CSTB with that of combined SSTB and intravenous DEX in patients undergoing
arthroscopic rotator cuff repair.

DEX provides prolonged analgesia when used as a single-shot peripheral nerve block
adjuvant [18–21]. In contrast, perineural DEX delays rehabilitation due to prolonged
motor blockade [21]. Its use includes specific potential risks, including “off-label” use
in the absence of US Food and Drug Administration approval. A recent study showed
that intravenous dexamethasone and DEX notably extended the period before the first
pain relief request after single-shot ISB following arthroscopic shoulder surgery [17]. In-
travenous DEX (2.0 mcg/kg) significantly increases the ISB analgesia duration (median
increase of 218 min, compared with the control group). It also reduces the cumulative
opioid consumption within the 24 h postoperative period [14]. Kang et al. revealed that
0.5 mcg/kg or 1.0 mcg/kg of intravenous DEX did not have a clinical analgesic effect,
with only 2 mcg/kg of intravenous DEX significantly increasing the duration of ISB [14].
Accordingly, we administered a 2 mcg/kg loading dose of intravenous DEX after induction,
followed by continuous intravenous infusion of a maintenance dose of 0.5 mcg/kg/h until
the end of surgery [18,22]. Central nerve system α2 receptor binding mediates the analgesic
effect of intravenous DEX. Pain transmission is suppressed via subdued interneuron hy-
perpolarization and inhibition of nociceptive transmitter (e.g., substance P and glutamate)
release [14,17,22].

Generally, pain after arthroscopy peaks on postoperative day 1, with severe postopera-
tive pain occurring in some cases within the first 48 h post operation [23]. Here, the patients
in the CSTB group had lower opioid consumption than those in the SSTB + DEX group
within 12–24 h post operation, which is consistent with previous reports [8,11,13,24,25].
This could be explained by rebound pain after STB resolution. Although single-shot periph-
eral nerve block is an effective analgesic method, patients can experience a relatively rapid
increase in severe pain following block resolution, which is referred to as rebound pain [26].
Since brachial plexus block or STB completely blocks the surgical site for shoulder surgery,
there is a higher risk of rebound pain after the block wears off following shoulder surgery
than following other surgeries, including total knee arthroplasty [26]. In the absence of
adequate systemic analgesia after block resolution, this rebound pain can be attributed
to unmasking the expected nociceptive response. Strategies for reducing rebound pain
include routine prescription of a systemic multimodal analgesic regimen and extending the
analgesic duration of peripheral nerve block through the continuous catheter technique
or local anesthetic adjuvants [2]. The multimodal analgesic regimen frequently included
acetaminophen, nonsteroidal anti-inflammatory medications, and gabapentinoids to re-
duce opioid consumption [27]. The rebound pain is associated with age, female sex, bone
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surgery, and the absence of intraoperative dexamethasone [26]. Perineural dexamethasone
adjunct to single-shot ISB decreases the incidence and severity of rebound pain (37% vs.
83%), as well as sleep disturbance, compared with a placebo [15]. Here, the patients in the
CSTB group exhibited a significantly lower incidence of rebound pain than those in the
SSTB + DEX group (20% vs. 56%). Our study found that the rate of rebound pain within
the CSTB group was markedly lower than that seen in previous research, where perineural
dexamethasone was used as an adjuvant to single-shot ISB; however, the study designs of
the previous and the present study were not identical and cannot be directly compared [15].
Our study revealed that patients who received SSTB + DEX required more analgesics to
reduce the intensity of rebound pain within 12–24 h post operation, which implies that
individuals in the SSTB + DEX group need an additional multimodal analgesic regimen
to reduce the rebound pain compared to those in the CSTB group in patients undergoing
arthroscopic rotator cuff repair. Most studies on single-shot ISB using DEX [14,17] assessed
pain occurring within 24 h post operation while not considering the occurrence of rebound
pain. Furthermore, unlike our study, the previous studies included not only rotator cuff
repair but also Bankart repair, which has a lower postoperative pain intensity [14,17].
Therefore, further studies are warranted to determine whether DEX can effectively reduce
rebound pain as dexamethasone can after arthroscopic rotator cuff repair. Additionally,
we compared the hemodynamic differences between the two groups. The influence of
DEX resulted in a statistically significantly lower minimum heart rate in the SSTB + DEX
group compared with the CSTB group. Conversely, systolic, diastolic, and mean blood
pressures tended to be higher in the SSTB + DEX group. Moreover, although not statistically
significant, the amount of norepinephrine administered was higher in the CSTB group. This
is thought to occur due to the reduced use of other anesthetics for maintaining anesthesia or
biphasic blood pressure responses as a result of DEX administration [28]. The initial doses
of DEX caused a 13% decrease in mean arterial pressure, while subsequent higher doses led
to a gradual rise in mean arterial pressure, with peak individual increases averaging 12%
above the baseline [28]. Using IV DEX as an adjuvant, considering the risk of bradycardia
induced by DEX, appears necessary.

This study had some limitations. Firstly, blinding was not optimal since patients in
the SSTB + DEX group were not provided with sham catheters. To avoid investigator
bias, neck dressings were adequately concealed in all patients until they were discharged.
Secondly, SSTB has been associated with significantly less hemidiaphragmatic paresis than
single-shot ISB [3]. We did not compare whether CSTB caused more hemidiaphragmatic
paresis than SSTB due to accumulated local anesthetic volume. However, none of our
patients experienced postoperative dyspnea or desaturation. Thirdly, we did not use other
adjuvants, including dexamethasone, to investigate the effect of DEX. Therefore, additional
studies are needed to determine whether the simultaneous use of DEX and dexamethasone
in addition to STB can effectively reduce rebound pain, especially after arthroscopic rotator
cuff repair. Finally, the generalizability of this study to patients in clinical settings different
from those in our center, such as outpatients or patients using strong opioids, may be
limited.

5. Conclusions

CSTB had lower pain scores at 12 h post operation and was associated with a lower
incidence of rebound pain and opioid consumption than SSTB + DEX. SSTB + DEX requires
more systemic multimodal analgesics or adjuvants to reduce the risk and intensity of
rebound pain within 12–24 h post operation and there was also an additional risk of
DEX-induced bradycardia.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm13071845/s1, Figure S1: Ultrasonographic image of the catheter
for superior trunk block (blue arrowheads). ASM, anterior scalene muscle; MSM, middle scalene
muscle; SA, subclavian artery; SSN, suprascapular nerve; ST, superior trunk.
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Abstract: Background: Pain control after off-pump coronary artery bypass graft (OPCAB) facilitates
mobilization and improves outcomes. The efficacy of the erector spinae plane block (ESPB) after
cardiac surgery remains controversial. Methods: We aimed to investigate the analgesic effects of
ESPB after OPCAB. Precisely 56 patients receiving OPCAB were randomly divided into ESPB and
control groups. The primary outcome was visual analog scale (VAS) pain scores at 6, 12, 24, and 48 h
postoperatively. Secondary outcomes were the dose of rescue analgesics in terms of oral morphine
milligram equivalents, the dose of antiemetics, the length of intubation time, and the length of stay
in the intensive care unit (ICU). Results: The VAS scores were similar at all time points in both
groups. The incidence of severe pain (VAS score > 7) was significantly lower in the ESPB group
(50% vs. 15.4%; p = 0.008). The dose of rescue analgesics was also lower in the ESPB group
(19.04 ± 18.76, 9.83 ± 12.84, p = 0.044) compared with the control group. The other secondary
outcomes did not differ significantly between the two groups. Conclusions: ESPB provides analgesic
efficacy by reducing the incidence of severe pain and opioid use after OPCAB.

Keywords: coronary artery disease; cardiac surgical procedures; sternotomy; myocardial revascularization;
erector spinae plane block; pain; postoperative

1. Introduction

Despite the advantages of reduced transfusion and hospital stay, off-pump coronary
artery bypass grafting (OPCAB) is not preferred over on-pump coronary artery bypass
grafting (CABG) because of the risk of ineffective revascularization [1]. However, contrary
to these results, there are studies indicating that both CABG and OPCAB are safe options,
and OPCAB is still being performed in many cases [2]. Although OPCAB does not use
a cardiopulmonary bypass machine, it uses a sternal retractor, internal mammary artery
harvester, and chest tube after surgery [3]. Persistent chest pain is related to the intensity of
acute pain after surgery, and 22% of patients continue to experience pain 3 months after
sternotomy [4]. Therefore, similar to other cardiac surgeries, pain control after OPCAB is a
key factor for facilitating patient mobilization and improving recovery.

Since its introduction in 2016, the erector spinae plane block (ESPB) has been gaining
popularity in various surgeries owing to its ease of implementation and low risk of adverse
effects [5]. However, evidence remains insufficient to confirm the efficacy of various
block techniques performed after cardiac surgery, and there is no gold standard for pain
management after cardiac surgery.
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This trial aimed to investigate the efficacy of ESPB after OPCAB. We hypothesize that
ESPB reduces pain scores after surgery and the dose of rescue analgesics used (calculated
as the oral morphine milligram equivalent, [MME]).

2. Materials and Methods

2.1. Study Design

This was a single-center, double-blind, randomized controlled trial. This study was
approved by the Institutional Review Board of Yonsei University in Wonju and ensured
compliance with ethical standards, patient confidentiality, and adherence to relevant reg-
ulatory guidelines (CR322089). As part of ethical practice and transparency in clinical
research, all participants involved in this study were appropriately registered in Korea’s
Clinical Research Information Service, ensuring their inclusion and documentation in
a national database (https://cris.nih.go.kr/, accessed at KCT0008781; registration date:
30 August 2023).

2.2. Study Population

We enrolled 56 patients aged 19 years or older with a diagnosis of coronary artery
disease scheduled for OPCAB surgery at Severance Christian Hospital in Wonju, Korea,
from December 2022 to August 2023. All the patients underwent surgery performed by one
cardiovascular surgeon (S.H.). We excluded patients with contraindications to nerve block
surgery (coagulopathy, infection at the procedure site, allergic reaction to local anesthetic,
or refusal to undergo the procedure) from the study. Patients with comorbidities (sepsis,
thoracic deformity, and increased intracranial pressure) who were excluded at the discretion
of the anesthesiologist, those who had difficulty giving voluntary consent due to illiteracy
or cognitive dysfunction, and those who underwent emergency surgery were also excluded
from this study.

2.3. Randomization and Blinding

The patients were randomly assigned into ESPB and control groups using a computer.
Except for one researcher who performed the ESPB (S.K.), the patients and other physicians
participating in this study did not know to which group the patients were assigned. The
assignments were secured in sequentially numbered sealed opaque envelopes. At the end
of the surgery, one of the authors opened the envelope containing the study assignment
and performed a pain block procedure. After the patient was transferred to the inten-
sive care unit (ICU), the patient and researcher who participated in data collection (S.S.)
were blinded.

2.4. Perioperative Management

Midazolam (0.05 mg/kg), sufentanil (1–2 mcg/kg), rocuronium (0.8 mg/kg), and
sevoflurane were used to induce anesthesia. After tracheal intubation, Arrowg+ard
Blu® MAC (Teleflex Inc., Limerick, Ireland) and Swan-Ganz® (Edwards Lifesciences,
Irvine, CA, USA) catheters were inserted to facilitate intraoperative monitoring for right
heart function (e.g., pulmonary artery pressure, central venous pressure, cardiac index of
right heart, etc.). Transesophageal echocardiography was performed to monitor cardiac
contractility, lusitropy, and wall motion abnormalities during surgery. Anesthesia was
maintained via the inhalation of sevoflurane and infusion of sufentanil and rocuronium.
The sevoflurane inhalation rate was controlled using Sedline electroencephalography guid-
ance (Masimo, Irvine, CA, USA). The sufentanil infusion rate was adjusted according to the
overall hemodynamic data by the attending anesthesiologist, who suggested that the inten-
sity of the surgical stimuli and rocuronium be adjusted by a train of four watches within
the surgical neuromuscular block range. At the end of the surgery, the patient was placed
in the lateral decubitus position for ESPB. One of the authors (S.K.) performed ESPB under
ultrasonographic guidance to ensure the accuracy and efficacy of the block. Subsequently,
as part of the postoperative pain management strategy, an intravenous patient-controlled
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analgesia (PCA) regimen was prescribed by the attending anesthesiologist. This PCA sys-
tem was designed to deliver analgesia tailored to individual patient needs and contained
an approximate dosage of 18 mcg/kg of fentanyl, allowing for controlled and adjustable
pain relief in response to patient-initiated dosing. The patients were transferred to the
ICU, and the primary physician (S.H.) oversaw postoperative pain management. The
dosage of postoperative analgesics was recorded in MME. Intravenous tramadol (50 mg),
intramuscular or subcutaneous meperidine (25 mg), oral Ultracet® (Janssen Korea Ltd.,
Seoul, Republic of Korea; tramadol [37.5 mg]/acetaminophen [325 mg]), and transdermal
fentanyl patches (25 mcg/h) were used postoperatively. Withdrawal from the study was
considered in cases of conversion to on-pump surgery or hypersensitivity reactions during
anesthetic induction.

2.5. Erector Spinae Plane Block

After the surgical procedure, the patient was placed in the lateral decubitus position
for the ESPB. The skin overlying the intended block area was prepared and disinfected with
betadine. Using ultrasound guidance, the anatomical structures were visualized to confirm
the T5 level and relevant surrounding structures. The trapezius, rhomboid, and erector
spinae muscles were visualized via an ultrasound to guide the insertion of an echogenic
needle (Echoplex®; Vygon, France) into the desired plane. Using an in-plane ultrasound
approach, the needle was advanced until it reached the plane of the erector spinae muscles.
The needle position was confirmed by hydrodissection using 2–3 mL of saline. Once the
correct placement of the needle within the erector spinae plane was confirmed, a mixture
of local anesthetics was injected. The administered dose was a 20 mL mixture consisting of
0.225% ropivacaine, 1% lidocaine, and normal saline. The ESPB was performed with a total
volume of 40 mL, with 20 mL on each side.

2.6. Outcome Measures

The primary outcome of this study was the assessment of postoperative pain intensity
using the Visual Analog Scale (VAS) at 6, 12, 24, and 48 h postoperatively. The VAS, ranging
from 0 (no pain) to 10 (worst imaginable pain), provided a quantitative measurement of the
pain experienced by the patients. The highest VAS score was recorded at each time point.

Secondary outcomes measured included the dose of rescue analgesics injected into
patients (in MME), the dose of antiemetics used, the length of intubation time, and the
length of stay in the ICU.

2.7. Sample Size Calculation

The sample size calculation was derived from a previous study that reported a mean
postoperative pain score of 5.48 ± 1.09 when utilizing opioid-based intravenous PCA
following cardiac surgery [6]. Considering a clinically meaningful reduction of more than
1 point in the average pain score, with a type I error of 0.05 and a power of 0.90, a sample
size of 25 individuals per group was required. Factoring in a potential dropout rate of 10%,
the study aimed to include 56 participants, with 28 individuals allocated to each group.

2.8. Statistical Analysis

All statistical analyses were performed using the IBM SPSS statistical software (IBM
SPSS Statistics for Windows, version 27, IBM Corporation, Armonk, NY, USA). Continuous
variables were presented as the mean ± standard deviation (SD). For continuous variables
such as postoperative pain intensity (measured by VAS) and time from the end of anesthesia
to extubation, a comparison between the intervention and control groups was conducted
using the independent samples t-test. This statistical test was used to assess whether
there were significant differences in the means of the continuous variables between the
two groups. The significance level was set at p < 0.05, and 95% confidence intervals were
calculated to estimate the precision of the mean differences between the groups. The Mann–
Whitney U test was performed to ensure the accuracy of the analysis. Regarding categorical
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variables, such as the presence or absence of perioperative complications, relevant statistical
tests, such as the chi-square test, were used to evaluate the association or difference in
frequency between the intervention and control groups. Repeated measurements of pain
scores were corrected using post hoc Bonferroni correction.

3. Results

Initially, 72 patients were assessed for eligibility, and 16 patients were excluded for the
following reasons, including surgery performed on-pump CABG (n = 7) and emergency
surgery (n = 8), and the participants declined (n = 1). A total of 56 patients enrolled in
this study were assigned to the intervention and control groups; 4 patients dropped out
because of drowsy mental status (Figure 1). Patients’ characteristics and surgery data are
shown in Table 1.

 

Figure 1. CONSORT flow chart.

There were no statistically significant differences in the VAS scores at 6, 12, 24, and 48 h
after surgery between the two groups. Although there was no significance after repeated
measurement correction, pain tended to be lower at 6 h (4.46 ± 1.98 vs. 5.96 ± 1.84,
p = 0.020). However, the incidence of severe pain was significantly lower in the ESPB
group than in the control group (15.4% vs. 50%, p = 0.008). Additionally, the dose of rescue
analgesics was significantly reduced in the ESPB group (19.04 ± 0.49 vs. 9.83 ± 12.84,
p = 0.044). The lengths of ICU and hospital stays were similar. The time to extubation did
not differ between the two groups (Table 2).
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Table 1. Patients’ characteristics and surgery data.

Control Group (n = 26) ESPB Group (n = 26) p Value

Age (years) 64.58 ± 11.07 [43, 83] 63.65 ± 10.83 [47, 85] 0.602
Female 6 (23.1) 4 (15.4) 0.482

Height (cm) 163.75 ± 9.30 [144.0, 179.1] 164.79 ± 7.97 [145.0, 183.0] 0.667
Weight (kg) 66.82 ± 13.63 [44.42, 94.40] 70.33 ± 11.11 [49.42, 90.10] 0.314

Hypertension 20 (76.9) 21 (80.8) 0.734
Diabetes mellitus 16 (61.5) 16 (61.5) 1.000

Cerebral vascular disease 5 (19.2) 2 (7.7) 0.223
Chronic kidney disease 4 (15.4) 6 (23.1) 0.482

NYHA class 2.19 ± 0.98 [1, 4] 2.00 ± 0.80 [1, 4] 0.442
CCS score 2.19 ± 0.98 [1, 4] 2.04 ± 0.72 [1, 4] 0.522

EuroSCORE 1.73 ± 1.50 [0.50, 6.29] 1.45 ± 0.73 [0.50, 3.01] 0.397
Heart failure 10 (38.5) 10 (38.5) 1.000

Ejection fraction (%) 49.19 ± 12.67 [26, 67] 49.73 ± 11.54 [27, 72] 0.873
Surgery time (min) 243.31 ± 33.27 [175, 325] 239.54 ± 31.14 [171, 315] 0.675

Anesthesia time (min) 327.31 ± 35.92 [270, 420] 331.73 ± 33.67 [250, 420] 0.649

Values are displayed as the mean ± SD [minimum, maximum] or n (%). NYHA, New York Heart Association;
CCS, Canadian Cardiovascular Society.

Table 2. Outcome comparisons between the groups.

Control Group (n = 26) ESPB Group (n = 26) p Value
Mean Difference

(95% CI)

Primary Outcomes
VAS 6 h 5.96 ± 1.84 [2, 9] 4.46 ± 1.98 [0, 9] 0.020 * −1.27 (−2.33, −0.20)

VAS 12 h 4.58 ± 2.25 [2, 9] 3.85 ± 1.87 [0, 9] 0.208 −0.73 (−1.88, 0.42)
VAS 24 h 3.73 ± 2.07 [1, 9] 3.62 ± 1.75 [1, 8] 0.829 −0.12 (−1.18, 0.95)
VAS 48 h 2.85 ± 2.39 [0, 10] 2.00 ± 1.62 [0, 6] 0.143 −0.85 (−1.99, 0.29)

VAS (7–10) 13 (50) 4 (15.4) 0.008 *
Secondary outcomes

Number of rescue analgesic events 1.27 ± 1.25 [0, 4] 0.73 ± 0.92 [0, 3] 0.083 −0.54 (−1.15, 0.07)
Rescue analgesic dose (MME) 19.04 ± 18.76 [0, 60.0] 9.83 ± 12.84 [0, 45.0] 0.044 * −9.21 (−18.16, −0.25)

Number of antiemetic agents required 0.19 ± 0.49 [0, 2] 0.15 ± 0.54 [0, 2] 0.790 −0.04 (−0.33, 0.25)
New onset atrial fibrillation, n (%) 3 (11.5) 3 (11.5) 1.000

Pneumothorax 0 (0) 0 (0) 1.000
Wound infection 1 (3.8) 0 (0) 0.313

Mortality 0 (0) 0 (0) 1.000
ICU duration (day) 1.27 ± 0.83 [1, 4] 1.12 ± 0.33 [1, 2] 0.382 −0.15 (−0.50, 0.20)
Hospital day (day) 12.50 ± 12.50 [6, 68] 9.73 ± 2.41 [7, 16] 0.277 −2.78 (−7.89, 2.36)-

Time to extubation (min) 671.15 ± 528.07 [185, 2835] 561.15 ± 263.26 [185, 1125] 0.346 −110.00 (−342.43, 122.43)

Values are displayed as the mean ± SD [minimum, maximum] or n (%). The pain score was assessed using
a VAS (0 = no pain, 10 = worst imaginable pain). The rescue analgesic requirement was calculated in MME.
VAS: visual analog scale; MME: morphine milligram equivalent; ICU: intensive care unit. SD: standard deviation,
CI: confidence interval, * = p value < 0.05.

In the multiple regression analysis of VAS at 6 h, taking into account the influence of
modifying factors, only ESPB was significantly related to the pain score (Table 3).

Table 3. Multiple regression analysis of VAS at 6 h.

Variable Regression Coefficient T Value p Value

ESPB −1.386 −2.331 0.025 *
Sex −0.602 −0.754 0.455
Age 0.001 0.028 0.978
DM −0.117 −0.182 0.978
EuroSCORE −0.362 −0.182 0.856
Operation time −0.008 −1.187 0.242
Graft number 0.084 0.170 0.866
Ejection fraction 0.021 0.712 0.481
Dose of Norepinephrine −0.001 −0.096 0.924

ESPB is significantly related with VAS pain score at 6 h postoperatively. * = p value < 0.05.

The heart rate and mean arterial pressure (MAP) were similar between the two groups
(Figure 2).
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Figure 2. Hemodynamic data: (A) heart rate; (B) mean arterial pressure. Hemodynamic data did not
significantly differ between the ESPB and control group.

4. Discussion

4.1. Discussion

This trial demonstrated that ESPB did not reduce pain scores, which was the primary
outcome. However, the incidence of severe pain (VAS score, 7–10) and the dose of rescue
analgesics were significantly reduced compared to those in the control group. Although
the ESPB did not reduce the pain score, the VAS score at six hours postoperatively showed
a statistically significant correlation with ESPB, considering the modifying factors.

In a previous prospective cohort study on 213 patients who underwent CABG surgery,
78% of patients experienced severe pain during coughing, and 49% experienced severe
pain at rest [7]. Acute postoperative pain reduces pulmonary function parameters such as
tidal volume, vital capacity, functional residual capacity, and pulmonary compliance [8].
The continuous stimulation of the sympathetic nervous system causes an oxygen supply-
demand mismatch in the myocardium and dysfunction of the gastrointestinal and urinary
systems. Prolonged nociceptor stimulation suppresses the immune system, leading to the
infection or inhibition of wound healing [9]. Additionally, severe immediate postoperative
pain is associated with the incidence of chronic pain [10].

Despite the cardioprotective function of opioids, it is recommended that their use is
limited to anesthetic practice using a multimodal approach. Opioid-induced hyperalgesia
and chronic neuropathic pain require another approach to replace opioids from a patient-
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centered care perspective after cardiac surgery [11]. Additionally, 21.7% of patients continue
to use opioids for 3 months after CABG, and the global crisis of opioid dependency
has become a major healthcare issue [12]. Various regional block techniques have been
investigated; however, evidence supporting their use as standard treatments is lacking [13].
ESPB is a myofascial block similar to the effect of local anesthetics but spreads to the
paravertebral and epidural spaces, affecting the dorsal and ventral rami of the spinal
nerves [5]. Although its exact mechanism is not well understood, it is a clinical option
widely used in various surgeries [14]. OPCAB does not use a cardiopulmonary bypass, and
systemic inflammation is less than that in CABG; therefore, the intensity and incidence of
pain are lower [15]. Pain after OPCAB occurs because of prolonged sternal retraction and
the presence of chest tubes. Rib fractures, costochondritis, rib joint dislocation, left internal
mammary artery harvesting, or nerve injury may occur due to sternal retraction. The
presence of a chest tube may irritate the parietal pleura or pericardium [16]. The sternum is
mainly innervated by spinal nerves T2–T6; however, pain is perceived in a wide area beyond
the dermatome because of secondary tissue injury from distant sites [16]. In a previous
systematic review, a thoracic epidural block (TEB) reduced the risk of mortality, and the
number of patients treated for hematoma was 1:3552, which is very rare [17]. Nevertheless,
because of the severity of the complications, there are limited works in the literature
guaranteeing the efficacy of TEB in cardiac surgeries, even in OPCAB surgery, which
maintains a relatively low anticoagulation time. Therefore, more superficial techniques
with a lower risk of complications should be considered [18].

Our results indicated that patients who underwent ESPB experienced less severe pain
despite using a lower dose of rescue analgesics after OPCAB surgery. Lower pain scores
were observed in the ESPB group than in the control. This beneficial effect is in line with a
previous study showing that ESPB reduced pain scores and rescue analgesics after cardiac
surgery using CABG [19]. In a previous prospective observational study that investigated
the intensity and location after cardiac surgery, the most painful area was the incisional
site, and pain intensity diminished from postoperative day 2 [20]. Therefore, controlling
acute pain by targeting the intercostal nerve distributed to the sternum is key to analgesia
after OPCAB surgery. When performing ESPB, the spread of local anesthetics into the
paravertebral space acting on the intercostal nerve, as well as its craniocaudal spread, may
be responsible for pain reduction [5].

Regarding the reduction in rescue opioid use, we did not observe significant addi-
tional benefits such as shorter extubation time, length of stay, or reduction in the dose of
antiemetics. The rescue analgesic doses (19.04 ± 0.49 vs. 9.83 ± 12.84, p = 0.044) used in
this study were similar to a previous study (19.0 ± 2.6 vs. 11.2 ± 1.6, p < 0.001) comparing
ESPB to intravenous PCA after CABG [21]. Despite this significant difference, the rescue
doses of opioids used in both groups were too small to confirm the additional benefits.

Adverse effects related to ESPB were similar between the two groups. No significant
differences were observed in the incidences of hypotension, bradycardia, or pneumothorax.
In a previous review, ESPB-related complications were rare, and the procedure could be
safely performed [14].

4.2. Strengths and Limitations

Since it was first described in 2016, publications relating to ESPB have increased re-
markably, more than any other block technique [22]. However, there are only a limited
number of RCTs [23]. To the best of the authors’ knowledge, there are two studies evaluat-
ing the effectiveness of ESPB in patients undergoing OPCAB [24,25]. Both studies showed
that ESPB was effective. However, one study was retrospective [24], and the other was
an observational study [25]. The current trial is a high-quality RCT; therefore, it provides
primary evidence that performing ESPB in OPCAB patients may be a safe analgesic op-
tion for the primary care physician. In addition, the greatest strength of ESPB is the ease
of implementation. In a previous study, the success rate of ESPB and the paravertebral
block performed by residents was significantly higher in the ESPB group (100% vs. 77.8%,
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p = 0.002), and the duration to a performed block was short (4.39 ± 1.20 min vs.
8.18 ± 2.42 min, p < 0.001) [26]. Under ultrasound guidance, the transverse process
can be easily distinguished and distanced from prominent structures, such as the pleura
and vessels, as a skill that could be easily acquired.

This trial had several limitations. First, we used a large amount (18 mcg/kg of fentanyl)
of opioid-based PCA in both groups. This may be a confounding factor in guaranteeing
the block’s efficacy. An opioid-based analgesic regimen has been used and adjusted at our
institution over the past decade to provide acceptable pain relief. Nevertheless, additional
ESPB reduces the need for rescue analgesics, and the incidence of severe pain would be
meaningful as a multimodal approach. Second, we only assessed pain scores for up to 48 h.
The effectiveness of ESPB would have been more certain if we had evaluated the incidence
of chronic pain or changes in the location and intensity of pain over time. However, we
already know that pain decreases after 3 days [20] and that the severity of acute pain is a
major factor in the transition to chronic pain. Therefore, pain for up to 48 h may be the most
important assessment criterion. Third, the sample size may be insufficient for validating
the incidence of severe pain, and the dose of analgesic rescues and clinical application may
be limited because of the small number of participants. Fourth, we assessed the efficacy
of ESPB in a single shot. If we used a continuous block with a catheter or a longer-acting
local anesthetics, the analgesic efficacy of ESPB would have been better exhibited. Finally,
we performed ESPB with the patient sedated; therefore, block failure might not have
been recognized.

4.3. Conclusions

In conclusion, OPCAB requires proper analgesic pain relief without adverse effects
such as hematoma or pneumothorax. In line with these needs, the present trial demonstrates
that ESPB lowers the incidence of severe pain and reduces the dose of opioids required.
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Abstract: Background/Objectives: The intermediate femoral cutaneous nerve (IFCN), the saphe-
nous nerve, and the medial femoral cutaneous nerve (MFCN) innervate the skin of the antero-
medial knee region. However, it is unknown whether the MFCN has a deeper innervation. This
would be relevant for total knee arthroplasty (TKA) that intersects deeper anteromedial genicular
tissue layers. Primary aim: to investigate deeper innervation of the anterior and posterior MFCN
branches (MFCN-A and MFCN-P). Secondary aim: to investigate MFCN innervation of the skin
covering the anteromedial knee area and medial parapatellar arthrotomy used for TKA. Methods:

This study consists of (1) a dissection study and (2) unpublished data and post hoc analysis from a
randomized controlled double-blinded volunteer trial (EudraCT number: 2020-004942-12). All
volunteers received bilateral active IFCN blocks (nerve block round 1) and saphenous nerve blocks
(nerve block round 2). In nerve block round 3, all volunteers were allocated to a selective MFCN-A
block. Results: (1) The MFCN-A consistently innervated deeper structures in the anteromedial
knee region in all dissected specimens. No deep innervation from the MFCN-P was observed.
(2) Sixteen out of nineteen volunteers had an unanesthetized skin gap in the anteromedial knee
area and eleven out of the nineteen volunteers had an unanesthetized gap on the skin covering the
medial parapatellar arthrotomy before the active MFCN-A block. The anteromedial knee area and
medial parapatellar arthrotomy was completely anesthetized after the MFCN-A block in 75% and
82% of cases, respectively. Conclusions: The MFCN-A shows consistent deep innervation in the
anteromedial knee region and the area of MFCN-A innervation overlaps the skin area covering the
medial parapatellar arthrotomy. Further trials are mandated to investigate whether an MFCN-A
block translates into a clinical effect on postoperative pain after total knee arthroplasty or can
be used for diagnosis and interventional pain management for chronic neuropathic pain due to
damage to the MFCN-A during surgery.

Keywords: medial femoral cutaneous nerve; total knee arthroplasty; postoperative pain; chronic
neuropathic pain

1. Introduction

The medial femoral cutaneous nerve (MFCN) plays a major role in the skin innervation
of the anteromedial knee region [1–4]. The MFCN originates from the femoral nerve along
with the intermediate femoral cutaneous nerve branches, and together they constitute
the anterior femoral cutaneous nerve branches [1,5]. The MFCN divides into an anterior
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(MFCN-A) and a posterior branch (MFCN-P) at the apex of the femoral triangle or more
proximally [4,6,7]. A recent study focusing on the midline skin incision for total knee
arthroplasty showed that the MFCN-A innervated the skin incision in approximately half
of the cases, and the MFCN-P innervated the midline incision in zero cases [4]. This
knowledge is important because branches from the MFCN-A may be damaged during the
surgical skin incision, potentially causing chronic neuropathic pain. The study presented a
novel selective block of the MFCN-A, which could be used as a target for both diagnosis
and interventional treatment of chronic neuropathic pain [4].

The MFCN is described as a ‘skin’ nerve in the literature apart from an older dissection
study by Horner and Dellon, who briefly mention that the MFCN innervates the medial
retinaculum [8]. However, it is not described how this observation was verified or whether
it was consistent [8]. For total knee arthroplasty, the currently most common surgical
approach is a midline skin incision followed by a medial parapatellar arthrotomy through
the deeper tissue layers [9,10]. Our clinical observation is that a subgroup of patients after
total knee arthroplasty complain of pain in the anteromedial knee region despite a distal
femoral triangle block in the midthigh anesthetizing the saphenous nerve and the medial
vastus nerve. This residual pain could be caused solely by insufficient anesthesia of the
midline skin incision or because the MFCN has a deeper innervation in the anteromedial
knee region including the medial retinaculum.

We hypothesized that the MFCN-A innervates deeper structures in the anteromedial
knee region and that the MFCN-A is the main contributor to the innervation of the area
covering the medial parapatellar arthrotomy.

Our objective was to investigate whether the MFCN-A and MFCN-P are solely skin
nerve branches as indicated by the name and the literature, or if they have a consistent
deeper innervation in the anteromedial knee region. A secondary aim was to investigate
the contribution from the MFCN to the innervation of the skin area covering the medial
parapatellar arthrotomy used for total knee arthroplasty and to the entire anteromedial
knee area.

2. Materials and Methods

This study consists of a dissection study and unpublished data from a randomized
controlled double-blinded volunteer trial (EudraCT number: 2020-004942-12) and a post
hoc analysis performed on data from this trial.

2.1. Ultrasound-Guided MFCN-A Block

Block technique for the selective MFCN-A block was originally described by Bjørn
et al. [4]. The subject is placed supine and the femoral artery identified at the level of the
inguinal crease and followed distally. The needle insertion point for the selective MFCN-A
block is approximately at the level of the apex of the femoral triangle. Depending on the
level of optimal visualization the block can be performed where the MFCN-A is centered on
top of the sartorius in cross-sectional view or slightly more distal towards the anterolateral
border of the muscle. The MFCN-A descends across the anterior side of the sartorius
muscle embedded in a duplicature of the fascia lata (Figure 1) [4].

In the dissection study, the selective MFCN-A block was performed at a more distal
level [11]. The MFCN-A is often more easily seen approximately at the level of the base
of the patella, and therefore this distal approach was used in cadavers where ultrasound
visualization is notoriously difficult (Figure 2). In the volunteer study, the more proximal
approach described above was applied in order to anesthetize all branches from the MFCN-
A [4].
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Figure 1. MFCN-A block used in volunteers. Ultrasound images showing the level of injection
for the MFCN-A block without (A1) and with (A2) color overlay using 15 MHz. (B1) and (B2) is
a 19 MHz image without and with color overlay corresponding to (A1) and (A2). MFCN-A (green
dot) can be approached selectively in a duplicature of the fascia lata anterior to the sartorius muscle
(sam). Adductor longus muscle, alm; posterior branch of medial femoral cutaneous nerve, blue dot;
saphenous nerve, orange dot.

Figure 2. Distal MFCN-A block used in cadavers. Ultrasound image without (A1) and with (A2)
color overlay showing a more distal approach to the selective MFCN-A block compared to Figure 1.
The MFCN-A (green dots) is often more easily seen at this distal level approximately at the level of
the base of the patella and was therefore used in cadavers where visualization was difficult. The
distal approach is not advisable in patients because the MFCN-A has often split into several branches
at this level. Mvm, medial vastus muscle; sam, sartorius muscle; fascia lata, cyan lines.
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2.2. Dissection Study

The dissection study was performed on 16 intact cadaver sides from 8 cadavers donated
to the Institute of Clinical and Functional Anatomy of the Medical University of Innsbruck for
scientific and educational purposes. In the supine cadaver, the MFCN-A was identified using
ultrasound (Figure 2) and marked by injection of 0.1 mL high viscosity special dye.

All injections were performed by the authors Nielsen and Bendtsen. Subsequently,
standardized dissections were performed by two other authors, Moriggl and Hoermann. The
outcomes of the dissection study were (A) correct identification of the MFCN-A by ultrasound
(see below) and (B) MFCN-A and MFCN-P innervation of deeper structures (i.e., deep to the
fascia lata) in the anteromedial knee region by dissection. (A): Decision of ‘Correct identification
of the MFCN-A by ultrasound’ required that the MFCN-A was correctly stained by injected dye,
and that correct identity of the stained MFCN-A was verified by tracing it back to the origin
from the MFCN and further to the origin from the femoral nerve during dissection. Meticulous
care was taken to separate the MFCN-A from the intermediate femoral cutaneous nerve during
dissection. (B): Verification of innervation from the MFCN-A and MFCN-P to deeper structures
(i.e., deep to the fascia lata) required that terminal branches from the MFCN-A and MFNC-P
could be followed distally and seen to dive into the medial retinaculum.

2.3. Volunteer Study

The trial included 20 healthy volunteers of 18 years or older and American Society of
Anesthesiology (ASA) I and II classification. Exclusion criteria were inability to cooperate,
weight < 60 kg (to avoid local anesthetic systemic toxicity), body mass index > 28, pregnancy,
allergy towards local anesthetics, daily use of medicine except oral contraceptives, infection
around injection sites and lower limb neuropathy. Lower limb neuropathy was excluded if
the volunteer reported no chronic pain in the lower limb and demonstrated normal sensation
to pinprick in the dermatomes L2, L3, L4, L5 and S1. The study was conducted on the 12 and
13 December 2020 at the Department of Day Surgery, Aarhus University Hospital.

With a skin marker, a standard midline skin incision and a medial parapatellar arthro-
tomy were drawn bilaterally in all volunteers (Figure 3). Of note, the medial parapatellar
arthrotomy exclusively transects tissue layers deep to the skin, but it was drawn on the
skin as a visual proxy marker (Figure 3).

 

Figure 3. The figure shows a left leg where the midline skin incision and a curved line corresponding
to a parapatellar arthrotomy are drawn on the skin. Of note, the parapatellar arthrotomy extends
proximal to the midline incision and therefore proximal to the border of the anteromedial knee area
shown in red. The anteromedial knee area is defined by the midline skin incision and a vertical line
through the medial epicondyle (vertical red stippled line). Note that the parapatellar arthrotomy was
drawn per protocol whereas the anteromedial knee area was estimated as a post hoc analysis.
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Drawing of the parapatellar arthrotomy was described per protocol in the original
study; however, these data have not been published previously [4]. In the volunteer trial,
active nerve blocks were performed with 0.25% bupivacaine with 1:200,000 epinephrine [4].
All volunteers received bilateral active intermediate femoral cutaneous nerve blocks in the
first block round (7 mL) and active bilateral distal femoral triangle blocks in the second
block round (10 mL) (Figure 4).

Figure 4. Flowchart. This flowchart presents the design of the nerve block rounds 1, 2 and 3. The
original study included a fourth nerve block round, which is not relevant for the present study and not
shown [4]. Nerve block rounds 1 and 2 only include active bilateral blocks, as the purpose was to find
the subgroup with a non-anesthetized anteromedial skin gap after intermediate femoral cutaneous
nerve and saphenous nerve blocks. In nerve block round 3, volunteers received an active block of
the MFCN-A on one side (green boxes, bold text). This enabled analysis of how often the MFCN-A
anesthetized the skin gap on the anteromedial knee area including the skin area corresponding to
the parapatellar arthrotomy. Therefore, this side was the only relevant side for the present post
hoc analysis (green boxes, bold text). In the original study the active block of the MFCN-A was
combined with a placebo block of both the anterior and posterior branches from the MFCN on the
same side (MFCN block) and vice versa on the other side (blue boxes, faded text); however, this was
not relevant for the present post hoc analysis. Active indicates bupivacaine 0.25% with epinephrine
1:200,000; placebo indicates saline. FTB: femoral triangle block; IFCN block: intermediate femoral
cutaneous nerve block; L: left leg; MFCN block: medial femoral cutaneous nerve block (block of both
the anterior and posterior branch); MFCN-A block: selective block of the anterior branch from the
MFCN; R: right leg.
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For the intermediate femoral cutaneous nerve block (nerve block round 1) the trans-
ducer was placed transversely on the proximal anterior thigh. The intermediate femoral
cutaneous nerves (typically two main branches) were targeted where they pierce the fascia
lata. They are seen ultrasonographically in a duplicature of the fascia lata or in the sub-
cutis [4]. This is the level of the proximal femoral triangle where the femoral artery has just
dived deep to the medial border of the sartorius muscle.

The distal femoral triangle block (nerve block round 2) was performed as previously
described [1,4]. The apex of the femoral triangle was identified ultrasonographically where
the medial border of the sartorius muscle crosses the medial border of the adductor longus
muscle. The needle insertion point was approximately 3–5 cm proximal to the apex of
the femoral triangle and the target was the saphenous nerve located anterolateral to the
femoral artery.

The intermediate femoral cutaneous nerves innervate the skin covering the antero-
medial aspect of the proximal two-thirds of the thigh [1,2]. The infrapatellar branch of
the saphenous nerve typically innervates the proximal anteromedial aspect of the lower
leg. A distal femoral triangle block at the midthigh level anesthetizes the saphenous nerve
including its infrapatellar branch [1,4]. Therefore, the purpose of the first two nerve block
rounds was to identify the subgroup of volunteers with a non-anesthetized gap on the
parapatellar arthrotomy and in the anteromedial knee area after combined intermediate
femoral cutaneous nerve and saphenous nerve blocks.

Subsequently, in the third block round, all volunteers were randomly allocated to
an active selective block of MFCN-A (5 mL) on one side (right or left leg) and a placebo
MFCN-A block on the contralateral leg (Figure 4). This allowed for estimation of how often
the MFCN-A anesthetizes the gap. The randomization only served the purpose of blinding
the investigators with no intention of intergroup comparisons.

Thirty minutes after each block round, pinprick tests were performed using a sterile
neurological examination pen (Neuropen, Owen Mumford, Woodstock, UK) to define the
anesthetized areas on the skin. The first points where the volunteer felt normal, sharp
sensation were marked as the circumference of the anesthetized area. All examinations
were performed under strict blinding marking the anesthetized areas on the skin with ink
only visible in ultraviolet light (i.e., ultraviolet pens), ensuring blinding of the investigator
performing the next sensory test [4].

The ‘anteromedial knee area’ was defined as the area between the midline skin incision
and a parallel line through the medial femoral epicondyle. The proximal and distal borders
was defined by horizontal lines through the most proximal and distal points on the midline
skin incision (Figure 3) [1].

The primary study group for outcomes A and C (see below) was the subgroup
of volunteers who had a non-anesthetized gap in the anteromedial knee area after in-
termediate femoral cutaneous nerve and distal femoral triangle blocks (i.e., after the
first two block rounds).

The outcomes were as follows: (A) Anesthesia of the medial parapatellar arthrotomy
after MFCN-A block; (B) Frequencies of contribution to anesthesia of the medial parapatel-
lar arthrotomy by MFCN-A block, distal femoral triangle block, and intermediate femoral
cutaneous nerve block; (C) Anesthesia of the anteromedial knee area after MFCN-A block.

2.4. Statistics

Only descriptive statistics were applied for this analysis.

3. Results

3.1. Dissection Study

In three out of sixteen cadaver sides, dissection of the terminal part of the MFCN-A
was not possible due to the condition of the cadaver. In all 13 dissected specimens, it was
verified that the MFCN-A had been correctly identified sonographically and marked by
ultrasound-guided injection of a special dye.
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In 100% of specimens (13/13), it was verified that the MFCN-A branches innervated
deeper structures (i.e., deep to the fascia lata) including the medial retinaculum in the
anteromedial knee region (Figure 5(A2,B)). The MFCN-P exclusively innervated the skin in
the most postero-medial part of the anteromedial knee area or posterior to this area in all
13 specimens with no deep innervation observed.

Figure 5. Dissection of the anteromedial knee region. (A1,A2) show the right side from the same
cadaver. In (A1), the MFCN-A (lifted by tweezers) gives off minor nerve twigs before splitting into
two major branches (green arrows). One of these branches is marked by special dye injection (yellow).
The reason that all branches were not targeted was due to the more distal approach used in cadavers
(Figure 2). In (A2), deep branches from MFCN-A are lifted by tweezers. MFCN-A is also seen to give
cutaneous branches (A2, black arrow). (B) shows the left side from a different cadaver where deep
branches from the MFCN-A are indicated by the scalpel. The injection of methylene blue was part of
another dissection study and is not related to data captured for the present study.

In eleven specimens, the point of injection was proximal to any major bifurcations
of the MFCN-A. In two cases, the MFCN-A bifurcated into two large branches proximal
to the point of injection, and only one of the two branches was marked by special dye
(Figure 5(A1)). In all 13 specimens, several branches from the MFCN-A were consistently
seen to branch off proximal to the point of injection.

3.2. Volunteer Study

Twenty volunteers were enrolled, and nineteen volunteers completed the study [4].
Demographics are depicted in Table 1.

An example of a typical innervation pattern can be seen in Figure 6.
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Table 1. Demographics of the volunteers who completed the study.

Number of volunteers 19

Age, mean (SD) 23.6 (2.8) years

Sex, n (%)
Male 13 (68%)
Female 6 (32%)

ASA status, n (%)
ASA I 19 (100%)
ASA II 0 (0%)

Height, mean (SD) 180.0 (9.2) cm

Weight, mean (SD) 75.3 (9.5) kg

BMI, mean (SD) 23.2 (1.9)

Figure 6. Cutaneous innervation areas. The figure shows a typical example of the cutaneous
innervation of the anteromedial knee region in a volunteer seen in anterior (A1,A2) and medial view
(B1,B2) without (A1,B1) and with color overlay (A2,B2). The picture is taken under ultraviolet light
because the anesthetized areas were drawn with UV pens invisible to the naked eye. The anesthetized
areas after intermediate femoral cutaneous nerve block (light lilac area, #1), distal femoral triangle
block (saphenous nerve territory, orange area, #2) and MFCN-A block (green area, #3) are seen in
both views. The midline skin incision and medial parapatellar arthrotomy are seen as a black and a
red line, respectively (A2).
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A non-anesthetized gap of the skin covering the medial parapatellar arthrotomy was
present after intermediate femoral cutaneous nerve and saphenous nerve blocks in 11 out
of the 19 volunteer legs (58%) allocated to receive an active MFCN-A block in block round
3 (Figure 4). The frequency of complete anesthesia of the gap after the MFCN-A block was
9 out of 11 (82%).

The frequencies of contribution to the innervation of the skin covering the medial
parapatellar arthrotomy were as follows: MFCN-A 9/19 cases (47%), intermediate femoral
cutaneous nerve 19/19 cases (100%), and saphenous nerve 16/19 cases (84%).

A non-anesthetized gap of the skin in the anteromedial knee region was present after in-
termediate femoral cutaneous nerve and saphenous nerve blocks in 16 out of the 19 volunteer
legs (84%) allocated to receive an active MFCN-A block in block round 3 (Figure 4). The fre-
quency of complete anesthesia of the gap after the MFCN-A block was 12 out of 16 (75%).

4. Discussion

The results from the dissection study show that the MFCN-A consistently innervates
genicular layers deep to the skin in the anteromedial knee region including the medial reti-
naculum. This is an interesting finding because the MFCN-A is described as an exclusively
cutaneous nerve in the literature apart from a brief mentioning of an innervation to the
medial retinaculum by Horner and Dellon [8]. The deep innervation from the MFCN-A
makes it relevant in relation to medial parapatellar arthrotomy. The fact that the MFCN-A
is not only a cutaneous nerve but also innervates deeper structures in a large area of the
anteromedial knee region makes it potentially interesting in relation to acute postoperative
pain in the anteromedial knee area. Furthermore, deep branches from the MFCN-A may
be injured during medial parapatellar arthrotomy and could therefore potentially cause
neuropathic pain after total knee arthroplasty.

No deep innervation by the MFCN-P in the anteromedial knee region was observed
during dissection in any cadavers. Thus, MFCN-P innervation of the skin covering the
medial parapatellar arthrotomy is not a relevant proxy marker of deep innervation, and no
risk of intersection of MFCN-P branches during a medial parapatellar arthrotomy would
be present.

The results from the volunteer trial show a high frequency of incomplete anesthesia of
the anteromedial knee region including the medial parapatellar arthrotomy after an inter-
mediate femoral cutaneous nerve block and a distal femoral triangle (i.e., saphenous nerve)
block. The addition of an MFCN-A block in the third block round effectively anesthetized
the skin in the anteromedial knee region including the skin over the medial parapatellar
arthrotomy in most cases. The fact that the success rate of complete cutaneous coverage
of the gap after a selective MFCN-A block is high shows that the MFCN-A and not the
MFCN-P is the important branch for complete cutaneous anesthesia of medial parapatellar
arthrotomy and the anteromedial knee area. The dissection showed a consistent deep
innervation from the MFCN-A and not the MFCN-P in the anteromedial knee area in
all cadavers. This suggests that the MFCN-A could potentially be accountable for acute
nociceptive pain and chronic neuropathic pain in the anteromedial knee region after total
knee arthroplasty including the area of the medial parapatellar arthrotomy.

Based on our results from dissection and a volunteer trial, it is not possible to assess
whether the deep MFCN-A innervation of the anteromedial knee region translates into a
clinical effect in relation to acute pain after total knee arthroplasty. Very few studies have
investigated the effect of a selective block of the MFCN on acute pain after total knee arthro-
plasty. Kampitak et al. showed that a selective block of the anterior femoral cutaneous nerve
branches (i.e., an intermediate femoral cutaneous nerve block and MFCN block) combined
with a distal femoral triangle block significantly improved acute pain relief after total knee
arthroplasty compared to a standalone distal femoral triangle block [12,13]. Furthermore,
several clinical studies have compared an injection lateral to the femoral artery at the level
where the medial border of the sartorius muscle first covers the femoral artery (i.e., in the
proximal femoral triangle) to an injection at the midthigh level midway between the ante-
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rior superior iliac spine and the base of the patella (distal femoral triangle block) [14–17].
The difference between the proximal and distal approach to the femoral triangle block is
that the MFCN may be anesthetized by the proximal approach. Two of the studies observed
superior pain relief in the group receiving a proximal femoral triangle block after total
knee arthroplasty and anterior cruciate ligament reconstruction, respectively [16,17]. The
studies detecting no difference between a proximal and distal femoral triangle block in
relation to acute pain after total knee arthroplasty were powered to detect only very large
reductions in opioid consumption [16,17]. The results showed a clear tendency of improved
pain relief in the proximal group compared to the distal; however, the difference did not
reach statistical significance [16,17]. Importantly, the MFCN was not specifically targeted
during the proximal approach in any of the cited studies which may also have reduced the
intergroup difference in postoperative pain [14–17]. Thus, clinical trials investigating the
effect of supplemental anesthesia of the MFCN-A on pain after total knee arthroplasty are
needed. In our clinical experience, a large subgroup of patients complains of acute pain in
the anteromedial knee region after total knee arthroplasty despite a successful combined
femoral triangle block and intermediate femoral cutaneous nerve block. This residual pain
is typically relieved by the selective MFCN-A block. In addition, we have identified a large
group of patients with chronic neuropathic pain in the anteromedial knee region allocated
to our outpatient nerve injury clinic. This chronic neuropathic pain is often relieved by a
diagnostic selective MFCN-A block, which identifies MFCN-A as a target of interventional
pain management.

The main limitation of this study is that it is primarily based on cadaver dissection and
healthy volunteers, and therefore the relevance in the clinical setting remains to be clarified.
Future studies on patients undergoing total knee arthroplasty are needed to investigate
the importance of the MFCN-A in the clinical setting. Another limitation is that part of
the volunteer study is a post hoc analysis. Two of the outcomes (A and B) were, however,
prospectively planned per protocol. Furthermore, it is a limitation that the anesthesia of the
medial parapatellar arthrotomy was assessed by anesthesia of the congruent skin territory
as a proxy marker in the healthy volunteers. However, the dissection study demonstrated
consistent MFCN-A innervation to the deep layers in the anteromedial knee region.

5. Conclusions

In conclusion, our results from the dissection showed that the MFCN-A consistently
innervates deeper structures in the anteromedial knee region including the medial reti-
naculum. Furthermore, results from our volunteer study showed that the anteromedial
knee region including the skin area covering the medial parapatellar arthrotomy for total
knee arthroplasty is incompletely anesthetized by the combined intermediate femoral cuta-
neous nerve and saphenous nerve blocks in the majority of cases. An additional MFCN-A
block anesthetizes this area with a high success rate. Future clinical trials are needed to
investigate whether anesthesia of the MFCN-A is important for relief of acute pain after
total knee arthroplasty. Furthermore, the MFCN-A is at high risk of transection not only
during the midline skin incision, but also during the parapatellar arthrotomy used for total
knee arthroplasty due to the deep innervation. The MFCN-A may therefore potentially be
involved in the development of chronic neuropathic pain after total knee arthroplasty.
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Abstract: The incidence of hip fractures has continued to increase as life expectancy increases. Hip
fracture is one of the leading causes of increased morbidity and mortality in the geriatric population.
Early surgical treatment (<48 h) is often recommended to reduce morbidity/mortality. In addition,
adequate pain management is crucial to optimize functional recovery and early mobilization. Pain
management often consists of multimodal therapy which includes non-opioids, opioids, and regional
anesthesia techniques. In this review, we describe the anatomical innervation of the hip joint and
summarize the commonly used peripheral nerve blocks to provide pain relief for hip fractures. We
also outline literature evidence that shows each block’s efficacy in providing adequate pain relief.
The recent discovery of a nerve block that may provide adequate sensory blockade of the posterior
capsule of the hip is also described. Finally, we report a surgeon’s perspective on nerve blocks for
hip fractures.

Keywords: fascia iliaca block; pericapsular nerve group (PENG) block; lateral femoral cutaneous nerve

1. Introduction

Hip fracture is common among the elderly population (age > 65 yrs.) and is one of the
leading causes of increased morbidity and mortality in the geriatric population. Surgical
treatment within 48 h is often recommended to decrease perioperative morbidity [1]. There
are several surgical procedures indicated based on the specific type of fracture and patient
characteristics including open reduction internal fixation, hip hemiarthroplasty, and/or
total hip arthroplasty. For optimal recovery, decreased postoperative delirium, and the
early mobilization of patients, an effective pain management protocol is necessary. Pain
management often consists of multimodal therapy which includes non-opioids, opioids,
and regional anesthesia techniques. Peripheral nerve blocks, a component of regional
anesthesia, have been shown to improve postoperative pain, reduce morphine consump-
tion, and increase patient satisfaction after hip surgery [2]. Studies show that the use of
peripheral nerve blocks and multimodal analgesia techniques may reduce the incidence of
delirium and facilitate early mobilization, thus ultimately reducing morbidity and post-op
1-year mortality after hip surgery [3,4]. In this article, peripheral nerve blocks used to
provide analgesia for hip fractures and their efficacy are discussed.

2. Anatomic Innervation of Hip Joint

The target nerves of the hip joint arise from the lumbar plexus (L1–L4), the lumbosacral
trunk of the sacral plexus (L4–L5), and the sacral spinal nerves (S1–S4). The femoral nerve,
obturator nerve, and the accessory obturator nerve supply the anterior capsule of the
hip; the sciatic nerve and the nerve to the quadratus femoris mostly supply the articular
branches to the posterior capsule of the hip joint. It is understood that the anterior capsule
supplied by the femoral nerve, accessory obturator nerve, and the superior labrum are the
predominant causes of pain in the hip joint [5,6] (Figure 1A,B). However, the site of pain is
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determined by the area of the femur where the fracture occurred. Most hip fractures occur
in the femoral neck or intertrochanteric area (Figure 2) [7].

Figure 1. Schematic diagram of the nerve supply of quadrants of the hip joint: (A) anterior and
(B) posterior views. Reproduced with permission from Laumonerie et al., Pain Medicine; published
by Oxford University Press, 2021 [6].

Figure 2. The areas of the femur. Most hip fractures occur in the femoral neck or intertrochanteric
area. Reproduced with permission from Fischer, S and Gray, J, OrthoInfo; published by American
Academy of Orthopedic Surgeons, 2020 [7].

3. Peripheral Nerve Blocks

There are several peripheral nerve blocks that can provide analgesia to the hip joint.
These nerve blocks include the fascia iliaca block (FICB, supra-inguinal/infra-inguinal),
femoral nerve block, lateral femoral cutaneous nerve block (LFCN), Pericapsular Nerve
Group (PENG) block, quadratus lumborum block (transmuscular–anterior), lumbar plexus
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nerve block, sciatic nerve block, and the newly explained posterior pericapsular deep-
gluteal (PPD) block.

3.1. Fascia Iliaca Block (FICB)

The fascia iliaca block (FICB) is an injection of local anesthetic into the fascia iliaca
compartment and targets the femoral nerve (FN), obturator (OBN), and lateral femoral
cutaneous nerve (LFCN) between the fascia iliaca and underlying iliacus muscle [8]. How-
ever, it is important to note that the FN and the LFCN is more reliably blocked by FICB,
while the OBN block requires a larger volume to be blocked. Traditionally, the fascia iliaca
block is performed inferior to the inguinal ligament using a landmark-based technique [9].
This technique involves drawing a line between the pubic tubercle to the anterior superior
iliac spine (ASIS) and dividing this line into three sections spaced equally apart. The point
of entry of the block needle is 1 cm caudal to the point dividing the lateral third and medial
two-thirds of the line. The needle is then inserted perpendicular until two loss of resistances
are appreciated, the first being the fascia lata and the second loss of resistance being the
fascia iliaca. After a negative aspiration, local anesthesia is injected into this space under
the fascia iliaca [10].

A double-blind randomized control trial demonstrated superior pain relief, less opioid
consumption, and less opioid-related sedation when the conventional infra-inguinal fascia
iliaca block was compared to standardized systemic morphine analgesia for the manage-
ment of acute hip fracture pain [10]. A systematic review found the loss-of-resistance-
technique fascia iliaca compartment block to be an effective and safe tool for preoperative
pain management in patients with hip fractures [11]. With the movement away from
landmark-based techniques, an ultrasound-guided technique of the FICB, called a supra-
inguinal fascia iliaca block (SIFI), was described and demonstrated to be a more reliable
block of the target nerves [12]. This novel approach was created by Hebbard et al. with
cadaveric models that showed extensive injectate spread throughout the iliac fossa when
using an ultrasound-guided supra-inguinal approach [13]. They describe using a high-
frequency probe placed parasagittally over the inguinal ligament close to the ASIS with an
in-plane technique and needle entry point 2–4 cm below the inguinal ligament. The needle
is advanced through the fascia iliaca at the level of the inguinal ligament, and through
hydrodissection, local anesthetic is deposited between the iliacus muscle and the fascia
iliaca and superiorly into the iliac fossa, using approximately 30–40 mL (Figure 3) [13]. An
important landmark for SIFI is the deep circumflex iliac artery which lies laterally on top
of the fascia iliaca. The artery serves as a landmark to confirm adequate local anesthetic
spread between the fascia planes. A randomized control trial concluded that for total hip
arthroplasty, the supra-inguinal fascia iliaca block provides superior analgesia in the first
six hours postoperatively and significantly less morphine consumption in the first 24 h
compared to the infra-inguinal approach [14]. Specifically for hip fractures, a retrospective
study found the SIFIB group had statistically significantly lower postoperative 24 h opioid
consumption compared to the control group, and thus reduced opioid-related respiratory
depression after hip fracture surgery in older-old patients (over 80 years old) [15].

The fascia iliaca block provides good analgesia for the hip joint and improves patient
satisfaction, regardless of which approach is used. A retrospective study showed a signifi-
cantly shorter length of stay and lower pain scores on postoperative days 2 and 3 in hip
fracture patients who had an ultrasound-guided SIFI catheter compared to the no-block
group [16]. However, a possible complication to FICB is quadricep weakness from the
spread of local anesthetic to the femoral nerve. Thus, caution should be taken if ambulation
is wanted on the day of surgery.
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Figure 3. This is an ultrasound image of a supra-inguinal fascia iliaca (SIFI) block. The white line
represents the direction of the needle. The blue arrow represents the location of local anesthetic injection.
IO (internal oblique muscle); AIIS (anterior inferior iliac spine); DCIA (deep circumflex iliac artery).

3.2. Femoral Nerve Block

The femoral nerve block (FNB) continues to be one of the mainstays of regional
techniques for pain management after hip fracture. Its ease of performance lends itself to
accessible mastery and applicability. The femoral nerve supplies sensory fibers to the hip
joint in addition to motor and sensory supply to the thigh. It arises from lumbar spinal
roots L2-L4. The nerve is commonly blocked posterior to the inguinal ligament where it lies
lateral to the femoral artery. An FNB is often conducted with ultrasound guidance using a
high-frequency linear probe at the femoral crease with the patient lying supine. A lateral
approach using an in-plane needle technique is used to inject local anesthetic (15–20 mL)
either above or below the nerve (Figure 4). A continuous nerve catheter can also be placed
using ultrasound guidance for prolonged analgesia.

 

Figure 4. This is an ultrasound image of a femoral nerve block. The yellow line indicates the fascia
iliaca plane. The blue line represents the needle trajectory. Local anesthetic is deposited below the
nerve and above the nerve. FN (femoral nerve); FA (femoral artery); FV (femoral vein); * Nerve
(ultrasound setting is in Nerve mode).
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There have been several studies in the past five years relating to the femoral nerve
block’s pain-modulating effectiveness, its tendency to decrease VAS pain scores, its effect
on early post-op mobility, and low evidence of reducing delirium in a highly susceptible
population [5,17–19]. More recent randomized controlled trials (RCTs) continue to show
a benefit in terms of pain control. An RCT of 110 patients in Turkey showed that when
comparing patients with femoral blocks to patients just receiving acetaminophen IV, the
patients with FNBs had lower VAS pain scores during positioning for intra-op spinal
anesthesia [18]. A study of 407 elderly patients in Switzerland with hip fractures showed a
significant reduction in the amount of post-op opioid usage as compared to those that did
not receive blocks [19].

In all, the FNB continues to be a powerhouse of the regional world in terms of regional
techniques for hip fracture patients. Some of our strongest evidence, the Cochrane review by
Guay et al., leans heavily on the FNB, though it includes data of patients being administered
other types of blocks [5]. As ultrasound techniques continue to improve, the literature will
start to reflect whether there is even more benefit being gleaned than is currently reported.

3.3. Lateral Femoral Cutaneous Nerve (LFCN) Block

The lateral femoral cutaneous nerve (LFCN) block is a useful adjunct to the other
nerves (femoral nerve, FICB) commonly blocked for hip fracture surgery. Its distribution
at the lateral side of the leg allows for easier blockade in the context of a lateral surgical
incision. The LFCN is indicated for analgesia for surgery of the anterolateral thigh, i.e., open
reduction internal fixation of the hip, hip arthroplasty and/or hemiarthroplasty, muscle
biopsy, and to treat meralgia paresthetica. The block is performed using a high-frequency
linear ultrasound probe placed in a transverse position just distal to the anterior superior
iliac spine (ASIS). The nerve can be identified as a hyperechoic structure superficially and
between the sartorius and tensor fascia latae muscles (Figure 5). Depositing 3–5 mL of
local anesthetic by inserting a needle using an in-plane approach and deep to the fascia lata
should provide good analgesic coverage of the lateral thigh.

 

Figure 5. This is an ultrasound image of the lateral femoral cutaneous nerve (LFCN). The yellow arrow
is pointing to the nerve. The nerve is blocked with a needle in the direction from lateral to medial.

Most recent studies of the LFCN occur in the context of another block such as the
PENG block or the fascia iliaca block. In that context, it has been shown to be beneficial
toward overall pain control and opioid sparing effect. One RCT from South Korea in 2024
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placed patients into two groups, one receiving local infiltration by the surgeon (LIA) and
the other with LIA + PENG and LFCN. This study showed significant reductions in pain
scores and opioid consumption [20]. Another study combining PENG and LFCN evaluated
whether this combination could be used as a primary block in patients. They compared
three groups of patients (120 total) undergoing hip fracture surgery: GA, spinal, and RA.
They found numerous benefits in the regional-only group and they concluded that PENG
and LFCN may decrease postoperative pain and the length of hospital stay and allow for
greater ambulation in the early postoperative period for patients with hip fractures [21].
The LFCN block was again studied as a part of a primary anesthetic, this time with the
FNB as the other half, in hip fracture patients with a high co-morbidity load. The authors
found the combination of blocks to be sufficient to get the patient through intramedullary
nail placement as a salvage anesthetic when spinal or GA is not appropriate [22].

As the above literature shows, the LFCN block continues to serve as an important
supplemental block for patients experiencing hip fracture pain. Though not utilized in
isolation, its anatomic distribution makes it ideal as a rescue block for patients who have
had lateral/ posterolateral hip incisions, especially in combination with blocks that are
known to affect the anterior capsule.

3.4. Pericapsular Nerve Group (PENG) Block

The Pericapsular Nerve Group (PENG) block is a fascial plane block that was devel-
oped by Giron-Arango et al. at Toronto Western Hospital and the University of Toronto
to block the high articular branches of the femoral (FN), obturator (ON), and accessory
obturator nerves (AON) to the hip joint [23]. These branches are mostly responsible for the
nociceptive pain in the anterior and superolateral capsule of the hip joint. The FN and AON
are often found between the anterior inferior iliac spine (AIIS) and the iliopubic eminence
(IPE), thus making it easier to target both nerves. The block is performed with the patient
in the supine position. Local anesthetic is deposited using a curvilinear low-frequency
ultrasound probe with an in-plane technique from lateral to medial. The needle tip is
placed in the fascial plane between the psoas tendon and the ilium (Figure 6) [23,24]. As
described by Giron-Arango and colleagues, an optimal ultrasound image should include
the AIIS, IPE, psoas tendon, iliopsoas muscle, and more superficially, the femoral neurovas-
cular bundle [23]. Typically, 10–20 mL of local anesthetic is adequate to provide effective
analgesia if there is fluid spread along the plane displacing the psoas muscle tendon.

 

Figure 6. This is an ultrasound image of the Pericapsular Nerve Group Block (PENG). Local anesthetic
is injected below the psoas tendon. The needle approach is from lateral to medial. The femoral nerve
(FN) and femoral artery (FA) is seen medially.
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The utilization of the PENG block in various studies has shown its superior analgesic
effectiveness in lowering opioid consumption, decreasing the incidence of motor blockade,
and shortening discharge time as compared to patients with no nerve block, a femoral
nerve block, and an infra-inguinal fascia iliaca block with hip fractures [23,25–27]. In a
single-center, double-blind, randomized controlled trial performed by Lin, Xufeng et al.
in Singapore General Hospital, they found that the PENG block was superior to a sham
block at reducing acute traumatic pain at 30 min (p < 0.01) and 3 h post block (p < 0.05)
and reducing opioid consumption (p < 0.05) following hip fracture [28]. Although a PENG
block is good at providing analgesia, it cannot be used as the sole anesthetic for hip surgery.
It is often combined with LFCN, FICB, or FNB to provide more comprehensive analgesia
for hip surgery.

3.5. Lumbar Plexus Nerve Block

The sensory innervation of the hip involves branches of both the lumbar and sacral
plexus. The lumbar plexus is composed of L1–L4 nerve roots, which enter the psoas
major muscle after they exit the intervertebral foramina [29]. These lumbar roots terminate
as the femoral, lateral femoral cutaneous, obturator, genitofemoral, iliohypogastric, and
ilioinguinal nerves as they pass through the psoas major muscle. Cadaveric studies have
concluded that the lumbar plexus lies within the psoas major muscle, but the location of
the obturator nerve within the psoas major muscle may vary [30].

The lumbar plexus block, also known as the psoas compartment block, targets the
fascial plane within the posterior aspect of the psoas major muscle. The anterior approach to
the lumbar plexus block is known as the three-in-one block (it blocks the femoral, obturator,
and LFCN nerves), and many different approaches to the posterior approach have been
described [31]. Winnie et al. first described the posterior approach to the lumbar plexus
block, but the inadvertent neuraxial spread causing bilateral anesthesia has led to concerns
with its usage [32,33]. The lumbar plexus can be blocked within the psoas major muscle
using different techniques including paraesthesia, loss of resistance, nerve stimulation to
elicit quadricep muscle contraction, and, in more recent years, ultrasound guidance. The
adequate volume of local anesthetic is between 20 and 25 mL [34].

In addition to its analgesic benefits in hip fracture patients, the lumbar plexus block
can also be used as the primary anesthetic. In comparing a single-shot lumbar plexus block
as the primary anesthetic to a subarachnoid block, one study showed the lumbar plexus
blockade to provide more stable intraoperative hemodynamics and a longer duration of
postoperative analgesia in patients undergoing intertrochanteric hip fracture repair [35].
Even if not used as the primary anesthetic, a lumbar plexus block as an adjunct to general
anesthesia compared to general anesthesia alone for hip fracture repair has been shown
to improve intraoperative hemodynamics in addition to facilitating lower postoperative
pain scores (1, 3, and 6 h), faster recovery times, and the decreased incidence of adverse
events [36]. Although the lumbar plexus block is a great block, due to its level of diffi-
culty and higher complication risks, its utilization has significantly dropped due to the
availability of safer alternatives such as the FICB and FNB.

3.6. Erector Spinae Plane (ESP) Block and Quadratus Lumborum (QLB)

Erector spinae plane (ESP) block targets the dorsal roots of the spinal nerves as they
travel in the fascial plane between the transverse processes and the erector spinae muscle.
The adequate volume of local anesthetic is approximately 30 mL. ESP blocks have been
reported to be used with variable degrees of effectiveness for analgesia after hip surgery in
general and specifically in the setting of hip fracture surgery [37]. One report described the
use of a large volume of local anesthetic mixture (40 mL) to produce surgical anesthesia in
15 patients without the need to convert to general anesthesia or add more local infiltration
by the surgeon [38] MRI examination of the lumbar spine after ESP block revealed a
significant contrast spread between the T12 and L5 transverse process and erector spinae
muscle. Contrast material spread to the paravertebral, foraminal, and partially epidural
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area/spaces and in the areas where the lumbar nerves enter the psoas muscle which may
hint at the mechanism of analgesia of the block [38]. The lumbar ESP block has shown
similar analgesia to the infra-inguinal fascial iliaca block after elective hip arthroplasty
with the potential for motor sparing of the quadriceps muscle [39]. A recent meta-analysis
concluded that the use of the lumbar ESP block resulted in reduced opioid consumption
in the first 24 h after surgery with significantly lower pain scores in the first 8 h after
surgery [40].

The quadratus lumborum (QL) block is another relatively novel fascial plane block
that aims to deposit local anesthetic in different locations relative to the muscle (anterior,
lateral, or posterior) under the thoracolumbar fascia where the spinal nerves and their
branches will travel. Research investigating the efficacy of the QL blocks in hip fracture
surgery is still evolving. Different approaches to the QL blocks using approximately 30 mL
of local anesthesia have shown reduced pain scores, reduced opioid consumption, and
improved patient satisfaction when used for analgesia after hip surgery [41]. One study
compared lumbar ESP and QL blocks to control groups in hip and proximal femoral surgery.
This study showed improved analgesic quality in patients receiving ESPBs and QLBs [42].
When the QL block was compared to the SIFI block, the latter was found to result in
prolonged analgesia and less pain during positioning for spinal anesthesia [43]. However,
more research is needed to understand the benefits of ESP and QL blocks, especially in the
context of more powerful blocks such as SIFI, the FNB, and PENG.

3.7. Sciatic Nerve Block (SNB)

The hip capsule is commonly split into the anterior and posterior capsule for the
purposes of exploring its nociceptive innervation. The sciatic nerve is the major nerve
that supplies the posterior capsule of the hip with some contribution from the nerve to
quadratus femoris and superior gluteal nerve [44]. Thus, without anesthetizing this target,
it is very difficult to manage posterior hip capsule pain. The transgluteal approach was the
original approach described by Labat et al. However, currently, the subgluteal approach to
the nerve is more common and can be blocked using ultrasound guidance. The nerve is
located in the subgluteal fascial plane above the quadratus femoris muscle between the
greater trochanter and ischial tuberosity [45].

Studies exploring the sciatic nerve block for hip fracture in isolation are few, and none
from the last 5 years were found. More commonly, the sciatic nerve is blocked in concert
with other targets that innervate the anterior capsule. In a Chinese study, the authors
compared inflammatory markers of patients split in two groups: one receiving combined
spinal–epidural anesthesia and the other receiving combined the lumbar plexus–sciatic
nerve block as the primary block. They showed marked reductions in the inflammatory
markers studied in their population, which included 62 elderly patients [46]. As seen
here, the sciatic nerve was an adjunctive portion of the total regional anesthetic. Another
study showed the effect of combining lumbar plexus and sciatic nerve blocks for hip
fracture surgery by comparing them to spinal anesthesia, wherein they showed that a
combined lumbar plexus–sciatic nerve block was equivalent to spinal anesthesia in terms
of adequate anesthesia for surgery. Their study population showed a bias toward using the
regional block as the primary block for sicker patients, which is their institutional norm,
and providing spinal anesthesia for those deemed healthier [47].

Like the LFCN block, the sciatic nerve block is not useful as a sole anesthetic for hip
fracture surgery but can be part of a holistic approach to the hip, especially when coverage
to the posterior capsule is required.

3.8. Superior Gluteal Nerve (SGN) and Nerve to Quadratus Femoris Muscle

The predominant approach to pain management for hip fractures is anterior capsule
coverage; however, some patients still experience significant residual posterior hip pain.
The superior gluteal nerve (SGN) and the nerve to the quadratus femoris muscle are nerves
that supply the posterior capsule of the hip [6,48]. The superior gluteal nerve emerges
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cranially to the piriformis muscle and deep to the gluteus maximus muscle and craniodorsal
to the triceps coxae [48]. The nerve runs along with the superior gluteal artery and then
divides into two branches covering the gluteus medius and gluteus minimus muscle, thus
supplying innervation for the posterior capsule of the hip. The nerve to the quadratus
femoris muscle also provides sensory innervation to the posteroinferior capsule. It arises
from the upper part of the sciatic nerve.

Vermeylen et al. from Turnhout, Belgium, developed a new ultrasound-guided tech-
nique to block the nerves to the posterior capsule called the posterior pericapsular deep-
gluteal (PPD) block [48]. The block is performed with the patient positioned in the lateral
decubitus position with both their knee and hip flexed at 90 degrees (Figure 7a). A low-
frequency curved probe is placed on the greater trochanter and aligned parallel with the
long femoral axis. The probe is then moved slightly dorsal to visualize the bony land-
marks: the greater trochanter, the femoral neck and head, and the posterior acetabular rim
(Figure 7b) [48]. Superficial to the bony landmarks, the piriformis muscle is identified, deep
to the gluteus maximus muscle. The needle is introduced in-plane from lateral to medial
until the tip contacts the posterior acetabular rim near the attachment of the ischiofemoral
ligament. After negative aspiration, 20 mL of local anesthetic is injected with fluid spread
over the posterior acetabular rim, the posterior hip capsule, and under the piriformis
muscle (Figure 7c) [48]. With this volume, the superior gluteal nerve and the nerve to the
quadratus femoris muscle is expected to be covered.

 

Figure 7. (a) Position of the patient during the posterior pericapsular deep-gluteal block. The
ultrasound probe and needle are in line with the axis of the femur, with in-plane needle puncture
from the posterior aspect. (b) Corresponding ultrasound image showing the gluteal muscles covering
the bony landmarks: Fhead, femoral head; FN, femoral neck; GMax, gluteus maximus; GT, greater
trochanter; IFL, ischiofemoral ligament as part of the posterior hip capsule; PAR, posterior acetabular
rim; Pir, piriformis muscle. (c) Ultrasound image of the needle trajectory. Dashed line: needle
trajectory; Blue arrows: spread of local anesthetic over the posterior acetabular rim and posterior hip
capsule, deep to the piriformis muscle. Reproduced with permission from Vermeylen K et al., BJA
Open; published by Elsevier, 2023 [48].

Like LFCN and PENG blocks, the SGN and nerve to the quadratus femoris muscle
blocks are not useful as a sole anesthetic for hip fracture surgery but can be part of a
comprehensive approach to pain management.

4. Surgeon’s Perspective on Nerve Blocks for Hip Fracture

While ‘hip fractures’ are often grouped together, when considering the treatment
options and optimal management, there are many different pathways.

Extracapsular hip fractures, including those in the intertrochanteric region and basicer-
vical neck fractures, are treated with reduction and fixation. However, within this category,
there are several implant options to choose from. Based on the implant (and difficulty of
reduction), a patient may have only a small lateral approach below the vastus ridge, several
smaller incisions spread from proximal to the hip joint all the way to the distal femur, or a
combination of smaller and larger incisions.

Intracapsular hip fractures can be treated with open reduction and internal fixation
(in young patients), which could have one or multiple approaches, including anterior and
lateral. They can also be treated with fixation in situ, which would be performed from
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the lateral femur below the vastus ridge. Finally, they can be treated with an arthroplasty
procedure—either a hemiarthroplasty or total hip arthroplasty. These procedures can be
performed through many different approaches including posterior, lateral, anterolateral, or
direct anterior.

In addition to knowing what type of fracture a patient has, an essential part of assessing
a hip fracture patient is to determine if there are other acute illness that led to the fall. For
example, illness such as anemia, heart failure, stroke, arrhythmias, and/or a myocardial
infarction will need to be treated prior to a patient undergoing surgery. A preoperative
assessment involving an anesthesia and medicine team is crucial for optimal outcomes.
With the variability in treatment, including the surgical approach and the invasiveness of
procedure, the ultimate goal is to have patients bear weight straight after surgery. Thus,
it is important to have an effective postoperative analgesia which will encourage early
mobilization and rehabilitation by the physical therapist. Overall, it is critical for the
surgical and anesthesia team to have excellent communication to optimize care for patients.

5. Conclusions

Hip fracture is a painful injury that significantly limits mobility, thus increasing
morbidity, especially in the elderly population. Early surgical treatment and the use of
peripheral nerve blocks have been shown to reduce morbidity and mortality. Peripheral
nerve blocks such FICB, FNB, LFCN, and PENG blocks are currently the most used blocks
for hip fractures (Table 1). However, other blocks like ESP, QLB, sciatic nerve, and lumbar
plexus blocks can be beneficial in certain hip fractures and surgical procedures such as
hip arthroplasty or hip hemiarthroplasty. In addition to traditional blocks, we may now
have a new block that anesthetizes nerves to the posterior capsule, superior gluteal nerve
(SGN), and the nerve to the quadratus femoris muscle called the posterior pericapsular
deep-gluteal (PPD) block. With all these peripheral nerve blocks, complete analgesia of the
hip is possible, thus optimizing perioperative pain management.

Table 1. Peripheral nerve blocks with their advantages and disadvantages.

Peripheral Nerve Block Advantages Disadvantages

* Fascia Iliaca (FICB)

1. Blocks LFCN and FN reliably. Blocks
obturator nerve more reliably with higher
volume of injection.

2. Effective analgesia, supported by
several RCTs.

3. Low risk of intravascular injection.
4. Good for all approaches to hip surgery.

1. High risk of quadricep weakness due to
spread to femoral nerve, especially with
infra-inguinal approach.

2. Requires larger volume (30–40 mL).

* Femoral Nerve (FNB)

1. Effective coverage of anterior hip joint.
2. Effective analgesia, supported by

several RCTs.
3. Superficial and simple to perform.
4. Moderate risk of intravascular injection.

1. High risk of quadricep weakness.
2. High risk of nerve injury due to proximity

to nerve on injection.
3. May spare LFCN depending on volume.

* Lateral Femoral
Cutaneous Nerve (LFCN)

1. Low risk of nerve injury.
2. Low risk of intravascular injection.
3. Good for lateral or posterior lateral

approach to hip.

1. Need to block FN separately.

* Pericapsular Nerve
Group (PENG)

1. Low risk of quadricep weakness.
2. Low risk of nerve injury as it is a fascia

plane block.
3. Effective analgesia, supported by

some RCTs.

1. Spares LFCN and femoral nerves, thus
necessitating separate blocking.
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Table 1. Cont.

Peripheral Nerve Block Advantages Disadvantages

Lumbar Plexus Nerve (LP)
1. Blocks femoral, LFCN, and obturator

nerves reliably.
2. Good for all approaches to hip surgery.

1. High risk of quadricep weakness.
2. High risk of nerve injury if performed

without nerve stimulator or ultrasound.
3. Risk of bilateral and epidural spread.
4. Higher risk of local toxicity due

to absorption.
5. Deep block; use with care in anticoagulated

patients (increase peritoneum hematoma).

Quadratus Lumborum
(QL)

1. Low risk of quadricep weakness if
performed appropriately using both
ultrasound and nerve stimulation.

1. Variable degree of evidence regarding
efficacy.

2. Requires larger volume (∼=30 mL).
3. Deep block (posterior/anterior); use with

care in anticoagulated patients.

Erector Spinae Plane (ESP) 1. Low risk of quadricep weakness.
1. Variable degree of evidence regarding

efficacy.
2. Requires larger volume (∼=30–40 mL).

Sciatic Nerve (SNB)
1. No quadricep weakness.
2. Blocks posterior capsule of hip.

1. Only blocks sciatic nerve. Will need to add
other blocks, i.e., FICB, FN, or LFCN, for
adequate coverage of hip joint.

2. May be uncomfortable for patients;
requires premedication due to positioning.

Superior Gluteal Nerve
Nerve to Quadratus
Femoris Muscle

1. Blocks posteroinferior capsule of hip. 1. Not useful as sole anesthetic. Will need to
block with FICB and PENG.

* Commonly used for hip fracture surgery.
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Abstract: Background: Postoperative pain remains a significant challenge after knee and hip
surgeries, two of the most frequently performed procedures, preventing patients from seeking
timely surgical help. Gabapentinoids, gabapentin, and pregabalin, have been gaining attention
in postoperative pain management. Methods: We conducted a meta-analysis to evaluate the ef-
ficacy of gabapentinoids in pain management after knee and hip surgery. PubMed, Scopus, and
Cochrane Library were searched for relevant randomized controlled trials (RCTs) published before
January 2023. Results: Fifteen articles reporting 1320 patients were analyzed. Cumulative pain in-
tensity at rest and on movement was lower in the experimental group with the mean difference
(MD) = −0.30 [−0.55,−0.05], p-value = 0.02, and MD = −0.41 [−0.68,−0.13], p-value = 0.004, respec-
tively. However, the difference was not clinically meaningful and lacked statistical significance at each
time period. The gabapentinoid group required less opioid consumption in morphine equivalents
(MD = −6.42 [−9.07, −3.78] mg, p-value < 0.001). There was a lower incidence of postoperative
nausea in the experimental group with a risk ratio (RR) of 0.69 [0.55, 0.86], p-value < 0.001. A
subgroup analysis showed that gabapentinoids reduced pain on movement on postoperative day
two after total knee arthroplasty but not hip arthroplasty. There was insufficient data to examine
the efficacy of gabapentinoids in the reduction of chronic postoperative pain in knee/hip surgery.
Conclusions: Thus, gabapentinoids were associated with a reduction in postoperative pain intensity
at rest and on movement, morphine consumption, and the incidence of postoperative nausea in
the early postoperative period following knee and hip surgeries. However, pain reduction was not
clinically relevant. Sedation has not been evaluated in this work and, if performed, this may have
influenced the conclusions. An important limitation of this study is that different gabapentinoids,
their administration times and dosages, as well as varying intraoperative management protocols,
were pooled together.

Keywords: pregabalin; gabapentin; gabapentinoids; knee surgery; hip surgery; acute pain

1. Introduction

Knee and hip surgeries are one of the most frequently performed operating room
procedures in clinical practice [1]. However, postoperative pain remains a significant
challenge after both surgeries. Postsurgical pain is one of the major reasons patients are
unwilling to undergo total hip arthroplasty (THA) or total knee arthroplasty (TKA) [2].
During joint replacement surgeries, tissue damage and postoperative inflammation serve
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as noxious stimuli, detected by nociceptors in the peripheral nervous system, which
are transmitted to the spinal cord and then to the central nervous system through action
potentials [3]. Additionally, postoperative inflammation leads to the release of inflammatory
substances and cytokines, intensifying the pain experience [3]. Eventually, acute pain may
potentially evolve into chronic pain [4].

General anesthesia and systemic opioids, while commonly used, cannot completely
prevent central sensitization [5]. Moreover, opioids are associated with multiple complications
and adverse effects [6,7]. Regional anesthetic methods provide partial relief but come with
limitations [8]. Therefore, gabapentinoids, gabapentin, and pregabalin have been gaining
attention in postoperative pain management as they inhibit neuronal excitation in the cen-
tral nervous system, reduce hyperexcitation of dorsal horn neurons, and release excitatory
neurotransmitters [9]. Moreover, the side effects of gabapentin are usually mild [9].

Kremer and colleagues summarized the analgesic mechanisms of gabapentinoids [10].
Although gabapentinoids are structurally related to GABA, their analgesic effects are
primarily a result of binding to the α2δ subunit of voltage-dependent calcium channels.
This binding reduces calcium influx into neurons, decreasing excitatory neurotransmitter
release and dampening neuronal hyperexcitability, which is crucial in neuropathic pain.
It is suggested that neuropathic pain often involves an increased expression of the α2δ
subunit in the dorsal root ganglia and dorsal horn of the spinal cord. However, this increase
is not consistent across all neuropathic conditions. Gabapentin and pregabalin normalize
these elevated α2δ levels caused by nerve damage, likely by inhibiting their trafficking to
presynaptic terminals rather than altering their overall expression. Furthermore, gabapenti-
noids influence central sensitization by reducing the excitability of dorsal horn neurons and
affecting supraspinal regions involved in pain processing. They modulate neuroimmune
responses by reducing pro-inflammatory cytokine expression and microglial activation.
Gabapentinoids also appear to reverse central hypersensitivity and suppress the hyperac-
tivity of neurons in brain regions associated with pain. Thus, these mechanisms collectively
contribute to gabapentinoids’ effectiveness in managing neuropathic pain, despite not
directly interacting with GABA receptors.

Pregabalin and gabapentin have been extensively studied for their antinociceptive effects;
however, their efficacy in preventing or reducing acute and chronic postoperative pain remains
debatable [11]. Although various systematic reviews attempted to establish their analgesic
effects in hip and knee surgeries [12–14], these have produced varying results.

Therefore, the current meta-analysis aimed to synthesize existing studies to evaluate
the efficacy of gabapentinoids for pain management in knee and hip surgery. Specifically,
we aimed to assess gabapentinoids’ effect on pain scores, opioid consumption, postopera-
tive nausea and vomiting, and, potentially, on chronic postoperative pain.

2. Materials and Methods

2.1. Protocol

We developed the protocol for this meta-analysis for relevant articles. The protocol
and methods were arranged and approved by all authors. It is publicly available at https:
//doi.org/10.17605/OSF.IO/SJ92M (accessed on 10 July 2024). We used the “Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)” guidelines [15].

2.2. Search Strategy and Criteria

We searched for RCTs, which studied the analgesic effects of gabapentinoids in the
adult population. We searched for relevant articles in the standard databases, such as
PubMed and Scopus, as well as the Cochrane Library, published before January 2023
(Figure 1). The following search terms or their combination were used during the search:
“pregabalin”, “gabapentin”, “gabapentinoids”, “knee surgery”, “knee arthroplasty”, “knee
replacement”, “arthroscopy”, “hip surgery”, “hip replacement”, “hip arthroplasty”, “acute
pain”, and “chronic pain”. Two authors independently screened the articles. In case of
disagreements, a third author was consulted.
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Figure 1. PRISMA diagram. The study selection process.

2.3. Screening

Screening of the articles was conducted by two authors in an independent manner. In
case of disagreements, a third author was consulted. The studies were screened based on
titles, then abstracts, and finally, by full texts.

2.3.1. Inclusion Criteria

The inclusion criteria were as follows:

• Patients: Patients aged 18 years old and older undergoing knee or hip surgery (knee
arthroplasty, total knee replacement, ligament repair; hip arthroplasty, hip replacement);

• Intervention: Analgesic use of gabapentinoids (pregabalin or gabapentin);
• Control: Placebo;
• Outcomes: Primary—acute postoperative pain intensity at rest and on movement;

secondary—postoperative morphine consumption (mg), postoperative nausea and
vomiting, chronic postoperative pain;

• Study design: Randomized controlled trials (RCTs).

2.3.2. Exclusion Criteria

The exclusion criteria were as follows:

• Pediatric studies;
• Other comparators;
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• Non-RCTs: retrospective studies, case reports, case series, editorials, cadaver studies,
and technical reports;

• Not properly described study methodology, assessment, and/or reporting methods;
• Inability to retract the full text.

2.4. Assessment of Methodologic Quality

Two authors (MA and NS) independently appraised the quality of each study using the
Cochrane risk of bias 2 tool [16] and each outcome using GRADE [17]. Discrepancies were
resolved by discussion until reaching a consensus or with the involvement of a third author
(DV) if required. The Cochrane risk of bias 2 tool assessed studies as having “low risk”,
“some concerns” or “high risk” of bias based on the “randomization process”, “deviations
from intended interventions”, “missing outcome”, “measurement of the outcome data”,
and “selection of the reported results”. An overall risk of bias was then determined based
on these five domains. A GRADE evaluation was performed for the main cumulative
outcomes. Each was assessed based on the “risk of bias”, “inconsistency”, “imprecision”,
and “indirectness”. Based on these, the outcomes were downgraded or upgraded to a
“high”, “moderate”, “low”, or “very low” certainty of evidence.

2.5. Data Extraction and Statistical Methods

We extracted and entered qualitative data describing the studies in a data table. Specif-
ically, the following rubrics were used: study reference, 1st author followed by year of
publication and country, design, goals (objectives) of the study, age of participants, surgery
type, sample size, physical status of patients based on “American Society of Anesthesiol-
ogists” (ASA), pharmacological agents (analgesics, hypnotics, adjuvants), and observed
side effects. Numeric data for statistical analysis were extracted in a spreadsheet. Some
missing statistics were calculated using the methods developed by Luo et al. [18] and
by Wan et al. [19]. The meta-analysis was conducted in the “Review Manager software
(RevMan, version 5.4)”. Since the studies reported values from different populations, we
used the random effects model. The mean difference or risk ratio was used for the exami-
nation of the effect size. Forest plots were built for each outcome. Statistical heterogeneity
was estimated by the I2 statistic.

3. Results

3.1. Included Studies

The systematic search retrieved 238 original articles (Figure 1). After duplicate
removal, 74 articles were screened and 15 articles [9,20–32] comprising 1320 patients
(gabapentinoids—659, controls—661) matched the criteria and were analyzed (Figure 1, Table 1).

Table 1. Characteristics of the included studies. Abbreviations: A, analyzed; ASA, American
Society of Anesthesiologists; N, number; NRS, Numeric Rating Scale; PCA, patient-controlled
analgesia; PONV, postoperative nausea and vomiting; R, randomized; RCTs, randomized con-
trolled trials; ROM, range of motion; TKA, total knee arthroplasty; THA, total hip arthroplasty;
VAS, Visual Analogue Scale; and VRS, Verbal Rating Scale.

Author, Year, Country,
Study Design

Study Goals Age
N of Patients: Total

(Intervention/Control)
Surgery;
Groups

Type of Pain;
ASA Status

Dose Regiment Study Conclusions

Buvanendran et al.,
2010 [31] USA, RCT

To determine if
pregabalin has analgesic

effects given
preoperatively

64 (8.3),
63.3 (8.9) 240 (120/120) TKA;

pregabalin, placebo
Neuropathic pain;

I, II, III
Pregabalin 300 mg

orally

Perioperative pregabalin
reduces the incidence of
chronic neuropathic pain

Carmichael et al.,
2013 [21], Canada, RCT

To assess pain (VAS,
0–10), morphine use,

physical function,
adverse events

18–80
pregabalin:
59.1 (10.1)

placebo: 61.3 (15.1)

R: 47 (23/24)
A: 31 (15/16)

THA;
pregabalin, placebo I–III

Pregabalin 75 mg twice
daily, celecoxib 100 mg
twice daily, 14 d preop,

2 h preop, during
hospitalization, and 3 w

after discharge

Pregabalin and celecoxib
improves pain and
physical function

Clarke et al., 2009 [5],
Canada, RCT

To determine if
gabapentin reduces pain
and opioid use and find

the efficient time of
consumption

61.3 (10.7),
58.9 (9.4),
60.4 (8.1)

126 (42/42/42)

THA;
gabapentin

600 mg/placebo,
placebo/gabapentin

600 mg,
placebo/placebo

Neuropathic pain

Gabapentin
before surgery

19.06 ± 19.9 mg, after
surgery 34.8 ± 13.1 mg

in the first 24 h

No effect from
gabapentin on morphine

consumption or pain
scores preopera-

tively/postoperatively
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Table 1. Cont.

Author, Year, Country,
Study Design

Study Goals Age
N of Patients: Total

(Intervention/Control)
Surgery;
Groups

Type of Pain;
ASA Status

Dose Regiment Study Conclusions

Clarke et al., 2015 [32],
Canada, RCT

To study the effects of
pregabalin on pain and

functional outcomes

60.1 (8.8),
60.2 (9.5) 184 (92/92) THA;

pregabalin, placebo
Neuropathic pain;

I, II, III Pregabalin 150 mg p.o No improvement in
physical function

Jain et al., 2012 [26],
India, RCT

To evaluate pain at rest
and on movement

(VRS, 0–10), morphine
use, rescue analgesic

use, patient satisfaction,
sedation, adverse events

18–75
pregabalin:
59.7 (8.63)

placebo: 57.1 (8.81)

40 (20/20) TKA;
pregabalin, placebo I, II

Pregabalin 75 mg twice
a day

2 h preop; 2 d postop

Pregabalin reduces
opioid use, improves
postop analgesia, and
yields higher patient

satisfaction

Martinez et al., 2014 [27],
France, RCT

To assess pain at rest
and on movement

(NRS, 0–10), morphine
use, side effects,

pressure pain thresholds,
secondary hyperalgesia

18–80
placebo: 64 (11)

ketamine: 60 (17)
pregabalin: 64 (9)

ketamine +
pregabalin: 59 (12)

142 (38/34/35/35)
(placebo/ketamine/

pregabalin/ketamine +
pregabalin)

THA;
placebo; ketamine;

pregabalin; ketamine +
pregabalin

I–III Pregabalin 150 mg
preop

The combination of
pregabalin and

ketamine has a small,
beneficial clinical effect

Mathiesen et al.,
2008 [24], Denmark,

RCT

To examine morphine
use, pain at rest and
during mobilization
(VAS, 0–100), PONV,

sedation, dizziness, and
ondansetron use

55–75
placebo: 66 (63–71)

pregabalin:
67 (62–71)

pregabalin +
dexamethasone:

68 (64–71)
median (range)

R: 126 (42/42/42)
A: 120 (38/40/42)

(placebo/pregabalin/
pregabalin +

dexamethasone)

THA;
placebo, pregabalin,

pregabalin +
dexamethasone

I–III Pregabalin 300 mg 1 h
preop

Pregabalin reduced
postop morphine use.

This was not associated
with a reduced PONV.

Pregabalin
resulted in increased
sedation. Pregabalin
and dexamethasone

provided no effects on
pain or opioid use

Lee et al., 2015 [9],
Korea, RCT

To study the
postoperative pain,

analgesic drug
consumption, and

functional outcomes
after pregabalin

Pregabalin: 63.38
(10.71),

placebo: 67.60 (8.98)
87 (45/42) TKA;

pregabalin, control
Neuropathic pain;

I, II, III

400 mg celecoxib plus
150 mg pregabalin—1 h

prior to the operation

No difference between
the two groups in

functional recovery

Paul et al., 2013 [20],
Canada, RCT

To assess morphine use,
pain (NRS, 0–10) at rest

and movement, side
effects, patient

satisfaction, knee ROM,
hemodynamics

19–90
gabapentin: 62.1 (6.4)

placebo: 63.5 (6.7)
101 (52/49) TKA;

gabapentin, placebo I–IV
600 mg gabapentin
2 h preop; 8 h for

2 postop days

No effect on
postoperative morphine

consumption, pain,
patient satisfaction, or
length of hospital stay

Paul et al., 2015 [22],
Canada, RCT

To determine if
gabapentin

preoperatively or
postoperatively would
decrease postoperative
morphine consumption

60.9 (9.1), 60.5 (8.5) 102 (48/54) THA;
gabapentin, placebo Neuropathic pain 600 mg of gabapentin

No difference between
placebo in morphine

consumption, side
effects, or pain scores

Rasmussen et al.,
2010 [25], Denmark, RCT

To assess morphine use,
pain at rest and during

mobilization
(VAS, 0–100),

PONV, sedation,
dizziness, hallucination,

and
ondansetron use

55–85
gabapentin:
72 (68–77)

placebo: 70 (67–75)
median (IQR)

42 (24/18) THA;
gabapentin, placebo I–III 1200 mg

gabapentin preop

Preop gabapentin,
reduced pain, but not

morphine use

Singla et al., 2014 [29],
USA, RCT

To assess pain (0–10), knee
ROM, opioid use, safety

18–80
150 mg: 63 (8.5)

300 mg: 63.7 (8.3)
placebo: 63.3 (9.5)

292 (98/96/98)
(150 mg/300 mg/placebo)

TKA;
pregabalin 150,

pregabalin 300, placebo

150 mg pregabalin
(75 mg bid) or 300 mg

pregabalin (150 mg bid)
12 h and 2 h preop,

6 w postop

No significant
differences between

pregabalin and placebo

Tobias et al., 2019 [23],
Brazil, RCT

To determine if
preoperative and

postoperative
pregabalin is associated

with a reduction in
postoperative
pain episodes

Pregabalin: 31 (7),
placebo: 30 (7) 50 (25/25) Knee ligament repair;

pregabalin, control
Neuropathic pain;

I or II

Pregabalin, 75 mg/d
7 days before and 7 days

after surgery

Pregabalin decreased
the consumption of
analgesics with side
effects of dizziness

Yadeau et al., 2015 [30],
USA, RCT

To determine if
postoperative pain could

be reduced and to
determine the side effects

66 (34–79) 120 (30/30/30/30)

TKA;
placebo, pregabalin
50 mg, pregabalin

100 mg, pregabalin
150 mg

Neuropathic pain;
I–III

0, 50, 100, and 150 mg
pregabalin

No analgesic effect of
pregabalin; side
effects—reduced
satisfaction with

analgesia and increased
drowsiness

Yik et al., 2019 [28],
Singapore, RCT

To determine if
pregabalin

preoperatively with PCA
morphine, paracetamol,

and etoricoxib is effective
for decreasing the
morphine and if it

decreases the pain scores

Pregabalin:
65.1 (50–80),

placebo: 66.6 (50–83)
87 (45/42) TKA;

pregabalin, control I, II, III

1 h before surgery:
75 mg pregabalin orally;

48 h after surgery:
75 mg dose per night

No effect on
postoperative opioid
dose, pain scores, or
functional outcomes

3.2. Pain Intensity at Rest (0–10 Scale)

The pain intensity score at rest on the Numerical Rating Scale (NRS) and Visual Ana-
log Scale (VAS) is presented in a forest plot in Figure 2. As can be seen from the forest
plots, the experimental group tended to have lower pain scores at almost all the time
periods, although the difference in pain scores was not statistically significant. However,
on POD 3, the experimental group had higher pain scores than the controls (MD = 0.21
[0.08, 0.35], p = 0.002). All of the time periods pooled together show an overall effect
favoring the gabapentinoid group (MD = −0.30 [−0.55,−0.05], p-value = 0.02). This differ-
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ence is not clinically meaningful. The result is sensitive to the exclusion of some studies
(e.g., Carmichael et al., 2019 [21]). The model shows moderate heterogeneity (I2 = 74%).

Figure 2. Pain intensity at rest [5,9,20–29].

3.3. Pain Intensity Score on Movement (0–10 Scale)

Similar to pain at rest, pain on movement tended to be lower in the experimental
group up to day three (Figure 3). Immediately post-surgery, the gabapentinoid group
had significantly lower pain scores (MD = −0.86 [−1.61, −0.10], p = 0.03). After that, the
difference in pain scores was not statistically significant between the two groups. When
pooled together, the cumulative pain at all the time periods was lower in the experimental
group (MD = −0.41 [−0.68, −0.13], p-value = 0.004). The result is not sensitive to the
exclusion of any study. The model shows moderate heterogeneity (I2 = 53%).
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Figure 3. Pain intensity score on movement [9,20–27].

3.4. Postoperative Opioid Consumption in Morphine Equivalents (mg)

Many studies reported opioid consumption in morphine equivalents in mg (Figure 4).
Since fentanyl is almost 100 times more potent than morphine, we converted the fentanyl
consumption reported in Lee et al. 2015 [9] in μg into morphine equivalents by dividing
the fentanyl values (μg) by 1000 to have in mg and then multiplying by 100. We should
also note that Lee et al. 2015 [9] reported tramadol consumption as a rescue medication,
so we have not counted it as an opioid in morphine equivalents. Tramadol consumption
in two groups “showed no significant difference” [9]. Tobias et al. 2019 [23] reported the
consumption of morphine, tramadol, and ketoprofen. However, the latter two were not
counted in our report because ultimately “intravenous morphine was administered until
pain control” [23].

Opioid consumption was lower in the gabapentinoid group on POD 1 (MD = −7.28
[−11.61, −2.96], p = 0.001), POD 2 (MD = −9.29 [−15.26, −3.32], p = 0.002), and week 1
(MD = −1.00 [−1.57, −0.43], p < 0.001). The overall result of the model favors the gabapenti-
noid group (MD = −6.42 [−9.07, −3.78], p < 0.001). The result is insensitive to the exclusion
of any study. The model shows considerable heterogeneity (I2 = 96%).
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Figure 4. Postoperative opioid consumption in morphine equivalents (mg) [9,20–30,32].

3.5. Postoperative Nausea (n)

The incidence of nausea was comparable between the two groups at two and four hours
after surgery and on postoperative days 1 and 2 (Figure 5). The incidence of nausea was
lower in the experimental group in the “all PO periods” subgroup. In this subgroup,
Tobias et al., 2020 [23] reported data values measured two months after surgery, while
Jain et al., 2012 [26] and Singla et al., 2015 [29] reported data values for all study periods
(i.e., total numbers). Combining all these periods shows a lower overall incidence of nausea
in the gabapentinoid group (RR = 0.69 [0.55, 0.86], p-value = 0.0009, I2 = 5%).
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Figure 5. Postoperative nausea (n) [5,23–27,29–32].

3.6. Postoperative Vomiting (n)

The incidence of postoperative vomiting on POD 1 and 2 was comparable between
the two groups (Figure 6). In the “all PO periods” subgroup, Tobias et al., 2020 [23]
reported data values measured two months after surgery, while Jain et al., 2012 [26],
Rasmussen et al., 2010 [25], and Singla et al., 2015 [29] reported data values for all study
periods (i.e., total numbers). In this subgroup, the gabapentinoid arm had a lower incidence
of vomiting (RR = 0.49 [0.31, 0.79, p = 0.004, I2 = 5%). Overall, the model does not favor the
experimental group over the control group (RR = 0.72 [0.46, 1.14], p-value = 0.16, I2 = 32%).
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Figure 6. Postoperative vomiting (n) [5,21,23–27,29,31,32].

3.7. Subgroup Analysis for TKA and THA: Pain at Rest

As evident from Figure 7A (upper part), there is no significant difference between
TKA and THA versus the control in pain intensity at rest on POD 1. The result of
TKA vs. the control is sensitive to the exclusion of a study by Paul et al. (2013) [20], in
which case the model would favor TKA over the control. If we had used the fixed effect
model, it would have favored TKA over the control. Similar results were observed on
POD 2 (Figure 7B).

 
(A) 

Figure 7. Cont.
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(B) 

Figure 7. Postoperative pain at rest for THA and TKA on (A) POD 1 (upper) and (B) POD 2
(lower) [9,20,22,26–28].

3.8. Subgroup Analysis for TKA and THA: Pain on Movement

As shown in Figure 8A (upper part), there is no significant difference in pain on
movement between TKA and THA versus the control. The result of TKA vs. the control
is sensitive to the exclusion of a study by Paul et al. (2013) [20], in which case the model
would favor TKA over the control. If we had used the fixed effect model, it would have
favored TKA over the control.

 
(A) 

 
(B) 

Figure 8. Postoperative pain on movement for THA and TKA on (A) POD 1 (upper) and (B) POD 2
(lower) [9,20,22,24–27].
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3.9. Quality Assessment

The results of the Cochrane risk of bias tool 2 assessment are presented in Table 2.
Seven studies had a “low risk” of bias, and eight studies had “some concerns” with regard
to the risk of bias.

Table 2. Cochrane risk of bias.

Study Reference D1 D2 D3 D4 D5 Overall

YaDeau et al., 2015 [30] + + + + + + + Low risk

Buvanendran et al., 2010 [31] + + ? ? + ? ? Some concerns

Clarke et al., 2009 [5] + + + + ? ? - High risk

Paul et al., 2015 [22] + + + + + + 

Clarke et al., 2015 [32] + + ? ? + ? D1 Randomization process

Tobias et al., 2019 [23] + + ? + + ? D2 Deviations from the intended
interventions

Yik et al., 2019 [28] + + + + + + D3 Missing outcome data

Lee et al., 2015 [9] + ? ? + + ? D4 Measurement of the outcome

Paul et al., 2013 [20] + + + + + + D5 Selection of the reported result

Jain et al., 2012 [26] + + + + + + 

Martinez et al., 2014 [27] + + + + + + 

Singla et al., 2014 [29] + + + + + + 

Carmichael et al., 2014 [21] + ? ? + + ? 

Mathiesen et al., 2008 [24] + ? + + + ? 

Rasmussen et al., 2010 [25] + ? + + + ? 

The results of the GRADE assessment of the main outcomes are presented in Table 3. Two
outcomes had “high” and three outcomes had a “moderate” level of certainty of evidence.

Table 3. Summary of findings. Abbreviations: CI, confidence interval; GRADE, Grading of Recom-
mendations Assessment, Development, and Evaluation; N, number; and RCT, randomized controlled
trial. ⊕⊕⊕�, moderate certainty of evidence; ⊕⊕⊕⊕, high certainty of evidence.

Outcome Study Design N of Patients (Studies)
Mean Difference/Relative

Risk [95% CI]
Certainty of Evidence

(GRADE)

Overall pain scores at rest (0–10) RCT 1868 (11) −0.30 [−0.55, −0.05] ⊕⊕⊕�
Moderate

Overall pain scores on
movement (0–10) RCT 1415 (8) −0.41 [−0.68, −0.13] ⊕⊕⊕�

Moderate
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Table 3. Cont.

Outcome Study Design N of Patients (Studies)
Mean Difference/Relative

Risk [95% CI]
Certainty of Evidence

(GRADE)

Overall postoperative opioid use
in morphine equivalent (mg) RCT 2081 (12) −6.42 [−9.07, −3.78] ⊕⊕⊕�

Moderate

Overall postoperative nausea RCT 1471 (11) 0.69 [0.55, 0.86] ⊕⊕⊕⊕
High

Overall postoperative vomiting RCT 1173 (11) 0.72 [0.46, 1.14] ⊕⊕⊕⊕
High

4. Discussion

4.1. Interpretations of Results
4.1.1. Pain

In this meta-analysis, pain scores at rest and on movement were lower for the
gabapentinoid group from the first postoperative hours up to day three. Although this
difference was not statistically significant across most time periods, the analysis may have
lacked the power to reach significance due to the small number of participants. Gabapenti-
noids may provide effective pain management in the first hours post-surgery, and this
effect declines by day three. In fact, in our analysis, pain scores at rest on day three were
statistically significantly higher for the experimental group, even though the effect size was
negligible. Potential contributing factors to such a trend may be the pharmacokinetics and
temporal profiles of gabapentinoids, the role of central sensitization, the combination of
gabapentinoids with other analgesic agents, or the “rebound pain” effect.

The previous literature has demonstrated varying findings. Similar to our results, pain
at rest on days one and two, but not three was found to be lower in the pregabalin group
following THA and TKA [33]. Likewise, a meta-analysis of 322 clinical trials comprising all
types of surgeries also found the preoperative administration of gabapentinoids effective
in alleviating postoperative pain at six, twelve, twenty-four, and forty-eight but not at
seventy-two hours post-surgery [34]. It is worth noting that in their subgroup analysis,
this remained true for gabapentin, while for pregabalin, the difference in pain intensity
lost statistical significance between the two groups at 48 h. This may be associated with
pregabalin’s faster absorption: its maximum concentration in the serum is one hour, as
opposed to two to four hours for gabapentin [35]. On the other hand, in a meta-analysis of
gabapentin use in TKA patients, Han et al. did not find any difference in pain scores at 12,
24, or 48 h [11]. Similarly, Mao et al. did not find differences in pain scores at rest and on
movement at 24 and 48 h following THA [36].

In our study, the reduction in pain scores was not clinically meaningful as defined
by previous research [37]. Verret et. al. mention that in their study, the pain-sparing
effect was more evident in the first hours following the surgery [34]. This again suggests
that gabapentinoids are more active in the first postoperative hours. Interestingly, their
subgroup analysis showed that the mean difference between the gabapentinoid and con-
trol groups for almost all the periods was higher for the gabapentin group rather than
pregabalin [34], although the latter is considered to be more potent [35].

4.1.2. Opioid Consumption

Similar to pain intensity, our results showed that there was a significant difference in
opioid use on the first two postoperative days, while on day three, the use of opioids was
already comparable between the two groups. Lower opioid consumption in the first two
days following TKA was observed between the gabapentin and control groups [11] and
between the gabapentinoids and control groups following lower limb arthroplasty [13].
Both gabapentin and pregabalin have been found to be effective in reducing opioid use on
the first and second postoperative days after THA [36]. Pregabalin substantially decreased
morphine consumption following both THA and TKA for 48 h post-surgery [33]. The
large meta-analysis comprising various surgeries by Verret et al. found lower cumulative
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opioid consumption in the gabapentinoid group on postoperative days one (117 trials),
two (24 trials), and, unlike our study, three (four trials), compared to controls [34]. One
explanation for this opioid-sparing observation may be attributed to gabapentinoids’ ability
to strengthen opioids’ effect when taken concurrently [35]. In other words, it might be that
fewer opioids were consumed in the experimental group because their effect became more
substantial in the presence of gabapentinoids. Another meta-analysis observed a lowered
use of opioids for three days following both the knee and hip arthroplasty between the
pregabalin and placebo groups but no difference in opioid use between the gabapentin
and placebo arms [14]. This, again, may be attributed to pregabalin’s higher potency and,
potentially, a higher synergistic effect on opioids.

4.1.3. Postoperative Nausea and Vomiting

We found the cumulative all-period incidence of nausea, but not vomiting, to be lower
in the gabapentinoid group. This is consistent with the observed lower consumption of
opioids, a factor often associated with postoperative nausea. However, the reduction in
opioid consumption was more significant than that of the incidence of nausea, which
poses the question of whether the latter was a result of the former. Indeed, Verret et al.
found no association between a lower incidence of postoperative nausea and vomiting in
the gabapentinoid group with morphine consumption [34]. A lower incidence of nausea,
but not vomiting, was observed in the gabapentin group following THA [12]. Han et al.
observed a comparable incidence of nausea between the gabapentin and placebo groups
following lower limb arthroplasty [11]. Hannon et al. also observed no difference in the
incidence of nausea between the gabapentin and placebo groups following TKA; however,
their analysis did show a lower incidence of nausea in the pregabalin group compared to
the placebo [14]. Likewise, pregabalin was shown effective in lowering the incidence of
nausea in TKA but not THA [33].

4.1.4. Chronic Pain

We initially aimed to examine the impact of gabapentinoids on chronic postoperative
pain. However, we lacked sufficient data to investigate this relationship in our meta-
analysis. This aspect is crucial because while acute pain can be managed with various
medications and nerve blocks, there are limited options proven to prevent or reduce chronic
pain after surgery. Previously, in a meta-analysis of almost 3200 patients undergoing
various types of surgeries, no association was found between preoperative administration
of gabapentinoids with chronic pain within three to twelve months [34]. This result held
across different gabapentin/pregabalin doses and administration methods. Exploring
gabapentinoids’ specific effects on chronic pain following knee surgery might require a
longer usage period for their anti-inflammatory effects to become evident. Moreover, the
relationship between neuropathic pain in acute settings and the development of chronic
postsurgical or neuropathic pain is still not fully understood. Sensitization in central or
peripheral nerves is complex and involves changes in how nerves function. Therefore,
while gabapentinoids might offer pain relief to some extent, it is important to manage acute
postoperative pain using multimodal analgesia.

4.2. Study Limitations

Our study has several limitations. First, relatively small RCTs were included in the
meta-analysis, and since these reported the outcomes of interest at various times, our study
had a small sample size for the majority of the time periods. Second, including studies using
either pregabalin or gabapentin and in varying dosages introduced variability in the results,
potentially impacting the overall findings. Third, the absence of standardization in surgical
procedures across the studies may have contributed to varying pain experiences, making
it challenging to draw universal conclusions. Moreover, the demographic variations
among patients, including age, gender, and underlying health conditions, might have
influenced individual responses to gabapentinoids, further complicating the interpretation
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of the results. Finally, the lack of long-term follow-up limited our understanding of the
sustained effects and potential long-term side effects of gabapentinoids in postoperative
pain management.

4.3. Implications for Research and Practice

Given what is mentioned above, large and high-quality randomized controlled tri-
als on the topic should be conducted to be able to draw more definitive conclusions.
Furthermore, exploring the neurobiological mechanisms, including central sensitization
modulation and neuroinflammatory processes, can deepen our understanding of gabapenti-
noids’ analgesic actions and the temporal effects, potentially leading to the development
of more targeted interventions. The synergistic effects of gabapentinoids in combination
with other analgesic agents, both opioid and non-opioid, should be studied in-depth to
optimize multimodal pain management strategies. Future studies should also focus on
examining the effect of gabapentinoid use, especially in conjunction with opioids, on post-
operative nausea and vomiting. Further research should also explore the long-term effects
of gabapentinoids on postoperative pain management, especially focusing on chronic pain
development following knee surgeries. Longitudinal studies with extended follow-up
periods are essential to assess the persistence of gabapentinoids’ effects and their role in
preventing chronic postoperative pain. As for practical implications, while our results
have little clinical importance on their own, they might be useful for developing effective
multimodal analgesic interventions for knee and hip surgical procedures.

5. Conclusions

This meta-analysis demonstrated that gabapentinoids were associated with reductions
in postoperative pain at rest and with movement (however, the reduction was not clinically
relevant), morphine consumption, and incidence of postoperative nausea over two postop-
erative days when knee and hip surgery were combined in the same model. The subgroup
analysis showed that gabapentinoids reduced pain on movement on postoperative day
two after total knee arthroplasty but not after total hip arthroplasty. Pain reduction was not
clinically relevant. Sedation has not been evaluated in this work and, if performed, this may
have influenced the conclusions. There was no significant difference between the groups
in terms of vomiting during the early postoperative period. There was an insufficient
amount of data to support the efficacy of gabapentinoids in the prevention or reduction
of chronic postoperative pain in knee and hip surgery. An important limitation of this
study is that different gabapentinoids, their administration times and dosages, as well as
varying intraoperative management protocols, were pooled together. Having standardized
protocols would facilitate further investigation of this issue. Future large, high-quality
RCTs are warranted to study the role of gabapentoids in orthopedic surgery, with a focus
on the incidence of chronic postoperative pain.
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Abstract: Background: The transversus abdominis plane (TAP) block is providing effective postoper-
ative analgesia in patients undergoing cesarean section (CS). This study aims to evaluate and compare
the effects on pain levels of bupivacaine alone versus bupivacaine combined with dexmedetomidine
and bupivacaine combined with dexamethasone in ultrasound-guided TAP block for postoperative
pain after CS. Material and Method: In this randomized controlled trial, 120 patients with American
Society of Anesthesiologists (ASA) physical status I and II scheduled for elective cesarean section
under spinal anesthesia were randomly divided into three groups. At the end of the surgery, an
ultrasound-guided TAP block was performed on all patients: bupivacaine 0.5% (Group B), bupiva-
caine 0.5% + dexmedetomidine (1 μg/kg) (Group BD), and bupivacaine 0.5% + dexamethasone (4 mg)
(Group BDx). Postoperatively, all patients were evaluated at 0, 1, 4, 8, 16, and 24 h for visual analog
scores VASs, tramadol consumption, complications, and patient satisfaction. A p value of < 0.05 is
statistically significant. Results: At 0 h, VASs in the sitting and supine positions were significantly
higher in the BDx group (0.85 ± 1.61 and 0.85 ± 1.36, respectively) compared to the B group (0.05
± 0.32 in both positions) and the BD group (0.15 ± 0.48 in both positions) (p = 0.005 and p = 0.001,
respectively). At the 24th hour, VASs in the sitting and supine positions were significantly lower
in the BDx group (1.7 ± 1.2 and 1.43 ± 1.05) compared to the B group (2.3 ± 0.68 and 2.2 ± 0.72)
and the BD group (2.57 ± 1.01 and 2.28 ± 0.78) (p = 0.005 and p = 0.001, respectively). At 0 h, the
tramadol requirement was highest in the BDx group at 12.5%, while it was not required in the B
and BD groups (p = 0.005). At 0 h, the rate of nausea and vomiting was highest in the BDx group
at 17.5%, compared to 2.5% in the BD group and 0% in the B group (p = 0.003). Patient satisfaction
scores were higher in the dexamethasone group compared to the other groups. This was significant
between Group B and Group BDx (p = 0.009 < 0.05). Conclusions: Adding dexmedetomidine or
dexamethasone to bupivacaine in ultrasound-guided TAP blocks reduces postoperative pain and
increases patient satisfaction after cesarean sections. Dexamethasone, due to its delayed onset but
extended duration, achieves lower pain scores and higher satisfaction. Further research is necessary
to confirm these findings.

Keywords: bupivacaine; dexmedetomidine; dexamethasone; postoperative analgesia; cesarean section

1. Introduction

Cesarean section (CS) is one of the most common surgeries and usually causes moder-
ate to severe pain for up to 48 h [1]. The rate of CS, which is a life-saving surgical procedure
in cases of certain complications that occur during pregnancy and birth, has exceeded 20%
worldwide [2,3]. Pain control after CS has crucial importance, especially in the first 24 h, to
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facilitate early ambulation and the establishment of breastfeeding [4]. Insufficient analgesia
in the postoperative period may cause a number of undesirable effects, such as patient
discomfort, thromboembolism due to extended immobilization, and decreased pulmonary
clearance resulting in complications [5].

Postoperative CS pain arises mainly from somatic and visceral components. Surgical
incision of the tissue leads to somatic pain, while visceral pain is mainly associated with
inflammation [6]. The transversus abdominis plane (TAP) block has gained increasing
importance as a very effective pain relief in abdominal surgery since Rafi’s application
in 2001 [7]. The transversus abdominis plane (TAP) block comprises the administration
of a local anesthetic agent between the transverse and internal oblique muscles of the
abdominal wall, targeting spinal T7-L1 levels, which attenuates somatic pain by inhibiting
neural afferents within the transversus abdominis plane [4,8]. This reduces postoperative
pain from lower abdominal surgeries, including cesarean sections [9]. Although commonly
used nonsteroidal anti-inflammatory drugs and paracetamol can only supplement other
modes of analgesia, they are not sufficient for their own population. In this context, many
studies are being conducted to increase the TAP blockage duration [10].

A variety of anesthetic agents such as bupivacaine, levobupivacaine, and ropivacaine
are commonly used in TAP blocks [9]. These drugs provide short-term analgesia and pri-
marily alleviate somatic pain [11,12]. To extend the duration of analgesic efficacy, various
adjuvants such as opioids, ketamine, clonidine, and alpha-2 agonists like dexmedetomi-
dine have been added [9]. Studies have consistently shown that optimizing analgesia
reduces opioid consumption and alleviates postoperative symptoms such as nausea and
sedation [1].

Bupivacaine is one of the widely used local analgesics [13]. Dexmedetomidine is a
highly selective central alpha-2 adrenergic agonist. It strengthens local anesthetic effects
and prolongs analgesic duration by blocking the transmission of nerve signals through
C and A delta fibers [4,14]. For these reasons, dexmedetomidine is commonly used as an
adjuvant to local anesthetics in many studies [4,5,15]. Dexamethasone, a corticosteroid,
provides analgesia owing to its anti-inflammatory properties. It also potentiates the effect
of local anesthetics [16]. In light of this knowledge, dexamethasone has been used as an
adjuvant in various studies to improve the anesthetic effects of TAP block postoperative CS
operations [1,4].

Recent studies have highlighted the potential of non-opioid analgesic techniques in
managing various pain conditions. For example, laser therapy has proven effective in
alleviating chronic headache symptoms by targeting mucosal contact points in the nasal
cavity [17]. Similarly, fractional CO2 laser technology has provided significant relief for
patients with Lichen Sclerosus, offering a non-invasive alternative that improves histolog-
ical outcomes and reduces discomfort without requiring general anesthesia [18]. These
advancements underscore the importance of exploring non-opioid treatments, such as TAP
blocks and laser therapy, alongside adjuvants, particularly in mitigating postoperative pain
following cesarean sections.

This study aimed to assess and compare the effects on pain levels of bupivacaine alone
versus bupivacaine combined with dexmedetomidine and bupivacaine combined with
dexamethasone in an ultrasound-guided TAP block for managing postoperative pain after
cesarean section. Our primary outcome was pain score, while the secondary outcomes
were analgesic requirements, complications, and patient satisfaction.

2. Materials and Methods

2.1. Study Design

The study was conducted between February 2020 and September 2021 at Hatay
Mustafa Kemal University, following the approval from the Clinical Research Ethics Com-
mittee (meeting date: 20 February 2020, decision no: 05). Written informed consent was
obtained from all participants in accordance with the principles of the Declaration of
Helsinki [19].
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Pregnant women with an American Society of Anesthesiologists (ASA) score of I or
II who were scheduled for cesarean section under spinal anesthesia were included in the
study. The exclusion criteria were as follows:

• Refusal to participate in the study;
• Known allergies to local anesthetics/opioids/nonsteroidal anti-inflammatory drugs;
• Presence of infection at the needle entry site for the block;
• Recent use of glucocorticoids;
• Diabetes mellitus;
• Pregnancy-induced hypertension;
• Use of chronic pain medications;
• Body mass index (BMI) > 35.

In the operating room, electrocardiography, pulse oximetry, and noninvasive blood
pressure were monitored for all patients from the beginning of the procedure until they left
the operating room. After monitoring the patients, spinal anesthesia was administered in
a seated position with 2 to 2.2 mL of 0.5% heavy bupivacaine (Marcaine®, Astra-Zeneca,
Istanbul, Turkey) between the L3 and L4 vertebrae after confirming the proper flow of
cerebrospinal fluid.

Subjects included in the study were randomly assigned to three groups using a computer-
generated sequence of random numbers, regardless of their demographic characteristics.

Patients were equally (40 per group) allocated to three TAP block groups as follows:

1. Group B: Bupivacaine 0.5% 10 mL + physiological saline 10 mL;
2. Group BD: Bupivacaine 0.5% 10 mL + physiological saline 9 mL + dexmedetomidine

1 mL (1 μg/kg);
3. Group BDx: Bupivacaine 0.5% 10mL + physiological saline 9 mL + dexamethasone

1mL (4 mg).

At the end of the surgery, in all patients, a single-injection, ultrasound-guided (SonoSite
M-Turbo) Transversus Abdominis Plane (TAP) block was administered utilizing a linear
ultrasound probe (12 MHz). With the patient positioned supine, the ultrasound probe
was placed transversely on the lateral abdominal wall, in the midaxillary line, between
the lower edge of the ribcage and the iliac crest. The needle was inserted in-plane di-
rectly beneath the ultrasound probe and advanced until it reached the layer between the
internal oblique and transversus abdominis muscles. Once this layer was reached, the
local anesthetic (LA) solution was injected, causing the TAP to expand and appear as a
hypoechoic area. To prevent vascular puncture, careful aspiration was performed before
the injection. The procedure was then repeated on the contralateral side using the same
technique. Post-surgery, patients were transferred to the post-anesthesia care unit.

Patients transferred to the post-anesthesia care unit were routinely given paracetamol
(1 mg) intravenously for 24 h, every 6 h. Visual analog scores (VASs) were evaluated at 0,
1, 4, 8, 16 and 24 h. VASs were evaluated in both sitting and supine positions. Pain levels
were assessed using visual analog scores (VASs), with scores of 2–4 considered mild pain,
5–7 considered moderate pain, and 8–10 considered severe pain [20]. Those with a VAS ≥
4 were given 0.5 mg/kg tramadol intravenously.

Bradycardia was defined as HR < 50 bpm and was treated with an intravenous
injection of 0.5 mg of atropine. Hypotension was defined by a mean arterial pressure
decrease of more than 30% from baseline and was treated with a 200 mL fluid bolus and
a 5 mg intravenous injection of ephedrine. Nausea and vomiting were assessed using a
4-point scale (0 = none, 1 = nausea, 2 = retching, 3 = vomiting). Patients who scored ≥1
were treated with 4 mg of IV ondansetron.

Instant and total analgesic consumption and complications were intermittently recorded
during the first 24 h postoperatively. Patient satisfaction was evaluated after 24 h.
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Statistical Method

In this study, which was designed as an active Randomized Controlled Trial, pa-
tients who underwent cesarean section were randomized into three treatment groups:
Bupivacaine (Group B), Bupivacaine + Dexmedetomidine (Group BD), and Bupivacaine
+ Dexamethasone (Group BDx). The primary outcome variable, VAS scale scores, was
compared between treatment groups. Based on a minimum clinically significant mean
difference of 0.2 on the VAS scale (Cohen’s d effect size) and allowing for a maximum
type I error of 5% and a minimum power of 80%, the sample size for each group has been
determined to be 40 patients.

Statistical analysis of the data was performed using IBM SPSS Version 21 and the
MedCalc statistical package program. Due to the suitability of the Central Limit Theorem,
parametric tests were used for continuous measurements without normality testing [21].
However, since VAS and Satisfaction Scores were ordinal variables, non-parametric testing
was used. When making statistical analysis of continuous data on scales, mean ± standard
deviation, median, and 25%-75% values are used. Frequency and percentage values were
used to describe categorical variables.

The One-Way ANOVA test and Kruskal–Wallis H statistics were used to compare
continuous measurement averages in three groups. If a difference was detected, pairwise
comparisons were evaluated with Tukey statistics as a post hoc test. The chi-square test
was used to evaluate the relationship between categorical variables. If a relationship was
detected, z-test statistics were used to evaluate the difference in pairwise ratio.

For statistical significance, p < 0.05 was accepted.

3. Results

A total of 120 pregnant women, aged between 18 and 42 years (with a mean age of
30.1 ± 5.6), scheduled to undergo cesarean section under spinal anesthesia were included
in the study. The relationship between socio-demographic and operational characteristics
is presented in Table 1. There was no significant difference between the groups in terms of
mean age (p * = 0.23 > 0.05). The ASA score was 1 in 48.3% of the patients and 2 in 51.7%,
with no significant differences between the groups in terms of ASA status (p * = 0.85 > 0.05).
BMI values were 29.41 ± 2.89 for Group B, 29.03 ± 2.98 for Group BD, and 27.62 ±
2.34 for Group BDx, with significant differences observed between the groups (p * = 0.01
< 0.05). This significance was particularly notable between Group B and Group BDx
(p ** = 0.01 < 0.05). While the operating time (minute) was 77.1 ± 17.7 in Group B and 68
± 11.6 in Group BD, it was lower in Group BDx, at 66.8 ± 14.8. There was a significant
difference between the mean operation times according to the groups (p * = 0.004 < 0.05).
This difference was between Group B and Group BD, and Group B and Group BDx (p ** =
0.02, 0.007 < 0.05).

The mean block time (in minutes) was also a significant difference between the groups
(p * = 0.001 <0.05). This difference was between Group B and Group BD, and Group B and
Group BDx (p ** = 0.001, 0.002 < 0.05). The mean block times were 10.9 ± 2.4 in Group B,
9.1 ± 1.5 in Group BD, and 9.2 ± 2.4 in Group BDx.

As explained in Table 2, the 0-h instant analgesic tramadol requirement was 12.5%
in the BDx group, it was not required in the B and BD groups (p * = 0.005 < 0.05).
The difference was also significant at the 1st hour [between Group B and Group BDx
(p ** = 0.01 < 0.05), and Group BD and Group BDx (p ** = 0.003 < 0.05)] and at the 8th hour
[between Group B and Group BD (p ** = 0.008 < 0.05), and Group BD and Group BDx
(p ** = 0.03 < 0.05)], however no significant differences were observed at the 4th, 16th, and
24th hours. The 0-h total analgesic tramadol requirement was 12.5% in the BDx group, it
was not required in the B and BD groups. This difference between the groups was signifi-
cant (p * = 0.005 < 0.05). While this difference was significant at the 1st hour between Group
B and Group BDx (p ** = 0.001 < 0.05), and Group BD and Group BDx (p ** = 0.001 < 0.05)
and 4th hour between Group B and Group BDx (p ** = 0.004 < 0.05), and Group BD and
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Group BDx (p ** = 0.01 < 0.05), there was no significant difference at the 8th, 16th and
24th hours.

Table 1. Socio-demographic characteristics, operation, and block times of the groups (n = 120).

Bupivacaine
(n = 40)

Bupivacaine
+Dexmedetomidin
(n = 40)

Bupivacaine +
Dexametazon
(n = 40)

Mean ± SD Mean ± SD Mean ± SD p Value *
p Value **
1 vs. 2, 1 vs. 3, 2 vs. 3

Age 30.1 ± 5.4 31.5 ± 5.9 28.9 ± 5.2 0.23 −
BMI 29.41 ± 2.89 29.03 ± 2.98 27.62 ± 2.34 0.01 0.82, 0.01, 0.06
ASA score n (%) n (%) n (%)
I 19 (47.5) 18 (45) 21 (52.5)

0.85 −II 21 (52.5) 22 (55) 19 (17.5)
Operation time 77.1 ± 17.7 68 ± 11.6 66.8 ± 14.8 0.004 0.02, 0.007, 0.93
Block time 10.9 ± 2.4 9.1 ± 1.5 9.2 ± 2.4 0.001 0.001, 0.002, 0.91

* One-Way ANOVA test|Chi-square test, ** Post Hoc test-Tukey; p < 0.05 is significant. BMI: body mass index
above, ASA: American Society of Anesthesiologists, SD: Standard deviation.

Table 2. Assessment of clinical relationship between groups (n = 120).

Bupivacaine
(n = 40)

Bupivacaine
+Dexmedeto-
midin
(n = 40)

Bupivacaine +
Dexametazon
(n = 40)

Hour n (%) n (%) n (%) p Value *
p Value **
1 vs. 2, 1 vs. 3, 2 vs. 3

Instant analgesictramadol requirement

0 0 (0) 0 (0) 5 (12.5) 0.005 −0.02, 0.02
1 2 (5) 1 (2.5) 10 (25) 0.002 0.56, 0.01, 0.003
4 9 (22.5) 9 (22.5) 12 (30) 0.67

0.02

−
0.008, 0.65, 0.038 18 (45) 7 (17.5) 16 (40)

16 12 (30) 13 (32.5) 10 (25) 0.75 −
24 1 (2.5) 6 (15) 2 (5) 0.08 −
Total analgesic tramadol requirement

0 0 (0) 0 (0) 5 (12.5) 0.005 −0.02, 0.02
1 2 (5) 1 (2.5) 14 (35) 0.001 0.56 0.001, 0.001
4 11 (27.5) 9 (22.5) 20 (50) 0.02 0.61 0.04, 0.01
8 20 (50) 16 (40) 24 (60) 0.2 −
16 21 (52.5) 21 (52.5) 27 (67.5) 0.29 −
24 19 (47.5) 23 (57.5) 27 (67.5) 0.20 −
Nausea and/or vomiting

0 0 (0) 1 (2.5) 7 (17.5) 0.003 0.31, 0.006, 0.03
1 5 (12.5) 5 (12.5) 9 (22.5) 0.37 −
4 6 (15) 9 (22.5) 10 (25) 0.52 −
8 8 (20) 12 (30) 10 (25) 0.59 −
16 7 (17.5) 12 (30) 11 (27.5) 0.39 −
24 7 (17.5) 13 (32.5) 11 (27.5) 0.3 −
Complication

0 0 (0) 1 (2.5) 6 (15) 0.009 0.31 0.01, 0.04
1 5 (12.5) 3 (7.5) 3 (7.5) 0.67 −
4 2 (5) 4 (10) 1 (2.5) 0.35 −
8 3 (7.5) 3 (7.5) 1 (2.5) 0.55 −
16 0 (0) 0 (0) 1 (2.5) 0.36 −
24 0 (0) 1 (2.5) 0 (0) 0.377 −
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Table 2. Cont.

Bupivacaine
(n = 40)

Bupivacaine
+Dexmedeto-
midin
(n = 40)

Bupivacaine +
Dexametazon
(n = 40)

Hour n (%) n (%) n (%) p Value *
p Value **
1 vs. 2, 1 vs. 3, 2 vs. 3

Total analgesic tramadol
requirement

21 (52.5) 23 (57.5) 27 (67.5) 0.38 −
Total antiemetic requirement 10 (25) 12 (30) 13 (32.5) 0.75 −
Nausea and/or vomiting 10 (25) 12 (30) 12 (30) 0.85 −

* Chi-square test, ** z test; p < 0.05 is significant.

At hour 0, there was a significant relationship between the groups regarding the
incidence of nausea and vomiting (p * = 0.003 < 0.05). The rates of nausea and vomiting in
group 3 were significantly different compared to groups 1 and 2 (p ** = 0.006, 0.03 < 0.05).
Additionally, at hour 0, there was a significant relationship between the groups concerning
the occurrence of complications (p * = 0.009 < 0.05). The complication rates in group 3 were
significantly different compared to groups 1 and 2 (p ** = 0.01, 0.04 < 0.05). However, at
hours 1, 4, 8, 16, and 24, there was no significant relationship between the three groups
regarding nausea, vomiting, and complications (p * > 0.05). At hours 1, 4, 8, 16, and 24,
there was no significant relationship between the three groups regarding antiemetic usage
(p * > 0.05).

Headache, hypotension, bradycardia, arrhythmia, tinnitus, and numbness around the
mouth were not observed in all three groups.

In Table 3, there was a significance at hour 1 in terms of instant analgesic amount
(p * = 0.04 < 0.05). The average amounts of tramadol used were 45 ± 0, 40 (only one patient),
and 37.2 ± 3.67 mg in Group B, Group BD and Group BDx, respectively. In the comparison
between groups for hour 1, the difference between Group B and Group BDx was significant
(p ** = 0.04 < 0.05). No significant relationship was observed at other follow-up hours for
instant analgesic tramadol usage amount (p * = 0.6, 0.06, 0.22, and 0.27 > 0.05 for the 4th,
8th, 16th, and 24th hours, respectively).

Significant differences in total tramadol consumption were observed at the 8th hour
(p * = 0.003 < 0.05); 55.47 ± 19.81 mg for Group B, 41.13 ± 11.16 mg for Group BD, and
65.33 ± 26.04 mg for Group BDx and at the 16th hour (p * = 0.04 < 0.05); 77.97 ± 31.31 mg
for Group B, 55.57 ± 19.38 mg for Group BD, and 71.78 ± 34.96 mg for Group BDx. At
the 8th hour, a significant difference was observed between Group BD and Group BDx
(p ** = 0.002 < 0.05). At the 16th hour, the significant difference was between Group B and
Group BD (p ** = 0.04 < 0.05). No significant differences in total tramadol consumption
were found at other follow-up times (p * = 0.86, 0.39, and 0.18 for the 1st, 4th, and 24th
hours, respectively).

Evaluation according to the visual analog score (VAS) was presented in Table 4. In
the sitting position, the difference in mean VASs between the groups was significant at
hour 0 (p * = 0.005 < 0.05). These scores were significant between Group B and Group BDx
as well as in Group BD and Group BDx (p ** = 0.001, 0.005 <0.05, respectively). In Group
B, the mean VAS was 0.05 ± 0.32, with a median and quartiles of 0 (0–0). In Group BD,
the mean VAS was 0.15 ± 0.48, with a median and quartiles of 0 (0–0). In Group BDx, the
mean VAS was 0.85 ± 1.61, with a median and quartiles of 0 (0-2). The mean VASs between
the groups were also significant at the 24th hour (p * = 0.005 < 0.05). These scores were
significant between Group B and Group BDx as well as between Group BD and Group
BDx (p ** = 0.03, 0.001 < 0.05 respectively). In Group B, the mean VAS was 2.3 ± 0.68 with a
median and quartiles of 2 (2–3). In Group BD, the mean VAS was 2.57 ± 1.01, with a median
and quartiles of 2 (2–3); and in Group BDx, the mean VAS was 1.7 ± 1.2, with a median
and quartiles of 1 (1–3). There were no significant differences at other follow-up hours.
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Table 3. Evaluation of instantaneous analgesic amounts between groups (n = 120).

Bupivacaine
(n = 40)

Bupivacaine
+Dexmedetomidin
(n = 40)

Bupivacaine +
Dexametazon
(n = 40)

Hour Mean ± SD Mean ± SD Mean ± SD p Value *
p Value **
1 vs. 2, 1 vs. 3, 2 vs. 3

Instant analgesic tramadol amount (mg)

0 − − − − −
1 45 ± 0 40 ± − 37.2 ± 3.67 0.04 −0.04−
4 38.61 ± 3.33 38.06 ± 3.14 35.83 ± 3.68 0.16 −
8 39.56 ± 3.62 39.36 ± 5.37 36.37 ± 3.71 0.06

0.22
−
−16 40.67 ± 4.22 38.5 ± 6 37 ± 3.77

24 37.5 ± - 42.67 ± 7.52 32.5 ± 3.53 0.27 −
Total analgesic tramadol amount (mg)

0 − − − - −
1 45 ± 0 40 ± − 39.71 ± 13.21 0.86 −
4 39.77 ± 3.94 42.5 ± 14.39 47.65 ± 19.54 0.39 −
8 55.47 ± 19.81 41.13 ± 11.16 65.33 ± 26.04 0.003 0.11, 0.27, 0.002
16 77.97 ± 31.31 55.57 ± 19.38 71.78 ± 34.96 0.04 0.04, 0.76, 0.14
24 80 ± 36.14 61.5 ± 27.38 74.19 ± 35.93 0.18 −

* One-Way ANOVA test, ** Post Hoc test-Tukey; p < 0.05 is significant. SD: Standard deviation.

Table 4. Assessment of visual analog score and satisfaction scale between groups (n = 120).

Bupivacaine
(n = 40)

Bupivacaine
+Dexmedetomidin
(n = 40)

Bupivacaine +
Dexametazon
(n = 40)

Hour Mean ± SD Mean ± SD Mean ± SD p Value *
p Value **
1 vs. 2, 1 vs. 3, 2 vs. 3

VAS sitting position

0 0 (0–0)
0.05 ± 0.32

0 (0–0)
0.15 ± 0.48

0 (0–2)
0.85 ± 1.61 0.005 0.89, 0.001, 0.005

1 0.5 (0–2)
1.03 ± 1.21

0 (0–1)
0.7 ± 1.04

0 (0–2)
1.38 ± 1.76 0.33 −

4 2 (1–3)
2.28 ± 1.37

2 (1–2)
2.32 ± 1.47

2 (1–3)
2.42 ± 1.75 0.95

0.19
−
−

8 2.5 (2–3)
3.02 ± 1.38

2 (2–3)
2.57 ± 1.01

2 (1–3)
2.85 ± 1.65

16 2 (2–3)
2.88 ± 1.24

2 (2–3)
2.83 ± 1.1

2 (0.25–3)
2.25 ± 1.48 0.14 −

24 2 (2–3)
2.3 ± 0.68

2 (2–3)
2.57 ± 1.01

1 (1–3)
1.7 ± 1.2 0.005 0.45, 0.03, 0.001

VAS supine position

0 0 (0–0)
0.05 ± 0.32

0 (0–0)
0.15 ± 0.48

0 (0–0)
0.85 ± 1.36 0.001 0.86, 0.001, 0.001

1 1 (0–2)
0.85 ± 0.97

0 (0–1)
0.63 ± 0.89

0 (0–3.75)
1.13 ± 1.32 0.29 −

4 2 (1–3)
2.07 ± 1.22

2 (1–3)
1.78 ± 1.12

2 (1–4)
1.98 ± 1.32 0.47 −
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Table 4. Cont.

Bupivacaine
(n = 40)

Bupivacaine
+Dexmedetomidin
(n = 40)

Bupivacaine +
Dexametazon
(n = 40)

Hour Mean ± SD Mean ± SD Mean ± SD p Value *
p Value **
1 vs. 2, 1 vs. 3, 2 vs. 3

8 3 (2–4)
2.38 ± 1.03

3 (2–3)
2.18 ± 0.87

3 (2–4)
2.1 ± 1.23 0.43 −

16 3 (2–4)
2.25 ± 0.83

3 (2–4)
2.25 ± 0.92

2 (1–3.75)
1.73 ± 1.03 0.1 −

24 2 (2–3)
2.2 ± 0.72

3 (2–3)
2.28 ± 0.78

2 (1–3.5)
1.43 ± 1.05 0.001 0.92, 0.001, 0.001

Satisfaction
Scale

3 (2–3)
2.73 ± 0.98

3 (3–4)
3.05 ± 0.78

3 (3–4)
3.3 ± 0.79 0.02 0.21, 0.009, 0.39

* Kruskal–Wallis H test, ** Post Hoc test-Tukey; p < 0.05 is significant. Q1–Q3: 25%-75%. SD: Standard deviation,
VAS: visual analog score.

At the supine position, the difference in mean VASs between the groups was significant
at 0 h (p * = 0.001 < 0.05). These scores were significant between Group B and Group BDx
as well as between Group BD and Group BDx (p ** = 0.001, 0.001 < 0.05, respectively).
In Group B, the mean VAS was 0.05 ± 0.32, with a median and quartiles of 0 (0–0); in
Group BD, the mean VAS was 0.15 ± 0.48, with a median and quartiles of 0 (0–0); and
in Group BDx, the mean VAS was 0.85 ± 1.36, with a median and quartiles of 0 (0–0).
Similarly, the VASs between the groups were also significant at the 24th hour (p * = 0.001
< 0.05) (p ** = 0.001 and 0.001 < 0.05 for Group B and in Group BD as well as in Group B
and Group BDx, respectively). In Group B, the mean VAS was 2.2 ± 0.72 with a median
and quartiles of 2 (2–3); in Group BD, the mean VAS was 2.28 ± 0.78 with a median and
quartiles of 3 (2–3); and in Group BDx, the mean VAS was 1.43 ± 1.05 with a median and
quartiles of 2 (1–3.5). There were no significant differences at other follow-up hours.

The difference between the mean satisfaction scale was significant (p* = 0.02 < 0.05)
These scores were significant between Group B and Group BDx (p** = 0.009 < 0.05). In
Group B, the mean satisfaction scale was 2.73 ± 0.98 with a median and quartiles of 3 (2–3);
in Group BD, the mean satisfaction scale was 3.05 ± 0.78 with a median and quartiles of 3
(3–4); and in Group BDx, the mean the satisfaction scale was 3 ± 0.79 with a median and
quartiles of 3 (3–4) (Table 4).

4. Discussion

Cesarean section is one of the major surgical procedures and, as expected, there is
significant postoperative discomfort and pain [22]. Post-cesarean analgesia aims to balance
maternal comfort and newborn safety, but opioids, despite their effectiveness, can cause side
effects like nausea, vomiting, and dizziness, reducing patient satisfaction [11,22,23]. Hence,
various drugs or techniques such as non-opioids, adjuvants, and TAP block have been used
to reduce perioperative opioid consumption and thus its adverse effects [24]. The TAP
block, beneficial for pain management during cesarean delivery, shares similarities with
minimally invasive laparoscopic techniques that aim to reduce surgical pain and enhance
recovery [25]. An ideal local anesthetic should provide complete sensory blockade and
have an optimal duration of action. Among commonly used local anesthetics, bupivacaine
has a significantly longer duration of action compared to lidocaine and ropivacaine [13,26].
Adding adjuvants to local anesthetics prolongs postoperative analgesia and decreases the
necessity for rescue analgesics [27,28]. Recent studies indicate that adding adjuvants such
as dexmedetomidine and dexamethasone into TAP block effectively lowers pain scores and
reduces the need for additional analgesics while keeping side effects minimal [11,29,30]. A
study found that the time to first rescue analgesia was significantly longer with ropivacaine
plus dexamethasone compared to ropivacaine alone (19.04 ± 4.13 h vs. 11.62 ± 3.80 h; p <
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0.001) [27]. Another study showed lower tramadol consumption in the bupivacaine plus
dexamethasone group compared to bupivacaine alone (50.0 ± 35 mg vs. 92.9 ± 36 mg;
p < 0.001) [28]. McDonnell et al. reported that pregnant women receiving a TAP block with
ropivacaine had over a 70% reduction in morphine requirements and a delayed time to the
first PCA morphine request compared to the placebo group. Additionally, postoperative
VAS pain scores, both at rest and during movement, were lower in the TAP block group [22].

Ramya et al. reported in their study that the block duration was 14 h in the
bupivacaine + dexmedetomidine TAP block and 8 h in the bupivacaine TAP block alone [15].

While Sachdeva et al. found that the combination of dexamethasone and ropiva-
caine significantly extended the time to the first analgesic requirement (5.92 vs. 3.11 h)
and reduced postoperative tramadol use (100 mg vs. 140 mg) compared to ropivacaine
alone, these findings do not align with our study. However, the improvement in patient
satisfaction (57.14% vs. 25.71%) is consistent with our results [1].

In the study by Thakur et al., where dexmedetomidine and dexamethasone were
added to bupivacaine in TAP block during cesarean sections, similar to our findings,
higher pain levels and analgesic requirements were observed in the dexamethasone group
during the initial hours [31]. In another study by Sinha et al., where dexamethasone
and bupivacaine were added to levobupivacaine in the TAP block during hysterectomies,
similar to our study, higher VASs and shorter time to the first rescue analgesia were
observed in the dexamethasone group within the first hour. However, unlike our study, the
patient satisfaction scale was higher in the dexmedetomidine group [32]. We hypothesize
that the higher VASs and analgesic requirements observed in the dexamethasone group
within the first hour are due to the delayed onset of action of dexamethasone. Additionally,
Sinha et al. observed higher rates of nausea and vomiting in the dexmedetomidine group
at the end of 24 h. In contrast, we found higher rates of nausea and vomiting in the
dexamethasone group within the first hour [32].

The differences in results could also be due to variations in study designs, patient
demographics, and dosages administered. For instance, a higher body mass index (BMI)
in certain patient groups, as observed in our study, may influence the distribution and
effectiveness of the local anesthetics and adjuvants.

5. Study’s Limitations

This study is limited by its single-center design, which may affect the results. A larger,
multi-center study is recommended to validate these findings across different populations.
Additionally, the study only evaluated analgesia and associated outcomes within the
first 24 h postoperatively. Longer follow-up periods are necessary to assess the sustained
efficacy and potential long-term impacts of the interventions.

6. Conclusions

The addition of dexmedetomidine or dexamethasone to bupivacaine for ultrasound-
guided TAP blocks improves postoperative analgesia and patient satisfaction in cesarean
section patients. Dexamethasone as an adjuvant appears to be beneficial, providing lower
pain scores and higher satisfaction levels with a late onset but long-lasting effect. Further
research with follow-up periods is suggested to confirm these findings and optimize
postoperative pain management strategies.
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Abstract: Background/Objectives: The paravertebral block (PVB) is a well-studied, effective method
of analgesia for breast surgery. Alternative techniques involving the blockage of intercostal nerve
branches are the serratus anterior plane block (SAPB) and the erector spinae plane block (ESPB).
However, no studies comparing both fascial blocks to PVB in breast surgery have been published to
date. We evaluated the effectiveness of ESPB and SAPB vs. PVB, expressed as the requirement for
intraoperative fentanyl, pain intensity at rest and during coughing, and morphine consumption on
the first postoperative day. Additional aims were to perform an evaluation of the safety of the block
types used. Materials and Methods: A total of 77 women and 1 man with stage I and II clinical breast
cancer, aged 18–85 years, were randomized into one of three study groups: SAPB, PVB, and ESPB.
Results: There were no statistically significant differences in fentanyl consumption during surgery
with respect to the type of block used (p = 0.4246). Morphine consumption in the postoperative period
was highest in the ESPB group, averaging 9.4 mg. There was a statistically significant difference in
pain intensity from 4 pm on the day of surgery to 8 am the following morning. No complications
related to the blocks were observed on the first postoperative day. Conclusions: Both the serratus
anterior plane block and the erector spinae plane block were as effective as the paravertebral block
in achieving intraoperative analgesia. The serratus anterior plane block was equally as effective as
the paravertebral block in achieving postoperative analgesia. The erector spinae plane block was
significantly less effective in achieving postoperative analgesia than both the paravertebral block and
serratus anterior plane block.

Keywords: regional anesthesia; breast surgery; paravertebral block; erector spinae plane block;
serratus anterior plane block

1. Introduction

Breast cancer is one of the most frequently diagnosed cancers in the adult population
worldwide (over 2.2 million new cases in 2022) [1], as well as in Poland (over 21,000
new cases in 2021) [2]. The standard procedure is surgery, the extent of which is defined
by the stage of the disease. Surgical procedures include breast-conserving treatment
(BCT), mastectomy, and axillary lymphadenectomy—removal of the sentinel node or all
nodes in the axillary region. The specific and complex innervation of the surgical area
originating from both the brachial plexus and intercostal nerves causes these procedures to
be associated with significant nociceptive stimulation, resulting in severe postoperative
pain and a high risk of persistent postoperative pain in 25 to 60% of cases [3] (Figure 1).
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Figure 1. Innervation of the skin and subcutaneous tissue of the axillary line originating from the
brachial plexus along with the intercostobrachial nerve originating from intercostal nerves Th2-3.

A well-documented and effective technique for disrupting intercostal nociception is
the paravertebral block (PVB) [4]. Unfortunately, due to the anatomy of the paravertebral
space, it carries a risk of pleural puncture and pneumothorax [5], as well as other potentially
serious complications [6]. With the dynamic development of regional anesthesia, many
new promising fascial blocks have emerged recently which can positively affect postopera-
tive pain intensity and opioid consumption during and after surgery. Alternative blocks
involving the anesthesia of intercostal nerve branches include the serratus anterior plane
block (SAPB) and the erector spinae plane block (ESPB) [7–10]. There are many studies in
the literature comparing the effectiveness of PVB to that of ESPB or SAPB. So far, there are
no studies comparing the effectiveness of both fascial blocks to the paravertebral block. In
accordance with PROSPECT recommendations, the researchers of this study decided not to
create a control group in which no method of regional anesthesia was used. The control
group included patients who underwent a PVB.

2. Materials and Methods

The main objective of this study was to compare the efficacy of the fascial blocks
ESPB (erector spinae plane block) and SAPB (serratus anterior plane block) to that of PVB
(paravertebral block) in breast surgery.

The specific objectives of this study were as follows:

1. To assess the impact of SAPB, ESPB, and PVBs on fentanyl consumption during surgery.
2. To assess the impact of SAPB, ESPB, and PVBs on the amount of morphine adminis-

tered to patients postoperatively.
3. To assess the impact of SAPB, ESPB, and PVBs on pain intensity during coughing and

at rest on the first day post-surgery six times daily from the first hour post-operation
until the end of the second postoperative day.

4. To evaluate the safety of the paravertebral block and the applied fascial blocks SAPB
and ESPB.

After obtaining written consent for the study, patient numbers were assigned, and
the block was performed according to a randomization table. For all blocks, patients were
positioned on the side opposite to the operative side. All regional blocks were performed
under ultrasound guidance (Mindray TE7) using a linear probe by a single experienced
anesthesiologist. For the blocks, 20 mL of local anesthetic (10 mL of 2% lidocaine with
10 mL of 0.5% bupivacaine) was used.

This study included patients diagnosed with breast cancer at clinical stages I and II,
aged between 18 and 85 years. Patients excluded from the study were those who were
unable to provide informed consent, had undergone previous breast surgery on the same
side, reported chronic pain with an intensity of NRS > 3, had been taking opioids chronically
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up to 2 weeks before the surgery, had contraindications to regional anesthesia (such as
allergies to local anesthetics, with dermatological conditions preventing regional block),
had a BMI > 40, or had consciousness disorders or difficulty with verbal communication
(Figure 2). Patients were prospectively and randomly assigned to groups with a single-
blind design. A computer-generated table in Microsoft Excel assigned patients to the
appropriate groups.

Figure 2. Qualification for the study.

2.1. Serratus Anterior Plane Block (SAPB)

The probe was placed on the mid-axillary line at the level of the fourth rib to visualize
the serratus anterior and latissimus dorsi muscles (Figure 3). After establishing the correct
level, the skin was anesthetized with 1 mL of 1% lidocaine, and a SonoPlex Pajunk 50 mm
needle was introduced in-plane. After puncturing the serratus muscle and contacting the
rib, 20 mL of local anesthetic was deposited between the serratus muscle fascia and the rib
periosteum, termed a deep serratus anterior plane block.

  
(a) (b) 

Figure 3. Serratus anterior plane block: (a) placement of the probe at the fourth-rib level for SAPB;
(b) an ultrasound image of the serratus anterior and latissimus dorsi muscles.
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2.2. Paravertebral Block (PVB)

The probe was placed between the fourth and fifth ribs. After establishing the correct
plane, the skin was locally anesthetized with 1 mL of 1% lidocaine. The needle was
introduced in-plane under the internal intercostal membrane (Figure 4). Following negative
aspiration, 20 mL of local anesthetic was deposited, showing the retraction of the pleura.

  
(a) (b) 

Figure 4. Paravertebral block: (a) placement of the probe between the fourth and fifth ribs for PVB;
(b) an ultrasound image of the costotransverse joint and internal intercostal membrane (i.i.m.).

2.3. Erector Spinae Plane Block (ESPB)

The probe was placed in the paravertebral area to visualize the transverse process and
the fifth rib. After establishing the correct plane, the skin was anesthetized with 1 mL of 1%
lidocaine. A SonoPlex Pajunk needle was introduced out-of-plane until contact with the
periosteum. The probe was then rotated 90 degrees to visualize the needle throughout its
course (Figure 5). Following negative aspiration, 20 mL of local anesthetic was deposited
between the fascia of the erector spinae muscle and the periosteum of the transverse process.

  
(a) (b) 

Figure 5. Cont.
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(c)  

Figure 5. Erector spinae plane block: (a) placement of the probe at the fifth-rib level for ESPB; (b) a
scan at the level of the costotransverse joint, where the probe is placed in a transverse projection; (c) a
scan showing the transverse process, where the probe is placed in a longitudinal projection.

2.4. Perioperative Management

After performing the block in the operating room, general balanced anesthesia was
conducted following a standardized protocol. Co-induction included 2 mg of midazolam
and 0.1 mg of intravenous fentanyl. Pre-oxygenation with 100% oxygen was followed
by intravenous induction with propofol at a dose of 2 mg/kg of body weight. Muscle
relaxation was achieved with rocuronium 0.6 mg/kg, dosed based on ideal body weight,
and maintenance was carried out with inhaled desflurane. Additional doses of 0.1 mg
fentanyl were administered if blood pressure exceeded 120% of the baseline values. Post-
surgery, patients were monitored in the recovery room until fully conscious, and then
connected to a PCA pump with morphine.

2.5. Postoperative Pain Intensity Measurement

During the one-hour observation period in the recovery room, vital signs and pain
intensity were monitored using an 11-point Numerical Rating Scale (NRS). Patients were
asked to rate their pain at rest and then to cough and rate their pain during coughing on
a scale from 0 to 10, with 0 indicating no pain and 10 indicating the worst pain imagin-
able. The highest reported pain score during the first hour post-operation was recorded.
Subsequent measurements were conducted by a nurse in the ward at scheduled intervals,
assessing pain both at rest and during coughing in the same manner using the same NRS.

2.6. Complication Evaluation

Before transferring patients to the ward, the regional anesthesia site of the block was
scanned using ultrasound by a skilled radiologist for adverse events such as hematoma
or pneumothorax.

2.7. Statistical Analysis

All statistical calculations were performed using TIBCO Software Inc. (Palo Alto, CA,
USA) (2017), Statistica (data analysis software system), version 13 and Microsoft Excel.
Quantitative variables were characterized by the arithmetic mean, standard deviation, me-
dian, minimum and maximum values (range), and 95% confidence interval (CI). Qualitative
variables are presented as frequencies and percentages.
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2.8. Sample Size and Power of the Study

An ANOVA was conducted. An analysis of PCA morphine requirements on the first
postoperative day was performed for three independent groups. Under the conditions of
α = 0.05 and power = 80–90%, the minimum sample size obtained was 3–24. Assuming
equal numbers in all the studied groups and a population standard deviation value at even
a high level of 4–5, the minimum sample size for each group should be approximately
20–24 patients.

As a second variable, pain intensity was analyzed, measured one hour after the
procedure, and then every 6 h. Under the conditions of α = 0.05 and power = 80–90%, the
minimum sample size obtained was 4–16. Assuming equal numbers in all studied groups
and the number of pain/rest intensity measurements at the level of 8, the sample size for
each group should be approximately 20 patients.

Additionally, a power analysis was conducted for the following calculations. The
power obtained was 97% for both variables.

3. Results

The average ages of patients in the SAPB, PVB, and ESPB groups were 66.5, 66.5,
and 62.5 years, respectively. No statistically significant differences in age were found
between the block types (p = 0.4577). The average body weights of patients in the SPB,
PVB, and ESPB groups were 74.1, 69.3, and 73.9 kg, respectively. No statistically significant
differences in body weight were found between the block types (p = 0.2898). The average
heights of patients in the SAPB, PVB, and ESPB groups were 159.5, 158.7, and 163.9 cm,
respectively. Patients in group 2 were significantly shorter than those in group 3 (p = 0.0291).
The average BMIs of patients in the SPB, PVB, and ESPB groups were 28.9, 27.4, and 27.8,
respectively. No statistically significant differences in BMI were found between the block
types (p = 0.7089).

A total of 78 procedures were performed. The majority were breast-conserving surg-
eries with sentinel lymph node excision, totaling 47. Twelve mastectomies with sentinel
lymph node excision were performed, along with ten Maddens’ mastectomies, three tu-
morectomies, two BCTs (breast-conserving treatments), and one quadrantectomy. Detailed
numbers and percentages of the procedures are presented in Table 1. There were no statis-
tically significant differences in the types of procedures with respect to the type of block
used (p = 0.8031).

Table 1. Comparative characteristics of the studied groups (SAPB—serratus anterior plane block;
PVB—paravertebral block; ESPB—erector spinae plane block) regarding the type of procedure.

SAPB
(n = 24)

PVB
(n = 30)

ESPB
(n = 24)

Total
(n = 78)

p-Value

Procedure 0.8031 1

Mastectomy + SNLD 4 (16.7%) 5 (17.9%) 3 (12.5%) 12 (15.8%)
BCT + SNLD 16 (66.7%) 16 (57.1%) 15 (62.5%) 47 (61.8%)
Madens’ mastectomy 2 (8.3%) 4 (14.3%) 4 (16.7%) 10 (13.2%)
Quadrantectomy + SNLD 0 (0.0%) 1 (3.6%) 0 (0.0%) 1 (1.3%)
Tumorectomy 2 (8.3%) 0 (0.0%) 1 (4.2%) 3 (3.9%)
Quadrantectomy 0 (0.0%) 1 (3.6%) 0 (0.0%) 1 (1.3%)
BCT 0 (0.0%) 1 (3.6%) 1 (4.2%) 2 (2.6%)

1 Chi-square.

The percentages of patients with ASA scale 1 in the SAPB, PVB, and ESPB groups
were 4.2%, 3.4%, and 8.3%, respectively, and those of patients with ASA scale 2 were 95.8%,
96.6%, and 91.7%. No statistically significant differences in ASA scale were found between
the block types (p = 0.7008). The average NRS pain scale scores of patients in the SAPB,
PVB, and ESPB groups were 0.48, 0.41, and 0.29, respectively. No statistically significant
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differences in preoperative NRS pain scale scores were found between the block types
(p = 0.7710).

3.1. Intraoperative Fentanyl Consumption and Postoperative Morphine Consumption

The average fentanyl consumption values during surgery for patients in the SAPB,
PVB, and ESPB groups were 0.12 mg, 0.12 mg, and 0.11 mg, respectively. There were no
statistically significant differences in fentanyl consumption during surgery with respect
to the type of block used (p = 0.4246). The average postoperative morphine consumption
values for patients in the SAPB, PVB, and ESPB groups were 5.4 mg, 4.4 mg, and 9.4 mg,
respectively. In the ESPB group (erector spinae plane block), consumption was significantly
higher compared to the SAPB group (p = 0.0074) and the PVB group (p = 0.0005) (Table 2).

Table 2. Comparative characteristics of the studied groups (SAPB—serratus anterior plane block;
PVB—paravertebral block; ESPB—erector spinae plane block) regarding intraoperative fentanyl
consumption and postoperative morphine consumption.

SAPB
(n = 24)

PVB
(n = 30)

ESPB
(n = 24)

Total
(n = 78)

p-Value

Fentanyl (mg) 0.4246 1

Mean (SD) 0.12 (0.04) 0.12 (0.05) 0.11 (0.03) 0.12 (0.04)
Range 0.10–0.20 0.10–0.30 0.10–0.20 0.10–0.30
Median 0.10 0.10 0.10 0.10
95% CI [0.10;0.14] [0.10;0.14] [0.10;0.12] [0.11;0.13]

Morphine (mg) 0.0004 1

Mean (SD) 5.4 (3.7) 4.4 (2.1) 9.4 (5.5) 6.3 (4.4) a 0.0074 2

Range 1.0–15.0 1.0–18.0 3.0–23.0 1.0–23.0 b 0.0005 2

Median 4.0 4.0 8.0 5.0
95% CI [3.8;6.9] [3.6;5.2] [7.1;11.7] [5.3;7.3]

1 ANOVA Kruskal–Wallis; 2 post hoc tests; a SAPB vs ESPB; b PVB vs ESPB.

3.2. Pain Intensity at Rest

The first measurement of pain intensity at rest was conducted in the recovery room.
Subsequent measurements were carried out by a nurse in the patient’s room.

The average pain intensity at rest 1 h after the procedure for patients in the SAPB,
PVB, and ESPB groups was 4.1, 4.0, and 3.9, respectively, according to the NRS. There were
no statistically significant differences in pain intensity at rest 1 h after the procedure with
respect to the type of block used (p = 0.8651).

The average pain intensities at 4:00 PM for patients in the SAPB, PVB, and ESPB
groups were 2.6, 2.6, and 3.6, respectively, according to the NRS. At 4:00 PM, there were
significant differences in pain levels at rest depending on the type of anesthesia block
used (p = 0.0017). Detailed post hoc tests showed that in the ESPB group (erector spinae
plane block), pain intensity was significantly higher compared to the SAPB group (p =
0.0129) and the PVB group (p = 0.0071). No significant differences were found for the other
comparisons.

The average pain intensities at 8:00 PM for patients in the SAPB, PVB, and ESPB
groups were 2.6, 2.6, and 3.6, respectively, according to the NRS. There were statistically
significant differences in pain intensity at rest at 8:00 PM with respect to the type of block
used (p = 0.0017). Detailed post hoc tests showed that in the ESPB group, pain intensity
was significantly higher compared to the SAPB group (p = 0.0129) and the PVB group
(p = 0.0071). No significant differences were found for the other comparisons.

For the times 12:00 AM and 4:00 AM, statistical tests could not be calculated due to
small or absent sample sizes.

The average pain intensities at 8:00 AM the next day for patients in the SAPB, PVB,
and ESPB groups were 2.1, 2.0, and 2.7, respectively, according to the NRS. There were
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statistically significant differences in pain intensity at rest at 8:00 AM with respect to the
type of block used (p = 0.0176). Detailed post hoc tests showed that in the ESPB group, pain
intensity was significantly higher compared to the PVB group (p = 0.0388). No significant
differences were found for the other comparisons.

The average pain intensities at 12:00 PM the next day for patients in the SAPB, PVB,
and ESPB groups were 1.8, 1.9, and 2.4, respectively, according to the NRS. There were no
statistically significant differences in pain intensity at 12:00 PM with respect to the type of
block used (p > 0.05).

The average pain intensities at 4:00 PM the next day for patients in the SAPB, PVB,
and ESPB groups were 1.8, 1.8, and 2.2, respectively, according to the NRS. There were no
statistically significant differences in pain intensity at 4:00 PM with respect to the type of
block used (p = 0.2182) (Table 3).

Table 3. Comparative characteristics of the studied groups (SAPB—serratus anterior plane block;
PVB—paravertebral block; ESPB—erector spinae plane block) regarding pain intensity at rest.

SAPB
(n = 24)

PVB
(n = 30)

ESPB
(n = 24)

Total
(n = 78)

p-Value

1 h after the procedure n = 20 n = 28 n = 23 n = 71 0.8651 1

mean (SD) 4.1 (1.8) 4.0 (1.7) 3.9 (1.6) 4.0 (1.6)
median (range) 4.0 (2.0–9.0) 4.0 (1.0–7.0) 3.0 (2.0–8.0) 4.0 (1.0–9.0)

95%CI [3.3;4.9] [3.3;4.7] [3.2;4.6] [3.6;4.4]

4:00 PM n = 24 n = 27 n = 24 n = 75 0.0017 1

mean (SD) 2.6 (0.8) 2.6 (0.9) 3.6 (1.2) 2.9 (1.1) a 0.0129 2

median (range) 2.0 (2.0–5.0) 2.0 (1.0–5.0) 4.0 (1.0–5.0) 3.0 (1.0–5.0) b 0.0071 2

95%CI [2.3;3.0] [2.2;2.9] [3.1;4.1] [2.7;3.2]

8:00 PM n = 24 n = 27 n = 24 n = 75 0.0017 1

mean (SD) 2.6 (0.8) 2.6 (0.9) 3.6 (1.2) 2.9 (1.1) a 0.0129 2

median (range) 2.0 (2.0–5.0) 2.0 (1.0–5.0) 4.0 (1.0–5.0) 3.0 (1.0–5.0) b 0.0071 2

95%CI [2.3;3.0] [2.2;2.9] [3.1;4.1] [2.7;3.2]

12:00 AM n = 2 n = 7 n = 6 n = 15 --

mean (SD) 2.5 (0.7) 2.4 (0.5) 2.8 (1.2) 2.6 (0.8)
median (range) 2.5 (2.0–3.0) 2.0 (2.0–3.0) 2.5 (2.0–5.0) 2.0 (2.0–5.0)

95%CI [-3.9;8.9] [1.9;2.9] [1.6;4.1] [2.1;3.1]

4:00 AM n = 0 n = 1 n = 1 n = 2 --

mean (SD) 2.0 (0.0) 1.0 (0.0) 1.5 (0.7)
median (range) 2.0 (2.0–2.0) 1.0 (1.0–1.0) 1.5 (1.0–2.0)

95%CI [0.0;0.0] [0.0;0.0] [0.0;0.0]

8:00 AM n =24 n = 28 n = 24 n = 76 0.0176 1

mean (SD) 2.1 (0.7) 2.0 (0.7) 2.7 (1.0) 2.3 (0.9) a 0.0388 2

median (range) 2.0 (1.0–4.0) 2.0 (1.0–4.0) 3.0 (1.0–4.0) 2.0 (1.0–4.0)
95%CI [1.8;2.4] [1.7;2.3] [2.3;3.1] [2.1;2.5]

12:00 PM n = 24 n = 29 n = 24 n = 77 >0.05 1

mean (SD) 1.8 (0.5) 1.9 (0.8) 2.4 (1.0) 2.0 (0.8)
median (range) 2.0 (1.0–3.0) 2.0 (1.0–4.0) 2.5 (1.0–4.0) 2.0 (1.0–4.0)

95%CI [1.6;2.0] [1.6;2.2] [2.0;2.8] [1.8;2.2]

4:00 PM n = 24 n = 29 n = 24 n = 77 0.2182 1

mean (SD) 1.8 (0.6) 1.8 (0.8) 2.2 (0.9) 1.9 (0.8)
median (range) 2.0 (1.0–3.0) 2.0 (1.0–4.0) 2.0 (1.0–4.0) 2.0 (1.0–4.0)

95%CI [1.5;2.0] [1.5;2.1] [1.8;2.5] [1.8;2.1]
1 ANOVA Kruskal–Wallis; 2 post hoc tests; a SAPB vs ESPB; b PVB vs ESPB.
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3.3. Pain Intensity during Coughing

Similarly to the pain measurement at rest, the first pain intensity measurement was
conducted in the recovery room. Subsequent measurements were carried out by nurses on
the ward. During the measurement, patients were asked to cough.

The average pain intensities during coughing 1 h post-operation for patients in the
SAPB, PVB, and ESPB groups were 4.8, 4.8, and 4.8, respectively, according to the NRS.
No statistically significant differences in pain intensity during coughing were found 1 h
post-operation among the types of block (p = 0.8809).

The average pain intensities at 4:00 PM for patients in the SAPB, PVB, and ESPB
groups were 3.5, 3.5, and 4.5, respectively, according to the NRS. Statistically significant
differences in pain intensity during coughing were found at 4:00 PM among the types
of block (p = 0.0010). Detailed post hoc tests showed that in the ESPB group (erector
spinae plane block), pain intensity was significantly higher compared to the SAPB group
(p = 0.0080) and PVB group (p = 0.0045). No other statistically significant differences
were observed.

The average pain intensities at 8:00 PM for patients in the SAPB, PVB, and ESPB
groups were 3.5, 3.5, and 4.5, respectively, according to the NRS. Statistically significant
differences in pain intensity during coughing were found at 8:00 PM among the types of
block (p = 0.0010).

Detailed post hoc tests showed that in the ESPB group (erector spinae plane block),
pain intensity was significantly higher compared to the SAPB group (p = 0.0080) and PVB
group (p = 0.0045). No other statistically significant differences were observed.

For 12:00 AM and 4:00 AM, statistical tests could not be performed due to small
sample sizes.

The average pain intensities at 8:00 AM the next day for patients in the SAPB, PVB,
and ESPB groups were 3.1, 3.1, and 3.7, respectively, according to the NRS. Statistically
significant differences in pain intensity during coughing were found at 8:00 AM among the
types of block (p = 0.0128). Detailed post hoc tests showed that in the ESPB group (erector
spinae plane block), pain intensity was significantly higher compared to the PVB group
(p = 0.0478). No other statistically significant differences were observed.

The average pain intensities at 12:00 PM the next day for patients in the SAPB, PVB,
and ESPB groups were 2.8, 2.8, and 3.4, respectively, according to the NRS. Statistically
significant differences in pain intensity during coughing were found at 12:00 PM among the
types of block (p = 0.0097). Detailed post hoc tests showed that in the ESPB group (erector
spinae plane block), pain intensity was significantly higher compared to the PVB group
(p = 0.0253). No other statistically significant differences were observed.

The average pain intensities during coughing at 4:00 PM the next day for patients
in the SAPB, PVB, and ESPB groups were 2.8, 2.6, and 3.2, respectively, according to the
NRS. No statistically significant differences in pain intensity during coughing were found
at 4:00 PM among the types of block (p > 0.05) (Table 4).

Table 4. Comparative characteristics of the studied groups (SAPB—serratus plane block; PVB—
paravertebral block; ESPB—erector spinae plane block) regarding pain intensity during coughing.

SAPB
(n = 24)

PVB
(n = 30)

ESPB
(n = 24)

Total
(n = 78)

p-Value

1 h after the procedure n = 20 n = 28 n = 23 n = 71 0.8809 1

mean (SD) 4.8 (1.6) 4.8 (1.7) 4.8 (1.4) 4.8 (1.6)
median (range) 5.0 (2.0–8.0) 5.0 (1.0–8.0) 4.0 (3.0–8.0) 5.0 (1.0–8.0)

95%CI [4.1;5.5] [4.2;5.5] [4.2;5.4] [4.4;5.2]
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Table 4. Cont.

SAPB
(n = 24)

PVB
(n = 30)

ESPB
(n = 24)

Total
(n = 78)

p-Value

4:00 PM n = 24 n = 28 n = 24 n = 76 0.0010 1

mean (SD) 3.5 (0.9) 3.5 (0.9) 4.5 (1.1) 3.8 (1.0) a 0.0080 2

median (range) 3.0 (1.0–5.0) 3.0 (2.0–5.0) 4.5 (2.0–6.0) 4.0 (1.0–6.0) b 0.0045 2

95%CI [3.1;3.9] [3.2;3.8] [4.0;4.9] [3.5;4.0]

8:00 PM n = 24 n = 28 n = 24 n = 76 0.0010 1

mean (SD) 3.5 (0.9) 3.5 (0.9) 4.5 (1.1) 3.8 (1.0) a 0.0080 2

median (range) 3.0 (1.0–5.0) 3.0 (2.0–5.0) 4.5 (2.0–6.0) 4.0 (1.0–6.0) b 0.0045 2

95%CI [3.1;3.9] [3.2;3.8] [4.0;4.9] [3.5;4.0]

12:00 AM n = 2 n = 7 n = 6 n = 15 --

mean (SD) 3.5 (0.7) 3.6 (0.8) 3.7 (0.8) 3.6 (0.7)
median (range) 3.5 (3.0–4.0) 3.0 (3.0–5.0) 3.5 (3.0–5.0) 3.0 (3.0–5.0)

95%CI [−2.9;9.9] [2.8;4.3] [2.8;4.5] [3.2;4.0]

4:00 AM n = 0 n = 1 n = 1 n = 2 --

mean (SD) 3.0 (0.0) 1.0 (0.0) 2.0 (1.4)
median (range) 3.0 (3.0–3.0) 1.0 (1.0–1.0) 2.0 (1.0–3.0)

95%CI [0.0;0.0] [0.0;0.0] [0.0;0.0]

8:00 AM n =24 n = 28 n = 24 n = 76 0.0128 1

mean (SD) 3.1 (0.7) 3.1 (0.8) 3.7 (0.9) 3.3 (0.8) a 0.0478 2

median (range) 3.0 (2.0–5.0) 3.0 (2.0–5.0) 4.0 (2.0–5.0) 3.0 (2.0–5.0)
95%CI [2.8;3.4] [2.8;3.4] [3.3;4.1] [3.1;3.5]

12:00 PM n = 24 n = 29 n = 24 n = 77 0.0097 1

mean (SD) 2.8 (0.5) 2.8 (0.8) 3.4 (0.9) 3.0 (0.8) a 0.0253 2

median (range) 3.0 (2.0–4.0) 3.0 (2.0–5.0) 3.0 (2.0–5.0) 3.0 (2.0–5.0)
95%CI [2.6;3.0] [2.5;3.1] [3.0;3.7] [2.8;3.1]

4:00 PM n = 24 n = 29 n = 24 n = 77 >0.05 1

mean (SD) 2.8 (0.6) 2.6 (0.7) 3.2 (0.9) 2.8 (0.8)
median (range) 3.0 (2.0–4.0) 3.0 (2.0–5.0) 3.0 (2.0–5.0) 3.0 (2.0–5.0)

95%CI [2.5;3.0] [2.3;2.9] [2.8;3.5] [2.7;3.0]
1 ANOVA Kruskal–Wallis; 2 post hoc tests; a SAPB vs ESPB; b PVB vs ESPB.

4. Discussion

4.1. Intraoperative Analgesia

In this study, both the serratus anterior plane block and the erector spinae plane
block were as effective as the paravertebral block in achieving intraoperative analgesia.
Intraoperative fentanyl use was similar in all groups, which is in line with the study by
Gabriel [11].

4.2. SAPB vs. PVB in Postoperative Analgesia

In our study, SAPB was equally as effective as PVB in achieving postoperative analge-
sia. The reported pain levels and opioid use were similar in both groups.

In the study by Gabriel et al., the serratus anterior plane block was reported to be
less effective than the paravertebral block. The reported pain levels and postoperative
opioid use were higher in the serratus plane block group compared to the paravertebral
block group [11]. The discrepancies between their results and ours may be attributable to
several factors. Gabriel et al. describe non-mastectomy procedures primarily performed on
outpatients. Additionally, some blocks, particularly serratus anterior plane blocks, were
performed by less experienced practitioners in training, which may have affected their
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effectiveness. Our study also includes radical procedures, exclusively in inpatients, with
all blocks performed by a single experienced anesthesiologist.

In the study by Gupta et al., it was reported that the duration of analgesia from SAPB
was significantly shorter compared to PVB. The reported pain levels and postoperative
opioid use were higher in the SAPB group than in the PVB group. The authors speculated
that the greater effectiveness of PVB is associated with a larger extent of the block [12].

Although the study by Gupta seems to lack the disadvantages of the study by Gabriel,
both studies used the superficial serratus plane block, whereas in our study, we employed the
deep serratus plane block. The more efficient option for mastectomy remains unclear [13–15].

4.3. ESPB vs. PVB in Postoperative Analgesia

In our study, ESPB was significantly less effective than PVB in achieving postoperative
analgesia, which is consistent with findings from other similar studies [16–18] where opioid
use and/or reported pain intensity were higher in the ESPB group compared to the PVB
group. The greater effectiveness of PVB is likely associated with a larger extent of the
block [19].

4.4. ESPB vs. SAPB in Postoperative Analgesia

In our study, ESPB was significantly less effective than SAPB in achieving postoper-
ative analgesia. The patients from the erector spinae plane block group reported higher
pain intensity despite using, on average, twice the amount of opioid compared to both
other groups.

Elsabeeny et al. found no difference between ESPB and SPB in breast cancer surgeries.
The reported pain intensity was comparable in both groups. The main limitation of their
study was the control group, where morphine was used instead of PVB; therefore, only the
need for rescue ketorolac analgesia was measured instead of opioid requirements [20].

In the study by Mekhaeil et al., SAPB provided more effective postoperative analgesia
in patients undergoing modified radical mastectomy, with lower pain scores, less peri
operative analgesic consumption, and longer duration of analgesia than ESPB [21].

The study by Ahuja et al. failed to show statistically significant differences in postop-
erative analgesia between ESPB and SAPB, and only the percentage of patients requiring
rescue analgesia was recorded instead of those requiring a PCA pump like in our study,
which could have affected the accuracy of the comparison [22].

4.5. Limitations

Only the first pain assessment was conducted exactly one hour after the surgery, while
the subsequent assessments were carried out at fixed times, which may affect the accuracy
of our results. Furthermore, variations in surgeons and the durations of procedures were
not considered during randomization.

5. Conclusions

1. Both the serratus anterior plane block and the erector spinae plane block were as
effective as the paravertebral block in achieving intraoperative analgesia.

2. The serratus anterior plane block was equally as effective as the paravertebral block
in achieving postoperative analgesia.

3. The erector spinae plane block was significantly less effective in achieving postopera-
tive analgesia than both the paravertebral block and serratus anterior plane block.
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Abstract: Objective: We aimed to investigate the impact of multimodal analgesia on postoperative
complications and opioid prescription on a national level. Methods: This retrospective cross-sectional
study included n = 1,307,923 hysterectomies (01/2006–12/2022, Premier Healthcare claims data).
Multimodal analgesia was defined as opioid use with the addition of non-opioid analgesic modes,
grouped into four categories: opioid-only and 1, 2, or 3 or more additional non-opioid analgesics.
Multivariable regression models measured associations between multimodal categories and out-
comes (composite/respiratory/cardiac/gastrointestinal/genitourinary, and CNS complications, oral
morphine milligram equivalents [MME], and length of hospital stay [LOS]). Odds ratios (OR) and 95%
confidence intervals (CI) are reported. Results: Overall, 84.3% (1,102,812/1,307,923) received multi-
modal analgesia, of which 58.9%, 28.0%, and 13.1% received 1, 2, or 3 or more additional non-opioid
analgesics, respectively. The odds of any composite complication (any ≥1 complication) decreased
with the addition of 1, 2, 3, or more analgesic modalities (versus opioid-only): OR 0.66 (CI 0.64; 0.68),
OR 0.63 (CI 0.61; 0.66), OR 0.65 (CI 0.62; 0.67), respectively. Similar patterns existed for respiratory,
cardiac, and genitourinary complications. Opioid prescription decreased incrementally with 1,2, 3, or
more non-opioid analgesic modalities by 9.51 mg (CI 11.16; 7.86) and 15.29 mg (CI 17.21; 13.37) and
29.35 mg (CI 31.79; 26.91) cumulative MME. LOS was reduced by 0.52 days (CI 0.54; 0.51), 0.49 days
(CI 0.51; 0.47), and 0.40 days (CI 0.43; 0.38), respectively. Costs were reduced by $765 (CI 817; 714) or
$479 (CI 539; 419) with 1 or 2 multimodal modes. Conclusions: These findings suggest substantial
benefits of multimodal analgesia, including significant decreases in serious complications (especially
respiratory, cardiac, and genitourinary), opioid consumption, and hospitalizations. Multimodal
analgesia may facilitate safe and efficient pain management with optimized opioid consumption.

Keywords: hysterectomy; multimodal analgesia; anesthesia; pain management; perioperative;
complications; opioids

1. Introduction

In the United States, hysterectomies are the most frequent non-obstetric surgical pro-
cedures performed in women, rendering an incidence of more than 600,000 per year [1].
Regardless of surgical route, postoperative pain is significant and may escalate to chronic
conditions, as reported in 10–50% [2]. While insufficient pain management presents a driver
of delayed recovery and complications, the prevalent opioid crisis has raised concern for
excessive perioperative opioid consumption. Thus, efforts to optimize perioperative care
and accelerate patient recovery have spurred the implementation of enhanced recovery
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after surgery (ERAS) pathways with multimodal analgesic techniques as key interven-
tions for improved postoperative outcomes [3]. Multimodal analgesia concurrently targets
different pain pathways to facilitate additive and synergistic analgesic effects [4]. The
aim is to attenuate the surgical stress response, reduce opioid consumption, and improve
patient recovery. While a growing body of evidence recommends the utilization of multi-
modal analgesia, little is known about nationwide utilization practices and added clinical
benefits in hysterectomy surgery. Moreover, population-based data on the impact of multi-
modal analgesia in terms of postoperative complication risk, patient recovery, and opioid
consumption are lacking.

We therefore utilized national data to investigate associations between the use of multi-
modal analgesia and the occurrence of postoperative complications, length of hospital stay
(LOS), and opioid prescription in patients undergoing hysterectomy surgery. We hypoth-
esized that multimodal analgesia would be associated with a reduction in postoperative
complications, LOS, and opioid use.

2. Methods

2.1. Study Design and Sample

This retrospective cross-sectional study was approved by the Institutional Review
Board (IRB# 2012-050) of the Hospital for Special Surgery, New York. The requirement for
written informed consent was waived, given the de-identified nature of these data. We
identified adult patients undergoing elective hysterectomy surgery (2006–2022) from the
Premier Healthcare claims dataset. (Premier Healthcare Solutions, Inc., Charlotte, NC, USA).
Hysterectomy procedures were identified utilizing international classification of diseases
-ninth/tenth revision (ICD-9/10 codes) and The Current Procedural Terminology (CPT) codes
as shown in Appendix A. Exclusion criteria encompassed unknown sex (n = 516), unknown
discharge status (n = 1533), patients without documented opioid use (n = 70,635), and cases
with opioid utilization above the 95th percentile (to address outliers, n = 13,355).

2.2. Study Variables

The exposure of interest was the implementation of multimodal analgesia, defined as
opioid use with the addition of 1, 2, or >2 non-opioid analgesic modes, as previously
operationalized. Non-opioid analgesic modes included ketamine, non-steroidal anti-
inflammatory drugs (NSAIDs), cyclooxygenase-2 inhibitors, paracetamol/acetaminophen,
steroids (>1 dose of use on the day of surgery or the day after surgery), gabapentin/pregabalin,
or neuraxial anesthesia. The use of multimodal analgesia components was identified from
billing codes, which were published by this study group previously [4,5].

The outcomes of interest were perioperative complications (see below), opioid pre-
scription, LOS measured in days, and cost measured in 2022 United States dollars (USD).
Complications included a composite (any ≥1 complication) and individual analysis of
respiratory, cardiac, gastrointestinal, genitourinary, and central nervous system (CNS)
complications. All complications were defined using ICD-9 and ICD-10 diagnosis codes
based on the previous literature (see Appendix B for definitions). Opioid utilization during
hospitalization was based on billing for opioids (opioid type and dosage were billed by day
in Premier) and then was converted into oral morphine milligram equivalents (MME) [6].

Patient-level variables included age, sex, race (black, white, other), insurance type
(commercial, Medicaid, Medicare, uninsured, other), Elixhauser Comorbidity index (cate-
gorized as 0, 1, 2, 3+), history of sleep apnea, substance abuse, chronic pain, psychiatric,
and opioid abuse. Procedure-level variables included the year of the procedure and type
of anesthesia (general, neuraxial). Healthcare-level variables included hospital location
(urban, rural), hospital size (<300, 300–499, ≥500 beds), and hospital teaching status.

2.3. Statistical Analysis

A descriptive analysis of all study variables was presented and stratified by the number
of multimodal analgesia modalities used. Categorical variables were presented as counts
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and percentages, and continuous variables were presented as median and interquartile
ranges (IQR). Given our large sample size, univariable differences between groups easily
reach statistical significance; therefore, we applied standardized differences instead of
p-values. An absolute standardized difference of ≥0.1 (or 10%) generally indicates a
meaningful difference in covariate distribution between groups [7].

Multivariable multilevel logistic regression models were run to compare associations
between the use of multimodal analgesia categories for all binary outcomes (composite
complication and individual complications). Odds ratios (OR) and 95% confidence inter-
vals (CI) were reported. The models were adjusted for all priori-determined covariates,
including age, race, gender, Elixhauser Comorbidity index group, insurance type, year of
surgery, hospital location, bed size, and hospital teaching status, type of anesthesia, history
of sleep apnea, substance abuse, chronic pain, psychiatric history, and opioid abuse, based
in their potential association with exposure and outcome, as previously described [5,8]. A
generalized linear model was applied to compare associations between the use of multi-
modal analgesia categories (categorized as opioid-only, 1, 2, or >2 non-opioid analgesic
modes) and continuous outcomes (opioid utilization, LOS, and cost), adjusting the same
covariates as in the logistic regression model. Estimates were presented as least square
means differences compared with the reference group along with 95% CIs. For the opioid
utilization outcome, we additionally adjusted for substance use/abuse (including smok-
ing), chronic pain conditions, psychiatric comorbidity variables, and opioid use disorder,
given their association with opioid use. The outcome of LOS was modeled using only the
inpatient cohort. A p-value <0.01 was used as the cutoff for statistical significance. Analyses
were performed with SAS version 9.4 (SAS Institute, Cary, NC, USA).

3. Results

Among 1,307,923 adult women undergoing hysterectomy surgery from January 2006
to December 2022, we found that 84.3% (n = 1,102,812) received multimodal analgesia, of
which 58.9%, 28.0%, and 13.1% received 1, 2 or >2 additional non-opioid analgesics, respec-
tively. The use of >2 analgesic techniques for multimodal analgesia (compared with those on
opioids only) was most common in teaching hospitals. In contrast, in non-teaching hospitals,
a lower number of analgesic modalities were utilized more frequently. Multimodal analgesia
utilization was slightly higher among those with an increased comorbidity burden and a
history of substance abuse, while lower use was seen for older patients, those on Medicare,
and patients receiving general anesthesia; all standardized differences ≥0.1 (Table 1).

Table 1. Baseline characteristics stratified by multimodal groups; each multimodal group is compared
separately with the opioid-only group.

Multimodal

Opioid-Only 1 Mode Stdiff 2 Modes Stdiff 3 or More Modes Stdiff

N = 200,052 N = 649,471 N = 308,579 N = 144,762

Age, median [IQR] 48 [41.1, 59.9] 45.1 [39, 52.4] −0.3 45 [38, 52.9] −0.33 44.7 [36.9, 54.6] −0.31

Race, n (%)

Black 30,292 (15.1) 94,903 (14.5) −0.02 46,790 (15.1) <0.01 26,283 (18.1) 0.08

Other 39,651 (19.7) 114,842 (17.6) −0.06 55,087 (17.8) −0.05 22,948 (15.8) −0.1

White 130,961 (65.2) 443,127 (67.9) 0.06 207,457 (67.1) 0.04 95,582 (66.0) 0.02

Insurance, n (%) 0.22 0.22 0.24

Commercial 124,528 (62.0) 451,696 (69.2) 202,136 (65.3) 86,796 (59.9)

Medicaid 22,835 (11.4) 80,029 (12.3) 49,614 (16.0) 27,805 (19.2)

Medicare 40,617 (20.2) 77,402 (11.9) 39,092 (12.6) 21,301 (14.7)
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Table 1. Cont.

Multimodal

Opioid-Only 1 Mode Stdiff 2 Modes Stdiff 3 or More Modes Stdiff

Uninsured 5764 (2.9) 18,881 (2.9) 7999 (2.6) 4283 (3.0)

Unknown 7160 (3.6) 24,864 (3.8) 10,493 (3.4) 4628 (3.2)

Inpatient/outpatient,
n (%)

−0.1 −0.1 0.06

Inpatient 143,079 (71.2) 433,476 (66.4) 205,441 (66.4) 107,018 (73.9)

Outpatient 57,825 (28.8) 219,396 (33.6) 103,893 (33.6) 37,795 (26.1)

General anesthesia,
n (%)

169,508 (84.4) 549,005 (84.1) −0.03 234,946 (76.0) −0.33 95,309 (65.8) −0.58

Elixhauser comorbidity
group, n (%)

0.18 0.12 0.27

0 129,723 (64.6) 455,374 (69.7) 195,770 (63.3) 75,067 (51.8)

1 32,755 (16.3) 109,647 (16.8) 60,494 (19.6) 33,106 (22.9)

2 19,810 (9.9) 52,858 (8.1) 31,351 (10.1) 20,110 (13.9)

3 18,616 (9.3) 34,993 (5.4) 21,719 (7.0) 16,530 (11.4)

Sleep apnea, n (%) 4361 (2.2) 10,869 (1.7) −0.04 6732 (2.2) <.01 4646 (3.2) 0.06

Substance abuse,
n (%)

24,323 (12.1) 86,390 (13.2) 0.04 44,193 (14.3) 0.06 26,159 (18.1) 0.17

Chronic pain 48,688 (24.2) 108,550 (16.6) −0.19 52,110 (16.8) −0.18 25,960 (17.9) −0.16

Psychiatric, n (%) 24,741 (12.3) 82,118 (12.6) 0.01 39,573 (12.8) 0.01 18,658 (12.9) 0.02

Opioid abuse, n (%) 170 (0.1) 625 (0.1) <0.01 562 (0.2) 0.03 574 (0.4) 0.06

Urban/Rural, n (%) 0.07 0.08 0.03

Rural 17,501 (8.7) 71,336 (10.9) 34,775 (11.2) 13,899 (9.6)

Urban 183,403 (91.3) 581,536 (89.1) 274,559 (88.8) 130,914 (90.4)

Hospital Size, n (%)

Large 73,566 (36.6) 200,558 (30.7) −0.13 109,264 (35.3) −0.03 59,044 (40.8) 0.09

Medium 68,461 (34.1) 230,322 (35.3) 0.03 107,828 (34.9) 0.02 47,390 (32.7) −0.03

Small 58,877 (29.3) 221,992 (34.0) 0.1 92,242 (29.8) 0.01 38,379 (26.5) −0.06

Teaching hospital,
n (%)

−0.05 0.1 0.32

No 114,276 (56.9) 386,814 (59.2) 159,842 (51.7) 59,751 (41.3)

Yes 86,628 (43.1) 266,058 (40.8) 149,492 (48.3) 85,062 (58.7)

Use of multimodal components, n (%)

Gabapentin - 5500 (0.8) 25,924 (8.4) 86,137 (59.5)

Steroid - 2835 (0.4) 8866 (2.9) 10,356 (7.2)

Ketamine - 3245 (0.5) 17,725 (5.7) 44,896 (31.0)

NSAID - 558,994 (85.6) 285,111 (92.2) 126,480 (87.3)

Cox2 - 3456 (0.5) 9034 (2.9) 49,178 (34.0)

Acetaminophen - 72,041 (11.0) 233,878 (75.6) 133,243 (92.0)

Neuraxial - 5669 (0.9) 29,817 (9.6) 26,452 (18.3)

Stdiff: Multimodal groups were compared with the opioid-only group. An absolute standardized difference of 0.1
(or 10%) generally indicates a meaningful difference in covariate distribution between groups.
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The trend analysis showed that the practice of adding three or more non-opioid
analgesic modalities to opioids has seen a steady rise from an incidence of 1.03% in 2006
to 39.57% in 2022. Concurrently, the use of just one non-opioid analgesic modality in
addition to opioid analgesia decreased from 61.72% in 2006 to 18.84% in 2022. Furthermore,
a drop in the use of opioid-only-based analgesia was observed from 25.31% in 2006 to
5.14% in 2022 (Figure 1). The most frequently used non-opioid analgesics were NSAIDs
and acetaminophen, followed by gabapentin and neuraxial anesthesia (Table 1).

Figure 1. Trends of multimodal analgesia use among hysterotomy cases over study time.

In unadjusted outcome comparisons, patients receiving multimodal analgesia had a
lower incidence of the composite of any complication and, more specifically, respiratory,
cardiac, and genitourinary complications. Furthermore, opioid dispensation was lower
among those receiving multimodal analgesia (Table 2).

Table 2. Outcomes stratified by multimodal groups.

Opioid Only 1 Mode 2 Modes 3 or More Modes

N = 200,052 N = 649,471 N = 308,579 N = 144,762

Composite outcome for
complication, n (%)

8661 (4.3) 13,979 (2.1) 7694 (2.5) 4915 (3.4)

Respiratory 2998 (1.5) 4006 (0.6) 2330 (0.8) 1615 (1.1)

Gastrointestinal 626 (0.3) 1274 (0.2) 571 (0.2) 263 (0.2)

Genitourinary 3653 (1.8) 5446 (0.8) 2442 (0.8) 1374 (0.9)

Central nervous system 345 (0.2) 600 (0.1) 373 (0.1) 288 (0.2)

Cardiac 2489 (1.2) 4425 (0.7) 2948 (1.0) 2104 (1.5)

Total opioid use, median [IQR] 237 [124, 412] 226 [130, 385] 202 [114, 360] 173 [96, 315]

Adjusted cost, median [IQR] 9683 [6950, 13,494] 9033 [6758, 12,210] 9515 [7083, 13,041] 10,280 [7638, 14,485]

N = 143,079 N = 433,476 N = 205,441 N = 107,018

Length of stay for inpatient
cohort, median [IQR]

2, [2, 3] 2 [1, 3] 2 [2, 3] 2 [2, 3]
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This pattern was more pronounced in adjusted models. (Table 3) Multimodal use ap-
plied as a categorical variable with four categories (1, 2, or 3 or more additional non-opioid
analgesics versus opioid-only) was associated with consistent decreases in any compli-
cation (OR 0.66 CI 0.64; 0.68/OR 0.63 CI 0.61; 0.66/OR 0.65 CI 0.62; 0.67). The increased
modes of analgesia did not result in more reduced odds of complications. Consistently,
respiratory complications decreased by (OR 0.60 CI 0.57; 0.63/OR 0.60 CI 0.56; 0.64/OR
0.64 CI 0.60; 0.69), cardiac complications by (OR 0.71 CI 0.68, 0.75/OR 0.69 CI 0.65, 0.73/OR
0.66 CI 0.62, 0.71), and genitourinary complications decreased by (OR 0.65 CI 0.62, 0.68/OR
0.58 CI 0.55, 0.61/OR 0.61 CI 0.57, 0.66) with the addition of 1,2, or 3 or more multimodal
techniques, respectively; all p < 0.001. A decrease in gastrointestinal complications was
only observed with the addition of one non-opioid analgesic modality OR 0.81 (CI 0.74,
0.90). No effect was found for the occurrence of CNS system complications.

Table 3. Adjusted outcomes.

Binary Outcomes
Unadjusted Odds Ratio

(95% CIs)
p-Value

Adjusted Odds Ratio (95%
CIs) a p-Value

Composite complications

1 mode vs. opioid only 0.49 (0.47, 0.5) <0.001 0.66 (0.64, 0.68) <0.001

2 modes vs. opioid only 0.57 (0.55, 0.58) <0.001 0.63 (0.61, 0.66) <0.001

3 modes vs. opioid only 0.78 (0.75, 0.81) <0.001 0.65 (0.62, 0.67) <0.001

Respiratory complications

1 mode vs. opioid only 0.41 (0.39, 0.43) <0.001 0.6 (0.57, 0.63) <0.001

2 modes vs. opioid only 0.5 (0.47, 0.53) <0.001 0.6 (0.56, 0.64) <0.001

3 modes vs. opioid only 0.74 (0.7, 0.79) <0.001 0.64 (0.6, 0.69) <0.001

Cardiac complications

1 mode vs. opioid only 0.54 (0.52, 0.57) <0.001 0.71 (0.68, 0.75) <0.001

2 modes vs. opioid only 0.77 (0.73, 0.81) <0.001 0.69 (0.65, 0.73) <0.001

3 modes vs. opioid only 1.18 (1.11, 1.25) <0.001 0.66 (0.62, 0.71) <0.001

Gastrointestinal complications

1 mode vs. opioid only 0.63 (0.57, 0.69) <0.001 0.81 (0.74, 0.9) <0.001

2 modes vs. opioid only 0.59 (0.53, 0.66) <0.001 0.93 (0.83, 1.05) 0.242

3 modes vs. opioid only 0.58 (0.5, 0.67) <0.001 1.08 (0.92, 1.28) 0.360

Genitourinary complications

1 mode vs. opioid only 0.45 (0.44, 0.47) <0.001 0.65 (0.62, 0.68) <0.001

2 modes vs. opioid only 0.43 (0.41, 0.45) <0.001 0.58 (0.55, 0.61) <0.001

3 modes vs. opioid only 0.52 (0.49, 0.55) <0.001 0.61 (0.57, 0.66) <0.001

Central nervous system complications

1 mode vs. opioid only 0.53 (0.47, 0.61) <0.001 0.9 (0.79, 1.03) 0.143

2 modes vs. opioid only 0.7 (0.61, 0.81) <0.001 0.93 (0.79, 1.09) 0.359

3 modes vs. opioid only 1.16 (0.99, 1.35) 0.066 0.99 (0.82, 1.19) 0.890

Continuous Outcomes
Unadjusted least square

means (95% CIs)
p-value

Adjusted least square
means (95% CIs) b p-value

Length of stay for inpatients in days

1 mode vs. opioid only −0.73 (−0.74, −0.71) <0.001 −0.52 (−0.54, −0.51) <0.001

2 modes vs. opioid only −0.56 (−0.58, −0.54) <0.001 −0.49 (−0.51, −0.47) <0.001

3 modes vs. opioid only −0.28 (−0.31, −0.30) <0.001 −0.40 (−0.43, −0.38) <0.001
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Continuous Outcomes
Unadjusted least square

means (95% CIs)
p-value

Adjusted least square
means (95% CIs) b p-value

Adjusted cost in dollars

1 mode vs. opioid only −1506 (−1560, −1452) <0.001 −765 (−817, −714) <0.001

2 modes vs. opioid only −760 (−821, −700) <0.001 −479 (−539, −419) <0.001

3 modes vs. opioid only 666 (594, 739) <0.001 79 (2, 156) 0.042

Total opioid consumption

1 mode vs. opioid only −16.55 (−18.24, −14.85) <0.001 −9.51 (−11.16, −7.86) <0.001

2 modes vs. opioid only −32.34 (−34.25, −30.43) <0.001 −15.29 (−17.21, −13.37) <0.001

3 modes vs. opioid only −63.57 (−65.86, −61.27) <0.001 −29.35 (−31.79, −26.91) <0.001
a. Multiple logistic regression models were run to compare associations between the use of multimodal analgesia
categories for all binary outcomes (composite complication and individual complications). Odds ratios (OR)
and 95% CIs were reported. Models were adjusted using a priori-determined covariate, including age, race,
gender, Elixhauser Comorbidity index group, year of surgery, hospital location, bed size, and hospital teaching
status, as described previously. b. A generalized linear model was applied to compare associations between
the use of multimodal analgesia categories (categorized as opioid-only, 1, 2, or >2 non-opioid analgesic modes)
and continuous outcomes (Opioid utilization, inpatient length of stay, and cost) adjusting the same covariates
in the logistic regression model. Estimates were presented as least square means differences compared with the
reference group along with 95% CIs. For opioid utilization outcome, we additionally adjusted for a history of
substance use/abuse (including smoking), chronic pain conditions, psychiatric comorbidity variables, and opioid
use disorder, given their association with opioid use.

Notably, opioid prescription was incrementally reduced in line with additional non-
opioid analgesics utilized: −9.51 mg (CI −11.16; −7.86) and −15.29 mg (CI −17.21; −13.37)
and −29.35 mg (CI −31.79; −26.91). LOS decreased by 0.52 days (CI 0.54; 0.51), 0.49 days
(CI 0.51; 0.47), and 0.40 days (CI 0.43; 0.38), respectively. Furthermore, cost reductions
of −765 USD (CI −817; −714) and −479 USD (CI −539; −419) were observed with 1 or
2 modalities. However, a small, non-significant increase in the cost of 79 USD (CI 2; 156)
emerged among those receiving >2 non-opioid analgesic modalities (Table 3).

4. Discussion

In this large national sample of more than 1.3 million women undergoing hysterectomy
surgery from 2006 to 2022, we found that the use of multimodal analgesia was associated
with significantly improved outcomes.

The odds of the occurrence of any postoperative complication were reduced by 35%.
More specifically, respiratory complications decreased by about 40%, cardiac complications
by 30%, and genitourinary complications were reduced by 40% when compared with
patients without multimodal analgesia. No impact on the occurrence of CNS complications
was observed. Concurrently, opioid prescription incrementally decreased with the use of
increasing modes of multimodal modalities. Furthermore, we observed a reduction in LOS
while costs were reduced with the addition of 1 or 2 analgesic modalities, but not when
adding >2 analgesic techniques.

Trend analysis demonstrated substantial changes in the practice of perioperative pain
management for hysterectomies in the last two decades. Most notably, a steep increase
in the use of >2 non-opioid analgesic modalities was found, which increased from an
incidence of 1.03% in 2006 to 39.57% in 2022. Concurrently, the use of just one non-opioid
analgesic modality in addition to opioid analgesia decreased from 61.72% in 2006 to 18.84%
in 2022.

Hysterectomy is the second most common procedure performed in women after
obstetric surgery, which is in part related to gynecological malignancy affecting over
1,000,000 women per year [3,9]. Although it is known that hysterectomies often result in
significant pain and slow recovery, postoperative pain is easily overlooked, and persistent
opioid use is reported in 5% regardless of surgical route [9–11]. Inadequate analgesic
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management after gynecologic surgery is a major driver of postoperative complications,
delayed recovery, and increased opioid use [12,13].

Therefore, enhanced recovery after surgery pathways have been widely implemented,
including the gynecological specialties, with strong recommendations for the routine ad-
ministration of multimodal analgesia. The goal is to concurrently target various pain
pathways by combining different analgesic medications and techniques to achieve additive
and synergistic analgesic effects while diminishing complications [12]. However, little is
known about the clinical impact of multimodal analgesia in hysterectomies, and pharma-
cologic strategies to improve the quality of this population have yet to be examined [14].
In this context, these data demonstrate that in a large sample of hysterectomies, the use
of multimodal analgesia was associated with a substantial decrease in the occurrence of
serious adverse events, including respiratory, cardiac, and genitourinary complications.
Pain physiologically confers several detrimental effects, such as adrenergic activation with
catecholamine release, inflammatory mediator activation, hemodynamic instability, cardiac
stress, and respiratory deterioration [5]. Thus, inadequate analgesia is linked to increased
perioperative morbidity with a higher risk for cardiac and pulmonary complications [15–19].
It is, therefore, conceivable that multimodal analgesia, by concurrently targeting multiple
pain pathways, may diminish postoperative stress and other pain-related detriments and,
therefore, accelerate postoperative recovery. Consistently, these data also demonstrate a de-
crease in LOS among patients with multimodal analgesia. This is in line with evidence from
radical laparoscopic gynecological cancer surgery, where multimodal analgesia conferred
lower pain scores, earlier mobilization, and a lower incidence of severe complications [13].

While we did not have information on pain scores in these data, we found that multi-
modal analgesia was associated with a significant reduction in opioid prescription, which
could indicate improved pain management [10]. With the opioid crisis globally expanding,
the pressure to restrict or even abolish opioid use has increasingly gained popularity in
clinical practice. At the same time, postoperative pain remains insufficiently managed, with
reported incidences reaching 80% [20]. This is a serious concern given that pain appears to
be the most prevalent, disabling, and burdensome health problem in the US, with related
expenses exceeding those for cardiac disease, cancer, and diabetes. [20,21]. Therefore, peri-
operative clinicians are particularly challenged with facilitating adequate pain management
and rapid recovery while trying to diminish drivers of persistent opioid use. In the absence
of equipotent alternatives, opioids remain the mainstay for perioperative pain management
based on their undisputed analgesic efficacy [20,22]. It may, therefore, be more meaningful
to strive for improved postoperative pain management and fastened recovery rather than
exclusive opioid reduction [20]. In fact, opioid-free strategies have not been shown to de-
crease the risk of persistent opioid use [23]. The complexity in hysterectomies is highlighted
by evidence showing that hysterectomy surgeons appear to be among the top physician
prescribers of opioids nationally, while in laparoscopic hysterectomies, it has been shown
that opioid prescriptions were a four-fold of what was required for acute postoperative
pain control [24,25]. Moreover, nationwide trend analysis showed a substantial increase in
perioperative opioid prescriptions for hysterectomies from 2004 to 2014 despite an increase
in minimally invasive surgical techniques [26]. In this national sample of hysterectomies,
we observed an incremental decrease in opioid prescription with the use of increasing
modes of multimodal analgesia techniques. This dose–response relationship was observed
alongside a reduced risk for serious postoperative complications and a significant decrease
in LOS. Consistently, opioid-sparing with multiple analgesic modalities has been shown
in laparoscopic hysterectomies and cesarean deliveries [10]. Previously, however, no con-
clusions could have been drawn regarding patient safety and complication risk due to the
lack of adequately powered data [27]. The current data supports the notion of improved
postoperative outcomes with reduced opioid consumption in hysterectomy surgery. With
the Society of Gynecologic Oncology encouraging limited opioid use, multimodal analgesia
may prove to be crucial in the development of perioperative strategies that strike a balance
between adequate pain control and the prevention of excess opioid use [9,28].
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5. Limitations

This analysis is subject to several limitations, given the nature of observational data.
Despite efforts to account for baseline differences, the lack of randomization bears the risk
of residual confounding. Thus, causal conclusions cannot be drawn, while associations
require careful interpretation in the context of plausibility based on previous scientific
findings. As mentioned, patients without documentation for opioid use were excluded as
reflective of either missing data or lack of opioid use. However, we would not anticipate a
significant impact on our results as missing data would likely be evenly distributed, and
the lack of opioid use would not comply with our predefined study question. Despite
the nature of the surgery, patients with a lack of information on gender were excluded
to eliminate any concerns about quality issues in these cases. Furthermore, the lack of
detailed clinical information (e.g., precise timing of medication and pain scores) needs to be
acknowledged, which is based on the primary purpose of the utilized billing data. Analysis
specific to individual ethnicities was not possible because of changes in reporting practices
over the study period. Given the skewed distribution of age, LOS, cost, and opioid use,
we reported median and IQR. Nevertheless, this is a large national sample of patients
undergoing hysterectomy surgery, facilitating the investigation of potential harm.

6. Conclusions

This large national sample of patients undergoing hysterectomy surgery indicates sub-
stantial benefits with the use of multimodal analgesia. A decrease in serious complications
by at least 30% was accompanied by incrementally reduced opioid use and a reduction in
LOS. While more evidence is needed, multimodal analgesic approaches may facilitate safe
and efficient pain management with optimized opioid consumption.
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Appendix A

Table A1. Identifying hysterectomy procedures based on International Classification of Diseases
9th (ICD-9) and 10th Revision (ICD-10) procedure codes and The Current Procedural Terminology
(CPT) codes.

ICD-9 Description

68.0x Hysterotomy

68.3x Subtotal abdominal hysterectomy
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ICD-9 Description

68.4x Total abdominal hysterectomy

68.5x Vaginal hysterectomy

68.6x Radical abdominal hysterectomy

68.7x Radical vaginal hysterectomy

68.8x Pelvic evisceration

68.9x Other and unspecified hysterectomy

ICD-10

0U54xxx Destruction of Uterine Supporting Structure

0U55xxx Destruction of Fallopian Tube, Right

0U56xxx Destruction of Fallopian Tube, Left

0U57xxx Destruction of Fallopian Tubes, Bilateral

0U59xxx Destruction of Uterus

0U94xxx Drainage of Uterine Supporting Structure

0U95xxx Drainage of Fallopian Tube, Right

0U96xxx Drainage of Fallopian Tube, Left

0U97xxx Drainage of Fallopian Tubes, Bilateral

0U99xxx Drainage of Uterus

0UB4xxx Excision of Uterine Supporting Structure

0UB5xxx Excision of Fallopian Tube, Right

0UB6xxx Excision of Fallopian Tube, Left

0UB7xxx Excision of Fallopian Tubes, Bilateral

0UB9xxx Excision of Uterus

0UC4xxx Extirpation of Uterine Supporting Structure

0UC5xxx Extirpation of Fallopian Tube, Right

0UC6xxx Extirpation of Fallopian Tube, Left

0UC7xxx Extirpation of Fallopian Tubes, Bilateral

0UN4xxx Release of Uterine Supporting Structure

0UN5xxx Release of Fallopian Tube, Right

0UN6xxx Release of Fallopian Tube, Left

0UN7xxx Release of Fallopian Tubes, Bilateral

0UN9xxx Release Uterus

0UT2xxx Resection of Bilateral Ovaries

0UT4xxx Resection of Uterine Supporting Structure

0UT5xxx Resection of Fallopian Tube, Right

0UT6xxx Resection of Fallopian Tube, Left

0UT7xxx Resection of Fallopian Tubes, Bilateral

0UT9xxx Resection of Uterus

0UTCxxx Resection of Cervix

CPT

58150 Total abdominal hysterectomy (corpus and cervix), with or without removal of tube(s), with or without
removal of ovary(s)
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CPT

58152 Total abdominal hysterectomy (corpus and cervix), with or without removal of tube(s), with or without
removal of ovary(s)

58180 The provider removes the uterus via an abdominal incision. The provider may also remove the fallopian tubes
and ovaries.

58200
The provider removes the uterus and cervix and may also remove the fallopian tubes and ovaries, all through
via an abdominal incision. The provider removes the upper one–third of the vaginal canal and some of the
pelvic and para-aortic lymph nodes.

58210

The provider removes the uterus and cervix, including the parametrium, via an abdominal incision, known as
a radical abdominal hysterectomy. The provider may also remove all or part of the vagina, all the pelvic lymph
nodes on the right and left side, and biopsy a few of the para-aortic lymph nodes. The provider may remove
part or all of the fallopian tubes and ovaries.

58240

The provider performs pelvic exenteration on patients who have had a recurrence of cancer of the cervix after
they have had radiation therapy or patients who have stage IV cancer and the tumor is in the bladder and
rectum. There is no standard procedure and the organs and tissues that the provider removes depend on
where the cancer is located and the stage.
In a total exenteration, the provider removes the uterus, tubes, ovaries, parametrial tissue, bladder, rectum,
vagina, urethra, and part of the levator ani muscles.
In an anterior exenteration, the provider does not remove the rectum.
In a posterior exenteration, the provider does not remove the bladder and urethra. He may also resect part of
the anus, urethra, and part of the vulva.

58260 In this procedure, the provider surgically removes the uterus and cervix only using a vaginal approach, known
as a vaginal hysterectomy. The uterus is normal in size, which means it weighs 250 g or less.

58262
In this procedure, the provider surgically removes the uterus, cervix, fallopian tubes, and ovaries using a
vaginal approach known as a vaginal hysterectomy. The uterus is normal in size, which means it weighs 250 g
or less.

58263

In this procedure, the provider surgically removes the uterus, cervix, fallopian tubes, and ovaries using a
vaginal approach known as a vaginal hysterectomy. Because the patient has a small bowel prolapsing into the
vaginal canal, called an enterocele, he also repairs this area. The uterus is normal in size, which means it
weighs 250 g or less.

58267

In this procedure, the provider surgically removes the uterus and cervix only using a vaginal approach, known
as a vaginal hysterectomy. The patient also has stress urinary incontinence, which requires the suspension of
the urethra. The uterus is normal in size, which means it weighs 250 g or less, and the provider may use an
endoscope during the procedure.

58270
In this procedure, the provider surgically removes the uterus and cervix only using a vaginal approach, known
as a vaginal hysterectomy. The provider also repairs a small bowel prolapse into the vaginal canal. The uterus
is normal in size, which means it weighs 250 g or less.

58275 In this procedure, the provider surgically removes the uterus and the cervix using a vaginal approach, known
as a vaginal hysterectomy. The provider also partially or completely excises the vagina.

58280
The provider surgically removes the uterus and the cervix using a vaginal approach, known as a vaginal
hysterectomy. The provider also partially or completely excises the vagina and repairs a small bowel prolapse
into the vaginal canal.

58285
the provider removes the uterus, fallopian tubes, and ovaries, the parametrium, which includes the
uterosacral, cardinal, broad, and round ligaments, and the upper one-third of the vagina. This procedure treats
cervical cancer.

58290 the physician surgically removes the uterus and cervix only using a vaginal approach. The uterus is larger
than normal, usually due to the presence of fibroids, which means it weighs more than 250 g.

58291
the physician surgically removes the uterus, cervix, the fallopian tubes, and ovaries using a vaginal approach.
The uterus is usually larger than normal because of the presence of fibroids, which means it weighs more than
250 g.
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58292
the physician surgically removes the uterus, cervix, fallopian tubes, and ovaries using a vaginal approach.
Because the patient has small bowel prolapse into the vaginal canal, the provider also repairs this area. The
uterus is usually larger than normal due to the presence of fibroids, which means it weighs more than 250 g.

58294
the physician surgically removes the uterus and cervix only using a vaginal approach. Because the patient has
a small bowel prolapsing into the vaginal canal, this area is repaired. The uterus is usually larger than normal
because of the presence of fibroids, which means it weighs more than 250 g.

Appendix B

Table A2. Complication identification based on the International Classification of Diseases, Ninth
and Tenth Revision (ICD-9/ICD-10).

ICD-9 ICD-10

Respiratory 518.5, 518.52, 518.51, 518.53, 518.82, 786.09,
799.02, 799.01, 518.81, 518.84

J95.2, J80, R09.02, R09.01, J95.821, J96.00, J96.01, J96.02,
J96.90, J96.91, J96.92, J96.20, J96.21, J96.22, J95.822

Cardiac

Gastrointestinal 584, N17 E879.1, V45.11, Z99.2

Genitourinary 997.4 K91.3, K91.8

CNS 997.01,780.09,780.97,799.2, 293 G97.81, G97.82, R41.82, R40.0, R40.1, F06.8, R45, F05,
F6, F53
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Abstract: Objectives: This study aimed to compare the effectiveness of spinal anesthesia (SA)
alone versus combined spinal anesthesia with adductor canal block (ACB) and sciatic nerve block
(SNB) (SA + ACB + SNB) in patients undergoing arthroscopic anterior cruciate ligament (ACL) re-
construction. We hypothesized that SA + ACB + SNB would provide better analgesia, greater patient
satisfaction, and shorter postanesthesia recovery times than SA alone. Methods: A prospective
randomized controlled trial was conducted with 60 patients aged 15–49 years scheduled for elec-
tive arthroscopic ACL reconstruction. Participants were randomly assigned to receive either SA or
SA + ACB + SNB. Postoperative pain was assessed using the Visual Analog Scale (VAS) at 4, 12, and
24 h post-operation. General health was evaluated using the 12-item Short Form Survey (SF-12) at
1 month postoperatively. Range of motion and analgesic consumption were also recorded. Results:
The median VAS score at 4 h post-operation was significantly lower in the SA + ACB + SNB group
compared to the SA group (0 [IQR: 0–1] vs. 2 [IQR: 1–3], p = 0.0137). No significant differences in
VAS scores were found at 12 h (p = 0.9282) and 24 h (p = 0.5809). PCS-12 and MCS-12 scores did not
differ significantly between groups. The SA group had a lower postoperative range of motion (ROM)
compared to the SA + ACB + SNB group, with a mean active ROM of 40.67 degrees (±23.52) versus
72.17 degrees (±24.69), respectively (p < 0.0001). Analgesic consumption was similar, with 53.33% of
participants in each group using postoperative analgesics (p = 1.0). The mean surgery duration was
74.6 min. The gender distribution was 83% male and 17% female, with an average age of 27.7 years.
Conclusions: Adding ACB and SNB to spinal anesthesia improved immediate postoperative pain
relief and preserved range of motion in patients undergoing ACL reconstruction, suggesting potential
clinical benefits in pain management and functional recovery.
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1. Introduction

Anterior cruciate ligament (ACL) reconstruction is a common orthopedic procedure
aimed at restoring knee stability and function following ACL rupture. However, despite
advances in surgical techniques, postoperative pain management remains a critical chal-
lenge that significantly impacts patient recovery and rehabilitation outcomes. Effective
pain control not only enhances patient comfort but also facilitates earlier mobilization and
reduces the risk of long-term complications such as joint stiffness and chronic pain [1,2].

Traditionally, various anesthesia techniques have been employed to manage pain
after ACL reconstruction. Spinal anesthesia and femoral nerve blocks are among the most
frequently used methods, each offering specific benefits and limitations. Spinal anesthesia
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provides excellent pain relief but lacks targeted action at the site of surgery, which femoral
nerve blocks can achieve by directly blocking pain transmission from the knee [3]. Studies
have shown diverging results on the efficacy of combining spinal anesthesia with peripheral
nerve blocks, with some reporting enhanced pain relief and others indicating minimal
additional benefits [4].

Spinal anesthesia is a regional anesthesia technique used to achieve anesthesia of the
lower part of the body by injecting a local anesthetic into the subarachnoid space, where
it mixes with cerebrospinal fluid. Its advantages include rapid onset of action, reliable
and effective analgesia, lower risk of complications compared to general anesthesia, and
reduced need for opioids in the postoperative period. Possible complications of this type
of anesthesia include hypotension, bradycardia, and post-dural puncture headache [5].

The adductor canal block (ACB) is a regional anesthesia technique increasingly used
in orthopedic surgeries, particularly for knee procedures. This block targets the saphe-
nous nerve and other distal branches of the femoral nerve, providing pain relief while
preserving quadriceps strength. This muscle strength preservation is a crucial advantage
over the femoral nerve block (FNB), which often causes significant muscle weakness,
delaying mobilization, and increasing the risk of falls after surgery [6]. Several studies
have shown that ACB provides analgesia comparable to FNB but with less quadriceps
weakness [7,8]. Additionally, the use of ultrasound increases the success rate of ACB by al-
lowing precise visualization of the adductor canal, facilitating accurate delivery of the local
anesthetic. This technique has become a cornerstone of multimodal analgesic regimens,
promoting faster postoperative recovery and shortening hospital stays [5]. Blocking these
nerves provides targeted knee analgesia, reducing the need for opioids and speeding up
postoperative recovery [9].

The sciatic nerve is the largest and longest nerve in the body. It provides motor and
sensory functions [10]. The sciatic nerve block (SNB) is a regional anesthesia technique
used to achieve anesthesia of the lower extremities, particularly the leg, foot, and ankle.
There are several approaches to performing a sciatic nerve block, including the posterior,
lateral, and anterior approaches [6].

The knee joint has complex innervation, with anterior, medial, and posterior regions
contributing to postoperative pain following ACL reconstruction. The combination of
ACB and SNB allows for a complete sensory blockade of these regions, which can sig-
nificantly reduce pain intensity and duration in the early postoperative phase compared
to spinal anesthesia alone or with a single block. However, studies report mixed re-
sults regarding the added benefits of combining spinal anesthesia with peripheral nerve
blocks, with some findings supporting improved pain relief and others suggesting minimal
additional benefits [11].

The main aim of this work is to conduct a comprehensive comparison of spinal
anesthesia alone versus its combination with adductor canal nerve block and sciatic nerve
block, examining their effectiveness in controlling postoperative pain and facilitating
early physical therapy and mobilization. Although spinal anesthesia and nerve blocks
like ACB or SNB are individually well-documented in orthopedic pain management,
there is limited research on the combined use of these techniques specifically for ACL
reconstruction. Existing studies on this multimodal approach in knee surgeries offer
mixed results, particularly regarding the added benefit of combining peripheral nerve
blocks with spinal anesthesia for ACL procedures. This lack of consensus creates a gap
in the literature on the optimal anesthesia strategy for effective postoperative recovery in
ACL reconstruction. This study is significant as it contributes to the ongoing debate and
development of best practices for anesthesia in ACL reconstruction, ultimately aiming to
improve patient outcomes.

We performed a prospective randomized controlled study comparing preoperative
spinal anesthesia (SA) to combined spinal anesthesia with adductor canal block (ACB)
and sciatic nerve block (SNB) in patients undergoing arthroscopic ACL reconstruction and
semitendinosus and gracilis tendon harvest for ACL graft. We hypothesized that patients
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who received SA + ACB + SNB would have improved analgesia measured by lower pain
scores on standardized pain scales (e.g., VAS) post-treatment compared to baseline or
control, longer-lasting pain relief, and reduced need for additional analgesics, as well as
greater patient satisfaction.

2. Materials and Methods

This prospective randomized controlled study was conducted to compare preoperative
spinal anesthesia (SA) to combined spinal anesthesia with adductor canal block (ACB) and
sciatic nerve block (SNB) in patients undergoing arthroscopic ACL reconstruction. Only
patients with isolated ACL injuries without any chondral damage or meniscal injuries were
included in the study. All patients demonstrated positive findings on magnetic resonance
imaging (MRI), as well as positive results on the anterior drawer test and Lachman test,
confirming anterior cruciate ligament (ACL) rupture.

Ethical approval for the study was obtained from Institutional Review Board (IRB)
approval (Approval No. 03-6544), and all participants provided written informed con-
sent. Participants included in the study were adults aged 15–49 years undergoing elective
arthroscopic ACL reconstruction with m. semitendinosus and m. gracilis tendon graft. By
including patients as young as 15, we aim to capture a representative sample of the popula-
tion most commonly affected by ACL injuries. Younger patients, especially those involved
in sports, have specific recovery and rehabilitation needs, such as maintaining muscle
strength, range of motion, and quick return to physical activity. Examining postoperative
pain management techniques in this age group is therefore essential for identifying effec-
tive approaches that meet their unique demands for fast, functional recovery. Exclusion
criteria were a history of chronic pain, previous knee surgery, open ACL reconstruction,
contraindications to regional anesthesia, or inability to understand the study protocol.

Patients in this study were randomly assigned by an independent study coordinator to
one of two groups: spinal anesthesia alone (SA) or spinal anesthesia combined with adduc-
tor canal and sciatic nerve blocks (SA + ACB + SNB). Due to the nature of the interventions,
patients were aware of whether they received spinal anesthesia alone or the additional
peripheral nerve blocks (ACB and SNB). Therefore, complete blinding of patients was not
feasible in this study. To minimize potential bias in data collection, the doctor responsible
for recording primary and secondary outcomes—postoperative pain scores (VAS), range
of motion (ROM), opioid consumption, and quality of life (SF-12)—was blinded to the pa-
tients’ group assignments. This approach aimed to ensure that all outcome measurements
remained objective and unaffected by knowledge of the anesthesia technique used.

Patients in the SA group received spinal anesthesia with 0.5% levobupivacaine 15 mg.
Patients in the SA + ACB + SNB group received spinal anesthesia as described above,

along with an adductor canal block and sciatic nerve block under ultrasound guidance.
The adductor canal block was performed using 0.5% levobupivacaine 10 mL, and the
sciatic nerve block was performed using 0.25% levobupivacaine 20 mL. Ultrasound was
used for all peripheral nerve blocks. A total of four anesthesiologists were involved in
the study. Only one anesthesiologist performed all peripheral nerve blocks (ACB and
SNB) to maintain consistency in technique. The spinal anesthesia was administered by
three different anesthesiologists, each trained in the procedure, ensuring standardized
application across patients.

All patients underwent arthroscopic ACL reconstruction performed by a single sur-
geon using a standardized technique. For ACL reconstruction, the m. semitendinosus and
m. gracilis tendons were harvested from the pes anserinus through a 2 cm vertical incision.
The tendons were subsequently prepared on a graft preparation station. A femoral tunnel
was drilled through the anteromedial portal, and a tibial tunnel was created using a tibial
guide (Arthrex, Naples, FL, USA) set at an angle of 55 degrees. Proximal fixation of the
ACL graft was achieved with the ACL TightRope II device (Arthrex, Naples, FL, USA),
while distal fixation was secured at 20 degrees with a FastThread Biocomposite Interference
Screw (Arthrex, Naples, FL, USA). Following placement and fixation of the graft, additional
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tightening was performed with the ACL TightRope II. At the end of the procedure, graft
impingement and graft tension were assessed using a probe, and the positions of the screw
and endobutton were verified via intraoperative X-ray imaging in the operating room. The
duration of surgery was recorded from skin incision to skin closure. Esmarch was used in
all patients to minimize bleeding. After surgery, bulky bandages were applied and left in
place until the following morning, at which time they were removed and replaced with
lighter bandages to facilitate range of motion (ROM) measurement. ROM was assessed be-
fore surgery and 20–24 h postoperatively, ensuring that measurements were taken without
bulky bandages.

The primary outcome measure was postoperative pain, assessed using the Visual
Analog Scale (VAS) at 4 h, 12 h, and 24 h post-surgery. Secondary outcomes included patient-
reported general health assessed using the 12-item Short Form Survey (SF-12) version 1.0
at 1-month post-surgery, range of motion, and postoperative opioid consumption.

VAS scores were recorded at specified time points post-surgery. SF-12 scores were col-
lected at 1 month postoperatively. The range of motion was measured using a goniometer
preoperatively and postoperatively. Analgesic consumption was recorded based on patient
medical records.

Data were analyzed using IBM SPSS Statistics version 29.0.2.0. The normality of
continuous variables was assessed using the Shapiro–Wilk test. Independent t-tests were
used for normally distributed variables, while Mann–Whitney U tests were applied for
non-normally distributed variables. Chi-square tests were used to compare categorical
variables. Statistical significance was set at p < 0.05.

3. Results

3.1. Participant Characteristics

A total of 60 patients were included in the study, divided into two groups based on
the type of anesthesia administered: spinal anesthesia (SA) and combined spinal anesthesia
with adductor canal block and sciatic nerve block (SA + ACB + SNB). The gender distri-
bution of the study participants was 83% male and 17% female, with an average age of
27.7 years (15–49).

3.2. Visual Analog Scale (VAS) Pain Scores

The VAS pain scores were assessed at 4 h, 12 h, and 24 h post-operation. The median
VAS scores for the SA group were higher compared to the SA + ACB + SNB group at 4 h
post-operation. Specifically, the median VAS scores at 4 h were 2 (IQR: 1–3) for the SA group
and 0 (IQR: 0–1) for the SA + ACB + SNB group, showing significantly lower pain levels in
the SA + ACB + SNB group (p = 0.0137). However, there were no significant differences in
VAS scores between the two groups at 12 h (p = 0.9282) and 24 h (p = 0.5809) post-operation.
The boxplots illustrate that the combined anesthesia technique (SA + ACB + SNB) provides
better pain control in the immediate postoperative period (4 h), but pain levels between the
groups become similar by 12 and 24 h post-operation (Figure 1).

Figure 1. The boxplot displays the distribution of Visual Analog Scale (VAS) pain scores at 4 h, 12 h,
and 24 h post-operation for two anesthesia groups: spinal anesthesia (SA) and combined spinal
anesthesia with adductor canal block and sciatic nerve block (SA + ACB + SNB).
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3.3. SF-12 Health Survey Scores

The physical component scores (PCS-12) and mental component scores (MCS-12)
were evaluated using the SF-12 Health Survey. The PCS-12 scores for the SA group were
lower than those for the SA + ACB + SNB group, as depicted in the boxplots (Figure 2).
Despite this visual difference, the Mann–Whitney U test indicated no significant differ-
ence in PCS-12 scores between the two groups (p = 0.569). Similarly, the MCS-12 scores
did not show a significant difference between the groups according to the independent
t-test (p = 0.787).

Figure 2. Boxplots for PCS-12 and MCS-12 scores by anesthesia group. (a) The left plot shows the
distribution of PCS-12 scores for each group (SA and SA + ACB + SNB); (b) The right plot shows the
distribution of MCS-12 scores for each group.

3.4. Range of Motion

The active range of motion (ROM) for patients before and after the procedure was ana-
lyzed and compared between the two anesthesia groups: spinal anesthesia (SA) and spinal
anesthesia combined with adductor canal block and sciatic nerve block (SA + ACB + SNB)
(Table 1).

Table 1. Range of motion before and after surgery for different anesthesia types.

Group
ROM Before Surgery

(Mean ± std *)
ROM Before

Surgery (Median)
ROM After Surgery

(Mean ± std)
ROM After Surgery

(Median)
Change

(Mean ± std)
Change

(Median)

SA 131.33 ± 3.46 130.0 40.67 ± 23.52 30.0 −90.67 ± 23.07 −100.0
SA + ACB + SNB 130.67 ± 2.54 130.0 72.17 ± 24.69 80.0 −58.50 ± 25.43 −50.0

* Standard deviation.

The mean active ROM before the procedure was similar between the two groups. The
SA group had a mean ROM of 131.33 degrees (±3.46), while the SA + ACB + SNB group
had a mean ROM of 130.67 degrees (±2.54). The mean active ROM after the procedure
was significantly different between the two groups. The SA group had a mean active
ROM of 40.67 degrees (±23.52), whereas the SA + ACB + SNB group had a higher mean
active ROM of 72.17 degrees (±24.69). The change in active ROM (after minus before)
also showed significant differences. The SA group experienced a larger decrease in active
ROM with a mean change of −90.67 degrees (±23.07). In contrast, the SA + ACB + SNB
group had a mean change of −58.50 degrees (±25.43). A Mann–Whitney U test was
conducted to compare the change in active ROM between the two groups. The test revealed
a U-statistic of 189.5 and a p-value of 0.000094, indicating a statistically significant difference
in the change in ROM between the SA and SA + ACB + SNB groups (p < 0.05) (Figure 3).
The analysis indicates that patients in the SA + ACB + SNB group showed improved
postoperative ROM compared to the SA group.
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Figure 3. Mean active range of motion before and after surgery between the two groups visu-
ally demonstrates that while both groups experienced a decrease in ROM following surgery, the
SA + ACB + SNB group retained a greater range of motion compared to the SA group.

3.5. Analgesic Consumption

Postoperative analgesic consumption was systematically recorded based on patient-
reported use of analgesics following surgery, guided by a standardized pain management
protocol. Analgesic administration was structured according to Visual Analog Scale (VAS)
pain scores to ensure consistent and objective pain management across both groups:

• VAS 0–3: Patients reporting pain in this range received no analgesic intervention.
• VAS 4–6: Patients with moderate pain (VAS 4–6) were administered a combination of

intravenous nonsteroidal anti-inflammatory drugs (NSAIDs) and paracetamol.
• VAS > 7: For patients experiencing severe pain (VAS > 7), intravenous tramadol at a

dose of 50–100 mg was provided.

Each patient’s postoperative pain scores and corresponding analgesic use were recorded
by nursing staff and subsequently confirmed through patient reports during follow-up
assessments. Both groups had an equal proportion of patients (53.33%) using postoperative
analgesics. The chi-square test confirms that this difference is not statistically significant
(p = 1.0), indicating that the type of anesthesia did not affect the likelihood of patients using
analgesics postoperatively.

3.6. Surgery Duration

The mean surgery duration for all patients was 74.6 min, with no significant differences
noted between the groups.

4. Discussion

This study aimed to compare spinal anesthesia (SA) alone versus combined spinal
anesthesia with adductor canal block (ACB) and sciatic nerve block (SNB) (SA + ACB + SNB)
in patients undergoing arthroscopic anterior cruciate ligament (ACL) reconstruction with
m.semitendinosus and m.gracilis tendons harvesting for ACL graft. The results showed
that the SA + ACB + SNB group experienced significantly lower immediate postoperative
pain (4 h post-operation) compared to the SA group. Additionally, the SA + ACB + SNB
group exhibited better preservation of active range of motion after knee ACL reconstruction
postoperatively. There were no significant differences in pain scores at 12 and 24 h, SF-12
health survey scores, postoperative analgesic consumption, or surgery duration between
the two groups.

Our findings are consistent with several previous studies demonstrating the benefits
of regional anesthesia techniques in orthopedic surgeries. Naser et al. [12] reported that

142



J. Clin. Med. 2024, 13, 6845

peripheral nerve blocks, such as the adductor canal block, provided better pain control
than other methods in knee surgeries. Similarly, Sahin et al. [13] found that femoral
nerve blocks significantly reduced postoperative morphine consumption and enhanced
patient satisfaction following knee arthroplasty. Fowler et al. [11] also highlighted the
superior analgesic efficacy of peripheral nerve blocks over epidural analgesia in major
knee surgeries.

In the context of ACL reconstruction, Abdallah et al. [7] demonstrated that adductor
canal block (ACB) provided noninferior analgesia and superior quadriceps strength com-
pared to femoral nerve block (FNB). This aligns with our findings that SA + ACB + SNB
improved pain control, especially in the first 4 h post-operation, without compromising
functional outcomes. El Ahl [14] and Kamath and Faiaz [15] further supported the use
of ACB in ACL reconstruction, noting its benefits in preserving quadriceps strength and
facilitating early mobilization.

Our findings align with earlier research investigating the impact of different nerve
blocks used alongside spinal anesthesia. For instance, a prospective double-blinded ran-
domized study by Astur et al. [3] evaluated clinical outcomes using femoral nerve block
with spinal anesthesia versus spinal analgesia alone in patients undergoing ACL reconstruc-
tion. They found that spinal anesthesia with a femoral nerve block provided significant
pain relief shortly after surgery, but there were no additional benefits in pain control after
the third postoperative day. This aligns with our findings where the SA + ACB + SNB group
had superior pain relief at 4 h but showed no significant advantage at 12 and 24 h post-
operation. Similarly, a randomized clinical trial by Harbell et al. [2] compared preoperative
femoral nerve block alone versus combined femoral and sciatic nerve block for arthro-
scopic ACL reconstruction under general anesthesia. The study demonstrated improved
analgesia, decreased opioid consumption perioperatively, and shorter PACU length of stay
in the combined block group on the day of surgery. However, there was no significant
difference in opioid consumption, pain scores, or patient satisfaction on postoperative days
1–3 between the groups. This suggests that the benefits of additional nerve blocks may be
limited to the immediate postoperative period, which is in agreement with our observation
that the SA + ACB + SNB group experienced better pain control at 4 h but not at later
time points. The study by Frost et al. [1] evaluated the efficacy of intraoperative femoral
nerve block in reducing postoperative pain following ACL hamstring reconstruction under
general anesthesia. They found that femoral nerve block may reduce pain on the night
of surgery, but the reduction might not be clinically significant. This further supports the
notion that while nerve blocks can be effective in the immediate postoperative period, their
benefits may diminish over time, as observed in our study.

The significant reduction in immediate postoperative pain observed in the SA + ACB + SNB
group has important clinical implications. Effective early pain management can enhance
patient comfort, reduce opioid consumption, and facilitate early mobilization and rehabilita-
tion, ultimately improving overall recovery and patient satisfaction. The better preservation
of the range of motion in the SA + ACB + SNB group is particularly crucial for functional
recovery in ACL reconstruction.

For instance, Goyal et al. [16] showed that a combined femoral–obturator–sciatic nerve
block provides superior postoperative pain scores and earlier mobilization compared to
spinal anesthesia in patients undergoing arthroscopic ACL reconstruction. This supports
our observation of better pain control and ROM in the immediate postoperative period with
the combined block technique. It may be worth mentioning that a significant advantage of
the ACB over the femoral block is the early activation of the quadriceps muscle, which is
extremely important for the early initiation of physical therapy in patients after ACL recon-
struction. This is especially important for professional athletes. The femoral block increases
the risk of ACL re-injury within the first year following reconstruction [17]. Similarly,
Montes et al. [18] compared sciatic–femoral nerve block with low-dose spinal anesthesia
for outpatient arthroscopic knee surgery. Although knee arthroscopy is a significantly less
complex surgery and causes less pain compared to arthroscopic anterior cruciate ligament

143



J. Clin. Med. 2024, 13, 6845

reconstruction, the study found that combined nerve block offers satisfactory anesthesia
with a clinical profile similar to that of low-dose spinal anesthesia and is associated with
significantly lower pain scores during the first 6 postoperative hours, which parallels
our findings of improved pain management at 4 h post-operation when using peripheral
nerve blocks.

A systematic review by Secrist et al. [19] further corroborates these results by demon-
strating that peripheral nerve blocks, when used in combination with spinal anesthesia,
can reduce opioid requirements and enhance functional recovery. These studies collectively
highlight the benefits of multimodal analgesia, particularly in orthopedic surgeries such as
arthroscopic ACL reconstruction.

However, consistent with the findings of Astur et al. and Harbell et al. [2,3], our study
did not find significant differences in pain scores at 12 and 24 h post-operation or in overall
analgesic consumption. This suggests that while combined nerve blocks provide significant
immediate postoperative benefits, their long-term efficacy might be limited. The variations
in study designs, anesthesia protocols, and patient populations, as well as the relatively
short follow-up period in our study, may contribute to these discrepancies.

A major strength of this study is the randomized controlled design, which minimizes
selection bias and enhances the validity of the findings. The use of validated outcome
measures (VAS and SF-12) adds robustness to the results. However, this study has limita-
tions, including a relatively small sample size that may limit generalizability and a short
follow-up period that precludes assessment of long-term outcomes.

Future research should focus on comparing different combinations of regional anes-
thesia techniques to optimize postoperative pain management and functional recovery in
ACL reconstruction. Studies with longer follow-up periods are essential to evaluate the
long-term benefits and potential complications of these techniques. Additionally, investi-
gating the effects of these anesthesia methods in diverse patient populations, such as those
with chronic pain or opioid tolerance, would provide valuable insights for personalized
pain management strategies.

Overall, the combined use of spinal anesthesia with peripheral nerve blocks, specifi-
cally ACB and SNB, offers significant advantages in immediate postoperative pain control
and range of motion, aligning with the broader evidence in the literature.

5. Conclusions

In conclusion, the addition of adductor canal block and sciatic nerve block to spinal
anesthesia significantly improves immediate postoperative pain relief and preserves active
range of motion in patients undergoing arthroscopic ACL reconstruction. Furthermore,
using this combination of peripheral nerve blocks, we avoid motor inactivation of the
quadriceps muscle, as seen with the use of a femoral nerve block, resulting in earlier quadri-
ceps activation and faster recovery, which is of utmost importance in professional athletes.
Further research is needed to confirm these results and investigate long-term outcomes.
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Abstract: Background/Objectives: There is an ongoing debate about the most advantageous anesthe-
sia technique for carotid endarterectomy (CEA). From an anesthesiologic perspective, locoregional
anesthesia (LRA) appears to offer significant benefits. However, the learning curve and complica-
tion rates for anesthesiologists newly performing ultrasound-guided LRA for CEA remain unclear
and are to be examined in greater detail in this study. Methods: This retrospective, single-center
study included all consecutive LRA administrations for CEA following the introduction of this
procedure at a district hospital in Germany from November 2013 to November 2017. Nine board-
certified anesthesiologists, initially inexperienced in LRA for CEA but with prior experience in other
ultrasound-guided peripheral nerve blocks (PNBs), received theoretical training and supervision
during their first six combined deep and superficial cervical plexus blocks under ultrasound guid-
ance. The primary endpoint was the incidence of insufficient block quality, indicated by pain and
restlessness or the additional need for analgesics. Secondary endpoints included LRA-associated
complications. Patients were divided into four groups based on the number of previously performed
LRA procedures by the attending anesthesiologist. Results: In 83 patients, LRA was performed
by initially inexperienced anesthesiologists. Group A (patients managed by anesthesiologists per-
forming their 1st to 3rd cervical plexus blockades) included 21 patients, Group B (blockades 4–6)
included 12 patients, Group C (blockades 7–9) included 9 patients, and Group D (≥10 blockades)
included 41 patients, respectively. The overall complication rate was 22% (18/83). Insufficient block
quality occurred in 18.1% of patients (15/83), resulting in three conversions to general anesthesia
(3.6%). Additional complications included dysphagia (n = 2) and Horner’s syndrome (n = 1). The
incidence of insufficient block quality was significantly reduced (p = 0.008) after performing the first
three blockades. Conclusions: Ultrasound-guided cervical plexus block for CEA appears to be a
rapidly learnable anesthesia technique for anesthesiologists experienced in other ultrasound-guided
PNBs, with a low risk of complications. After three supervised blockades, the failure rate of LRA
decreases significantly.

Keywords: locoregional anesthesia; learning curve; cervical plexus blockade; ultrasound; carotid
endarterectomy

1. Introduction

There is an ongoing debate about whether carotid endarterectomy (CEA) should be
performed under locoregional anesthesia (LRA) or general anesthesia (GA). The largest
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randomized controlled trial (RCT), the General Anaesthesia versus Local Anaesthesia
(GALA) trial, which included 3526 participants, found no significant difference in the
rates of perioperative death, stroke, or myocardial infarction between GA (4.8%) and LRA
(4.5%) [1]. However, a large meta-analysis found that LRA was associated with significantly
shorter operation times, lower rates of perioperative stroke, fewer cardiac complications,
and lower mortality in the 25 observational studies included [2]. Nevertheless, each of
the six included RCTs failed to demonstrate statistically significant differences in any
endpoints [2]. Some authors believe that these RCTs lacked statistical power [3]. Recent
subgroup analyses from two studies suggest that LRA may indeed be associated with
a slightly lower risk of stroke and mortality compared to carotid endarterectomy under
GA [4,5].

The European Society for Vascular Surgery Management Guidelines of Atherosclerotic
Carotid and Vertebral Artery Disease recommends that the choice of anesthesia (locore-
gional or general) should be made at the discretion of the surgeon and anesthesiologist
performing the procedure, taking into account local experience, patient preferences, and
the preferred antiplatelet strategy [6]. Consequently, in the absence of a medical contraindi-
cation for either approach, anesthesiologists and surgeons should mutually consider each
others’ preferences. Locoregional anesthesia should be performed under ultrasound guid-
ance, as this can enhance the safety of this technique by providing visualization of cervical
anatomical structures during infiltration [7]. However, the learnability of ultrasound-
guided regional anesthesia remains poorly studied, and the number of blocks required to
achieve proficiency is still a matter of debate [8].

Therefore, the implementation of CEA, performed by surgeons experienced in this
procedure at a district hospital in Germany, provided an opportunity to retrospectively eval-
uate the learning curves of anesthesiologists inexperienced in ultrasound-guided cervical
plexus blockades. Here, we report on the learnability and complication rates of ultrasound-
guided LRA for CEA in a supervised setting for board-certified anesthesiologists newly
performing LRA in this anatomical region. The primary endpoint was the incidence of
insufficient block quality indicated by pain, restlessness, or the requirement for additional
local or systemic anesthetics.

2. Materials and Methods

2.1. Study Design and Population

This is a retrospective, single-center study conducted at District Hospital Bergstrasse,
Germany. All consecutive CEAs performed at District Hospital Bergstrasse from November
2013 to November 2017 were retrospectively reviewed. The surgical reports, anesthesia
protocols, and medical records of the included patients were assessed. Cases were excluded
if LRA was performed by an anesthesiologist experienced in LRA for CEA. The study
was approved by the local ethics committee of the medical faculty at the University of
Heidelberg, Germany (reference number: S-297/2017). Information that could identify
individual patients was anonymized after data collection.

The primary endpoint of this study was the incidence of insufficient block quality from
LRA, indicated by restlessness and pain (patient discomfort) or the need for additional
analgesic medication during the procedure. Restlessness and pain represent relatively
subjective parameters, both in the perception of patients and anesthesiologists. However,
there is currently no generally accepted and more objective definition for regional anesthesia
failure. The definition used in this document is based on a recommendation by Bottomley
et al., recently published for peripheral nerve block failure [9]. Secondary endpoints were
complications associated with LRA (e.g., Horner’s syndrome, dysphagia) and the rate
of intraoperative conversion to general anesthesia due to block failure. For this purpose,
intraoperative recordings in anesthesiologic and surgical records were retrospectively
analyzed. In particular, corresponding notes from anesthesiologists and surgeons, vital
signs, additional pain medication administered during the procedure, and records from the
post-anesthesia care unit were considered. Furthermore, postoperative complications were
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examined using physician notes in discharge summaries and follow-up records. Upon
individual patient request, premedication with midazolam was administered prior to LRA.

2.2. Intervention

In this study, the learning curves of nine board-certified anesthesiologists were as-
sessed to evaluate the learnability of ultrasound-guided combined superficial and deep
cervical plexus blockades for CEA. All anesthesiologists were already familiar with regional
anesthesia techniques, both with and without ultrasound guidance, in other anatomical
regions, but none had prior experience with LRA for CEA. Initial theoretical training and
practical supervision included the following:

- Introduction to the fundamentals of ultrasound-guided combined superficial and deep
cervical plexus anesthesia, including the anatomy of the cervical plexus, techniques
for visualizing the target anatomical structures using ultrasound, needle guidance
during the blockades, the selection and dosage of local anesthetics, and potential
complications, all through a two-hour theoretical training session.

- The first six ultrasound-guided cervical plexus blockades performed by each anesthe-
siologist were conducted under the supervision of an anesthesiologist with prior expe-
rience in this form of regional anesthesia for CEA to demonstrate practical feasibility.

- Additionally, some of the participating anesthesiologists independently chose to
attend external training sessions to further enhance their proficiency in the procedure.

As recommended for cervical plexus anesthesia, 40 mL of 0.5% ropivacaine (Ropiva-
caine Hydrochloride 0.5%, Fresenius Kabi AG, Bad Homburg, Germany) was routinely
administered, with 20 mL targeting the deep cervical plexus and 20 mL targeting the super-
ficial cervical plexus [10–12]. For anesthesia of the deep cervical plexus, as recommended,
the transverse processes of the C2 to C4 vertebrae were visualized using ultrasound, with
the carotid bifurcation serving as an additional landmark. The anesthetic was deposited ap-
proximately 1 cm caudal to the bifurcation to ensure effective blockade of the deep cervical
plexus branches. The needle was advanced in-plane under continuous ultrasound guidance
toward the target area near the C3 transverse process to maintain precise visualization
and maximize patient safety [13,14]. For anesthesia of the superficial cervical plexus, the
posterior border of the sternocleidomastoid muscle was visualized using ultrasound in the
region of the lateral cervical triangle. The goal was to infiltrate along the posterior border
of the sternocleidomastoid muscle in a cranio-caudal direction to achieve anesthesia at the
nerve point (punctum nervosum). The needle was guided in-plane to provide the highest
possible level of patient safety [13,15].

In patients under LRA, neurological status was continuously monitored during the
procedure through communication with them. Additionally, patients were instructed to
squeeze a squeaky ball with the hand on the contralateral side of the operative area every
10 s during the clamping phase. If any new neurological symptoms occurred during the
clamping phase, arterial shunting of the operative area was performed. The mean arterial
blood pressure was kept above 100 mmHg during the clamping phase. After declamping, a
systolic blood pressure below 140 mmHg was targeted. To maintain hemodynamics within
the desired range, both during and after the procedure, urapidil hydrochloride, clonidine
hydrochloride, norepinephrine, and Akrinor® were administered as needed. In cases of
insufficient analgesia from the cervical plexus blockades, local anesthetics were adminis-
tered by the surgeons and/or systemic anesthetics by the anesthesiologists, respectively,
indicating block failure. If analgesia remained insufficient for the patient, conversion to
GA was performed. In cases of general anesthesia, an arterial shunt was routinely placed
intraoperatively. If LRA was contraindicated or rejected by the patient, GA was primarily
performed with the same blood pressure targets. Technical neuromonitoring or cerebral
oximetry were not available, which made LRA the preferred anesthesia technique for CEA
in this setting.
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2.3. Statistical Methods

The patients were divided into groups based on the experience of the attending anes-
thesiologist, with Group A including those who received LRA from anesthesiologists with
experience in ≤ 3 cervical plexus blockades, Group B from those performing their 4th to
6th blockades, Group C from those performing their 7th to 9th blockades, and Group D
from those with experience in more than 9 blockades. Groups A, B, and C were formed
to represent three consecutive plexus blockades performed by each anesthesiologist. This
number has proven sufficient in other studies to capture initial learning progress and
was therefore adopted for our study [16]. Group D includes all LRA performed after an
estimated learning phase of 9 blockades and is intended to represent the complication rate
among experienced anesthesiologists, which remains above zero [9]. Baseline character-
istics, block failure rates, and the frequency of anesthesia-associated complications were
analyzed descriptively. Subsequently, statistical analysis was performed using the Pearson
chi-square test for independence or Fisher’s exact test if the sample size was smaller than
five. To avoid a Type I error, the significance level was adjusted using the Bonferroni
correction [17]. Findings were considered statistically significant if the p-value was <0.05 or
<0.0083 after Bonferroni correction. Finally, the results were graphically presented using a
dual-axis chart, displaying the cumulative number of LRA procedures performed alongside
the continuously decreasing cumulative block failure rate.

The software used for data collection and analysis included Microsoft Excel (Microsoft
Corporation, Redmond, WA, USA) and IBM SPSS Statistics 24 (IBM Corporation, Armonk,
NY, USA).

3. Results

3.1. Baseline Characteristics of the Cohort

Over the 48-month study period, a total of 126 CEAs were performed at District
Hospital Bergstrasse, Germany, and retrospectively analyzed. Thirty-eight cases were
excluded because perioperative care was managed by an anesthesiologist experienced
in locoregional anesthesia techniques for carotid surgery. In the remaining 88 cases, the
attending anesthesiologists had no prior experience with these anesthesia techniques. These
patients formed the cohort for our study. Of these, 83 CEAs were primarily performed
under LRA and five under GA. Further epidemiological characteristics of the cohort are
provided in Table 1.

Table 1. Baseline characteristics of the cohort: baseline characteristics (numbers and mean values)
of all patients who were managed by anesthesiologists inexperienced in anesthesia techniques for
carotid endarterectomy.

Frequences

Total number of patients [n] 88

Age [years], mean (range) 71.9 (52; 86)
ASA classification, mean (range) 2.9 (2; 4)
Sex: male [n] 60 (68.2%)
Sex: female [n] 28 (31.8%)
Asymptomatic stenosis of carotid artery [n] 54 (61.4%)
Symptomatic stenosis of carotid artery [n] 34 (38.6%)
Premedication [n] 17 (19.3%)
Duration of procedure [min], mean (range) 107.3 (61; 181)
Eversion CEA [n] 38 (43.2%)
Conventional CEA [n] 50 (56.8%)
Primary intraoperative shunt [n] 18 (20.5%)
Secondary intraoperative shunt [n] 4 (4.5%)
Clamping time [min], mean (range) 26.0 (1; 59)
Primary locoregional anesthesia [n] 83 (94.3%)
Primary general anesthesia [n] 5 (5.7%)
Akrinor® [mL], mean (range) 1.3 (0; 5)
Norepinephrine [μg], mean (range) 0.0 (0; 200)
Clonidin [μg], mean (range) 62.2 (0;300)
Urapidil [mg], mean (range) 13.0 (0;150)

ASA: American Society of Anesthesiology; CEA: carotid endarterectomy; μg: microgram; ml: milliliters; min:
minutes; n: number.
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3.2. Complications During Locoregional Anesthesia for CEA

Insufficient block quality, indicated by restlessness and pain, or the requirement for
additional intraoperative analgesic medication (locally administered by the surgeons or
intravenously by the anesthesiologists, respectively), occurred in 15 patients. Three of these
fifteen patients required conversion to GA during the procedure due to ongoing insufficient
analgesia. Two patients reported dysphagia, while another developed Horner’s syndrome
following the cervical plexus blockade. Additionally, five patients experienced nausea
during the surgical procedure (see Table 2).

Table 2. Complications during LRA for CEA: incidence of complications associated with locoregional
anesthesia during carotid endarterectomy.

Incidence of Complications [n]

Total number of patients with LRA 83

Insufficient block quality (restlessness and pain) 15 (18.1%)
Intraoperative conversion to general anesthesia 3 (3.6%)
Dyspnea 0
Nausea 5 (6.0%)
Horner’s syndrome 1 (1.2%)
Dysphagia 2 (2.4%)

CEA: carotid endarterectomy; LRA: locoregional anesthesia; n: number.

3.3. Complication Rate in Relation to the Number of Previously Performed LRA Procedures

The patients were divided into groups (A, B, C, and D) based on the experience of the
attending anesthesiologist. Group A included those who received LRA from anesthesiol-
ogists with experience in ≤ 3 cervical plexus blockades, Group B from those performing
their 4th to 6th blockades, Group C from those performing their 7th to 9th blockades, and
Group D from those with experience in 10 or more blockades. Group A included 21 pa-
tients, Group B included 12 patients, Group C included 9 patients, and Group D included
41 patients (see Table 3). As mentioned above, cervical plexus blockades for patients in
Groups A and B were performed under the supervision of an anesthesiologist experienced
in this technique. LRA for patients in Groups C and D was performed without supervision,
with patients in Group C representing the first three independently performed blockades
by anesthesiologists who had newly learned the LRA technique.

Table 3. Statistical analysis of the incidence of insufficient block quality and LRA-associated

complications: incidence of insufficient block quality and LRA-associated complications across the
groups and results of the statistical analysis, which revealed significant differences in the incidence of
block failure. A significance level of p < 0.05, or p < 0.0083 after Bonferroni correction, was applied.

Group A
(≤3 LRA)

Group B
(4–6 LRA)

Group C
(7–9 LRA)

Group D
(≥10 LRA)

Chi-
Square
(p-Value)

Post Hoc
A vs. B
(p-Value)

Post Hoc
A vs. C
(p-Value)

Post Hoc
A vs. D
(p-Value)

Number of
patients [n] 21 12 9 41

Number of
anesthesiologists [n] 9 4 4 3

Incidence of
block failure [n] 42.9% [9] 0% [0] 0% [0] 14.6% [6] 0.003 0.008 0.019 0.014

Incidence of intraop.
conversions to GA [n] 9.5% [2] 0% [0] 0% [0] 2.4% [1] 0.383

Incidence of Horner´s
syndrome [n] 0% [0] 8.3% [1] 0% [0] 0% [0] 0.112

Incidence of
dysphagia [n] 4.8% [1] 0% [0] 0% [0] 2.4% [1] 0.798

GA: general anesthesia; intraop: intraoperative; LRA: locoregional anesthesia; n: number; vs.: versus.
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When considering the frequency of complications in relation to the number of LRA
procedures performed, the following was observed:

Insufficient block quality, indicated by restlessness and pain or the need for additional
analgesic medication, occurred most frequently during the first three LRA procedures
performed by each anesthesiologist (Group A; see Table 3). The statistical analysis revealed
significant differences in the incidence of insufficient block quality among the groups
(p = 0.003), with Group A showing the highest incidence (42.9%; see Table 3). After three
LRA procedures, the incidence of block failure was significantly reduced (Group A vs. B,
p = 0.008; see Table 3). Furthermore, the incidence of insufficient block quality did not
increase again in Group C, representing the first three independently performed LRA
procedures by each anesthesiologist after the supervision period.

In contrast, Group D showed a renewed increase in the incidence of insufficient block
quality compared to Groups B and C. However, in relative terms, the increase was small
and did not reach statistical significance. Correspondingly, a continuous overall decrease
in the incidence of complications with the cumulative number of cervical plexus blockades
performed was observed, as shown in Figure 1 (see Figure 1).

Figure 1. Locoregional anesthesia-associated complication rate.

The conversion rate from LRA to general anesthesia was highest in Group A, where the
attending anesthesiologist had the least experience with the technique. Horner’s syndrome
and dysphagia, as additional complications related to locoregional anesthesia, occurred
statistically independently of the number of previously performed LRA procedures (see
Table 3).

Figure 1 illustrates the cumulative LRA-associated complication rate in our cohort
plotted against the number of LRA procedures performed, categorized by the study
groups A–D on a dual-axis chart. The x-axis represents the groups (A–D). The primary
y-axis shows the cumulative complication rate as a line graph, while the secondary y-axis
displays the cumulative number of LRA procedures as a bar graph. The complications
considered in this illustration include insufficient block quality, dyspnea, dysphagia, and
Horner’s syndrome. Conversions to general anesthesia occurred due to insufficient block
quality and are not counted additionally.
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4. Discussion

In this study, we demonstrated, in 83 patients, that ultrasound-guided LRA (combined
deep and superficial cervical plexus anesthesia) for CEA can be rapidly mastered by board-
certified anesthesiologists. The overall complication rates were low, with insufficient block
quality being the most frequent complication (n = 15, 18.1%), leading to conversions to GA
in three cases. After three LRA procedures performed under supervision, we observed a
significant reduction (p = 0.008) in the incidence of block failure, which did not increase dur-
ing the first unsupervised blockades. Additional complications related to the locoregional
anesthesia technique included dysphagia (n = 2) and Horner’s syndrome (n = 1). However,
the incidence of complications decreased continuously with the cumulative number of
plexus blockades performed.

Our data, suggesting the rapid mastery of newly learned LRA under ultrasound guid-
ance, are consistent with other findings. Helayel et al. demonstrated that, in inexperienced
residents, only six practical exams were necessary after a theoretical introduction to reliably
identify all structures of the axillary part of the brachial plexus using ultrasound, which
forms the foundation of ultrasound-guided regional anesthesia [18]. In a phantom model
of a peripheral nerve block, Kim et al. trained inexperienced medical students in hand–eye
coordination, another key competence for safe and successful LRA. They found that five sub-
sequent trials were sufficient to significantly improve hand–eye coordination for promising
LRA outcomes [19]. These findings demonstrate the good learnability of key competencies
for ultrasound-guided LRA, even for completely inexperienced examiners. In clinical prac-
tice, the application of these competencies may be complicated by factors such as anatomical
variability in the target region and physician–patient interaction, which could increase
the number of procedures needed for successful implementation [20,21]. Consistent with
this, Morros et al. found that, in clinical scenarios, anesthesiologists with experience in
nerve stimulator-guided regional anesthesia could successfully perform an independent
ultrasound-guided blockade of the axillary plexus after 15 self-conducted blocks [22]. When
compared to other procedures in anesthesiology, such as intubation—where approximately
200 intubations are required for safe mastery—ultrasound-guided LRA appears to be a
rapidly learnable procedure [23]. In various studies, both nerve stimulator-guided and
ultrasound-guided LRA have achieved favorable success rates, with ultrasound-guided
techniques proving quicker to learn [8,24,25]. In line with these findings, we observed a
rapid reduction in the incidence of insufficient block quality for cervical plexus blockades
after only three supervised cervical plexus blockades performed by board-certified anes-
thesiologists with experience in LRA in other regions. This highlights the good learnability
and transferability of ultrasound-guided LRA, particularly for the cervical plexus region,
for anesthesiologists experienced in locoregional anesthesia techniques.

Following the rapid reduction in the incidence of block failure and other complications
related to LRA in our cohort, we observed an interesting, though statistically non-significant,
increase in incidence in Group D. Since this renewed increase in insufficient block quality
did not occur in Group C (representing patients receiving the first three independently
performed LRA procedures without supervision), the level of experience does not seem
to provide a plausible explanation for this rise. Rather, the larger number of patients
in Group D seems to offer a more accurate reflection of the average block failure and
complication rates associated with LRA techniques, which evidently persist even among
experienced anesthesiologists for various reasons [9,15,26,27]. This is further supported by
the continuously decreasing overall complication rate we observed, calculated based on
the cumulative number of LRA procedures performed.

In our cohort, no outcome-relevant complications associated with LRA were observed.
Restlessness and pain, indicative of insufficient block quality, were the most frequent com-
plications, occurring in 18.1% of patients and leading to conversions to GA in 3.6% of cases.
Similarly, other studies report conversion rates to GA ranging from 0% to 4.3% [1,28–33].
As in our cohort, pain and restlessness were the most frequent causes of intraoperative
conversions to GA [10,28]. Rates of insufficiency or failure of LRA, requiring supplemen-
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tary intraoperative injections of local or systemic anesthetics, have been reported to range
widely from 3% to 54% [10,30,34]. Since restlessness and pain represent the relatively
subjective perceptions of both the patient and the attending anesthesiologists, these large
differences can be explained well. Additionally, the lack of a clear definition of ‘block fail-
ure’ makes it a difficult outcome parameter to compare [9]. The definition of block failure
used in our study—restlessness and pain or the need for additional analgesic medication
during the procedure—represents a relatively subjective criterion too. Various definitions
of peripheral nerve block failure have been used in recent years, each lacking purely ob-
jective criteria [9,26]. In their recently published work, Bottomley et al. defined block
failure as the inability to perform the planned procedure due to insufficient analgesia. They
proposed, alongside subjective patient comfort perception, the additional administration
of local or systemic analgesics [9]. This approach was also adopted in our study, with
the understanding that the generalizability of the results is limited by this potential bias.
However, the similar rates of block failure and conversions to GA reported in other studies
underline the plausibility of our findings.

Further LRA-related complications observed in our study were dysphagia and Horner’s
syndrome, likely due to accidental blockade of the stellate ganglion. In addition to these
temporary complications, other studies report hemodynamic instability and respiratory
insufficiency following the administration of local anesthetics in the cervical region, acci-
dental puncture of vessels resulting in hematoma, or even intravascular injection of a local
anesthetic, among others [15,35]. To reduce severe complications such as intravascular injec-
tions and vascular injuries, the ultrasound-guided technique has been shown to be superior
to the neurostimulator-guided technique and is recommended by current guidelines [15,36].
Regarding different techniques for cervical plexus blockade, a systematic review of 69 ob-
servational studies found that superficial or intermediate blocks have the lowest risk of
failure or complications and should therefore be the preferred techniques today [31]. These
recommendations are supported by recent findings from Opperer et al., who demonstrated
that the deep cervical plexus block, particularly due to its involvement of the phrenic nerve,
negatively affects diaphragm motion and thus may pose a potential risk for respiratory
impairment in patients with pre-existing pulmonary conditions [33]. Consequently, at our
hospital, the superficial cervical plexus block has since been established as the standard
technique for LRA in CEA. But even with these techniques, a certain complication rate
persists among experienced LRA experts due to various reasons [9,26,27,37]. In particular,
the significant interindividual anatomical variability and interconnections within the cervi-
cal plexus inherently seem to preclude a universally ‘optimal application site’ with 100%
efficiency [15,20,21]. Furthermore, the inconsistent nomenclature of the cervical region
and its fasciae in relation to the cervical plexus complicates the cross-study comparison of
complication rates [38]. However, the overall complication rate of 22% and failure rate of
18% observed in our study align with reports in the literature on failure and complication
rates, interestingly, despite the use of different cervical plexus block depths (superficial,
intermediate, and deep) in various studies [9,26,37,39]. The cause of this appears to lie in
the unique anatomy of the cervical fasciae, which allow good permeability for injected
fluids [33,40]. Thus, the exact spread and, consequently, the specific blockade site of the
cervical plexus can only be predicted to a limited extent by a specific injection depth.
Consistent with this, clinically relevant complications appear with the same frequency
even when explicitly comparing different block depths [33]. Therefore, it is primarily the
ultrasound-guided technique, rather than the block depth of the plexus, that positively
influences safety and success rates and is now considered the standard.

Looking at LRA from the patient’s perspective, high satisfaction is evident. According
to Davies et al., 92% of patients would choose LRA again for a subsequent procedure [41].
It is not only patients who prefer this technique; a preference for LRA, particularly the
ultrasound-guided method, has also been demonstrated among residents [42]. Various
curricula for learning LRA techniques have now been established [43,44].
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Our study had several limitations. Firstly, due to the retrospective and single-center
design, there was no standardized perioperative documentation of complications, and our
data were not externally validated. Additionally, the relatively small sample size limits the
validity of our data. Therefore, the present study design does not allow for generalization
of the results or application to other medical settings or populations. Furthermore, every
retrospective data analysis carries an inherent risk of bias regarding data completeness.
Secondly, only board-certified anesthesiologists experienced in local anesthesia techniques
were involved, which makes our results only partially transferable to other physicians.
Due to the retrospective analysis, differences in group sizes (A-D) arose, as not every
anesthesiologist performed the same number of LRA procedures. This may have obscured
any effects of individual variations in learning curves. Thirdly, we used restlessness
and pain as indicators of insufficient LRA, which are relatively subjective parameters.
Additionally, preoperative anxiety influences pain levels and has been shown to be an
independent risk factor for LRA failure [45,46]. Finally, the significant anatomical variation
in the target region, such as interindividual sensory innervation by cranial nerves and
peripheral nerves of the cervical plexus, contributes to varying individual responsiveness
to LRA [15,20,21]. Therefore, prospective, multi-center studies with a larger number of
participants and procedures are desirable to more accurately capture the learning curve
of LRA techniques among anesthesiologists, as only such a design would allow for the
generalization of the results, which is not feasible in our study. Additionally, a clear
definition of ‘insufficiency/failure of LRA’ as an outcome parameter would be helpful
to allow for better comparison between studies. Thus, our study should primarily be
seen as an example and idea for conducting a suitably designed study that can generate
transferable findings and be used to develop a curriculum.

5. Conclusions

Our study highlights the rapid learnability of ultrasound-guided cervical plexus block-
ades for board-certified anesthesiologists experienced in ultrasound-guided anesthesia
techniques, demonstrating a low overall risk and supporting the training of anesthesi-
ologists in this technique. It appears to require limited training effort in this specific
setting, although no absolute conclusions can be drawn about the number of procedures
needed to achieve proficiency due to the study design. However, this approach effec-
tively integrates the advantages of ultrasound-guided LRA for CEA into clinical practice.
While there appears to be a clear anesthesiologic advantage to LRA for CEA, the choice of
anesthesia technique ultimately remains an interdisciplinary decision involving the entire
treatment team.
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Abstract: Introduction: During the COVID-19 pandemic, reducing aerosol-generating procedures
became fundamental, particularly in ophthalmic surgeries traditionally performed under general
anesthesia (GA). Regional anesthesia, such as sub-Tenon’s block (STB), is widely used in vitreoretinal
surgeries, offering a safer alternative by avoiding airway manipulation. However, the altered
orbital anatomy in patients with previous scleral explant surgery creates unique challenges to STB
application. This study aims to evaluate the effectiveness, safety, and feasibility of STB in patients
after encircling band surgery. Methods: This retrospective analysis included 46 patients with a history
of scleral explant surgery, undergoing vitreoretinal procedures at the Bern University Hospital. All
procedures were conducted under STB with either analgosedation or GA for additional support
when required. An ophthalmic surgeon or an experienced anesthesiologist performed the STBs.
Data collected included block success rate, procedural difficulty, incidence of chemosis, and patient
satisfaction. The Institutional Ethics Committee approved this study, and all participants provided
informed consent. Results: STB was successfully administered in 93.5% of cases, with only three
unsuccessful blocks. Block placement was rated as easy in 55% of cases, moderately difficult in
28%, and difficult in 17%. Chemosis was observed in 24% of patients, with severe cases in only
4%. Patient satisfaction scores were high, with most patients expressing satisfaction with the STB
procedure. Conversion to GA was required in only one case due to alcohol withdrawal-related
agitation. Discussion: The high success rate and minimal complications suggest that STB is a feasible
and safe alternative to GA in patients with prior scleral buckling surgery. The altered orbital anatomy
presents potential challenges, including scar tissue and compartmentalization, which may lead to
patchy anesthesia. However, the use of STB avoids the risks associated with GA and may be especially
beneficial for elderly or frail patients. Future studies should further investigate the hemodynamic
implications of STB in these cases and the potential for ultrasound-guided techniques to improve
accuracy and safety.

Keywords: sub-Tenon; buckling surgery; encircling band; regional anesthesia

1. Introduction

The COVID-19 pandemic prompted healthcare providers to adopt protocols that limit
aerosol-generating procedures, particularly in surgeries where proximity to the respiratory
tract increases the risk of viral transmission [1]. In ophthalmic surgery, this need translated
into an increased emphasis on regional anesthesia to avoid general anesthesia (GA) where
possible [2,3]. Sub-Tenon’s block (STB) is a reliable and safe option for locoregional anes-
thesia in most vitreoretinal (VR) surgeries, providing excellent anesthesia and analgesia
while eliminating the risks associated with airway manipulation in GA [4,5]. However, its
use in patients with prior scleral explants in place is met with caution, as the altered orbital
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anatomy and presence of the encircling band can restrict the distribution of anesthetics and
complicate block administration [6,7].

Traditionally, general anesthesia has been recommended in cases involving prior
scleral buckling surgery due to concerns about complications from distorted ocular anatomy
and the potential for ineffective blocks. The insertion of an encircling band often causes
elongation or slight alteration in the structure of the eye, creating unique challenges for
regional anesthesia, particularly when using sharp-needle techniques like retrobulbar or
peribulbar blocks [8]. These blocks carry a heightened risk of globe perforation or other
complications in elongated or scarred eyes [9]. STB, a blunt cannula technique that injects
anesthetic into the sub-Tenon’s space, is less invasive and may mitigate some of these risks.
However, due to the mechanical obstruction posed by the encircling band, the procedure
can become technically challenging, and it is unclear whether successful anesthesia can
consistently be achieved in such cases.

Prior to the pandemic, STB was selectively employed for VR surgeries in elderly or
medically frail patients, who would face higher risks under GA. This approach was guided
by clinical judgment, balancing the need for adequate anesthesia against the patient’s
overall medical condition. During the pandemic, however, we began to extend this practice
to a broader patient population with prior encircling scleral bands, aiming to minimize
exposure to GA and reduce overall perioperative risk. In this feasibility study, we aimed to
systematically evaluate the success rate, safety, and patient satisfaction associated with STB
in patients who had previously undergone encircling band procedures. We hypothesized
that STB could be a safe and effective alternative to GA, even in eyes with altered anatomy
due to encircling bands. Our findings aim to inform future practice guidelines and con-
tribute to expanding the application of regional anesthesia in complex ophthalmic cases,
particularly in settings where GA poses additional risks.

2. Methods

2.1. Ethics

This study adhered the World Medical Association Declaration of Helsinki Ethical
Principles for Medical Research Involving Human Subjects and complied with the Swiss
Human Research Act. The Cantonal Ethics Committee of Bern (KEK Bern) Switzerland
(Chairperson Prof. em. Dr. med. Christian Seiler) approved this study (BASEC-number:
Req-2020-01360). Patients provided informed consent for both the sub-Tenon’s block
procedure under analgosedation and the ophthalmic surgery itself. Additionally, pa-
tients consented to the anonymised data analysis and the subsequent publication of the
study results.

2.2. Study Design

This study is a retrospective cohort analysis that examines outcomes of patients with
prior encircling band surgery who received sub-Tenon’s block for vitreoretinal procedures.
We included patients with a history of encircling scleral band placement who underwent
various VR procedures, such as pars plana vitrectomy, oil removal, cryotherapy, and
complex phacoemulsification, at the University Hospital of Bern, Switzerland.

Eligible Patients had a history of encircling scleral band placement. Participants were
required to be scheduled for VR surgery, including procedures such as pars plana vitrec-
tomy, oil removal, cryotherapy, and complex phacoemulsification, all of which necessitated
a reliable anesthesia technique due to their complexity.

The ophthalmic surgeon and the anesthesiologist independently assessed the feasi-
bility of performing STB. This evaluation considered factors such as the patient’s orbital
anatomy, any scarring from previous surgeries, and the specific requirements of the planned
procedure. Additionally, patients were selected if their general health condition made them
suitable for STB with or without analgosedation. Priority was given to individuals who
could benefit from avoiding general anesthesia due to underlying comorbidities or frailty,
thereby minimizing perioperative risk.
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All patients with severe eye infections, systemic contraindications to regional anes-
thesia, and with extensive conjunctival or Tenon’s capsule scarring were excluded due to
the high likelihood of block failure or complications. Finally, we excluded all patients who
were unable to provide informed consent.

The data for this study were collected retrospectively over two years, from March
2020 to April 2022, at the Department of Ophthalmology, University Hospital of Bern
(Inselspital), Switzerland.

2.3. Outcome Measures

Primary Outcome: The success rate of STB, defined by adequate anesthesia during the
procedure without the need for opioid administration in cases combined with GA.

Secondary Outcomes: Patient satisfaction rated on a scale, technical difficulty of block
placement, incidence of adverse events, and overall effectiveness of the anesthesia.

2.3.1. Intervention

Given their prior encircling band surgery, each patient received an STB tailored to
their specific surgical and anatomical needs. Depending on availability and expertise,
the intervention was administered by either an ophthalmic surgeon or an experienced
anesthesiologist. The STBs were administered either by a vitreoretinal surgeon or an ex-
perienced anesthesiologist. The surgeon had five years of experience as a consultant in
vitreoretinal surgery, following specialized ophthalmology training. The anesthesiologist
had six years of experience leading the ophthalmology anesthesiology team, with extensive
daily expertise in performing and teaching ophthalmic regional anesthesia. The process
involved several standardised steps to ensure consistency in the procedure and evaluate
technical challenges. First, patients were positioned for optimal access to the eye under-
going surgery. The surgeon or anesthesiologist identified the area for block placement
based on the presence of the encircling scleral band. Careful attention was paid to avoid
interference from the band and any scar tissue from previous surgery.

After thorough disinfection, we opened the eye using a non-toothed forceps. Next, we
lifted the conjunctiva with tweezers and made an incision in the conjunctiva and Tenon’s
capsule using scissors. We then advanced a blunt, pre-shaped 22G needle into the sub-
Tenon space dorsally behind the eye, always following the contour of the globe. The sub-
Tenon’s space was typically accessed in the inferonasal quadrant to allow better distribution
of the anesthetic while minimizing the risk of complications (watch the instructive video in
the Supplement or consult Figure 1. For patients with scar tissue from previous surgeries,
the clinician took additional time and care in positioning the cannula to avoid resistance or
damage. Five mL of local anesthetic (a mixture of ropivacaine 1%, hyaluronidase 5 IU/mL,
and clonidine 5 μg/mL) was injected into the sub-Tenon’s space through the cannula,
aiming at distribution behind the scleral buckle. This combination was selected based
on its clinical benefits: ropivacaine 1% provides long-lasting anesthesia and analgesia,
hyaluronidase 5 IU/mL facilitates the spread of the anesthetic within tissue planes, and
clonidine 5 μg/mL prolongs the duration of analgesia through its α2-adrenergic agonist
properties. During administration, the clinician monitored for any indications of restricted
anesthetic spread, backflow, or excessive chemosis due to altered anatomy from the band
or scar tissue. Adjustments were made if necessary, and top-up injections were applied
when required.
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Figure 1. Comparing sub-Tenon block (STB) cannula trajectory vs. retrobulbar needle trajectory in
a previously encircled, elongated eye; bulbar length is a serious risk for sharp-needle injury. The
retrobulbar block, in contrast to the STB, penetrates the sclera. Legend: CO = cornea, VB = vitreous
body, SB = scleral buckle, ON = optical nerve, RM = rectal muscle, OB = orbital bone.

Patients were continuously monitored using pulse oximetry, 3-lead ECG, and non-
invasive blood pressure measurement. All patients received an intravenous line with a
Ringer’s acetate infusion. Analgosedation was administered to ensure patient comfort, with
medications titrated as needed. These included propofol (10–20 mg boluses), dexmedetomi-
dine (8–12 mcg boluses), fentanyl (25–50 mcg boluses), and ketamine (0.1–0.15 mg/kg bolus
based on lean body weight), though their use was not standardised. In some cases, the STB
was combined with GA to reduce postoperative opioid use and provide sustained analgesia.
For general anesthesia, a premedication of 0.3 μg/kg bodyweight of dexmedetomidine
iv was followed by propofol-alfentanil-ketamine induction, propofol TIVA maintenance
(mg/kg/min) was used, and a laryngeal mask was placed to ensure airway patency in the
majority of patients.

2.3.2. Assessment of Technical Difficulty

Following block placement, the clinician rated the technical difficulty encountered
due to scar tissue on a standardised scale from 1 to 3 (1 = easy, 2 = moderate, 3 = difficult).
Chemosis (swelling of the conjunctiva) post-STB was also rated on a scale from 1 to 3
(1 = no chemosis, 2 = intermediate, 3 = heavy chemosis), providing insights into potential
complications from the procedure. Block success was evaluated at the start and end of the
procedure, specifically noting whether adequate anesthesia was achieved without the need
for opioid supplementation in patients under GA.

Patient satisfaction rate was measured the first time immediately after surgery captur-
ing the patient’s experience of anesthesia adequacy and comfort during the procedure, and
again 6 to 24 h postoperatively on a scale from 1 to 5 (1 = very dissatisfied to 5 = completely
satisfied). This satisfaction gauge was presumed to be reflective of postoperative analgesia.

2.4. Statistics

Descriptive statistics were used to summarize patient demographics, procedural
details, and outcomes. Continuous variables, such as patient age and time since encircling
band surgery, were presented as means with standard deviations (SDs) for normally
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distributed data or medians with interquartile ranges [IQRs] for non-normally distributed
data. Categorical variables, including sex, STB success rates, and complication rates, were
summarized as frequencies and percentages.

The primary outcome, the success rate of sub-Tenon’s block, was calculated as the
proportion of patients for whom the block provided sufficient anesthesia without requiring
conversion to another form of anesthesia or additional opioid use in cases combined
with GA.

Comparisons between groups based on the technical difficulty of block placement
(easy, moderate, or difficult) were performed using appropriate statistical tests. For categor-
ical variables, we used the chi-squared test or Fisher’s exact test when expected cell counts
were small. For continuous variables, the Kruskal–Wallis test was employed to compare
non-normally distributed data across difficulty groups. Post hoc pairwise comparisons
were conducted when significant differences were identified.

To assess the association between technical difficulty and block success, logistic regres-
sion analysis was performed, adjusting for potential confounders such as patient age and
sex. Statistical significance was set at a p-value of <0.05. All analyses were conducted using
SPSS, V.27 (IBM®, Armonk, NY, USA).

3. Results

We included 46 patients (37 males and 9 females) who underwent a total of 48 vitreo-
retinal surgeries (see Table 1). The average patient age was 61 years (range: 20–90 years).
Surgical procedures included pars plana vitrectomy (PPV), oil removal, and complex pha-
coemulsification. The mean duration from encircling band surgery was 5.6 months, ranging
from 6 days to 13 months, with one outlier at over 240 months.

Table 1. Patient characteristics and detailed analysis of factors influencing or associated with the
difficulty level of STB.

STB Difficulty p-Value Total

1 = Easy
(n = 25)

2 = Moderate
(n = 13)

3 = Difficult
(n = 8)

46

Male Sex 19 (51.4) 11 (29.7) 7 (18.9) 0.701 37 (80.4)

Age 63.0 [51.5–71.5] 66.0 [60.5–69.0] 64.5 [50.25–71.25] 0.591 65.5 [56.25–70.25]

STB Success 25 (100) 13 (100) 5 (62.5) <0.001 43 (93.5)

Chemosis

0.011
None 21 (84.0) 11 (84.6) 3 (37.5) 35 (47.9)

Intermediate 4 (16.0) 2 (15.4) 3 (37.5) 9 (12.3)
Heavy 0 (0.0) 0 (0.0) 2 (25.0) 2 (2.7)

Patient
Satisfaction 5 [4–5] 5 [4–5] 3.5 [1–5] 0.028 5 [4–5]

VAS during STB 1 [1–2] 1 [1–2] 4.5 [2.25–5.0] <0.001 1 [1–2]

Administration of
systemic analgesia 7 (28.0) 4 (30.8) 6 (75.0) 0.049 17 (23.3)

Switch to PBB 0 (0.0) 0 (0.0) 2 (25.0) 0.007 2 (4.3)

Switch to GA 0 (0.0) 0 (0.0) 1 (12.5) 0.088 1 (2.2)

Acronyms: GA: General Anesthesia; PBB: Peribulbar Block; STB: Sub-Tenon’s Block; VAS: Visual Analog Scale.
Bold values significant for p < 0.005.

3.1. Primary Outcome

The STB was successful in most cases (n = 43, 93.5%), meeting the primary objective
of the study. Two cases required conversion to peribulbar block (PBB) due to exten-
sive scarring, and one patient necessitated general anesthesia (GA) because of alcohol
withdrawal-related agitation. Among the successful cases, the block provided sufficient
anesthesia to complete the procedure without additional opioid administration.
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3.2. Secondary Outcomes

The safety objective was addressed through the analysis of complications. Chemosis
was observed in 24% of patients, with severe cases reported in only 4%. No incidents of
globe perforation or other major complications were recorded (consult Figure 2).

 
Figure 2. Scarring scaled from 1 to 3 (1 = easy, 2 = moderately difficult, 3 = difficult placement), chemosis
after STB-administration also rated from 1 to 3 (1 = no chemosis, 2 = intermediate; 3 = heavy chemosis.

The surgeon performed the STB in 29 cases (63%), while an experienced anesthesi-
ologist (FL) conducted the block in 19 cases (37%). Among these, the anesthesiologist
independently administered the block in 17 cases, with the VR surgeon performing a
top-up in 2 cases toward the end of the surgery. Clinician-reported technical difficulty
ratings supported the feasibility objective. STB placement was rated as “easy” in 55%
of cases, “moderately difficult” in 28%, and “difficult” in 17%. Higher difficulty ratings
were associated with extensive scarring or band-related anatomical alterations. Chemosis
occurred following block placement in 24% of cases, with severe chemosis observed in only
two patients (4%). No statistical differences in performance were seen when the block was
performed by the anesthetist vs. the surgeon (p = 0.405).

We also performed univariate regression analysis of the factors that influence block
success. The results emphasize the importance of block difficulty and the absence of severe
chemosis in determining the success of STB. Factors such as patient age and sex did not
independently influence success, while the need for additional analgesia was indicative of
reduced block efficacy (Table 2).
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Table 2. Univariate logistic regression analysis of factors influencing sub-Tenon’s block success.
OR = Odds Ratio; CI = Confidence Interval; NS = Not Significant. Reference category for block
difficulty is “Easy”. Odds ratios represent the likelihood of block success compared to the reference
group. A p-value of <0.05 indicates statistical significance. Predictors with “NS” were not significantly
associated with block success.

Predictor (OR) 95% (CI) p-Value

Block Difficulty
Easy (ref) -- -- --
Moderate 0.85 0.55–1.30 <0.001

Difficult 0.15 0.05–0.45 <0.001

Chemosis Severity 0.40 0.18–0.89 0.02

Patient Age NS NS >0.1

Sex NS NS >0.1

Need for Additional Analgesia 0.30 0.10–0.85 0.01

Bold values significant for p < 0.005.

A multivariate logistic regression model was not feasible due to the small sample
size of 46 patients and the limited number of unsuccessful blocks (n = 3), which did not
meet the requirement of at least 10 events per predictor variable. The skewed distribution
of outcomes (93.5% success rate) further limited the model’s ability to assess multiple
predictors reliably. Sparse data in certain categories, such as “difficult” blocks and severe
chemosis, compounded the issue by resulting in unstable estimates. To avoid overfit-
ting and unreliable conclusions, we chose univariate logistic regression only to evaluate
individual predictors.

Most patients (67%) received STB with analgosedation for both the block administra-
tion and the surgery, while 32% underwent general anesthesia (GA) in addition to the STB.
A titrated approach was used for sedation, including propofol (mean dose 58 mg), fentanyl
(mean 68 mcg), and dexmedetomidine (mean 11 mcg), with ketamine used in six cases
(mean 16 mg). Only one patient required unplanned GA due to agitation from alcohol
withdrawal; this case had a scar tissue rating of 3/3.

Overall, patient satisfaction with the anesthesia technique was high (Figure 3); patient
satisfaction, a secondary objective, was high, with a median satisfaction score of 5 (on a scale
of 1–5) reported immediately postoperatively. However, patients with more challenging
blocks demonstrated slightly lower satisfaction scores, reflecting the impact of technical
difficulties on patient experience.

 

Figure 3. Patient satisfaction after surgery, 5 = completely satisfied, 4 = very satisfied, 3 = satisfied,
2 = dissatisfied, 1 = very dissatisfied.
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Most patients reported being very satisfied or satisfied, affirming STB as a feasible and
effective approach for this patient cohort.

4. Discussion

This study provides preliminary and descriptive data on the use of sub-Tenon’s
block (STB) in patients with prior encircling band surgery, highlighting its feasibility
and safety. The STB effectively provided adequate anesthesia for vitreoretinal surgeries
in most patients with prior encircling band surgery, with a low failure rate. Only two
cases required additional intervention, and just one case needed unplanned conversion to
general anesthesia. The administration of STB in patients with altered ocular anatomy due
to scleral buckling was feasible, with 55% of cases rated as “easy” for block placement, 28%
as “moderately difficult”, and only 17% as “difficult”. Severe chemosis was rare, occurring
in just 4% of cases. The majority of patients expressed high satisfaction with the procedure,
indicating that STB with or without sedation is a well-tolerated and preferred anesthesia
option for this specific group, even with the anatomical complexities involved. These
results suggest that STB is a viable alternative to GA, even in patients with altered ocular
anatomy from prior surgery.

With regards to the primary outcome, we can state that a high success rate of STBs over
indwelling encircling bands amounts to preliminary proof of feasibility. As for secondary
outcomes, patient satisfaction was high with regards to intra- and postoperative pain. It
was suggestive that patients with extensive scarring obtained insufficient analgesia. It can
only be surmised that the two patients needing top-ups at the end of their surgery probably
had patchy distributions of their blocks caused by encircling bands.

The use of STB in myopic eyes with previous scleral buckling poses unique challenges.
Altered anatomy, particularly elongation of the globe, increases the risks associated with
sharp-needle blocks, such as retrobulbar or peribulbar techniques. Dissection of scar
tissue can lead to bulbar injury if strict visualization of ocular layers is not painstakingly
pursued [9]. Increased bulbar length and the encircling band create technical difficulties,
potentially raising the risk of complications like globe perforation. Compared to these
sharp-needle methods, the blunt cannula used in STB allows for safer administration of
local anesthetic, minimizing the risk of needle-related injuries (see Figure 1). STB can be
thought of as the only intrafascial block providing sufficiently reliably regional anesthesia
for surgery. The impediment of the encircling band to free intrafascial flow towards sensible
nerves of the eye most likely favours patchy blocks, as they often occur in other intrafascial
regional anesthesia [10].

In our cohort, STB administration was generally well-tolerated, with no incidences
of apnea or bradycardia during liberal sedation. The only exception involved a patient
in alcohol withdrawal who developed delirium, requiring a switch to GA. While the
sedative requirements were slightly higher than usual, the surgery proceeded undisturbed
in most cases. Importantly, this study emphasizes the need for careful patient selection and
meticulous technique when applying STB in eyes with prior encircling surgery.

Despite the promising results, anatomical considerations merit further discussion. The
encircling band can alter the distribution of local anesthetic, potentially creating “patchy”
blocks in the sub-Tenon’s space divided by scar tissue or the band itself. This highlights the
importance of having a surgeon and anesthesiologist prepared to address intraoperative
pain with systemic medications, top-up local anesthesia, or alternative techniques like PBB.

Additionally, when STB is used in combination with GA for postoperative analgesia,
clinicians must monitor hemodynamic changes carefully. The transient increase in intraoc-
ular pressure (IOP) caused by the local anesthetic depot in the sub-Tenon’s space could
temporarily reduce retinal perfusion pressure, particularly in hypotensive patients [11].
Effective communication between anesthetists and surgeons is essential to identify and miti-
gate retinal perfusion deficits during surgery [12]. This hemodynamic concern may be more
pronounced in previously encircled eyes due to their smaller sub-Tenon’s compartments,
warranting further investigation.
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The role of ultrasound (US) in regional ophthalmic anesthesia, particularly in STB,
warrants further exploration. While US is invaluable in sharp-needle techniques, such as
retrobulbar and peribulbar blocks, for avoiding complications like scleral or staphyloma
puncture in altered ocular anatomy, its benefits in STB remain debated [13,14]. The en-
circling band’s contour is often visible under the conjunctiva and scar tissue, or it can be
identified by tactile feedback using a conjunctival probe, negating the need for US guidance.
Additionally, the band can be laid bare under a microscope in the surgical setting for further
visualization. Incorporating US into STB poses unique challenges, including difficulty in
visualizing the curved cannula, the thin tissue layer between the probe and cannula, and
the risk of artifacts caused by metal and plastic components. These practical considerations,
combined with the already high success rate of STB in this study, suggest that routine use
of US may not be necessary. However, future research could evaluate whether US provides
significant benefits in complex cases or for less experienced clinicians [5,15].

Overall, our findings suggest that STB is a feasible and safe alternative for patients
with prior encircling band surgery. However, the technical challenges and physiological
considerations underscore the importance of clinician expertise and real-time intraoperative
management [16]. Further studies are needed to validate these findings and address the
potential limitations posed by altered anatomy in this unique patient population.

The myopic eye poses distinct risks in the planning of locoregional anesthesia, espe-
cially sharp-needle blocks. Increased bulbar length is a significant limitation for retrobulbar
blocks, as angulation of the needle with the orbital rim as a bevel point may increase the
risk of bulbar perforation in the back of the eye.

Discussing our results in light of the preexisting literature is difficult given the prevail-
ing scarcity of papers addressing this specific problem. Prior encircling is an independent
risk factor for globe penetration, as found in a retrospective study evaluating this compli-
cation in patients undergoing retrobulbar and peribulbar blocks [7]. One case reported
globe perforation during scissor-dissection of tissue while undertaking sub-Tenon’s in a
previously encircled eye [9].

This study had limitations: As a retrospective cohort study, it is subject to biases related
to data collection and lacks the control over variables that a prospective study would offer.
This limits the ability to draw definitive causal inferences. With only 46 patients included,
the sample size is relatively small, which may reduce the generalizability of the findings
and limits the power to detect rare complications or differences across subgroups. This
study was conducted at a single institution, which may limit the applicability of the results
to other settings with different patient populations, clinician expertise, or procedural
protocols. The STB was performed by both vitreoretinal surgeons and anesthesiologists,
which introduces variability in technique and experience. This may influence the observed
success rates and complication rates of the procedure. This study primarily focuses on
intraoperative outcomes and immediate postoperative satisfaction without assessing long-
term outcomes or potential late complications associated with STB in patients with previous
encircling band surgery.

These limitations suggest that further research, ideally through a larger, multicenter
prospective study, would be beneficial to validate these findings and better understand the
risks and benefits of STB in this patient population.

5. Conclusions

In conclusion, this study provides valuable preliminary data supporting the feasibility
and safety of sub-Tenon’s block (STB) as an effective anesthesia option for patients with
prior scleral buckling surgery. Despite the anatomical challenges posed by scleral buckling,
STB demonstrated a low failure rate, with the majority of patients experiencing successful
block placement and high satisfaction with the procedure. The use of STB offers a viable
alternative to general anesthesia (GA) with minimal complications.

However, the technical difficulties and potential for altered anesthetic distribution due
to scar tissue or the encircling band highlight the importance of careful patient selection
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and expert execution. Additionally, while the STB technique was generally well-tolerated,
clinicians must remain vigilant to the physiological challenges associated with altered
ocular anatomy, particularly in managing intraoperative pain, hemodynamic changes, and
retinal perfusion concerns.

Given this study’s retrospective nature, small sample size, and the single-center design,
further investigation through larger, multicenter, and prospective studies is desirable to
validate these findings.
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Abstract: Regional anaesthesia has seen a resurgence of sorts since the widespread advent
of ultrasound into clinical practice. The ability to access hitherto inaccessible nerves
and fascial planes in the human body whilst ensuring visualisation of the needle tip
during block performance has opened the proverbial floodgates leading to its widespread
adoption, further supported by a growing body of evidence for its many benefits in a
patient’s perioperative journey and pain management. The concomitant advancement
of technology and the development of powerful simulation and artificial intelligence
tools has given a much-needed impetus towards improving training and safe practice in
regional anaesthesia. Methods: We performed a detailed search of databases, including
PubMed Medline, Web of Science, EBSCO, Embase and the Cochrane Library, up to October
2024. Our search was conducted using phrases including (but not limited to) “history
of anaesthesia”, “history of simulation”, “regional anaesthesia and simulation”, AI and
“artificial intelligence and anaesthesia”.

Keywords: regional anaesthesia; simulation; simulation in regional anaesthesia; AI and
artificial intelligence

1. Introduction

Regional anaesthesia (RA) has long been the cornerstone of anaesthesia practice.
RA, when used alone or in combination with GA, has been shown to provide improved
perioperative analgesia [1–4], decreased post-operative complications [5–8], increased
patient satisfaction [1,9] and an additional benefit of reduced cost [10,11]. In spite of these
glaring advantages, RA, until fairly recently, has been an art practised by a dedicated and
privileged few [12,13]. Limitations of ultrasound technology resulting in the inability to
visualise the target nerve, the approaching needle and vital structures in the vicinity of the
target had put this now invaluable asset on the backburner for decades.

This pendulum shifted in 1994 when Steven Kapral revealed the sonoanatomy of the
brachial plexus using B mode ultrasound [14], inadvertently unleashing this powerful
tool for the benefit of all anaesthesiologists and catapulting ultrasound-guided regional
anaesthesia (UGRA) to the forefront of anaesthesia practice. Once the floodgates opened,
there was no dearth of newer generations of ultrasound machines featuring superior
resolution, features and portability, improved echogenic needles and enthusiastic clinicians
who set out to stamp their authority in this emerging field [15].
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Nevertheless, despite the widespread use of ultrasound in RA, the incidence of RA-
related complications did not drastically decline as expected [16]. Conversely, there was an
initial increase in case reports of unexpected complications [17–19], likely a consequence
of the increasing number of blocks performed and the over-enthusiastic adoption and
application of ultrasound for more challenging blocks.

Clinicians soon realised that attaining proficiency in UGRA requires a steep learning
curve in comparison to traditional nerve-stimulation and landmark-based techniques due to
the greater number of variables affecting successful block performance. In addition to sound
anatomical knowledge, clinicians now needed to acquire an additional understanding of
the sonoanatomy of each block, principles of practical ultrasonography, as well as the
ability to mentally depict three-dimensional images from the two-dimensional picture
seen on screen, recognize artefacts, and exclude background noise [20–23]. Furthermore,
honing motor skills was required to improve hand-eye coordination, an essential skill for in-
plane and out-of-plane needle alignment with the ultrasound probe whilst simultaneously
maintaining focus on the target structure in the ultrasound image [24]. With ever-changing
technology, the tools and techniques used in UGRA training have evolved to meet this
required level of coordination between sensory and motor skills. Over the last decade
or so, UGRA training has grown to incorporate high-fidelity simulation to ensure the
next generation of RA practitioners are able to effectively use the powerful tools now at
their disposal.

2. Why Do We Need Simulation in Healthcare

A 2013 patient-safety report from the United States revealed some alarming statistics:
preventable medical errors have resulted in more than 400,000 yearly deaths, making it
the third leading cause of mortality in the country [25]. Moreover, iatrogenic medical
errors have resulted in 3.5 million per year experiencing permanent harm and disability in
the United States [25]. The authors from the “Journal of Patient Safety” even went on to
opine that:

“One of the main reasons for such alarming statistics may be related to the medical
education culture. Since the Flexner report [26], many advances have been made in tech-
nology and teaching strategies; however, it is still not unusual for medical students to be
taught almost the same way they were decades ago. Evidence-based methodology, patient
safety, andragogy, accessible, high-quality media production, computers, smartphones,
the Internet, 3D printers, high and low-fidelity mannequins—most of this is basically
not taken into consideration when defining the curriculum and the pedagogical methods
to shape and enhance the background of future health care professionals”.

The aerospace industry, where there is little margin for error akin to the healthcare
industry, has quickly embraced many of the advances in simulation-based learning models,
leading to a shift in safety rating of “risky” towards the end of the 1950s to “safer” in
short period of several years [27]. Aviation simulation dates back to 1929 when Edwin
Albert Link was the first to invent a flight simulator, a prototype model he coined the “Blue
Box”. This novel simulator was a fuselage-like device consisting of a cockpit and a control
interface [28], which was later marketed as the “Pilot Maker”. The simulator’s ability
to replicate flying motions and sensations enabled Link to train his own brother to pilot
an aircraft within the same year. The year 1934 saw a series of American postal carriers’
crashes attributed to pilot error in “poor meteorological conditions”, which continued
despite the contracting of the US Army Air Corps [29]. It was during this time that
attention turned to the Link Pilot Maker, which, once utilised, produced results which were
astounding, to say the least; pilot preparedness in the face of adverse weather conditions
was significantly improved, and the number of accidents decreased dramatically. As a
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result, the simulator quickly became a mandatory component of pilot training in numerous
countries [30,31]. The success of the Blue Box/Pilot Maker provided concrete evidence that
simulation-based training (SBT) could be successfully applied in many human endeavours.
It became apparent that simulated flight provided a controlled and protected environment
where trainee pilots could be subjected to simulated high-risk scenarios that would not
have been possible without endangering invaluable lives. In addition, the training was
standardized, reproducible and could mimic real-world conditions with increasing levels of
complexity, which allowed pilots with varying competence levels to attain flight proficiency
and preparedness for adverse weather conditions. Repeated exposure to such situations
in a simulated environment made the “learning objective” part of their subconscious, and
they were able to spontaneously maintain a similar level of performance in live crisis
situations. While the healthcare industry was slow to adopt simulation training as part of
the curriculum, the aerospace industry, despite its relatively young age, has swiftly set SBT
as the mandated standard for the training of pilots and other aviators [32].

3. Application of Simulation in Healthcare

It had become apparent from the damning 2013 patient safety report [18] that current
pedagogical methods of training had become obsolete. Even before the aforementioned
report, Choy et al. had remarked that the traditional concept of didactic teaching and
the “see one- do one- teach one” approach had proven to be inconsistent, ineffective,
time-consuming and an expensive model for teaching complex procedures to surgical
trainees [33]. This belief has since been found to be equally applicable to all branches
of medicine where complex procedural skills are required, including anaesthesia and
intensive care.

In a BMJ article published in 2008 titled “Teaching Procedural skills”, Grantcharav
and Reznick aptly wrote [34]:

“See one, do one is no longer appropriate for educating health professionals to perform
complex procedures. Graduated independence, the hallmark of the approach to teaching
procedural skills, is being challenged by concerns for patient safety, the skyrocketing
complexity of procedures, and a diminishing work week for trainees. Finding the balance
between patient safety and physician training will require a more structured approach to
our skills curriculum, including continuous assessment of skills, constructive feedback,
and provision of opportunities for deliberate practice in the teaching environment.”

Simulation ensures delivery of this “teaching environment”, which is safe, controlled,
repeatable and reproducible, where problem-based learning is practised, and competences
are developed to a high standard, ensuring the patient is protected from the novice learner.
The authors further recommended that three sets of essential skills should be mandatory
components as part of “Pre-Patient Training” in any high-procedural-skill speciality and
that they should be done outside the clinical setting to protect patients. These include
the following:

- Gaining a cognitive understanding of the specific procedure, including its steps, the
function and the operation of the associated equipment.

- Receiving training in fundamental, generic enabling skills necessary for the procedure.
- Opportunity to carry out the procedure across multiple platforms, including virtual

reality, bench model simulators, cadavers and live animal models.

The use of SBT in UGRA addresses the 3rd aspect of the required skill set described
above by facilitating target image acquisition and identification and improving needling
techniques via improved hand-eye coordination.
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4. Why Do We Need Simulation in Regional Anaesthesia

RA, with its inherent procedural complexities, has not been immune to the deficiencies
in teaching and training described above. The ASA Closed Claims Project, which serves
as a reporting system that offers an indirect evaluation of anaesthesia practice safety in
the United States, in its 1999 report, found that though the incidence of death and brain
damage had started to decline from the 70s to the 90s, the incidence of non-fatal nerve
injury had actually increased from 15 to 18% [35]. Though the Project represented a national
quality-assurance system, albeit without a denominator, the closed claims data uncovered
significant and previously overlooked aspects of adverse anaesthetic outcomes, including
nerve injury. Focused teaching and training in airway techniques had led to a reduction
in airway-related critical incidents and patient harm in the decades prior to the report,
but the same outcome was not seen in the field of RA. This again highlighted the issue
of lack of structured training in RA and the importance of practising blocks in simulated
environments to reduce patient harm. The parallel advent of ultrasound at this time had
necessitated the acquisition of a new set of skills with a steep learning curve, and educators
soon realised that this had to be imparted at an early stage for anaesthesia trainees to have
a meaningful impact on the quality of RA training and reducing patient harm. Hence,
began the arduous task of identifying areas of RA training that anaesthesia trainees were
lacking and where simulation could make a difference.

One such study from 2006 involved six anaesthesia residents who performed 520
peripheral nerve blocks on live patients over a one-month period [36]. Five quality-
compromising behaviours were identified: (a) inability to recognize local anaesthetic
maldistribution, (b) inability to detect an intramuscularly sited needle tip, (c) fatigue,
(d) inability to synchronize patient and image laterality and (e) inappropriate selection
of needle insertion site and angle relative to the probe, leading to poor needle visuali-
sation. The two commonest errors identified in the study were the inability to achieve
needle visualisation prior to needle advancement and non-intentional movements of the
ultrasound probe. Based on the analysis of the committed errors and identification of
quality-compromising behaviours, the authors identified key learning objectives for future
training and simulation programs.

In a more recent review covering 28 studies from 2009 to 2023, Ashokka and colleagues
looked specifically at the “educational outcomes related to the implementation of simula-
tion in RA” [37]. Though the simulation platforms were heterogeneous, they discovered
that two studies actually achieved reduced incidence of paraesthesia and clinical complica-
tions. What was even more encouraging to see was that the improvements in Lab settings
and Clinical settings were seen in 12 and 11 studies, respectively, which accounted for
82% of the studies included. Furthermore, knowledge improvements and self-reported
improvement in confidence were seen in 2 and 1 study, respectively. They have inferred
from the available evidence that with the use of hybrid simulation techniques, we should
be able to achieve sustained improvements beyond 6 months.

5. Simulators in Regional Anaesthesia Training

Simulators for the purposes of RA training have traditionally been classified into two
groups based on fidelity, defined as the degree of exactness with which something is copied
or reproduced [38]:

1. Low Fidelity: also called Part-task trainers. Models vary from simple homemade
gelatin or agar constructs to fresh frozen cadavers. A prospective observational study
comparing the commercial Blue Phantom model [39] with homemade gelatin and tofu
models showed that after the costs of each model were considered, participants pre-
ferred the gelatin model despite the seemingly greater fidelity of the Blue Phantom [40].
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Recently, with the introduction of 3D printing technology, it has been possible to print
custom-made parts of the human body on which specific and simple tasks can be
practiced and taught to trainees. Such models are invaluable for attaining spatial
orientation to three-dimensional structures such as the deeper nerves and neuraxial
blocks [41]. Another low fidelity but invaluable model available in recent times are
Thiel cadavers, a form of flexible, soft-embalmed cadavers which feature acoustic
and hydro dissection properties similar to that in vivo, yet with the advantage of
greater durability compared to fresh frozen cadavers [42]. Widespread use of Thiel
cadavers has been limited by cost, and there is evidence to suggest that meat-based
phantom models are as effective as fresh frozen cadavers for teaching ultrasound-
guided needling to novice practitioners [43]. This suggests that cheaper, cost-effective
models can be used effectively for part-task training as long as the training objectives
are suitably matched.

2. High Fidelity: also called Complex-task trainers. High-fidelity simulators usually
involve multiple tasks and are either mannikin-based, screen-based, role-play or a hy-
brid system incorporating features of all three. The mannikin-based simulators can be
used to run simulation scenarios for unanticipated adverse events related to RA, such
as local anaesthetic systemic toxicity (LAST), with the scope to incorporate advanced
life support while providing ample opportunity for observation and feedback. Screen-
based simulators are used to teach anatomy, sonoanatomy and three-dimensional
spatial orientation of complex structures. Currently, there are several high-fidelity
simulators available on the market that can simulate the performance of central neu-
raxial blocks, intermediate and deep peripheral nerve blocks and even interfascial
plane blocks (e.g., BlockSim®). Torrano et al. studied the utility of SBT as part of a 4-h
RA training workshop where first-year anaesthesia residents were given two attempts
on a high-fidelity erector spinae plane (ESP) block simulator, first without previous
practice and second at the end of the course [44]. Their proficiency in UGRA appeared
to be immediately enhanced as their second attempt yielded significant improvements
in time to block performance, number of needle insertions and ability to accurately
aim at the ESP.

High-fidelity simulators utilizing immersive virtual environments such as augmented
reality (AR) and virtual reality (VR) have also significantly increased in popularity in recent
years [45]. While AR complements and enhances the real world by overlaying digital
objects onto the user’s surroundings, VR immerses the user in an entirely separate digital
environment, often with a head-mounted display unit and hand-held motion controllers,
which allow interaction with the virtual environment. Proponents argue that VR-based
simulators can facilitate RA training without geographic constraints and limitations, thus
avoiding the financial, temporal and environmental costs of travel while presenting no
safety risks to patients [46]. Additionally, data regarding the learner’s performance can
be easily stored and analysed for assessment and feedback at a later date. Nevertheless,
Chuan et al., in a recent randomised controlled trial, found that RA novices who were
trained using a program based on a virtual reality simulator designed and validated by the
same team were not superior to those trained using a conventional teaching program in
terms of a global rating or composite error score [47].

The use of high and low fidelity does not capture the entire gamut of available
simulators. To mirror this sentiment, a new method of classification has been proposed [48]:

1. Physical fidelity: the simulator looks and feels real (e.g., an intravenous cannulation
hand model)
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2. Functional fidelity: the simulator might look different but achieves the purpose (is
functional) of part-task training (e.g., using a banana to simulate loss of resistance
during epidural insertion)

3. Psychological fidelity: produces an effect on the user identical to the actual experience
and includes role play and hybrid simulation models.

High fidelity in all aspects is not required for effective simulation training. However,
it is crucial to align the level of fidelity with the intended learning objectives. An alterna-
tive to an expensive high-fidelity model would be a series of part-task training models
designed to teach a particular task along the continuum. When simulation training is
more expensive and resource-intensive than traditional didactic teaching, a curriculum
blending both educational modalities may offer the most cost-effective strategy. Available
evidence strongly suggests the importance of incorporating simulation in RA training in
some form or another to achieve a certain level of competence before its application to
live patients [49]. A meta-analysis of simulation vs. non-simulation training by Cook et al.
showed improvement in all measurable learning outcomes, such as time taken, procedural
flow, and successful task completion. In this study, simulation was found to be most
effective in developing technical and professional skills as opposed to enhancing theoretical
knowledge [50]. Review articles and a systematic review have also confirmed the useful-
ness of simulation when integrated into RA teaching [51–53] with the advancement of
technology and incorporation of artificial intelligence (AI) into all aspects of life, including
healthcare, we should aim to take advantage of the opportunities to develop powerful but
cost-effective tools to train our next generation of RA practitioners. We agree with Chen
et al., who argued that the RA fraternity should come together to a consensus and adopt
standardized ‘core outcome sets’, which will act as a framework for RA simulation research
and ensure greater standardization of studies for systematic reviews in the future [53].

6. Artificial Intelligence in Regional Anaesthesia

Artificial intelligence (AI) is an area of computer science focusing on techniques that
enable computers to mimic human intelligence [54]. With the development of quantum
computing and exponential growth in computational speed, AI has evolved from its initial
“replication” stage into being an autonomous, self-learning and adapting tool. Due to the
ability of computers to process big data and breeze through millions of algorithms at a
fraction of a second in real-time, these machines can perform complex tasks, identify and
warn about deviations from the norm, suggest corrective measures that can aid decision-
making whilst remaining indefatigable and ready to be used for the next task at the click of
a button. There lies ample opportunity for the use of AI in RA to assist in training, pattern
recognition, needle-tracking, haptic feedback, visualisation of LA spread, recognition of
injection pressures and overall decision-making. The use of AI in RA has been studied in
the following areas:

1. Needle tip guidance systems: Hand-eye coordination and real-time needle tip vi-
sualisation remain one of the most difficult aspects of RA to teach and master [24].
In a study conducted on anaesthetists and novice medical students, McLeod and
colleagues demonstrated that the use of a novel needle-tip tracking system led to
improved needle tip visualisation, needle alignment to the ultrasound transducer and
needle advancement, with 75% of subjects showing enhanced performance over time
with tracking technology [55]. More recent studies have added further credence to
novel needle guidance systems and their utility in training [56–59].

2. Augmented reality systems:

a. Motion: One of the most important aspects of RA training is gaining proficiency
in the fine motor skills needed for safe needling. The Imperial College surgical
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assessment device (ICSAD), a validated system to analyze hand motion, has
been widely used for objective assessment of technical skills during surgical
training. The use of this tool in performing ultrasound-guided supraclavicular
brachial plexus blocks showed notable differences in performance between RA
experts and novices, including variations in time taken, number of movements,
and path length travelled by each hand. Additionally, it demonstrated tangible
improvements in the novices’ performances as they progressed through their RA
fellowship [60]. A different group of investigators studying hand-motion analysis
to assess needle tip tracking technology on a pork phantom noted a decrease
in the number of hand movements and path length, but this was observed
only for out-of-plane blocks [57]. A similar improvement in hand movements
and path lengths was also seen in a study on volunteers performing a lumbar
plexus block with needle tip tracking [58]. Although hand motion analysis does
provide valuable information about the role of hand movements for specific
tasks, as well as the economy of movements and efficiency, it does not provide
a comparable evaluation of hand-eye coordination. Tools have been developed
to evaluate hand-eye coordination in UGRA using self-assessment video-based
methods [24], but without a metric for visual attention, these assessments remain
somewhat subjective.

b. Vision: Correlating anatomy with sonoanatomy and forming a spatial orien-
tation of identified structures is a requisite skill in UGRA that takes time to
develop. Novice RA practitioners primarily depend on a selective visual pro-
cessing pathway, utilizing limited top-down processing [61]. Their visual search
is a slow process involving a sequential examination of one feature at a time
that aligns with their explicit expectations. Moreover, this depends on the extent
of background knowledge of the trainee, [62] hence the importance of didac-
tic teaching methods in addition to simulation training. In contrast, experts
can integrate top-down knowledge with holistic visual pattern recognition (i.e.,
bottom-up saliency), creating an implicit priority map that allows for quicker
and more precise visual scanning [63]. This also allows them to direct more
attention to task-relevant areas in accordance with the information reduction
hypothesis [64]. Eye-tracking, which was first studied in laparoscopy, radiology
and pathology [65], has now been applied to UGRA to assess decision-making
and attention allocation objectively. This technology can help identify the dif-
ficulties encountered by individual trainees, thus allowing for more focused
attention while also being used to cluster trainee performance levels and track
their learning curve. Recent technological innovations in this field include neural
network-linked automatic calibration of glasses and software that offers real-
time performance updates, which can be monitored over multiple nerve blocks.
UGRA studies utilizing eye-tracking technology [66–68] show that eye move-
ments can differentiate experienced RA practitioners from novices. Additionally,
reflective feedback based on real-time performance has the potential to expedite
the UGRA learning process.

c. Touch: While the scanning phase of UGRA depends largely on visual attention,
needling skills rely on haptic feedback. An example of a haptic simulator is the
Simulator of Anaesthesia for Loco-Regional Procedures (SAILOR) system, which
uses three-dimensional rendering on a desk-mounted virtual system controlled
by a mouse and keyboard [69]. However, validation for this device was limited
to self-reported satisfaction scores. The Regional Anaesthesia Simulator and
Assistant (RASimAs) system is another tool that combines virtual feedback us-
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ing MRI or CT images of real patients with haptic feedback through grounded
haptics [70]. On a wider scale, grounded kinesthetic haptics have provided a
more realistic feedback experience, although this has not always translated to
improved performance in areas such as laparoscopy [71,72]. Further progress
has been made with ungrounded cutaneous haptics, which uses vibration feed-
back, and this approach has been employed with the Intuitive Surgical Da Vinci
Standard robot (Intuitive Surgical, Inc., Sunnyvale, CA, USA), showing some
evidence of improvement in performance [73].

3. Robotic technology: the use of mechanical robots in anaesthesia is still in its early
stages, primarily explored in tracheal intubation and RA. A notable application is
the Robotic Endoscope Automated Laryngeal Imaging for Tracheal Intubation (RE-
ALITI), which provides real-time image recognition and automated orientation for
intubation [74]. Initial tests on mannequins showed that untrained individuals per-
formed better with REALITI’s automated mode than with manual control. Another
example is the use of the DaVinci system for performing single-shot nerve blocks and
inserting perineural catheters under ultrasound guidance on a phantom model [75].
The Magellan robotic system, designed for semi-automated UGRA, features an arm
that holds a nerve block needle at its tip, controlled by a joystick and software sys-
tem [76]. Nevertheless, excessive reliance on robotic assistance for RA training should
be avoided as although it may reduce performance variability among trainees, it
could ultimately undermine overall competence. Overreliance on such technology
could present risks in emergencies or during equipment malfunction. Therefore, it is
important to integrate robotic technology in RA as feedback tools that support and
complement, rather than replace, the learning process.

Cognitive robots, also known as clinical decision support (CDS) systems, serve to
complement the RA operator’s skills and can be valuable in both training and clinical
application. These systems fall into two main categories: rule-based expert systems, which
rely on algorithms developed by specialists in the field, and machine learning systems,
which improve by identifying recurring patterns in data from patient procedures [77]. An
example is the SAFer Injection for Regional Anaesthesia (SAFIRA), an innovative device
that eliminates the need for an assistant during nerve blocks while allowing for syringe
aspiration and cessation of injection if the pressure exceeds 15 psi [78]. As these systems
continue to evolve, they hold the potential to enhance the practice and safety of RA.

7. Barriers to Implementation of AI in Regional Anaesthesia

It is apparent that AI has immense potential to influence the way we teach, assess
and perform RA techniques. Nonetheless, it is important to recognise the limitations and
barriers to its implementation in our day-to-day practice:

1. Governance: In addition to ensuring stability and transparency, AI governance is
crucial to account for the rapid changes that technological innovation brings. This is
akin to clinical research, where ethical considerations alleviate potential harm by pro-
viding values and principles that guide researchers. Governance procedures should be
adopted for AI, similar to governance frameworks for clinical trials. The Alan Turing
Institute provides guidance on artificial intelligence ethics and safety; its framework
of ethical values is referred to as the ‘SUM values’ [79]. These embrace respectfulness,
openness, inclusivity and justice. Because AI systems lack accountability, the institute
has developed ‘FAST track principles’ based on fairness (data, design, implementation,
outcome accountability, sustainability (safety, accuracy, reliability, security, and robust-
ness), and transparency in order to gain public trust. AI governance may also ensure
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compliance with the regulatory bodies involved in healthcare, which ultimately need
to be convinced of the utility of emerging high-fidelity simulation systems.

2. Cost: A significant barrier to the implementation of AI platforms in RA is the potential
costs involved. While the costs can be justified over the longer term, in terms of
potentially improved safety and reduction in medicolegal fees, the initial investment
required remains substantial at present time. Furthermore, current evidence is mixed
in this context. Machine learning and robotic assistance do not necessarily increase
procedural efficiency, and the evidence for reducing learning curves is varied across
surgical contexts [80]. Therefore, more evidence is needed to support the use of AI in
RA across a wide range of techniques and trainee populations, in addition to a robust
validation tool to evaluate these novel simulation systems.

8. Evaluation of Novel Simulation Systems

It is now apparent that SBT has become essential for the adoption of new technologies
in RA. Nonetheless, a well-established validation tool for the evaluation of simulation
training is crucial to ensure that the limited resources at our disposal are optimally utilised.
One such validation tool is the “Kirkpatrick Model”, a widely used, four-level training
evaluation method that benefits both learners and educators by elucidating the value and
impact a specific training has had on a team.

It was in 1959 when Donald Kirkpatrick first published his ideas about training
evaluation [81]; then, in 1975, he further defined them in his book Evaluating Training
Programmes, which received widespread attention and adoption of his methodology. In
2016 James Kirkpatrick further refined and updated the methodology in a revised edition
titled “Kirkpatrick’s Four Levels of Training Evaluation” [82]. Since then, the Kirkpatrick model
has become an invaluable tool for the learning and development community to evaluate
new models of training.

The four levels of Kirkpatrick’s Evaluation Model (Figure 1) are:

1. Reaction: this involves the trainees and measures the extent to which they find
the training agreeable, relevant and engaging. Their satisfaction levels are usually
assessed using a feedback form, often referred to as a ‘Happy Sheet’. The biggest
advantage of this level of assessment is that it is quick, simple, cheap and easy to
conduct.

2. Learning: this level gauges the gain in knowledge and capability experienced by
the trainee by conducting and comparing pre- and post-learning assessments. These
assessments can be conducted via exams or an interview-style evaluation. Like
the previous level, this level is relatively easy to set up and is useful for assessing
quantifiable skills.

3. Behaviour: this level assesses the trainee’s application of the acquired knowledge
and skills in a working environment. Compared to Levels 1 and 2, Level 3 requires
a greater level of participation from trainees as well as prolonged observation by
assessors to identify any changes in behaviour and whether the change is relevant
and sustained.

4. Results: this final level of the original model measures the direct and overall impact
of the trainee’s performance on the business or working environment. This involves
individual assessments against agreed goals and is the toughest of the 4 levels.

An additional level, Level 5, Return of Investment (ROI), was added by Jack Phillips
in 2003 [83], which guides learning and development practitioners on how to calculate
the ROI of training using data gathered from Kirkpatrick’s Level 4 Evaluation in a more
actionable format. It is a measure of the cost-effectiveness of the overall training.
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Figure 1. The Kirkpatrick Model as modified by Phillips.

9. Conclusions and Future Directions

With the innovations in simulation-based training, we currently bear witness to noth-
ing short of another “industrial revolution” of sorts. Various branches of the sciences are
amalgamating with digital technology to transform the field of medicine for the betterment
of mankind. This transformation has already revolutionised the journey of medical trainees
from the classroom to bedside patient care. Its implications for the advancement of educa-
tion and training in regional anaesthesia are immense and may ultimately fulfil its promise
of improving perioperative patient experiences and pain management.

Emerging evidence strongly suggests that AI platforms can be incorporated into
tools not only for simulation training on cadavers, VR or AR models but also in actual
performance of nerve blocks on patients to improve block outcomes as well as minimise
injury and harm.

There exists concern that the skills acquired from SBT may not transfer to clinical
practice; hence, further large-scale studies are vital to achieving ascension to level 5 of the
Kirkpatrick Model (cost-effectiveness).

The need of the hour is wider acceptance, more multicentric trials and validation of AI
training models to overcome the steep learning curve during RA training. We also need to
recognise that technology is a double-edged sword for which we in the practice of medicine
have been witness to time and again, hence the urgent need for a universal AI governance
framework, akin to an ethics committee, to guide enthusiasts in the direction of “primum
non nocere”, our time-tested guiding principle.

We end this review with some pebbles of wisdom from Marhofer et al. [16]; “There
needs to be a balance between the evangelical fervour of the innovative enthusiast and the resistance
of the clinical Luddite. Open minds, healthy scepticism, and a desire to work together are likely to
benefit patients the most”.
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Abstract: Background: The pericapsular nerve group (PENG) block is a novel ultrasound-
guided regional technique that may provide analgesia to patients undergoing hip surgery.
It has been extensively studied in recent years, but the evidence of superiority over other
regional anaesthetic techniques is inconclusive. This review aimed to compare outcomes
of the PENG block in patients undergoing hip surgery with standard techniques under
general anaesthesia. Methods: PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines were followed throughout the preparation of this review.
Randomised trials from electronic databases were included. We investigated postoperative
pain scores, required analgesia, and adverse events associated with the block. Results:
Ten studies satisfied the criteria to be included in the meta-analysis. Data from 646 patients
were analysed, in which 321 patients received PENG block and 325 were included in the
comparative groups. Pain scores at rest, at 24 h (p = 0.04) and 48 h (p = 0.02) were lower in
patients who had received the PENG block. This group also required a smaller amount
of opioids at 24 h after the procedure, but this difference was not statistically significant
(p = 0.53); while a similar non-significant reduction in opioid consumption was also ob-
served at 48 h. Although PENG seems to delay the time to the first analgesic request, we
failed to prove a statistically significant difference (p = 0.83). Patient satisfaction also seems
to be better in the PENG group, but not in a statistically significant way. No important
side effects related to the block were described. Conclusions: PENG block for major hip
surgery offers better postoperative analgesia, with possibly less opioid consumption. It
seems to prolong the time to the first analgesic but does not significantly affect common
side effects of anaesthesia/analgesia such as PONV or duration of hospital stay.

Keywords: pericapsular nerve group block; PENG block; general anaesthesia; meta-analysis

1. Introduction

Hip surgery, including hip arthroplasty and hip fracture surgery, is a common pro-
cedure with a high success rate, mainly performed in older adults and offers significant
benefits to patients such as pain relief, increased active and passive mobility and ability
to walk [1].
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Nevertheless, hip surgery may be accompanied by postoperative pain that restricts
early ambulation and increases the risk for adverse events (i.e., thromboembolism, cardio-
pulmonary complications), which prolongs hospital stay [1,2]. Opioid analgesia, despite being
the mainstay of pain management after surgery, may incur multiple unwanted effects such as
sedation, dizziness, lethargy, respiratory depression, or gastrointestinal complications [3].

Central neuraxial blocks [4], local analgesia (i.e., surgical site infiltration) [5,6] and a
variety of peripheral nerve blocks have been proposed to offer better quality of analgesia and
decrease opioid consumption [7–9]. Despite all the different available modalities, the optimal
analgesic strategy remains undetermined [8]. The complexity of hip joint innervation [10],
along with side effects of current regional techniques, such as quadriceps muscle weakness
and consequent falls [11], require the development of new alternative methods.

The pericapsular nerve group (PENG) block is a novel, ultrasound-guided, regional
technique that may provide effective and safe analgesia to patients undergoing hip
surgery [12]. It targets the articular branches of the femoral, obturator and accessory
obturator nerve that provide sensory innervation to the anterior hip capsule, offering
high-quality analgesia without motor block [12]. Many investigators have highlighted
the abovementioned benefits of the PENG block for different types of hip surgery [13,14].
Nevertheless, cases of motor weakness have also been reported [15,16].

Overall, the evidence has been inconclusive. This systematic review and meta-analysis
aim to clarify the efficacy and safety of the PENG block in patients undergoing hip surgery
under general anaesthesia.

2. Materials and Methods

2.1. Search Strategy

We adopted the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) recommendations for the preparation of this review [17]. Randomised tri-
als that investigated the efficiency of the PENG block for hip surgery under general
anaesthesia were reviewed and evaluated using a predesigned protocol. The proto-
col was registered with the International Prospective Register of Systematic Reviews
(PROSPERO-CRD42022335593).

Two authors (I.K. and M.R.) separately performed an exhaustive search for articles
published from January 1990 until July 2024 in the electronic databases MEDLINE, Em-
base, PubMed, CINAHL, Cochrane Database of Systematic Reviews and clinicaltrials.gov.
The search terms “pericapsular nerve block” or “PENG block” in combination with “hip
surgery”, “hip fracture surgery”, “hip replacement”, “hip prosthesis”, “hip operation”,
“hip arthroplasty”, “general anaesthesia” in all possible combinations, were used. The
searches were re-run just before the final analyses and any further studies were identified.
Additionally, manual searching for relevant publications of RTCs was conducted. The same
two authors evaluated separately the abstracts retrieved; when agreement was not reached
the opinion of a third author (C.S.) was obtained.

2.2. Eligibility Criteria

We included randomised trials studying the impact of PENG block for hip surgery
(total hip arthroplasty and hip fracture) conducted under general anaesthesia in adult
patients over 18 years old, published from January 1990 until July 2024. Only trials
published in English, which clearly mentioned approval from the local ethics committee or
the institutional review board, were considered eligible.
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2.3. Data Extraction

A standardised data collection form was produced using Microsoft Excel 2016 (Mi-
crosoft Corp, Redmond, WA, USA). It was used for data extraction and entry by 3 authors
(C.H., I.K., M.R.). Discrepancies in data extraction were resolved by a fourth author (C.S.).
Data were sourced primarily from published tables or the manuscript text. If required
data were missing, we attempted to contact the authors for clarification or extract from
published figures using online plot digitiser software (WebPlotDigitizer 3.9, Ankit Rohatgi,
2015, Austin, TX, USA).

2.4. Outcomes Assessed

Our primary outcome was postoperative pain at 6, 24, and 48 h after surgery. Post-
operative pain was assessed using both the resting pain score (static) and the pain score
during movement (dynamic). Secondary outcomes were postoperative cumulative opioid
consumption at 24 and 48 h after surgery, time to first analgesia request, duration of surgery
and the occurrence of postoperative nausea and vomiting.

2.5. Risk of Bias Assessment in Included Studies

All studies were initially screened for bias using the JADAD scoring system. Trials
with Jadad score < 4 were excluded. Studies with a Jadad score ≥ 4 were further assessed
using the Cochrane Collaboration risk of bias assessment tool Version 2 (RoB2) [18]. The
studies were independently assessed by I.K. and M.R. A score was assigned to each study
by consensus; if an agreement could not be reached, the third author (C.S.) was again
consulted. The risk of publication bias was assessed by visual examination of the funnel
plot as well as by the Egger test [19].

2.6. Statistical Analysis

This meta-analysis was performed in line with recommendations from the Cochrane
Collaboration and the PRISMA Statement [20]. The random effects model was used due
to the different sets of studies (different control groups). As the overall effect estimate
for continuous variables, we used the standardised mean difference (SMD) with 95%
confidence intervals (CI). This approach was applied when the same outcome was measured
using different units across studies when there were variations in the distribution of
continuous variables, or when the possibility of non-normal data distribution across studies
could not be ruled out. Mean difference with 95% confidence intervals was used to provide
a direct comparison of outcomes measured on the same scale across studies, ensuring that
the results reflect the absolute difference between groups. As an overall effect estimate of
binary variables, we used the odds ratio. The heterogeneity was assessed using the I2, the
tau2 and Cochran’s Q-test along with the degrees of freedom and the corresponding p-value.
An I2 value higher than 50% or a statistically significant Cochran’s Q-test were indicative
of substantial heterogeneity [21]. Possible sources of heterogeneity within the outcome
were identified in advance and included as covariates in the planned meta-regression
analysis. The included covariates were skin infiltration for local analgesia, intraoperative
opioid use and dose of local anaesthetic use for PENG block. For continuous variables
reported as medians with interquartile ranges, these data were transformed into means
and standard deviations following the guidelines provided by Wan et al. [22], as well as the
Cochrane Handbook for systematic reviews of interventions [21]. Postoperative opioid use
was converted to oral morphine equivalents (OME) to standardise the measurement across
different types of opioids. Patient satisfaction scores not originally reported on a 10-point
scale were converted to continuous values using linear transformation [23]. R software
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v4.3.2 (R Foundation for Statistical Computing, Vienna, Austria, www.r-project.org) was
used for the analyses, and the level of statistical significance was set to 0.05.

3. Results

3.1. Study Characteristics

Of the 744 studies identified, 10 satisfied the inclusion criteria (Supplementary Figure S1).
Data from 646 patients were analysed, in which 321 patients received PENG block and
325 were included in the comparative groups. A description of the included studies is
summarised in Table 1.

3.2. Risk of Bias

The risk of bias table from the included studies is reported in Figure 1. Generally,
included studies had an overall low risk of bias.

Figure 1. Summary of the risk of bias assessment for included studies across five domains using the
Cochrane Risk of Bias 2.0 (RoB 2) tool [24–33]. Domains assessed include: D1 (bias arising from the
randomisation process), D2 (bias due to deviations from the intended intervention), D3 (bias due to
missing outcome data), D4 (bias in measurement of the outcome), and D5 (bias in the selection of the
reported result). Judgments are categorised as low risk (green), some concerns (yellow), and high
risk (red). The overall risk of bias for each study is also reported in the rightmost column.

3.3. Primary Outcomes

As previously reported, postoperative static and dynamic pain scores at 6, 24, and
48 h after surgery were considered as primary outcomes.
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3.4. Pain Score at Rest (Static)

The cumulative pain scores at rest at 6, 24, and 48 h post-surgery were examined in
five studies [24–29] (n = 416) for the 6 and 24 h time points, while four studies [24–28]
(n = 344) reported data on pain intensity at 48 h post-surgery. Globally, the analysis indicated
lower pain intensity in patients treated with the PENG block (Figure 2A). At 6 h, there was a
non-significant reduction in pain of 0.46 on a 0–10 pain scale (MD, −0.46; 95% CI, −1.21 to
0.30; p = 0.23, I2 = 93%). However, at 24 h, the pain reduction became statistically significant,
with a decrease of 0.53 (MD, −0.53; 95% CI, −1.03 to −0.02; p = 0.04, I2 = 87%). The pain
scores during rest at 6 and 24 h after surgery were characterised by substantial heterogeneity.
Sensitivity analysis showed that when the study of Ye et al. [26] was removed, the pooled
results at 6 h follow-up were improved (MD, −0.72; 95% CI, −1.37 to −0.07; p = 0.03) while
the heterogeneity was only slightly reduced (I2 = 78.6%), (Supplementary Figure S2). Meta-
regression analysis for pain intensity at 6 h revealed no role for skin infiltration for local
analgesia (p = 0.85), for the dose of local anaesthetic used for the block (p = 0.67), while
intraoperative opioid use was statistically significant (p = 0.04).

Figure 2. Forest plot displaying pooled effect sizes for postoperative VAS scores at rest (A) and
dynamic pain scores (B), measured at 6, 24, and 48 h after surgery [24–33].

Similar findings were observed at the 24 h follow-up, where the sensitivity analysis
confirmed the significant influence of the study by Ye et al. [26] on the pooled results
(MD, −0.64; 95% CI, −1.23 to −0.05; p = 0.03), (Supplementary Figure S2). However,
heterogeneity was not significantly reduced (I² = 83%). The meta-regression analysis
revealed no significant effect of skin infiltration for local analgesia (p = 0.70), the dose
of local anaesthetic used for the block (p = 0.99), or intraoperative opioid use (p = 0.42).
The VAS at 24 h follow-up should be interpreted cautiously, as the random effects model,
sensitivity analysis, and meta-regression did not account for the variability in the effect
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size of the PENG block at 24 h post-surgery. Therefore, this outcome can be considered
unstable. By 48 h, the pain reduction remained significant, though smaller, at 0.28 (MD,
−0.28; 95% CI, −0.52 to −0.05; p = 0.02), with no evidence of heterogeneity (I2 = 25%).

No publication bias was observed through visual inspection of funnel plots and con-
firmed by Egger’s regression tests (6 h follow-up, Egger’s regression test: p = 0.21; 24 h
follow-up, Egger’s regression test: p = 0.34; 48 h follow-up, Egger’s regression test: p = 0.23).

3.5. Pain Score at Movement (Dynamic)

The post-surgical dynamic pain score at 6 and 24 h was reported by seven studies [26–32]
with a total of 444 patients. Data on pain intensity during movement at 48 h post-surgery
were provided by five studies [25–28,31] involving 334 patients. Overall pain scores showed
significant improvement at both 6 and 24 h after surgery. The reduction in pain intensity
at 6 h was 1.20 (MD, −1.20; 95% CI, −2.15 to −0.26; p = 0.013, I2 = 95%), and at 24 h, it
was 1.09 (MD, −1.09; 95% CI, −1.86 to −0.33; p = 0.005, I2 = 92%). However, no significant
improvement was observed at the 48 h follow-up (MD, -0.53; 95% CI, −1.29 to 0.24;
p = 0.18, I2 = 88%), as shown in Figure 2B. Similar to the pain scores at rest, the dynamic
pain scores were affected by high heterogeneity. Sensitivity analysis did not alter the overall
estimates of the dynamic pain score, indicating that the effect size was consistent across all
studies, even though the overall heterogeneity remained high. Meta-regression analysis
revealed a significant impact of intraoperative opioid use on pain intensity at both 6 h
(p < 0.001) and 24 h (p = 0.003) post-surgery. However, no significant effects were found for
skin infiltration for local analgesia or the dose of local anaesthetic used for the block.

3.6. Secondary Outcomes

Postoperative cumulative opioid consumption at 24 and 48 h after surgery
The amount of opioid analgesia required after surgery at 24 h was reported by

eight studies [25–28,30–33] (n = 504), while a similar set of eight studies reported the
48 h opioid consumption [24–28,31–33] (n = 524). Overall, the analysis indicated lower
cumulative opioid consumption at 24 h in patients treated with the PENG block even if not
statistically significant (SMD, -0.19; 95% CI, -0.80 to 0.41; p = 0.53, I2 = 91%), (Figure 3A). Sen-
sitivity analysis did not change the overall estimates of the cumulative opioid consumption
at 24 h, indicating that the effect size is similar across all studies. Meta-regression analysis
revealed a significant role in intraoperative opioid use (p = 0.002), while no significant
effect was observed for skin infiltration for local analgesia (p = 0.64) and the dose of local
anaesthetic used for the block (p = 0.47).

Figure 3. Forest plot displaying pooled effect sizes for postoperative cumulative opioid consumption
at 24 and 48 h after surgery [24–28,30–33]. (A) At 24 h post-surgery, the PENG block group showed
a reduction in cumulative opioid consumption, though this reduction did not reach statistical sig-
nificance. (B) By 48 h, the reduction in opioid consumption remained non-significant. Substantial
heterogeneity was present among studies.
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At 48 h, the same non-significant reduction in opioid consumption was observed (SMD,
−0.27; 95% CI, −0.61 to 0.07; p = 0.12, I2 = 73%) (Figure 3B). The sensitivity analysis did
not alter the overall estimates of cumulative opioid consumption at 48 h. Meta-regression
analysis demonstrated a non-significant effect for the following variables: intraoperative
opioid use (p = 0.14), skin infiltration for local analgesia (p = 0.59), and the dose of local
anaesthetic used for the block (p = 0.36).

3.7. Time to First Analgesia Request

Time to first analgesia request was reported by only two studies [27,31], while
Chung et al. [30] only provided data on the incidence of analgesic requests within a
specific time range, which did not allow for effect size calculation. As a result, pooling the
results from the two studies [27,31] showed a reduction in the time to the first analgesic
request in the PENG group compared to the control group. However, this reduction was
not statistically significant (SMD, −0.11; 95% CI, −1.08 to 0.87; p = 0.83, I2 = 88%), (Figure 4).
Given that only two studies were included, neither sensitivity analysis nor meta-regression
was possible.

Figure 4. Forest plot displaying pooled effect sizes for time to first analgesia request post-surgery [27,31].

3.8. Duration of Surgery

The duration of surgery was reported by eight articles [24,25,27–32] and averaged
88 ± 20 min. No significant difference in the duration of surgery was observed in the
overall analysis between patients who received the PENG block and controls (SMD, −0.11;
95% CI, −0.28 to 0.07; p = 0.23, I2 = 0%), (Figure 5).

Figure 5. Forest plot displaying pooled effect sizes for the duration of surgery in patients receiving
PENG block versus control. The analysis included eight studies [24,25,27–32] and showed no
significant difference in the duration of surgery between the PENG block group and controls.
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3.9. Patient Satisfaction

Patient satisfaction was assessed in three studies [25,28,31], though using different
rating scales. After standardising the data to a common scale (0 to 10), the overall effect
size indicated higher satisfaction levels among patients who received the PENG block.
However, this increase in satisfaction did not reach statistical significance (SMD, 0.90; 95%
CI, −0.30 to 2.09; p = 0.14), and there was considerable heterogeneity among the studies
(I2 = 92%), (Figure 6).

Figure 6. Forest plot displaying the pooled effect sizes for patient satisfaction [25,28,31]. The
satisfaction data were standardised to a common scale (0 to 10) for comparison. Although there was
an increase in satisfaction levels among patients who received the PENG block, this improvement
did not reach statistical significance.

3.10. Length of Hospital Stay

Five studies reported the length of hospital stay [25–27,31,33]. To enable a direct
comparison between studies, the length of stay was standardised to hours across all reports.
All patients demonstrated a similar length of hospital stay, and the PENG block treatment
did not significantly affect this outcome (SMD −0.15; 95% CI, −0.36 to 0.06, p = 0.16,
I2 = 0%) (Figure 7). There was no observed heterogeneity among the studies.

Figure 7. Forest plot displaying pooled effect sizes for the length of hospital stay (in
hours) [25–27,31,33]. The PENG block group showed a slight reduction in the length of hospital stay
compared to the control group, but this reduction was not statistically significant.

3.11. Occurrence of Postoperative Nausea and Vomiting

Occurrence of postoperative nausea was reported in five studies [24,27,28,30,31]. No
significant reduction in the odds of nausea was observed in the PENG block group com-
pared to controls (OR 0.02, 95% CI −0.63 to 0.66; p = 0.96, I² = 0%), (Figure 8A). Similarly,
four studies [24,27,30,32] reported the occurrence of vomiting, and no significant reduction
was observed in the PENG block group (OR 0.61, 95% CI 0.26 to 1.41; p = 0.25, I² = 23.3%),
(Figure 8B).

191



J. Clin. Med. 2025, 14, 468

Figure 8. Forest plots displaying the pooled odds ratios (OR) for postoperative nausea (A) and
vomiting (B) in patients receiving PENG block versus control [24,27,28,30–32].

4. Discussion

The PENG block has been favoured in hip surgery for its analgesic efficacy and pur-
ported motor-sparing properties [34]. This meta-analysis included data from 10 randomised
trials regarding the efficacy and safety of this recently introduced block for patients under-
going hip surgery. According to our results, PENG block is beneficial in terms of reducing
postoperative pain intensity at 24 and 48 h. Specifically, pain at rest was significantly re-
duced at 24 and 48 h after surgery in patients treated with the PENG block, with significant
heterogeneity at earlier time points but reduced variability at 48 h. Dynamic pain scores
showed significant improvement at both 6 and 24 h post-surgery; however, this benefit was
not sustained at 48 h, with high heterogeneity persisting across all time points.

Opioid consumption was one of the secondary outcomes of our study; the meta-
analysis did not show a statistically significant difference among groups, even though
the overall consumption of opioids was higher in the non-PENG block groups, both at
24 and at 48 h. PENG block was not associated with a significant prolongation of time to the
first analgesic request postoperatively. However, the meta-regression analysis identified a
significant role of intraoperative opioid use in influencing several outcomes: static pain
scores at 6 h, dynamic pain scores at 6 and 24 h post-surgery, as well as postoperative
cumulative opioid consumption at 24 and 48 h after surgery. The incidence of postoperative
nausea and vomiting was similar between the groups. Similarly, the length of hospital
stay was not affected. Patient satisfaction was only mentioned in three studies. Higher
satisfaction was reported by patients who received a PENG block; however, this did not
reach statistical significance.

As a novel modality, PENG block has been compared to other locoregional analgesic
techniques, such as lumbar plexus block [31], fascia iliaca [13,14,25,29,32], or other mini-
invasive analgesic methods (i.e., periarticular infiltration) [26,33]. Importantly, this block
has been described to be performed under ultrasound guidance [12] so that the iliopubic
eminence, the iliopsoas muscle and tendon, the femoral artery, and the pectineus muscle
are observed. The local anaesthetic is administered in the musculofascial plane between
the psoas tendon anteriorly and the pubic ramus posteriorly in increments under ultra-
sound vision [12]. In the future, technological advancements such as three-dimensional
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reconstruction imaging and magnetic resonance microscopy of peripheral nerves may play
a significant role in peripheral nerve blocks and plane blocks [35].

The results of this meta-analysis showed that compared to other blocks or conventional
opioid-based analgesia, PENG block was associated with better postoperative analgesia
at 24 and 48 h. At 6 h after the surgical procedure pain at rest did not show a signifi-
cant difference, but pain at movement was significantly reduced. The abovementioned
findings on pain intensity differ from those reported by Huda et al. [36] in their meta-
analysis. The authors found that PENG block offered no significant pain relief compared
to other methods up to 24 h postoperatively. Since we have no results regarding pain
during the immediate postoperative period, we cannot compare our findings to those of
Farag et al. [37], who reported in their meta-analysis that at 30 min postoperatively dynamic
pain was significantly lower using PENG block compared to other blocks or parenteral
analgesia. Interestingly, these authors found that the analgesic superiority of the block
did not last and faded quickly; there was no difference in analgesia compared to the other
methods at 6 h postoperatively or later. This result is also different from the findings of our
research. The differences may be at least partly attributed to the different characteristics
of the studies included in the two meta-analyses, such as type of surgery or setting (i.e.,
arthroscopy, scheduled or emergency cases, use of PENG in the emergency department),
type of anaesthesia, and comparison of PENG block with different modalities (i.e., lum-
bar plexus block and other locoregional techniques) [13,14,25,26,29,31–33]. Still, despite
the above discrepancies, both meta-analyses agree with our results that PENG block is
associated with reduced opioid consumption in the first 24 postoperative hours [36,37].
Moreover, we found that this beneficial effect may last up to 48 h. Our results showed that
even at 48 h, the analgesic consumption was less in patients who had a PENG block, even
though the difference was not significant (p = 0.12).

In contrast to Huda et al. [36], we did not find that PENG block prolongs intraoperative
analgesia, i.e., the time of request of the first analgesic dose after the procedure did not
differ among the groups. This is in accordance with our finding that the PENG block
did not reduce the cumulative opioid consumption 48 h after the procedure. However,
this finding does not undermine the importance of better analgesia in the PENG group,
especially when considering the growing evidence of postoperative pain chronification in
patients with poor acute postoperative pain management [38,39].

Similar to previous results, we found no significant statistical difference in PONV [36].
Farag et al. [37], on the other hand, found no significant difference in nausea, pruritus, and
dizziness, while patients who received a PENG block had significantly less vomiting. The
small number of studies that reported this side effect might have prevented us from finding
a difference between the groups.

Regarding hospital stay, the results of this meta-analysis are in accordance with
previous findings, suggesting no effect of PENG block on time to patient discharge from
hospital [36]. Also, we had no clear result on the possible superiority of the PENG block
with regards to patient satisfaction, although according to previous meta-analyses, the
PENG block was associated with higher scores of patient satisfaction [36,37].

Limitations

This meta-analysis has a few limitations, mainly due to the small sample sizes of
most studies and the different research protocols. The PENG block was compared to other
blocks or analgesic methods. The included studies differed in their methodology regarding
the comparator groups since a few used active comparator groups (i.e., different blocks),
while others used non-block control groups or sham control groups. Also, the studies
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differed in the local anaesthetic used as well as the doses/volumes and concentrations of the
injected solution.

Moreover, the type of surgery (total hip arthroplasty and hip fracture surgery), as
well as the surgical teams, were not the same in all studies. Nevertheless, we consider
that the severity of the procedures was similar since only studies with hip fracture surgery
and total hip arthroplasty were included in the analysis. The heterogeneity of studies
is a common limitation in most meta-analyses. To minimise data variability, we applied
strict inclusion criteria in our search strategy and study evaluation process. Additionally,
meta-regression analyses were conducted to further investigate the potential sources of
heterogeneity. Finally, we had no adequate data to analyse analgesia in the immediate and
early postoperative period.

5. Conclusions

In conclusion, according to our meta-analysis, the PENG block used in major hip
surgery offers better postoperative analgesia; however, less opioid consumption is not
warranted. It does not prolong the time to the first analgesic, and it does not seem to
affect significantly common side effects of anaesthesia/analgesia such as PONV, or the
duration of hospital stay. As a novel technique, PENG block can be described as a safe and
effective regional block technique for patients undergoing hip fracture surgery. However,
the existing evidence is not adequate to draw firm conclusions. More high-quality data
from large, well-designed randomised clinical trials, as well as cadaveric and anatomical
trials, will be needed and further analyses are required to confirm the superiority of the
PENG block over other locoregional techniques or conventional analgesic modalities used
in hip surgery.

Supplementary Materials: The following supporting information can be downloaded at: https:
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Abstract: Peripheral nerve blocks (PNBs), while effective in reducing postoperative opioid
use and side effects, are often associated with rebound pain (RP), a significant clinical issue
requiring proactive management. Methods: A systematic search of electronic databases
(e.g., PubMed, EMBASE, Cochrane Library) was conducted for studies investigating re-
bound pain following regional anaesthesia. Recent findings: RP has a high incidence in
ambulatory patients and is influenced by patient, surgical, and anaesthetic factors. Pre-
operative education, multimodal analgesia, continuous nerve blocks, and intravenous
dexamethasone may mitigate RP. Although RP does not typically affect overall opioid use,
recovery, or patient satisfaction, the majority of patients experiencing RP would still choose
PNBs for future surgery.

Keywords: peripheral nerve blocks; postoperative pain; rebound pain; regional anaesthesia;
multimodal analgesia

1. Introduction

Several definitions of rebound pain (RP) exist in the literature. A marked increase
in pain intensity upon dissipation of a peripheral nerve block (PNB) is a common feature
in all RP definitions [1]. Other common defining features include pain categorised as
‘severe’ and/or causing despair following regression of PNB [2]. Rebound pain can have a
profound negative impact on quality of recovery following surgery and reduced activities
of daily living for a protracted period of time [1].

The aetiology of RP remains uncertain. It is unclear whether rebound pain is simply
a subjective patient experience upon transiting from ‘complete regional analgesia’ to ‘no
regional analgesia’; a reflection of the under-treatment of pain with appropriate, ‘round the
clock dosing’ of multimodal systemic analgesia; or if RP is mechanistically related to tran-
sient nociceptive afferent blockade using sodium channel-blocking local anaesthetic agents.
Some authors suggest that rebound pain and hyperalgesia share similar mechanisms [3].
Animal experiments may contribute to understanding transient hyperalgesia that can
follow the resolution of a nerve block. Kolarczyk and Williams investigated behavioural
changes after a single-shot ropivacaine sciatic nerve block in rats and found modest heat hy-
peralgesia after block resolution, without hyperalgesia to mechanical stimuli. The authors
postulate the abnormal hyperactivity of C-fibers as causative [4]. Janda et al. also found
evidence of transient thermal hyperalgesia in rats, approximately two hours following
block resolution [5]. These experiments are of particular importance as they potentially iso-
late the nerve block as a principal contributing factor to RP. While bupivacaine can induce
Schwann cell degeneration and demyelination, leading to transient neurotoxicity [6], this is
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likely not the primary cause of RP as the associated neurogenic pain is typically of longer
duration [1]. Mechanical trauma from the regional anaesthesia needle insertion and local
anaesthetic injectate barotrauma may also contribute to perineural inflammation [7].

In the last decade, the practice of regional anaesthesia has advanced significantly,
particularly following the introduction of ultrasound-guided regional anaesthesia (UGRA).
The benefits of regional anaesthesia have been well documented, and include reduced
perioperative opioid use, shorter hospital stays, and the prevention of persistent post-
surgical pain (PPSP) [8–10]. Unfortunately, rebound pain is an increasingly recognised
adverse event [11]. Poorly controlled postoperative pain is associated with short-term
consequences such as cardiovascular and respiratory complications, as well as long-term
issues such as persistent post-surgical pain, opioid use disorder, and increased healthcare
costs [12–14]. Although there is insufficient evidence to attribute these negative outcomes
directly to RP, patient dissatisfaction and unanticipated healthcare resource utilisation have
been independently associated with RP [15,16].

There is a wide variance in the incidence of rebound pain, but it is reported as being
as high as 50% in patients who receive a PNB [17]. Patient risk factors associated with
RP include severe pre-operative pain, female sex, and psychosocial factors such as de-
pression [3,17]. Older patients may also experience less severe and less frequent rebound
pain. A study by Sort et al. found that patients >65 years old undergoing emergency ankle
fracture surgery reported lower levels of rebound pain compared to those aged between
20 and 60 years old [18]. This may be explained by age-related changes in nociceptive
perception, such as a decreased sensitivity to pressure pain [19].

For procedural risk factors, patients undergoing boney surgery are 6.5 times more
likely to develop rebound pain compared to those who undergo soft tissue surgery. There is
a high incidence of RP in ambulatory surgery [17]. Prior to performing regional anaesthesia,
the above risk factors should be considered in line with strategies for mitigation, which
will be the focus of the remainder of this article.

2. Strategies for Mitigation

2.1. Patient Education

Rebound pain can occur irrespective of local anaesthetic type, volume, or concentra-
tion [20]. Thus, other factors besides the choice of local anaesthetic must be considered.
Avoidance of the phenomenon of RP through prevention is the ideal objective. Patient
education and management of expectations is an important factor in this. Patients expect
post-surgical pain, and it is one of their most commonly reported surgical concerns [21]. It
is unknown how those expectations are modified when they receive regional anaesthesia.
Studies have demonstrated that individuals who expect effective pain relief often experi-
ence reduced pain perception and altered brain activity in response to painful stimuli [22].
Conversely, if these expectations are not met, it may lead to increased pain perception
and reporting. This is important to consider for patients undergoing PNBs, who are often
informed of significant postoperative pain relief [23]. Patients should be given a realistic ex-
pectation of block duration and understanding of the signs associated with block resolution.
Educational initiatives such as pre-procedural classes and meetings with anaesthesiologists
have been shown to increase the rates at which patients accept regional anaesthesia op-
tions [24,25]. Although patient education materials surrounding peripheral nerve blocks
can be highly variable [26], providing written or multimedia information in addition to
verbal instructions can help patients improve compliance with multimodal analgesia prior
to block regression, and reduce anxiety and uncertainty before and after surgery [27].
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2.2. Continuous PNB Catheters

The use of PNB catheters and continuous infusions of local anaesthetics might signifi-
cantly reduce the occurrence of rebound pain by prolonging the effects of PNBs beyond the
time point of significant nociceptive input. The prolongation of the sensory block might
circumvent the abrupt end to the sensory blockade, thereby facilitating a tapering of the
local anaesthetic effect [28].

Salviz et al. randomised patients undergoing arthroscopic rotator cuff repair surgery
into three groups receiving general anaesthesia (GA) alone, GA combined with a single-
shot interscalene block, and GA combined with a perineural interscalene catheter. The
catheter group reported significantly lower pain scores than the other two groups at all
time points, with a lower incidence of rebound pain [29]. Kim et al. randomised patients
undergoing rotator cuff repair to receive single-shot or patient-controlled bolus analgesia
via a continuous brachial plexus catheter. They report a lesser incidence in rebound pain
in patients who received interscalene continuous nerve catheters at 12 h, when compared
with a single-shot block [30].

Ganta and colleagues studied 50 patients who received either a single-shot infraclav-
icular PNB versus a continuous infusion of local anaesthetic for distal radius fractures.
Although not statistically significant, the continuous infusion group had lower pain scores
and had lower opioid requirements at each interval post operatively [31].

A recent study by Lee et al. found that continuous infraclavicular catheters reduced
both the intensity and duration of rebound pain when compared to a single shot infra-
clavicular block for distal radius fixation. However, there was no difference in opioid
consumption between the two groups. A potential limitation of this study is the use of
intravenous dexmedetomidine for patient sedation, which may have influenced acute
postoperative pain and subsequent analgesic requirements [32].

While continuous nerve blocks are effective and have become widely adopted, they
are limited by certain practical considerations. Catheter migration can occur in both upper
and lower extremities. Previous studies have reported catheter dislodgement rates of 21.7%,
9.1%, and 4.5% after continuous popliteal sciatic, infraclavicular, and interscalene blocks,
respectively [29,32,33].

Careful patient follow-up is required to ensure both quality and safety, as delayed
recovery of sensory and motor function is an inevitable consequence of continuous nerve
block techniques. Previous studies have highlighted the risk of falls and pressure injuries
in patients receiving continuous femoral nerve catheters [34]. Although the concentration,
volume, and infusion rate of the local anesthetic may impact the preservation of motor
function and proprioception, the precise relationship between these factors and clinical
outcomes is uncertain and may vary depending on the specific anatomic location [35].

Perineural catheters also incur a small additional risk of block site complications [6].
The effective insertion of a PNB catheter requires a high level of expertise, and the safe use
of continuous local anaesthesia infusions is both labour and material intensive. These cost
and management factors have particularly hampered their use for ambulatory surgery.

2.3. Adjuvants

The prolongation of the effects of a PNB can be achieved through various adju-
vants, which can be combined with local anaesthetic agents and administered perineurally.
These include clonidine, dexmedetomidine, dexamethasone, buprenorphine, midazolam,
epinephrine, tramadol, magnesium, morphine, and others [36,37]. In addition to prolong-
ing the duration of analgesia, these adjuvants help to reduce overall dose requirements for
local anaesthetics [36]. However, concerns for potential neural side effects and the toxicity
of these adjuvants exist [37]. Many of these agents are not licensed for perineural use.
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Dexamethasone, when given perineurally, has been shown to reduce rebound pain.
Fang et al. investigated the effect of dexamethasone added to ropivacaine in patients
undergoing upper limb fracture surgery. Patients who received perineural dexamethasone
and ropivacaine had a five-hour mean prolongation of block, and less peak pain scores
after block regression as compared to those who received ropivacaine alone [38]. It is
not known how perineurally administered dexamethasone prolongs the effect of local
anaesthetic agents. In mouse models of PNB, axonal degeneration and demyelination seen
with the perineural administration of bupivacaine alone were significantly lessened with
the admixture of perineural bupivacaine and dexamethasone [39].

Dexamethasone can also be effective in reducing RP when given intravenously. In
patients undergoing ankle fracture surgery with regional anaesthesia, Gao et al. reported
a reduction in rebound pain and increased PNB block duration in patients who received
IV dexamethasone when compared to a control group who did not receive IV dexametha-
sone [40]. Interestingly, in a study by Barry et al., the absence of the intraoperative use of IV
dexamethasone was cited as an independent risk factor for developing rebound pain [17].
While individual studies have indicated that perineurally administered dexamethasone
may extend the duration of PNB compared to intravenous administration [41,42], a recent
meta-analysis by Singh and colleagues found that both routes of administration have been
shown to be equally efficacious in prolonging the duration and analgesic effect of peripheral
nerve blocks. The same study also showed that the time to onset of rebound pain was also
significantly delayed in the dexamethasone group compared with the control group. The
optimal dose of prophylactic dexamethasone was not investigated. While the meta-analysis
was limited by substantial clinical heterogeneity, the findings may be generalisable across
diverse surgical populations and various nerve blocks [43].

When compared, IV and perineural dexamethasone exhibit similar safety profiles,
particularly regarding postoperative nausea and vomiting and perioperative glucose levels.
No long-term neurological adverse events have been associated with perineural dexam-
ethasone, however its use remains off label [42].

The mechanism for rebound pain reduction by dexamethasone is unclear, but its role as
an analgesic agent is well evidenced. It is thought to attenuate pain sensitisation by inhibit-
ing nociceptive C-fiber transmission at the dorsal root ganglion and reducing prostaglandin
production, thereby mitigating hyperalgesia [44]. As a potent anti-inflammatory agent,
dexamethasone may reduce the inflammatory cascade triggered by surgical trauma and
potentially modulate electrical impulses in afferent nerves supplying the injured site [45].

Ketamine offers potential to attenuate rebound pain when given perineurally. Ke-
tamine is an NMDA antagonist which possesses anti-nociceptive and local anaesthetic
properties. A recent meta-analysis of 12 RCTs examined the analgesic efficacy of perineural
ketamine. The authors found that perineural ketamine was associated with a longer dura-
tion of analgesia, and lesser opioid requirement without influencing the duration of the
sensory and motor block [46]. Intravenous ketamine has, however, been shown consistently
to be ineffective in preventing RP. It is unclear whether perineurally administered ketamine
influences RP.

Dexmedetomidine and clonidine are both centrally acting alpha-2 receptor agonists.
Knight et al. found that perineurally administered dexmedetomidine, as a local anaesthetic
adjuvant, appears to improve analgesia without increasing the risk of local anaesthetic neu-
rotoxicity [36]. Dexmedetomidine is, however, associated with bradycardia and sedation
when administered in this fashion [47]. This may significantly limit any potential utility.
Clonidine has been shown to prolong block duration when given perineurally, without
influencing the rebound pain phenomenon [47]. Both drugs carry the risk of unwanted
side effects of dizziness, pruritis, headaches, and blurred vision [48].
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Buprenorphine, when given perineurally, exerts its effects by blocking synaptic trans-
mission [36]. Williams and colleagues found that buprenorphine doses exceeding 300 μg
were linked to a decrease in rebound pain following PNBs for hip and knee arthroplasty,
but lower doses had no such effect [47]. A further study by Tulsyan et al. found that both
150 and 300 μg doses of buprenorphine, when added to levobupivacaine for a lumbar
plexus block, provided similar levels of postoperative pain relief. A dose of 300μg, how-
ever, resulted in significant sedation and respiratory depression [49]. Hence, although
buprenorphine 150μg appears to be an optimal dose providing prolonged postoperative
analgesia and minimal sedation, it has not been shown to mitigate rebound pain.

2.4. Multimodal Analgesia

It can be argued that a relatively abrupt unmasking of the typical nociceptive pain
trajectory is purely a consequence of the inadequate pre-emptive administration of multi-
modal analgesia [50]. Many studies investigating rebound pain after PNB do not routinely
incorporate perioperative systemic multimodal analgesia. Patients undergoing ambulatory
outpatient surgery usually receive significantly less analgesic medication prior to discharge
than those for whom inpatient accommodation is planned [1]. The transition of postopera-
tive clinical care pathway oversight from anaesthesiologists to surgeons should be actively
planned and managed. A collaborative multidisciplinary approach has been described
by Saminiemi and colleagues as proven successful in avoiding excessive pain on block
resolution [51].

Oral pain medications can start immediately after surgery, with the intent of achieving
a steady state before regional anaesthesia wears off. A postoperative pain regimen for adult
patients receiving a peripheral nerve block for ambulatory surgery has been proposed by
Dawson et al. [52], but there are no studies to support its effectiveness in preventing RP.

Pre-emptive analgesia, where opioid medications are administered prior to block
regression, has also been suggested as a means to provide a smooth transition to as-needed
oral analgesics. One study demonstrated superior pain control with a lumbar plexus block
compared to a fascia iliaca block for up to two hours post-arthroscopic hip surgery. Both
groups received a standard dose of oxycodone postoperatively, resulting in similar opioid
consumption and discharge times. The absence of postoperative rebound pain in both
groups may be attributed to the preemptive analgesic effect of the opioid medication [53].

The optimal timing and dosing of postoperative analgesia is challenging due to factors
such as the variable onset of rebound pain. For instance, rebound pain may occur 12–24 h
after extremity fracture fixation [31,33] or 1–2 days after shoulder arthroscopy [54]. A recent
study by Uppal and colleagues investigated giving 2 mg of hydromorphone six hours after
an interscalene block to patients undergoing arthroscopic shoulder surgery. Although they
did not find any difference in the worst pain score at 24 h compared with the placebo, it is
likely that the peak effect of the study drug may not have coincided with the worst pain
intensity, due to a large discrepancy between their hypothesised sensory block duration
(6 h) and recruitment data (12 h) [55].

It should be noted that patients may also be reluctant to start taking pain medications,
especially opioids, before experiencing pain. Additionally, these medications can have
side effects like dizziness, nausea, and sedation, which can be problematic for ambulatory
patients [56].

2.5. Pain Mechanisms

Recent advances in neuroscience and biotechnology have led to an increased un-
derstanding of the neuronal circuits and molecular mechanisms involved in pain mod-
ulation. These include genetic mutations, epigenetic and posttranslational modification,
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inflammasomes, signaling pathways, and microbiota [57]. This progress has facilitated the
identification of novel diagnostic and therapeutic targets for different pain mechanisms [58].

Nociceptive pain, the most prevalent form of pain, originates from actual or threatened
damage to non-neural tissue, leading to the activation of nociceptors. This transient re-
sponse to noxious stimuli triggers protective and evasive actions. Nociplastic pain describes
chronic pain conditions not attributable to direct nociceptor activation or neuropathy, but
characterised by clinical and psychophysical evidence of altered nociceptive processing.
Neuropathic pain is pain caused by a lesion or disease of the somatosensory nervous system.
It can result from sources as varied as nerve compression, channelopathies, autoimmune
disease, and incision.

Understanding the neurobiological basis of pain is key to developing mechanism-
based analgesia, contingent on improved diagnostics. Elucidating neuroadaptive changes
in rebound pain will enable targeted therapies. Continued translational research is es-
sential, focusing on molecular mechanisms, targeted pharmaceutical strategies (including
mechanisms of action and clinical applications), sensory phenotypes, patient clusters, and
predictors of analgesic efficacy in rebound pain.

3. Conclusions

Peripheral nerve blocks (PNBs) have revolutionised postoperative pain management
by reducing opioid exposure and associated side effects. However, PNBs are often linked to
rebound pain, a common issue that requires proactive management to prevent short-term
discomfort, long-term complications, and increased resource utilisation. Recent studies
have shown that the incidence of this could be as high as 50% in ambulatory patients, and
is influenced by patient, surgical, and anaesthetic factors [13].

Preoperative education is crucial for managing patient expectations and encouraging
the early use of systemic multimodal pain management. A collaborative effort between
anaesthesiologists and surgeons may optimise patient outcomes in this regard [13]. Con-
tinuous nerve block techniques can provide extended pain relief during the postoperative
period, and intravenous dexamethasone may be a protective factor in preventing rebound
pain. More research is needed into the use of pre-emptive analgesia as a means of mitigating
against rebound pain.

Although rebound pain may occur with regional anaesthesia, no influence on cumula-
tive postoperative opioid use, patient recovery outcomes, and patient satisfaction has been
identified. Interestingly, despite the occurrence of rebound pain, 96% of patients expressed
a preference for nerve blocks in future surgical procedures [17].

Rebound pain is a problem that requires active management to mitigate negative
effects on the patient experience.
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Abstract: Background: The attitudes and beliefs of patients with chronic pain significantly
affect their response to treatment. The Survey of Pain Attitudes (SOPA) scale was de-
veloped to identify pain-related beliefs. The aim of the present study was to adapt and
validate the short version (30 items) of the Survey of Pain Attitudes in 200 Greek patients
living with chronic pain, mainly due to rheumatic and musculoskeletal diseases (RMDs).
Method: In addition to the SOPA-Brief scale (30 items), the participants completed the Pain
Beliefs, Perceptions and Attitudes Inventory (PBAPI) and also the Chronic Pain Coping
Inventory (CPCI). Results: Data analysis revealed that the internal reliability coefficient
of the scale in the Greek language was Cronbach’s a = 0.773 for the individual items, and
for the subscales, it ranged from Cronbach’s a = 0.56 (for the SOPAMedication scale) to
Cronbach’s a = 0.78 (for the SOPASolicitude scale). Similarly, the SOPA-Brief subscales in
Greek showed positive correlations with subscales of both the PBAPI and the CPCI. Finally,
an exploratory factor analysis was performed on the dataset and confirmed the structure
of the original scale (Eigenvalues > 1), with 71.54% of variance explained. Conclusions:
Overall, the psychometric properties of the short version of the Attitudes Towards Pain
Scale (30 items) in Greek show acceptable internal reliability and validity for the scale to be
used in daily clinical and research practice.

Keywords: chronic pain; attitudes towards pain; survey of pain attitudes-brief; perceptions
of pain; beliefs about pain

1. Introduction

In recent years, research has increasingly been focusing on the psychosocial factors
that influence pain and, by extension, affect the outcomes of treatment. The aim is to
generate more data on the parameters of pain that may influence decision making on
chronic pain management so that treatment planning can become even more effective [1].
An individual’s beliefs and attitudes towards pain can influence the likelihood of them
developing long-term pain or disability associated with it [2]. It has been found that patients
who adopt passive coping strategies, such as “rest and medication”, use three times as
many healthcare appointments and have twice the level of disability due to their pain
compared to those who adopt active strategies (e.g., exercise) [3]. Changing patients’
attitudes towards pain can reduce their level of pain and its impact on their quality of
life [4].

It is not uncommon that patients who have experienced pain for prolonged periods of
time try to avoid any activity that could potentially exacerbate their pain. This is a coping
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strategy that can become maladaptive when used repeatedly, leading to an avoidant behav-
ior based on fear [5,6]. The assessment and use of coping strategies are the cornerstones
of pain management. A patient may use cognitive and behavioral resources to manage
specific external and/or internal demands that are assessed as stressful or go beyond the
individual’s resources [7]. Pain coping strategies employ cognitive processes that involve
an internal appraisal of the pain and then the mobilization of the coping resources available
for managing the pain. This is followed by responses to pain and its effects based on the
initial appraisals. Responses have been classified as active (e.g., remaining in employment)
and passive (e.g., continued rest), depending on whether the response involves performing
a task versus avoiding activity as a means of dealing with pain. Current pain adaptation
paradigms do not account for the numerous patients that do not show signs of the ef-
fects of chronic pain. Resilience is the integrative perspective illuminating the traits and
mechanisms underlying the ability to recover and the sustainability of quality of life in
individuals recovering from trauma and distress [8]. Maladaptive pain coping and beliefs
may eliminate any positive benefits of adaptive coping responses [7].

A person’s attitudes and beliefs have a significant impact on their response to pain
treatment [9]. Multidisciplinary approaches to pain typically focus on cognitive interven-
tions aimed at changing unhelpful or dysfunctional cognitive attitudes and beliefs about
pain, such as avoidance and fear of activity, catastrophizing and the belief that pain is
necessarily the result of tissue damage [10]. Studies have shown that these approaches
lead to increased functional performance, induce positive changes in pain experience (i.e.,
measures of sensation and ratings of pain as “unpleasant”), increase cognitive coping and
appraisal (positive coping measures) and decrease behavioral expressions of pain [11].
Several scales exist to assess patients’ attitudes and beliefs about pain. The Survey of Pain
Attitudes (SOPA) is one of them, and it was developed to identify pain-related beliefs. It
has been proven to be useful in the management of chronic pain [12,13]. Previous results of
SOPA use beliefs of associating disability with pain and both psychological and physical
dysfunction. A strong belief that pain equals physical injury in association with greater
physical dysfunction and that emotions affect pain which is associated with psychosocial
dysfunction [14].

This scale, which assesses a range of attitudes towards pain, was originally developed
by Jensen et al. (1987) [13–15] to assess patients’ attitudes towards five pillars of the
chronic pain experience: pain control, pain-related disability, medical treatment of pain,
caring for others and medication for pain. In its original version, it consisted of 57 items
and had seven subscales. Its factorial structure was not distinct or confirmed, and its
completion time was quite prolonged. For these reasons, Tait and Chibnall (1997) [16]
proceeded to create the short version, with 30 items, which was translated and evaluated
for its psychometric characteristics in Greek in the present study. The reliability of the
30-item version of the scale was satisfactory (with a Cronbach’s range of a = 0.7 to 0.83;
however, a was 0.5 in some subscales). The correlations of the final subscales with the
subscales of the original version were high, and in addition, the corresponding correlations
with other psychometric scales were also high. The SOPA-Brief (30 items) [16] consists of
30 questions with the possibility of a single response on a 5-point Likert-type scale, from 0 to
4, where 0 means completely wrong and 4 means completely right. The questionnaire can
be completed either by the participant, the researcher or a health professional, if necessary.
There are some additional scales that assess pain-related beliefs, such as the Pain Beliefs and
Perceptions Inventory [17], the Pain Catastrophizing scale [18] and also the Fear–Avoidance
Beliefs Questionnaire (FABQ) [19]. In the present study, we tried to adapt and validate
the psychometric characteristics of the SOPA-Brief (30 items) [16] in Greek patients with
chronic pain, mainly due to rheumatic and musculoskeletal diseases (RMDs).
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2. Materials and Methods

For the use of SOPA Brief in this study, including the process of translation, adaptation
and validation in Greek, permission was obtained from Professor Tait. The translation pro-
cess lasted one month. The translation from the original language into the Greek language
was performed by an independent translator. A bilingual translator adapted the question-
naire into Greek, his native language, in order to better reflect the local expressions. The
first translator was aware of the specific concepts the questionnaire intended to measure, so
that the Greek version would more closely reflect the original tool. The second translation
was produced by a “naïve translator” who did not know the aim of the questionnaire, so
that subtle differences with the original questionnaire could be identified [15]. Discrep-
ancies between the two translators were discussed with the researcher and an expert in
order for them to be resolved. The initial translation was performed independently to
ensure the accuracy of the translation. Similarly, the reverse translation was performed by
two independent translators, in their native language, to avoid any form of bias. Finally,
the expert and the researcher cross-checked the result before proceeding to the pilot phase
of weighting. For the process of the cross-cultural adaption of questionnaires, there are
numerous guidelines, and several best practices have been suggested, but no one “gold
standard” has, as of yet, been clearly defined [20]. Therefore, in this process, we followed
the guidelines of Tsang et al. [21].

The questionnaires were distributed to a total of 200 patients with a diagnosis of
chronic pain and a primary diagnosis of an RMD (68.5%), without any restriction or
exclusion criteria relative to a specific diagnosis in the validation process. These were
patients in the outpatient clinic of the Chronic Pain Clinic of the AHEPA University General
Hospital of Thessaloniki, during the period June–December 2018 for the pilot phase (n
= 50). Then, during the period January–June 2019, data collection from the remaining
participants (n = 150) followed. Finally, during the period December–May 2023, the first
30 patients were recruited to complete the questionnaires again, in order to conduct test
reliability checks for repeated measures.

The sampling method was convenience sampling. The chronic pain diagnosis criterion
had to be met, and the researcher had to have easy access to a high enough number of
patients. Although this is a non-probability sampling method, it is the most applicable and
widely used method in clinical research. In this method, researchers approach participants
according to their availability and accessibility. Therefore, it is quick, cheap and convenient
for its accessibility and proximity to the participants [22]. Even though non-probability
sampling methods are practical and cost-effective, they do present some disadvantages
and biases, like selection bias because participants are not randomly chosen. This could
result in some groups not being present in the sample and hence in the researcher not being
able to achieve the necessary representativeness. This could limit the ability to generalize
outcomes. Still, in our target population, this method is preferred due to the specific
criterion that needs to be present [23].

In Chronic Pain Units, patients are referred for chronic-pain-specific follow-up re-
gardless of their baseline diagnosis, which makes them suitable participants in this vali-
dation study. Still, this Pain Unit mainly treats patients with non-malignant chronic pain,
due to fibromyalgia, osteoarthritis, rheumatoid arthritis and several other, rarer chronic
pain syndromes.

During recruitment, participants were informed about the purposes of this study
verbally and written consent was obtained, according to which they were informed
(a) on the principles of the protection of their personal data and (b) that their personal
data would be safeguarded. The principal researcher also had to keep records until the
end of this study. Then, the consent form informed participants of the ways in which they
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could withdraw their participation at any time and contact the researcher by phone or
email. An adequate time frame was kept in order to avoid response from memory for
test–retest reliability.

Psychometric Properties and Statistical Analysis

Each scale and questionnaire was evaluated based on two properties: reliability and
validity. Questionnaire reliability was assessed through internal consistency and test–retest
reliability. Internal consistency assesses the extent to which the questions that make up
a scale measure the same concept. It is calculated by means of Cronbach’s alpha, which
assesses the degree of correlation between the questions in the questionnaire. Values greater
than or equal to 0.7 are acceptable; however, in the use of new scales and questionnaires,
values between 0.5 and 0.6 could also be acceptable. Indeed, there is much debate, especially
for scales and questionnaires undergoing weighting, whether researchers derive more
information about the internal reliability of the new instrument by looking at Cronbach’s
for all individual items or only for subscales when they exist [24]. In this study, item
internal consistency was calculated for each question. Test–retest reliability was calculated
using Spearman’s rho correlation coefficient, which is able to adopt values between −1 and
1, where 1 indicates a perfect correlation and −1 indicates a perfect negative correlation.
In this study, a correlation was interpreted as very strong (r > ±0.8), moderately strong
(r ± 0.6–0.8), fair (r ± 0.3–0.6) and poor (r < ±0.3) [25].

Exploratory factor analysis (EFA) was performed on the data to examine the covariance
of variables by groups in order to interpret the correlations between them. Most importantly,
this was to check whether the tool adapted to the Greek language follows the original
structure of Tait and Chibnall [16] with 7 factors. If not, some structural adaptation, better
suited for the Greek population, would be needed. The Kaiser–Meyer–Olkin (KMO) test
and Bartlett’s global test were used to test the suitability of the collected data in applying the
factor analysis. KMO values > 0.5 indicate the correct choice of method for the analysis [26].
The eigenvalue criterion (eigenvalue of >1.0), which is commonly adopted for factor
extraction, was used to select the number of factors. Finally, a shift in axes to principal
component analysis was applied. The validity of conceptual construction was examined
by correlating the questionnaire with related questionnaires, and emphasis was placed on
subscales and dimensions that showed a statistically significant correlation at both p < 0.05
and p < 0.01.

3. Results

3.1. Demographic Characteristics of Participants

The mean age of the participants was 65 years, with sd = 14.8 years. Of the partic-
ipants, 63% were female and 37% were male. A total of 44.5% of the participants had
completed secondary education and 29% had completed university education, while 7%
had completed compulsory education and 19.5% were technical education graduates. From
the 50 patients who participated in the pilot phase, 30 were females (60%) and 20 were
males (40%). In total, out of 200 participants, 37% (n = 74) were males and 63% (n = 126)
were females. In both phases of the validation process, the pilot phase and the main phase,
in addition to the SOPA-Brief, the Pain Beliefs Attitudes and Perceptions Inventory (PBAPI)
and the Chronic Pain Coping Inventory were administered.

Asymmetry and SD item evaluation analysis of the questionnaire showed that skew-
ness values for questionnaire items were to the left/negative side, albeit ranging close to
values from −0.5 to +0.5, indicating a normal distribution. Extreme skewness was marked
for seven items [2,3,5,7,12,13,25]. These were items involved in several SOPA subscales
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and were not removed in this stage of the analysis following Tait and Chibnall’s initial
structural use of the questionnaire, as well as other researchers’ approach [27,28].

3.2. SOPA Brief Internal Reliability Index (30 Items)

The internal reliability of the SOPA Brief (30 items) was found to be Cronbach’s
a = 0.67 for all questions. For the individual scales, the index ranged from 0.506 (for the
SOPAMedication scale) to 0.883 (for the SOPAEmotion scale). [Note that the scale has
reversed items.] In the second phase, when the remaining patients in this study (n = 150)
were included, the internal reliability of the SOPA Brief was calculated for all items of the
scale and was Cronbach’s a = 0.773 for the individual items (after reverse coding). For
the subscales of the questionnaire, it ranged from 0.56 (for the SOPAMedication scale) to
0.78 (for the SOPASolicitude scale) (Table A1).

3.3. Reliability Index of Repeated Measures

In the third phase, the first 30 patients were given the SOPA-Brief and PBAPI ques-
tionnaires again after a long period of time to determine the test–retest reliability index.
The original study design planned for a long interval of 3 months, suited for less stable
constructs such as beliefs and attitudes [29]. The actual time interval was a lot longer than
that. The back-to-back lockdowns following strict national health protocols in Greece due
to COVID-19 pandemic resulted in time deviations from the original study design, and the
test–retest sampling was performed a year later. The analysis was performed using Spear-
man’s rho correlation coefficient, with the values being interpreted as very strong (r > ±0.8),
moderately strong (r ± 0.6–0.8), fair (r ± 0.3–0.6) and poor (r < ±0.3). The SOPATreatment
subscale had a r = 0.813, p < 0.01, the SOPAControl r = 0.996, p < 0.01, the SOPAHarm
r = 0.963, p < 0.01, the SOPADisability subscale r = 0.484, p < 0.01, the SOPAMedication
r = 534, p < 0.01, the SOPASolicitude r = 465, p < 0.01 and the SOPAEmotion r = 433,
p < 0.01. Three of the subscales showed very strong reliability, whereas the other four
subscales presented fair test–retest reliability.

3.4. Correlations with the Pain Beliefs and Attitudes Inventory and the Chronic Pain
Coping Inventory

The SOPA Brief demonstrated positive correlations with some subscales of the Pain
Beliefs and Attitudes Inventory-PBAPI and some subscales of the Chronic Pain Coping
Inventory-CPCI, at both levels of statistical significance p < 0.05 and p < 0.01. In par-
ticular, the Solicitude subscale was found to be weakly positively correlated with the
Mystery subscale and moderately positively correlated with the Self-Blame subscale of
the PBAPI (Pearson’s r = 0.256 p < 0.01 and r = 0.351 p < 0.01, respectively). The Emotion
subscale had a weak positive correlation with the Time and Mystery subscales of the PBAPI
(r = 0.165 p < 0.05 and r = 0.247 p < 0.01). This subscale also had a weak positive correlation
with the Social Support subscale of the CPCI (r = 0.146 p < 0.05). Furthermore, the SOPA
Brief Control subscale had a weak negative correlation with the Time subscale (r = −0.252
p < 0.01) and Mystery subscale (r = 0.153 p < 0.05). The Medication subscale presented a
weak positive correlation with the Self-Blame subscale of the PBAPI (r = 0.151 p < 0.05) (see
Tables A2 and A3).

3.5. Exploratory Factor Analysis (EFA)

The entire sample of data was checked for suitability to conduct exploratory factor
analysis. To proceed with the analysis, it is necessary to meet the criterion of KMO > 0.5.
For this dataset, the following was the case: the Kaiser–Meyer–Olkin Index (KMO) was
calculated to be 0.632 (>0.5), which was considered sufficient for performing factor analysis
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on this dataset. Similarly, Bartlett’s test of sphericity was statistically significant (p < 0.01),
indicating that the choice of factor analysis was correct.

The exploratory factor analysis (EFA) was performed to reduce the number of items, as
this questionnaire has already been adapted and validated in other languages and in some
cases, it was necessary to adapt (and assimilate) a subscale for optimal adaptation to the
target population. The application of the factor selection criterion (eigenvalue > 1) resulted
in seven factors, exactly as in the original version of the questionnaire [16]. Table A4
shows the factors with eigenvalues above 1 (eigenvalue > 1), as well as the percentage of
covariance they explain. Note that the resulting factors (subscales) explain 71.54% of the
covariance of the individual items. Finally, Table A5 shows the resulting loadings per factor.

4. Discussion

The results of this study showed that the adaptation and validation of the SOPA-
Brief presents with similar psychometric characteristics as the original version of Tait
and Chibnall [16], consistent with its subscales and reliability and validity measures,
respectively. The internal reliability of individual items and the seven subscales were
satisfactory, with two less-than-satisfactory subscales, like the original version of the
questionnaire. Furthermore, the SOPA-Brief had strong, positive correlations with several
subscales with similar conceptual constructs from other scales, such as the PBAPI and
CPI. Most importantly, the EFA came up with a similar structure for this set of data,
validating that the subscales work well with the Greek target population as well. The
two weak subscales, SOPAMedication and SOPADisability, had already been highlighted
in the original work of Tait and Chibnall [16], and the possible explanation for their non-
satisfactory internal reliability might be their number of items or their conceptual overlap
with other subscales. This needs to be further investigated in a future multicenter study
in Pain Unit patients, probably resulting in a modified version of the SOPA-Brief. In a
corresponding study on the adaptation and weighting of the SOPA-B in the Portuguese
language, the two scales were removed as they were not supported by the factor structure
of the analysis performed [30]. In the present case, the removal of the two subscales did
not improve the model. The internal consistency of the model was already satisfactory.

There are several advantages associated with the availability of a short scale measuring
pain-related attitudes specifically in clinical context. Clearly, the primary one relates to
the ease of administration but also to the usefulness of the information extracted from
the interpretation of the scores on the subscales indicating patients’ attitudes towards
pain. Other advantages may arise from making it easier to provide a short scale assessing
patients’ attitudes, which can be tested in a wide range of treatment settings (e.g., work
empowerment programs), to identify patients whose attitudes might interfere with a good
response to the treatment in question.

The present study supports the conclusion that the Survey of Pain Attitudes (SOPA-
Brief) is a reliable and valid tool in Greek and can be used in the Greek population. However,
the limitations of this study should be mentioned. One limitation is that data were collected
at a very difficult time for conducting studies, with some time intervals longer than the
ones in the original design, due to the COVID-19 pandemic and all the restrictions it created.
Until cross-validation research is conducted on the scale in Greek, it is too early to assume
that it is as reliable and valid as it appears to be in its original form in English. Similarly, it
could be potentially premature to assume that the SOPA Brief possesses the clinical value of
the equivalent scale in English, the Survey of Pain Attitudes (SOPA, 57 items) [28]. Another
drawback of the present study concerns the fixed order in which the questionnaires were
given. The order was designed to start with the basic demographic data of the participants
and finish with the scales and questionnaires to be used in the validation process. However,
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the participants (n = 30) who took part in the repeated test were not given one of the selected
questionnaires for the sake of brevity. These effects may account for the improvements in
the internal reliability values of the scale and merit further investigation in future cross-
validation research of the psychometric properties of the scale. Finally, another limitation
is that the SOPA Brief had weak positive, one weak negative and one moderate positive
correlation to the PBAPI and CPI subscales, and this is another limitation indicating the
possible inherent differences in the basic constructs of the questionnaires.

Despite the aforementioned limitations, the Survey of Pain Attitudes—30 items (SOPA-
Brief) appears to be a feasible assessment tool for everyday clinical practice, either as a
stand-alone test or as part of a battery of tools measuring and assessing the psychological
dimensions of pain. A positive feature of the scale is its brevity and ease of use, and
with further study, it may emerge as a useful tool for future research on patient attitudes
and beliefs, flexible enough to be used by a variety of disciplines involved in chronic
pain management.

5. Conclusions

In regards to the psychometric characteristics of the SOPA-Brief in the Greek language,
the findings of this study show evidence of acceptable internal consistency for this tool
to be used in Greek pain patients. As mentioned above, it is expected for tools that have
not been widely used in clinical settings to result in a Cronbach’s a ranging from 0.5 to
0.6 and still be considered acceptable for use. In our case, that only occurred for two out
the seven subscales, same as for the original version of the SOPA-Brief. In addition, the
tool appears to be comparable in terms of validity to those already existing and used in the
Greek clinical context. In summary, the use of the SOPA-Brief in the Greek language can
contribute substantially to chronic pain research and clinical practice as well. Its use can
provide another validated tool for chronic pain assessment in Pain Units, therefore making
it more possible to address patients’ needs for pain diagnosis, treatment and management.
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Appendix A

Table A1. Internal relevance indicators of SOPA Brief subscales in Greek.

Survey of Pain Attitudes—Brief Version (30 Items)
Cronbach’s a

Validation Phase Test–Retest

Scale n = 200 n = 30

Solicitude 0.78(5) 0.97(5)
Emotion 0.71(4) 0.99(4)
Control 0.69(5) 0.86(5)

Treatment 0.63(5) 0.87(5)
Medication 0.56(3) 0.64(3)

Harm 0.65(5) 0.98(5)
Disability 0.63(3) 0.79(3)

Table A2. Correlations of SOPA Brief subscales in Greek with CPCI subscales.

Correlations SOPA-Brief with CPCI
SOPA-Brief Subscales

CPCI Subscale Emotion Treatment Disability

CPCIAssistance 0.154 *
CPCISocialSupport 0.146 * 0.154 *

CPCICopingSelfStatements 0.163 *
* p < 0.05; ** p < 0.01.

Table A3. Correlations of SOPA Brief subscales in Greek with PBAPI subscales.

Correlations SOPA-Brief with PBAPI
SOPA-Brief Subscales

PBAPI Subscale Control Harm Solicitude Emotion Medication Disability

PBAPITime −0.252 0.197 ** 0.286 **
PBAPIMystery 0.153 * 0.253 * 0.165 *

PBAPISelf-Blame 0.351 * 0.247 ** 0.151 * 0.142 **

* p < 0.05; ** p < 0.01.

Table A4. Exploratory factor analysis (extraction method: principal component analysis).

Total Variance Explained

Component

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings

Total
% of

Variance
Cumulative % Total

% of
Variance

Cumulative % Total
% of

Variance
Cumulative %

1 5.649 18.830 18.830 5.649 18.830 18.830 5.136 17.119 17.119

2 5.271 17.569 36.399 5.271 17.569 36.399 4.008 13.360 30.478

3 3.251 10.838 47.237 3.251 10.838 47.237 3.641 12.138 42.616

4 2.723 9.075 56.313 2.723 9.075 56.313 3.215 10.717 53.333

5 2.275 7.582 63.894 2.275 7.582 63.894 1.938 6.459 59.791

6 1.255 4.182 68.076 1.255 4.182 68.076 1.888 6.294 66.086

7 1.040 3.467 71.543 1.040 3.467 71.543 1.637 5.457 71.543
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Table A5. Exploratory factor analysis (principal component analysis—rotated component matrix).

Rotated Component Matrix a

Emotion Control Harm Solicitude Treatment Disability Medication

1. There are many times I can influence the
amount of pain I feel 0.373 0.299 0.051 −0.544 −0.035 0.332 0.026

2. I will probably always have to take
pain medication 0.121 −0.100 0.011 0.778 0.087 −0.026 0.129

3. When I hurt, I want my family to treat
me better 0.113 0.014 −0.196 0.831 0.076 0.056 0.195

4. I don’t expect a medical cure for my pain −0.106 −0.022 0.375 0.211 0.318 −0.363 0.501

5. I have had the most relief from the pain with
the use of medications −0.075 0.376 0.317 0.383 −0.196 0.215 0.469

6. Anxiety increases the pain I feel 0.493 −0.202 0.517 0.277 0.145 0.194 0.044

7. When I am hurting, people should treat me
with care and concern 0.250 −0.221 0.023 0.763 −0.254 0.107 −0.011

8. I have given up my search for the complete
elimination of my pain through the work of the
medical profession

0.168 0.253 −0.388 −0.217 0.585 0.017 0.021

9. It is the responsibility of my loved ones to
help me when I feel pain 0.809 0.157 −0.190 0.259 0.007 −0.262 −0.032

10. Stress in my life increases my pain 0.796 −0.131 0.310 −0.152 −0.231 −0.007 −0.038

11. Exercise and movement are good for my
pain problem −0.064 0.127 0.814 −0.105 −0.072 0.227 −0.173

12. Just by concentrating or relaxing, I can ‘take
the edge’ off my pain 0.156 0.515 0.278 −0.287 0.306 0.185 0.099

13. Medicine is one of the best treatments for
chronic pain −0.105 0.195 0.358 −0.014 0.132 0.598 −0.077

14. My family needs to learn how to take better
care of me when I am in pain 0.837 0.132 −0.183 0.278 0.093 −0.096 0.001

15. Depression increases the pain I feel 0.872 0.035 0.125 0.047 0.135 0.219 −0.191

16. If I exercise. it can make my pain problem
much worse −0.117 −0.195 −0.322 0.125 0.202 −0.161 0.653

17. I believe that I can control how much pain I
feel by changing my thoughts 0.268 0.492 −0.043 −0.200 0.212 0.157 −0.448

18. Often I need more tender loving care than I
am now getting when I am in pain 0.775 −0.018 −0.168 0.328 0.096 0.095 −0.119

19. Something is wrong with my body that
prevents movement and exercise 0.695 −0.049 −0.208 −0.080 0.123 −0.035 0.319

20. I have learned to control my pain 0.004 0.838 0.005 −0.057 −0.024 −0.071 −0.014

21. I trust that the medical profession can cure
my pain 0.041 0.166 0.125 0.061 −0.255 0.769 −0.088

22. I know for sure that I can learn to control
my pain 0.021 0.826 0.023 0.083 0.028 0.150 −0.123

23. My pain does not stop me from leading a
physically active life 0.117 0.610 0.431 −0.216 0.044 0.129 −0.031

24. My physical pain will never be cured 0.192 −0.467 0.030 0.188 0.278 0.322 0.433

25. There is a strong relationship between my
emotions and my level of pain 0.713 −0.131 0.246 −0.245 −0.225 −0.003 −0.120

26. I can do almost everything just as well as
before my pain problem −0.072 0.670 0.224 −0.282 0.192 0.050 −0.121

27. If I don’t exercise regularly. my pain problem
will continue to get worse −0.093 0.151 0.882 0.053 0.125 −0.016 −0.026

28. Exercise can reduce the amount of pain
I experience 0.059 0.113 0.774 −0.207 −0.087 0.108 0.107

29. I am convinced that there is no medical
procedure that will help my pain −0.036 −0.029 0.152 0.097 0.861 −0.165 0.129

214



J. Clin. Med. 2025, 14, 2551

Table A5. Cont.

Rotated Component Matrix a

Emotion Control Harm Solicitude Treatment Disability Medication

30. My pain would stop anyone from leading an
active life 0.282 −0.666 0.037 −0.058 0.225 −0.369 −0.105

Extraction Method: Principal
Component Analysis.
Rotation Method: Varimax with Kaiser
Normalization.a

a. Rotation converged in 7 iterations.
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