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Pain Control for Sickle Cell Crisis, a Novel Approach? A Retrospective Study
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Background and Objectives:

Pain management poses a significant challenge for patients experiencing vaso-occlusive crisis (VOC) in sickle cell disease (SCD). While opioid therapy is highly effective, its efficacy can be impeded by undesirable side effects. Local regional anesthesia (LRA), involving the deposition of a perineural anesthetic, provides a nociceptive blockade, local vasodilation and reduces the inflammatory response. However, the effectiveness of this therapeutic approach for VOC in SCD patients has been rarely reported up to now. The objective of this study was to assess the effectiveness of a single-shot local regional anesthesia (LRA) in reducing pain and consequently enhancing the management of severe vaso-occlusive crisis (VOC) in adults with sickle cell disease (SCD) unresponsive to conventional analgesic therapy. Materials and

Methods:

We first collected consecutive episodes of VOC in critical care (ICU and emergency room) for six months in 2022 in a French University hospital with a large population of sickle cell patients in the West Indies population. We also performed a systematic review of the use of LRA in SCD. The primary outcome was defined using a numeric pain score (NPS) and/or percentage of change in opioid use.

Results:

We enrolled nine SCD adults (28 years old, 4 females) for ten episodes of VOC in whom LRA was used for pain management. Opioid reduction within the first 24 h post block was -75% (50 to 96%). Similarly, the NPS decreased from 9/10 pre-block to 0-1/10 post-block. Five studies, including one case series with three patients and four case reports, employed peripheral nerve blocks for regional anesthesia. In general, local regional anesthesia (LRA) exhibited a reduction in pain and symptoms, along with a decrease in opioid consumption post-procedure.

Conclusions:

LRA improves pain scores, reduces opioid consumption in SCD patients with refractory pain, and may mitigate opioid-related side effects while facilitating the transition to oral analgesics. Furthermore, LRA is a safe and effective procedure.

--

Introduction

Sickle cell disease (SCD) is the most common genetic disorder in the world caused by the production of abnormal hemoglobin (Hb), the so-called hemoglobin S (HbS) [START_REF] Rees | Sickle-cell disease[END_REF]. Several genotypes lead to SCD, including homozygosity for the sickle hemoglobin (HbS) gene (i.e., a missense mutation [Glu6Val,rs334] in the -globin gene [HBB]) and various compound heterozygous states including HbSC or HbSb-thalassemia [2]. At a deoxygenated state, the abnormal HbS forms rigid polymers. Such HbS polymerization, promoted by various conditions such as hypoxia, cold, or infections, leads to the sickling of red blood cells (RBCs).

These brittle and rigid sickle-shaped red blood cells (SS-RBCs) are unstable and prone to hemolysis and occlude microcirculation, causing vaso-occlusion, downstream tissue ischemia associated with pain, and ultimately end-organ damages [START_REF] Puri | State of the Art Management of Acute Vaso-occlusive Pain in Sickle Cell Disease[END_REF].

In addition to these abnormalities, other key cellular actors, such as activated vascular endothelium, adherent reticulocytes, activated neutrophils, monocytes and platelets, and mastocytes, are involved in the pathophysiology of SCD [START_REF] Kaul | Sickle Red Cell-Endothelium Interactions[END_REF][START_REF] Allali | Innate immune cells, major protagonists of sickle cell disease pathophysiology[END_REF]. Chronic hemolytic anemia leads to a decrease in oxygen-carrying capacity and tissue hypoxia. Through its effects on vascular function, inflammation, and oxidative stress [START_REF] Nader | Vasculopathy in Sickle Cell Disease: From Red Blood Cell Sickling to Vascular Dysfunction[END_REF] partly related to the release in the circulation of hemoglobin and heme, two well-characterized damaged-associated molecular patterns, chronic hemolysis may play a role in progressive multi-organ damage, such as cerebral vasculopathy, pulmonary hypertension, kidney disease, leg ulcers, and priapism [START_REF] Kato | Deconstructing sickle cell disease: Reappraisal of the role of hemolysis in the development of clinical subphenotypes[END_REF].

SCD pain pathophysiology is multifactorial, involving multiple molecular and cellular partners. More recently, peripheral and central neurologic involvement inducing neurogenic inflammation and inadequate response of the autonomic nervous system has been shown to be implicated in this pathophysiological condition and could partly explain the resistance of pain to common opioid treatments. Thus, there are numerous barriers to effective management, making treatment of acute painful sickle crises extremely challenging [START_REF] Brookoff | Treating Sickle Cell Pain like Cancer Pain[END_REF][START_REF] Uzun | Efficacy of tramadol vs meperidine in vasoocclusive sickle cell crisis[END_REF]. Frequent or intense painful vaso-occlusive crises (VOC) are associated with the occurrence of severe complications of the disease, such as acute chest syndrome, acute multi-organ failure, or death [2]. Thus, early and optimal management of pain is required in these patients.

Opioids continue to be the primary treatment for acute pain episodes, albeit not without adverse effects. Medications such as morphine, hydromorphone, and fentanyl are commonly used for this purpose [START_REF] Gonzalez | Comparison of intramuscular analgesic activity of butorphanol and morphine in patients with sickle cell disease[END_REF][START_REF] Jacobson | Randomised trial of oral morphine for painful episodes of sickle-cell disease in children[END_REF]. Intravenous therapy with scheduled or continuous dosing through patient-controlled analgesia is recommended for SCD patients admitted for pain management [START_REF] Ballas | Sickle cell pain: A critical reappraisal[END_REF][START_REF] Sogutlu | Somatic Symptom Burden in Adults with Sickle Cell Disease Predicts Pain, Depression, Anxiety, Health Care Utilization, and Quality of Life: The PiSCES Project[END_REF].

In addition to the well-documented adverse effects associated with opioids, the management of acute painful crises has seen limited changes, and the prevention and treatment of vasoocclusive crises (VOC) remain suboptimal. Despite advancements in understanding the pathophysiology of pain and the pharmacogenomics of opioids, these insights have not translated effectively into the management of VOC in SCD [START_REF] Puri | State of the Art Management of Acute Vaso-occlusive Pain in Sickle Cell Disease[END_REF]. Indeed, numerous challenges persist with the frequent use of opioid therapy, particularly in relation to opioid tolerance and opioid-induced hyperalgesia triggered by N-methyl-D-aspartate (NMDA) receptor activation [START_REF] Colvin | Perioperative opioid analgesia-When is enough too much? A review of opioid-induced tolerance and hyperalgesia[END_REF]. Tolerance leads to escalating dosage requirements over time, while hyperalgesia may necessitate tapering opioids and a shift in the therapeutic approach [START_REF] Colvin | Perioperative opioid analgesia-When is enough too much? A review of opioid-induced tolerance and hyperalgesia[END_REF]. Some alternative therapeutics exist, like ketamine or magnesium, which are both noncompetitive antagonists of NMDA receptors [START_REF] Subramaniam | Ketamine as Adjuvant Analgesic to Opioids: A Quantitative and Qualitative Systematic Review[END_REF]. Moreover, magnesium has vasodilator activity and exhibits anti-inflammatory properties [START_REF] Albrecht | Peri-operative intravenous administration of magnesium sulphate and postoperative pain: A meta-analysis: Peri-operative intravenous magnesium and postoperative pain[END_REF][START_REF] De Oliveira | Perioperative Systemic Magnesium to Minimize Postoperative Pain[END_REF][START_REF] Brousseau | The Effect of Magnesium on Length of Stay for Pediatric Sickle Cell Pain Crisis[END_REF][START_REF] Goldman | Intravenous Magnesium Sulfate for Vaso-occlusive Episodes in Sickle Cell Disease[END_REF]. Medical trials are currently acting to integrate those strategies as a bundle of pain plans.

More and more frequently, clinicians explore the efficiency of non-intravenous opioid treatment to improve the treatment of acute pain in SCD patients. Moreover, they advocate management procedures based on the pathophysiology mechanisms of sickle cell pain and a personalized strategy, as this disease is characterized by high individual phenotypic variation.

In addition to the management of vaso-occlusive crisis in patients with sickle cell disease, it is noteworthy that anesthesia techniques have played a crucial role in addressing pain, particularly in the context of cancer. For instance, in 10-20% of patients with cancer pain where standard treatment is not effective, anesthesia techniques such as epidural, subarachnoid, intrathecal, and peripheral nerve blocks have demonstrated efficacy. These techniques allow for the administration of opioids together with local anesthetics on time, as required, or continuously [START_REF] Jeon | Efficacy of Epidural Analgesia in Patients with Cancer Pain: A Retrospective Observational Study[END_REF][START_REF] Mercadante | Spinal analgesia for advanced cancer patients: An update[END_REF][START_REF] Zaporowska-Stachowiak | Bupivacaine administered intrathecally versus rectally in the management of intractable rectal cancer pain in palliative care[END_REF][START_REF] Hill | Peripherial nerve blocks: Practical aspects[END_REF].

Our study proposes a novel approach for the management of VOC, the so-called local regional anesthesia (LRA). LRA has many targets and may have a key role in the following fields. LRA is traditionally used for its antinociceptive effects because of its ability to block Na+ channels [START_REF] Hollmann | Local Anesthetics and the Inflammatory Response[END_REF]. In addition, LRA interacts with other cellular systems, such as the inflammatory system, known to be a key player in the genesis of VOC [START_REF] Hollmann | Local Anesthetics and the Inflammatory Response[END_REF]. Indeed, LRA inhibits local neurogenic inflammation and, therefore, the phenomena of sensitization, hyperalgesia, and chronic pain, and is presently described as an anti-inflammatory treatment [START_REF] Hollmann | Local Anesthetics and the Inflammatory Response[END_REF]. Moreover, LRA influences vasodilation in limbs and has a beneficial impact on tissue oxygenation. For example, Tighe et al. demonstrated sustained increases in tissue rSO 2 values following LRA [START_REF] Tighe | Noninvasive tissue oxygen saturation determined by near-infrared spectroscopy following peripheral nerve block: Nearinfrared spectroscopy following peripheral nerve block[END_REF]. However, side effects could occur (incapacitating block motor, paresthesia, and local anesthetic systemic toxicity (LAST)) [START_REF] Neal | ASRA Practice Advisory on Local Anesthetic Systemic Toxicity[END_REF].

In this study, our objectives were: (1) to assess the efficacy of a single-shot local regional anesthesia (LRA) in effectively reducing pain and improving the management of severe vasoocclusive crisis (VOC) in adults with SCD unresponsive to conventional analgesic therapy, (2) to evaluate the safety of the LRA procedure, and (3) to conduct a systematic review in pursuit of our research goals.

Materials and Methods

Data Collection

Between May and December 2022, we collected consecutive episodes of VOC in critical care units (intensive care unit (ICU) and emergency room). This retrospective analysis of prospectively collected data was performed in the French West Indies University Hospital of Guadeloupe. We enrolled SCD adults hospitalized for episodes of VOC in whom LRA was used for pain management because of refractory pain despite multimodal therapy. The present study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of the University Hospital of La Guadeloupe (protocol code "A116_10072023" and "07102023", approved on 10 July 2023).

Data were anonymized prior to statistical analysis. All patient consent was obtained. The coprimary outcome was defined by the numerical pain scores (NPS); the percentage change of morphine consumption 24 h before and 24 h after LRA (%change = [(pre-block use) -(postblock use)]/(pre-block use) x 100). The numerical pain scale (NPS) ranges from 0 (no pain) to 10 (worst possible pain). Additionally, we gathered clinical features related to vaso-occlusive crises (VOC), including the pain site, location of the perineural block, duration of block sensitivity, average pre-pain intensity, post-pain intensity on the NPS, and 24 h morphine equivalent consumption both before and after local regional anesthesia (LRA) administration. Average pain scores were computed by determining the mean of five or six NPS scores (within a 6 h window) before LRA injection and five or six NPS scores (within a 6 h window) after LRA injection.

We also collected side effects such as incapacitating block motor, paresthesia, and LAST occurring during the post-procedure hospital stay. The LRA satisfaction was evaluated using a Likert scale ranging from 0 (not satisfied) to 10 (very satisfied).

All patients underwent the same multimodal analgesia protocol. The pre-treatment to posttreatment morphine equivalents were calculated by converting the usage of peripheral opioids 24 h before and 24 h after the local regional anesthesia (LRA) injection.

Characteristics of the LRA Procedures

After emergency admission for hyperalgesia (NPS > 6 more than 6 h) or opioid refractory VOC, the patient was taken to the post-anesthesia care unit (PACU), where he was scoped by close monitoring (saturation, respiratory rate, heart rate, and blood pressure) before and after the LRA procedure under oxygen therapy (by nasal cannula). If the SCD patient was previously in ICU, the procedure and the monitoring were applied in his own unit. An attending anesthesiologist realized all the procedures. Under direct visualization using a highfrequency linear ultrasound transducer, a 22 G echogenic needle was perineurally inserted inplane. Ropivacaine (1-2 mg/kg) was deposited perineurally with clonidine as an adjuvant to 1g/kg. The dosing recommendations for ultrasound-guided peripheral regional anesthesia, falling within 0.5-1.5 mg/kg as advised by the American and European Society of Regional Anesthesia [START_REF] Suresh | The European Society of Regional Anaesthesia and Pain Therapy/American Society of Regional Anesthesia and Pain Medicine Recommendations on Local Anesthetics and Adjuvants Dosage in Pediatric Regional Anesthesia[END_REF], were adhered to. The maximum described toxic dose of ropivacaine is 3.0 mg/kg [START_REF] Kayani | Maximum recommended dose of ropivacaine[END_REF]. The appropriate spread of volume in specific peripheral blocks is crucial. Following this principle, we utilized ropivacaine 0.2%. Moreover, employing lower concentrations with larger volumes can help address dosing challenges and mitigate the risk of motor block [START_REF] Yoshida | Effects of ropivacaine concentration on the spread of sensory block produced by continuous thoracic paravertebral block: A prospective, randomised, controlled, double-blind study[END_REF].

Statistical Methods

We employed descriptive statistics to characterize categorical variables, reporting a mean +/-SD or median+/-interquartile range (IQR) for continuous variables.

Categorical outcomes were reported with numbers and percentages. For each episode, we first calculated the percentage change of morphine consumption 24 h before and 24 h after LRA (%change = [(pre-block use) -(post-block use)]/(pre-block use) x 100), and then we estimated the median and the interquartile range for all episodes. All analyses were performed using R 3.4.4 (R Project, Vienna, Austria).

The Review: Search Strategy for the Systematic Review

We conducted a computerized search on EMBASE and the Cochrane Center Register of Controlled Trials (CENTRAL) for studies related to local regional anesthesia (LRA) in the treatment of VOC in SCD patients (from 1988 to 31 December 2022). Only English publications were included. In our bibliographic review, we used the keywords ("Local regional anesthesia" OR "peripheral nerve block" OR "Sickle cell disease" OR "SCD") in our Boolean search strategy. Additionally, we examined references in the retrieved articles for relevant publications. Any duplicate papers were identified and removed. All potential eligible papers underwent a full retrieval. For the systematic review, data were extracted as reported in the original papers, and individual pain trajectory data were described for each study.

Results

The Case Series: Data Collection

Nine adult SCD patients (28 years old [START_REF] Zaporowska-Stachowiak | Bupivacaine administered intrathecally versus rectally in the management of intractable rectal cancer pain in palliative care[END_REF][START_REF] Hill | Peripherial nerve blocks: Practical aspects[END_REF][START_REF] Hollmann | Local Anesthetics and the Inflammatory Response[END_REF][START_REF] Tighe | Noninvasive tissue oxygen saturation determined by near-infrared spectroscopy following peripheral nerve block: Nearinfrared spectroscopy following peripheral nerve block[END_REF][START_REF] Neal | ASRA Practice Advisory on Local Anesthetic Systemic Toxicity[END_REF][START_REF] Suresh | The European Society of Regional Anaesthesia and Pain Therapy/American Society of Regional Anesthesia and Pain Medicine Recommendations on Local Anesthetics and Adjuvants Dosage in Pediatric Regional Anesthesia[END_REF][START_REF] Kayani | Maximum recommended dose of ropivacaine[END_REF][START_REF] Yoshida | Effects of ropivacaine concentration on the spread of sensory block produced by continuous thoracic paravertebral block: A prospective, randomised, controlled, double-blind study[END_REF][START_REF] Karsenty | Regional anesthesia for sickle cell disease vaso-occlusive crisis: A single-center case series[END_REF][START_REF] Weber | Sciatic (Popliteal Fossa) Catheter for Pediatric Pain Management of Sickle Cell Crisis: A Case Report[END_REF][START_REF] Wyatt | Pericapsular nerve group blockade for sickle cell disease vaso-occlusive crisis[END_REF], four females, and seven HbSS and two HbSC) were treated for ten episodes with LRA for refractory pain despite multimodal therapy. The length of stay with opioid refractory VOC was 11 h (ranging from 6 to 39 h) in the emergency unit before the LRA procedure was undertaken. Pain scores and opioid consumption decreased within 24 h after LRA injection. Opioid reduction within the first 24 h post-block was 75% (95%CI, 50 to 96%, p = 0.016) (Table 1 and Figure 1). Similarly, NPS decreased from 9/10 pre-block to 0-1/10 post-block (p < 0.001) (Figure 2).

The analgesic effect was quickly effective (pain score 0 to 1) in all SCD patients in our cohort. The block duration of analgesia was 12 to 16 h; multimodal analgesia was sufficient for the relay, or at least reinjection was needed for five episodes (50%) (Table 2 and Supplemental Figure S1). One patient developed paresthesia; in another, a temporarily incapacitating block motor occurred, and no LAST was reported. There were no other major complications, and LRA was not associated with sedation, respiratory depression, or toxicity. Three patients experienced IV opioid-related adverse effects (hyperalgesia, hallucinations, and excessive sedation) and reported it themselves.

The Review

We identified 35 articles using our search strategy. After excluding articles where epidural anesthesia was employed, we included five studies (one case series with three patients and four case reports). Overall, local regional anesthesia (LRA) demonstrated a reduction in pain and symptoms, as well as decreased opioid consumption post-procedure in children (see Table 3). The most common medications used were bupivacaine and ropivacaine, with or without adjuvants such as dexmedetomidine. The majority of patients receiving LRA for vasoocclusive crisis (VOC) were children. No significant adverse outcomes, such as cardiorespiratory arrest, anaphylaxis, or toxicity, were reported due to the use of LRA. One randomized controlled trial (RESCUE Phase 1) involved an emergency department physician performing nerve blocks as a phase one trial to assess feasibility. However, this study was terminated early due to a lack of resources. Nevertheless, our study is the first to report data collected for the LRA procedure using a single shot of perineural analgesic injection as a treatment for opioid-refractory VOC in adult SCD patients.

Discussion

For the first time, to our best knowledge, our study evaluated a cohort of nine SCD adult patients who were consecutively hospitalized for opioid-refractory VOC episodes. Our data suggest that LRA is effective for the reductions in pain trajectory (NPS decreased from 9/10 pre-block to 0-1/10 post-block, p < 0.001) and opioid consumption (-75% (50 to 96%, IC95), p < 0.016) and safe. Similarly, our search review highlights a significant decrease in morphine consumption and pain score for all case reports included, which are one of the current research investigation aims of acute VOC management in SCD patients in emergency departments.

Episodes of acute pain emerge as the defining characteristic of sickle cell disease (SCD) and persist as the leading cause of hospitalization for individuals with SCD [START_REF] Yusuf | Emergency Department Visits Made by Patients with Sickle Cell Disease[END_REF]. Navigating this pain presents challenges due to the limited array of available treatment modalities [START_REF] Bou-Maroun | An analysis of inpatient pediatric sickle cell disease: Incidence, costs, and outcomes[END_REF]. Despite pain being a universal aspect for those with SCD, they remain among the most undertreated populations [START_REF] Zempsky | Evaluation and Treatment of Sickle Cell Pain in the Emergency Department: Paths to a Better Future[END_REF]. The standard protocol for managing painful episodes centers on rest, rehydration, oxygenation, and the use of analgesics such as acetaminophen, oral and parenteral non-steroidal anti-inflammatory drugs, as well as oral, parenteral, or continuous infusion of opioids [START_REF] Khurmi | Perioperative considerations for patients with sickle cell disease: A narrative review[END_REF]. The etiology of SCD vaso-occlusive crisis (VOC) is complex and is associated with nociceptive, neuropathic, autonomic, and inflammatory-mediated receptors [START_REF] Puri | State of the Art Management of Acute Vaso-occlusive Pain in Sickle Cell Disease[END_REF][START_REF] Payne | Impact of early analgesia on hospitalization outcomes for sickle cell pain crisis[END_REF].

Because of the multitarget actions of LRA, we believe that we should consider this technique in the treatment of such acute pain mechanisms and that it might be a part of the goal of individualized pain plans. It is worth noticing that opioid therapies carry numerous undesirable side effects, most notably sedation and respiratory depression. In our study, 30% of our patients experienced IV opioid-related adverse effects. In addition, LRA could present additional therapeutic effects. In surgical patients, local regional anesthesia (LRA) attenuates autonomic nociception and the inflammatory response in comparison to opioids, thereby alleviating constipation and opioid-induced hyperalgesia [START_REF] Lee | A comprehensive review of opioid-induced hyperalgesia[END_REF].

Furthermore, LRA promotes vasodilation, as demonstrated in a prospective analysis using nearinfrared spectroscopy [START_REF] Tighe | Noninvasive tissue oxygen saturation determined by near-infrared spectroscopy following peripheral nerve block: Nearinfrared spectroscopy following peripheral nerve block[END_REF]. Such a vasodilator effect of LRA improves regional blood flow to ischemic areas and so reduces sickling [START_REF] Tighe | Noninvasive tissue oxygen saturation determined by near-infrared spectroscopy following peripheral nerve block: Nearinfrared spectroscopy following peripheral nerve block[END_REF].

The adoption of the local regional anesthesia (LRA) approach has been limited, in part, due to the unfamiliarity of this procedure among most hematologists. Nevertheless, there is a clinical necessity to curtail systemic opioid exposure [START_REF] Ballas | Opioids and Sickle Cell Disease: From Opium to the Opioid Epidemic[END_REF]. Prolonged and recurrent pain crises expose patients to risks such as opioid tolerance, dependence, hyperalgesia, and chronic pain [START_REF] Payne | Impact of early analgesia on hospitalization outcomes for sickle cell pain crisis[END_REF]. The incorporation of LRA in our subset of patients experiencing a vaso-occlusive crisis (VOC) resulted in a decreased need for opioids, improved pain relief, reduced hospitalization duration, and enhanced physical rehabilitation, contributing to higher patient satisfaction (see Table 3).

Retrospective case reports have also demonstrated favorable outcomes with a reduced need for opioids, shorter hospitalization durations, and enhanced patient satisfaction in cases of isolated limb vaso-occlusive crisis (VOC) [START_REF] Rizvi | Role of regional anesthesia in patients with acute sickle cell pain: A scoping review[END_REF]. Although there are no randomized clinical trials investigating the long-term effectiveness and safety of local regional anesthesia (LRA) in VOC, the available data strongly advocate for the inclusion of LRA in the treatment of painful VOC. It is noteworthy that the 2020 guidelines from the American Society of Hematology (ASH) for the management of acute and chronic pain in sickle cell disease (SCD) recommend interdisciplinary and multimodal approaches for pain treatment [START_REF] Brandow | American Society of Hematology 2020 guidelines for sickle cell disease: Management of acute and chronic pain[END_REF].

Two out of nine (22%) SCD cohort patients described a hyperalgesia phenomenon. They clearly described a sustained increase in pain when morphine was administrated. After LRA, they were the most satisfied patients we have seen so far. It is so-called opioidinduced hyperalgesia [START_REF] Lee | A comprehensive review of opioid-induced hyperalgesia[END_REF]. In contrast to opioids, local regional anesthesia (LRA) may circumvent these issues by employing a more direct approach to central nervous system receptors (and gate control), thereby avoiding hyperalgesia [START_REF] Miljanich | Spinal Mechanisms of Pain and Analgesia: Spinal mechanisms of pain and analgesia[END_REF].

In our patient cohort, we deliberately opted for a lower concentration of ropivacaine (0.2%), leading to enhanced pain control while minimizing motor impairment, enabling early ambulation, and facilitating physical therapy. The beneficial effects of LRA in the treatment of localized refractory pain during VOC in the SCD population seem to be multiple: (i) it improves pain control, (ii) it decreases opioid usage, (iii) it reduces inflammation, (iv) it reduces HbS polymerization and adhesive events via vasodilation, and (v) it improves oxygenation. Our study strongly suggests that LRA could be a part of clinical decisionmaking options, considering an individualized approach and appropriately dosed local anesthetics to facilitate sensory blockade with the preservation of motor and physical function. Nevertheless, the sole study to date, which sought to assess the feasibility of singleshot femoral nerve blocks in patients admitted to the emergency department with acute pain crises involving the lower extremities, was prematurely terminated due to resources [START_REF] Glassberg | Regional Anesthesia for Sickle Cell Crisis Using Ultrasound in the Emergency Department: Phase I (RESCUED)[END_REF].

Among the limitations of our study, we focused on local regional anesthesia (LRA) exclusively for sickle cell disease (SCD) patients unresponsive to opioids. Additionally, one patient experienced post-LRA paresthesia, similar to a case reported by Giabicani et al., where peripheral neuropathy occurred after a popliteal sciatic nerve block in a patient with SCD [START_REF] Giabicani | Is sickle cell disease a possible risk factor for peripheral neuropathy after popliteal sciatic nerve block?[END_REF]. Nerve injury is a well-recognized complication of LRA. Capdevila et al. reported an incidence of 0.21% [START_REF] Capdevila | The French Study Group on Continuous Peripheral Nerve Blocks. Continuous Peripheral Nerve Blocks in Hospital Wards after Orthopedic Surgery[END_REF], the main mechanism described so far being intraneural injection or direct nerve injuries [START_REF] Blumenthal | Preexisting Subclinical Neuropathy as a Risk Factor for Nerve Injury after Continuous Ropivacaine Administration through a Femoral Nerve Catheter[END_REF]. In addition to adverse factors related to the LRA technique [START_REF] Auroy | Serious Complications Related to Regional Anesthesia[END_REF], other causes, such as concomitant patient disease (e.g., pre-existing subclinical polyneuropathy [START_REF] Borgeat | Acute and Nonacute Complications Associated with Interscalene Block and Shoulder Surgery[END_REF]) and the neurotoxicity of local anesthetics [START_REF] Neal | ASRA Practice Advisory on Local Anesthetic Systemic Toxicity[END_REF], could also be involved. Notably, recent data suggest an underestimation of neuropathy SCD-related diagnosis [START_REF] Sadler | Peripheral nerve pathology in sickle cell disease mice[END_REF]. Further studies are warranted to determine the prevalence, physiopathology, and preventive treatment of SCD's neuropathy.

Conclusions

Within our cohort, local regional anesthesia proved effective and safe in treating sickle cell crises, resulting in reduced pain trajectories and opioid consumption. Early implementation of this technique in the treatment of painful crises may act as a protective factor by breaking the cycle of vaso-occlusive crisis (VOC). Sickle cell disease (SCD) patients experiencing isolated limb crises are particularly suitable candidates for local regional anesthesia (LRA). Moreover, we intend to explore the feasibility of the LRA procedure as a primary modality for VOC and as an integral component of personalized pain management plans. Further investigations into the underlying physiological mechanisms responsible for the beneficial effects of LRA in VOC are warranted and should be conducted.
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