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Purpose of Review: Sickle cell disease (SCD) is an inherited hemoglobinopathy with potential life-threatening complications that
affect millions of people worldwide. Severe and disabling acute pain, referred to as a vaso-occlusive crisis (VOC), is a fundamental
symptom of the disease and the primary driver for acute care visits and hospitalizations. Despite the publication of guidelines for VOC
management over the past decade, management of VOCs remains unsatisfactory for patients and providers.

Recent Findings: Acute SCD pain includes pain secondary to VOCs and other forms of acute pain. Distinguishing VOC from non-
VOC pain may be challenging for both patients and clinicians. Further, although opioids have been the gold-standard for VOC pain
management for decades, the current highest standard of care for all acute pain is a multimodal approach that is less dependent on
opioids, and, instead incorporates analgesics and adjuvants from different mechanistic pathways. In this narrative review, we focus on
a multimodal pharmacologic approach for acute SCD pain management and explore the evidence for existing non-opioid pharmaco-
logical adjuncts. Moreover, we present an explanatory model of pain, which is not only novel in its application to SCD pain but also
captures the multidimensional nature of the SCD pain experience and supports the need for such a multimodal approach. This model
also highlights opportunities for new investigative and therapeutic targets — both pharmacological and non-pharmacological.
Summary: Multimodal pain regimens that are less dependent on opioids are urgently needed to improve acute pain outcomes for
individuals with SCD. The proposed explanatory model for SCD pain offers novel opportunities to improve acute pain management
for SCD patients.
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Introduction

Sickle cell disease (SCD) is an inherited hemoglobinopathy that affects over 6 million individuals of African and
Mediterranean descent worldwide.' Recurrent and severe pain, known as a vaso-occlusive crisis (VOC), is the primary
clinical manifestation of SCD. SCD pain can be ever-present, unpredictable, severe” > and can significantly impair a
patient’s health-related quality of life (HRQOL).®

Pathophysiology of Sickle Cell Pain

Sickle cell pain begins during childhood in response to vaso-occlusive ischemia.” Ischemia is sensed by fast-firing
nociceptive neurons® via elevations of substance P’ and other neurotransmitters. However, pain is maintained by slower,
repetitively firing neurons in response to a complicated array of inflammation and other mechanistic pathways.” Studies
in Berkeley transgenic mouse model of SCD (HbSS-BERK) suggest that ischemia-induced mast cell activation results in
the release of inflammatory cytokines and neuropeptides. This then leads to nociceptor activation and neuropeptide
release from peripheral nerve terminals, and, therefore, sustains pain once it is triggered.'®!" In turn, nociceptor
hypersensitivity to mechanical, heat and cold stimuli may be further exacerbated by hypoxia/reoxygenation during

Journal of Pain Research 2022:15 879-894 879
Received: 11 October 2021 © 2022 Kenney and Smith. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
AT terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing

Accepted: 4 February 2022
Published: 31 March 2022

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-0079-2488
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Kenney and Smith Dove

repeated VOCs.'? Later, SCD pain derives from neuropathic mechanism in as many as 37% of the patients aged >14
years.'>"'* Central sensitization (CS) — nociceptive hyperexcitability known to intensify and maintain clinical pain —
likely arises from years of repetitive vaso-occlusive, inflammatory, or other stimulation from SCD and then leads to
nociceptor neuronal injury.'

Definition of Acute Sickle Cell Pain

While classic VOCs have long been a focus of research and treatment, more recently an expert panel defined three
overarching classifications of sickle cell pain: acute, chronic, and acute-on-chronic. Acute SCD pain encompasses not
only VOCs but also other forms of acute pain. The core diagnostic criteria for acute SCD pain are defined as

1. “Diagnosis of SCD as confirmed by laboratory testing.
2. Reports of increased pain that lasts >2hours and started in the past 10 days.
3. Must display >1 of the following signs:

(a) Palpation of region of reported pain elicits pain or tenderness

(b) Movement of region of pain elicits focal pain

(c) Decreased range of motion or weakness in region of reported pain

4. Pain is not entirely explained by specific physical examination findings (leg ulcers, priapism ...).”'¢

Chronic SCD pain is defined differently and based primarily on pain being present during a majority of days during a 3-
to 6-month interval.'” The prevalence of chronic SCD pain in a four-city cohort of patients presenting with acute SCD
pain to either emergency departments (ED) or infusions centers was 68%.' Thus, chronic SCD pain often colors the
presentation of acute SCD pain. Specifically, VOCs (as part of acute-on-chronic pain) are more frequent among SCD
patients with chronic pain.'®'”

Admittedly, applying these new definitions to interpret SCD pain raises a misclassification problem. SCD patients
may still refer to all SCD pain, acute and chronic, as “crises.” It may also be unclear whether, causally, acute SCD pain is
a VOC, is an acute exacerbation of otherwise chronic pain or is due to opioid withdrawal or opioid-induced hyperalgesia.
The focus of this review will be on acute SCD pain secondary to a VOC.

The majority of SCD pain — whether acute, chronic, or acute-on-chronic — is self-managed at home.**'**° However,
healthcare utilization for SCD pain presenting as a VOC is highly prevalent among the subset of SCD patients aged 18 to
34 years.21 In fact, VOCs account for as much as 85% of hospitalizations and readmissions for SCD. In 2016 alone,

hospitalizations for SCD accounted for $811.4 million in cost, with a length of stay averaging 5 days.?' >

The State of Sickle Cell Pain Management

Management of acute SCD pain remains unsatisfactory.**>* First, there is ignorance of and barriers to implementation of
guidelines. Two published acute SCD pain management guidelines, the National, Heart, Lung and Blood Institute’s
(NHLBI) recommendations®® for treatment of VOCs and the American Society of Hematology’s (ASH) guidelines for
acute SCD pain management®’ call for swift administration of analgesics upon arrival to hospitals. However, a recent
publication suggested swift analgesic administration was far from universal.”® Second, while not universally guideline-
recommended, most experts agree that individualized pain treatment plans are the highest standard of SCD care.*”*°
Third, general pain guidelines published by the International Association for the Study of Pain (IASP)*! and others
strongly advocate for a multimodal and multidisciplinary approach to SCD pain treatment.*> However, most SCD centers
and providers have trouble amassing resources to provide such multidisciplinary treatment.*”

We propose, within the framework of multidisciplinary treatment, that strong incorporation of multimodal analgesia is
needed to treat acute SCD pain. Multimodal analgesia is defined as including two or more drugs that provide analgesia
via different mechanisms.>**> Multimodal analgesia is a growing standard in pain management for chronic painful
disease.>' %37 Failure to use multimodal analgesia is likely another contributing factor to patient and provider dis-
satisfaction with SCD pain treatment. Despite the complex pathophysiology of SCD pain described above, patients and
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providers have relied for decades on treatment of acute nociceptive pain, using primarily opioid therapy, as the
oversimplified approach to treating acute SCD pain,*® ignoring other pain pathways and analgesic mechanisms.

Opioids’ Path to Becoming the “Gold Standard” Analgesic for Acute Sickle Cell Pain
Opioids became the “gold standard” for analgesic or palliative therapy for acute SCD pain based on evidence
extrapolated from cancer research in the 1980s. One particularly influential extrapolation was published in 1992, entitled
“Treating sickle cell pain like cancer pain.”*’ The extrapolation was based on some evidence. Severe acute SCD pain
treated with continuous, long-acting opioids, in addition to intermittent, short-acting opioids, reduced return rates to an
urban emergency department for acute SCD pain. The article promoted this apparent efficacy as similar to the efficacy
that had been previously demonstrated in treatment of cancer pain.>® Despite the initially negative reaction that this
publication created,*®*' pain guidelines published around that time urged the treatment of acute SCD pain as an
emergency and urged aggressive treatments, primarily opioids.**** Opioid manufacturers seized on this opportunity to
suggest their products were safe, effective, and even evidence-based for the management of not only VOCs and chronic
SCD pain but also many other acute pain states.** While this article demonstrated reduced return rates for pain care after
initiation of long-acting opioids, it was unfortunately mistitled and misleading.

Unlike cancer pain, the clinical efficacy of opioids for SCD pain had not at the time of this article, and still has not,
been determined through large randomized controlled trials (RCTs). Rather, clinical experience and small, low powered
studies dominate the literature searches conducted to date.”® Even more pointedly, there have been no RCTs demonstrat-
ing which of several commonly used opioids in SCD is most beneficial (eg, morphine versus hydromorphone).*> Even

weaker is the evidence for the benefit of opioids in chronic or acute-on-chronic SCD pain'®*®

that was likely depicted in
the above 1992 study. The few available studies suggest that the magnitude of opioids’ benefit for this pain, like that of
all chronic noncancer pain, is low.*’

In contrast to the analgesic benefits, opioids are clearly known to be associated with several harms. Opioid-related
adverse effects (ORAEs) include nausea, vomiting, constipation, respiratory depression, sedation, dependence and
withdrawal.** And while the prevalence of opioid use disorder among sickle cell patients is similar to that of the general
public,* patients with SCD are at risk for prescription opioid related mortality.**>° Due to the recurrent nature of VOCs,
SCD patients are also frequently exposed to opioids, both in the hospital and at home.*>' Opioid tolerance — where
increased doses of opioids are needed for pain relief — is frequently observed among SCD patients, although the exact
prevalence is unknown.’” In addition, chronic opioid use can lead to the paradoxical phenomenon of opioid-induced
hyperalgesia (OIH), where escalating doses of opioids lead to increased perception of pain.>

Multimodal Analgesic Therapy: An Untested Strategy in SCD Management

Pain experts are now advocating for a shift away from a “one size fits all” pain management approach to a targeted
approach, based on the underlying pain mechanism(s) of a disease process.”* The moderate evidence for the clinical
efficacy of opioids for relief of acute SCD pain, as well as the concern for ORAEs, raise an urgent need for clinical trials
of multimodal approaches to the management of acute SCD pain. Such trials should determine whether these approaches
are efficacious in SCD, as is being done for other acute-on-chronic painful diseases such as rheumatic diseases (eg.

rheumatoid arthritis>>>° 58,59

and ankylosing spondylarthritis®”) and inflammatory bowel disease.

Meanwhile, as we wait for future trials on the efficacy of multimodal analgesia for SCD pain, we advocate that the
balance of benefits and harms demands empiric use of multimodal therapies now for acute SCD pain. Based on evidence
in other disease states, we advocate for a multimodal or multi-mechanistic-based therapeutic approach with empiric use
but also careful monitoring for effective analgesia despite decreased treatment with opioids. The potential benefits
include decreased ORAEs and harm reduction from potential opioid misuse and diversion.

In this review, we support this advocacy by providing a summary of the evidence of the benefits of non-opioid
pharmacological analgesics for management of acute SCD pain. Like the pool of opioid studies, the pool of studies of
non-opioid pharmacological interventions for acute SCD pain is small, and the evidence is primarily found in retro-
spective studies and small prospective trials (Table 1). Therefore, the review will draw attention to analgesics that
although may require further clinical exploration to demonstrate their efficacy for acute SCD pain, can currently be used
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Table | Characteristics of Studies of Identified in Literature Review of Non-Opioid Analgesic Adjuncts for Management of Sickle Cell
Vaso-Occlusive Crisis (VOC)

Reference | Year | Study Characteristics Main Findings
Acetaminophen (intravenous)
Dhebaria 2020 | RCT at academic pediatric emergency department. 71 No observed difference in total cumulative morphine dosing
etal”® pediatric patients (age 4 to 16 years) randomized to 0.1 mg/ | or mean pain scores
kg of IV morphine, 0.5 mg/kg ketorolac or both PLUS |5 mg/
kg IV acetaminophen or placebo
Baichoo 2019 | Retrospective chart review comparing 46 pediatric patients | General trend towards reduction in overall morphine
et al.®? (age 2 to 19 years) admitted for VOC who received opioids | equivalent doses (—18.5 mg; P = 0.066) and reduction in pain
alone versus opioids and IV acetaminophen scores by 2.3/10 amongst patients receiving IV
acetaminophen
Nonsteroidal anti-inflammatory drugs (NSAIDs)
Doluee 2019 | Non-inferiority RCT of 92 sickle cell patients (adults and Change in mean pain scores after administered analgesics
etal” children) presenting to an ED for a VOC. Patients was comparable in the two groups
randomized to ketorolac or morphine
Bartolucci 2009 | RCT at academic hospital. 66 adults hospitalized for VOC No observed difference in VOC duration (primary
etal’® randomized to ketoprofen or placebo for 5 days in addition | outcome) or cumulative morphine consumption (secondary
to standard opioid therapy outcome)
Hardwick 1999 | RCT at tertiary pediatric ED. 29 pediatric patients (age 5 to | No observed difference in cumulative morphine
etal”’ 18 years) randomized to 0.9 mg/kg IV ketorolac or placebo | consumption or pain scores
in addition to standard opioid therapy
Perlin 1994 | RCTat urban academic hospital. 2| patients (age > 15 years) | Ketorolac group with 33% reduction in meperidine
etal’® randomized to 5-day infusion of ketorolac or placebo in consumption (P = 0.04)
addition to intermittent doses of intramuscular meperidine
Wright 1992 | RCT at a University and community ED. 18 adult patients No clinically significant reduction in opioid requirement
etal”’ randomized to placebo or single intramuscular dose of
ketorolac in addition intermittent doses of intramuscular
meperidine
Ketamine
Nobrega 2018 | Retrospective case series at urban tertiary pediatric Males and younger patients with greater reduction in pain
et al.”? hospital. Reviewed clinical course of 85 patients who scores compared to females (P = 0.013) and older patients
received subanesthetic ketamine infusion during (P =0.018)
hospitalization for a VOC
Lubega 2018 | Non-inferiority RCT at a referral sickle cell center. 240 Single dose of ketamine comparable to morphine in change
et al” pediatric patients (age 7 to |8 years) presenting with VOC | in numerical rating pain score (66.4% vs 61.3%)
randomized to either single dose of IV ketamine (I mg/kg)
or IV morphine (0.1 mg/kg)
Palm 2018 | Retrospective case series of 5 adult patients admitted to Median reduction of 90 morphine equivalents per patient
et al.”® intensive care unit for severe and prolonged VOC and and decreased reported mean numeric rating pain scores
treated with subanesthetic ketamine infusions during infusion (7.2 versus 6.4 prior to infusion)
Gimovsky 2018 | Case reports of two pregnant patients treated with No adverse effects noted in two pregnant patients and pain
etal¥ subanesthetic ketamine infusion for refractory acute sickle | reported to have improved
cell pain
(Continued)
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Table | (Continued).

Reference | Year | Study Characteristics Main Findings
Sheehy 2017 | Retrospective case series at urban tertiary pediatric Greater reduction in median opioid intake observed in
etal” hospital. Reviewed clinical course of 230 patients with acute | patients with sickle cell disease

and chronic pain syndromes (181 patients with sickle cell
disease and hospitalized for a VOC) who received

subanesthetic ketamine infusion for pain

Tawfic 2014 | Retrospective case series of 9 adult patients admitted to Reductions in morphine equivalent (P = 0.07) and in
et al®® intensive care unit for severe VOC and treated with numeric rating scale pain scores (P = 0.01) noted after
subanesthetic ketamine infusion along with midazolam addition of ketamine-midazolam regimen
infusion
Zempsky 2010 | Retrospective case series of 5 pediatric patients treated with | Two patients reported to have clinically significant reduction
et al® subanesthetic ketamine infusion for VOC in pain intensity

Anticonvulsants (Gabapentin, Pregablin)

Puri 2019 | RCT at academic children’s hospital. 90 patients (age | to 21 | Observed 233% reduction in pain scores in 68% of
etal.'” years) randomized to single dose of gabapentin (15 mg/kg) | gabapentin group compared to 60% of placebo group (P =
or placebo in addition to standard opioid therapy 0.23). Patients with HbSS genotype with greater reduction in

mean pain scores (P = 0.032)

Lidocaine
Puri 2019 | Retrospective case series of 4 adolescent patients treated Lidocaine infusion appeared useful in reducing opioid
etal'” with ketamine and/or lidocaine infusions for VOC. Two of | consumption
the patients received lidocaine infusions
Rousseau 2018 | Prospective, single arm study. 39 pediatric patients (age 6 to | Two-point reduction in pain scores observed in 48.6% of
et al.'% 2| years; 23 patients with SCD) treated with 5% lidocaine patients after two consecutive days of patch application
patches
Nguyen 2015 | Retrospective case series of || adult treated with lidocaine | Mean reduction in morphine dose equivalents of 32.2%
etal'%® infusion for VOC

Abbreviations: RCT, randomized control trial; ED, emergency department; SCD, sickle cell disease.

as adjuncts to opioids. The review will also draw attention to non-opioid analgesics with evidence of efficacy in other
painful conditions. Lastly, our review will propose a novel explanatory model for SCD pain, adapted from the work of
pain pioneer Richard Melzack, to support multimodal analgesia as well as multidisciplinary treatment of all types of SCD
pain. A comprehensive understanding of SCD pain is not only critical to development of new interventions but also
important in the assessment of the clinical efficacy of existing interventions, such as the ones highlighted in this review.

Methods

We conducted a narrative review of peer-reviewed literature on the use of non-opioid analgesics for treatment of acute SCD pain.
We limited our search to non-opioid analgesics that have established use in other painful conditions and are accessible and used
with some frequency within SCD clinical practice.>7-60:¢! Although non-pharmacological interventions are an important
component of multimodal pain management, such interventions were not included in our literature search for the following
reasons: 1) these interventions are usually inaccessible in the acute clinical setting for management of acute SCD pain, 2) sickle
cell providers lack familiarity with these interventions, and 3) the evidence for these interventions for acute SCD pain is
sparse.”’°%>% In addition, because this review is focused on acute SCD pain, non-opioid adjuncts, such as antidepressants,
which may be used in the outpatient setting for chronic SCD pain® were not included in our literature search. Based on these
considerations, our list of non-opioid analgesic adjuncts was narrowed to intravenous acetaminophen, nonsteroidal anti-
inflammatory drugs (NSAIDs), ketamine, anticonvulsants (gabapentin and pregabalin) and lidocaine.
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To identify literature relevant to this list of non-opioid pharmacological interventions, we performed a literature search from
January 2021 to March 2021. Searches were performed in Embase and PubMed for English language articles using terms relating
to sickle cell, sickle anemia, or vaso-occlusive in conjunction with a list of terms for each drug. Additional searches for evidence
were performed in UpToDate, Micromedex, Google Scholar, and Google. No date limits were applied for the search.

The titles and abstracts were reviewed, and articles were selected for inclusion based on the following criteria: 1)
published in English, 2) peer-reviewed article or abstract, and 3) included any of the following study design: case series,
retrospective cohort study, prospective cohort study or RCT. Articles where any of the drugs of interest were adminis-
tered to SCD patients only in the outpatient setting were excluded.

The primary author searched the relevant literature in consultation with the senior author. Relevant items were
extracted and included in the review. The search identified eight RCTs, one single arm prospective study, and nine case
series or retrospective cohort studies, which are subsequently presented in this review.

Non-Opioid Pharmacological Interventions

As we consider the list of non-opioid analgesic adjuncts (Table 1), it is important to consider where during an acute sickle cell
pain crisis each adjunct would be most effective. In 1995, SCD pain pioneer, Samir Ballas®* proposed four distinct phases of a
severe SCD pain crisis — the prodromal, initial, established, and resolving phases.®*“> Ideally, a non-opioid analgesic adjunct,
particularly one with opioid-sparing properties, should be initiated during the prodromal phase of an acute pain crisis — that is,
prior to the initiation of severe pain. However, the prodromal phase is challenging to identify in patients because of a lack of
laboratory abnormalities and its occurrence prior to a patient’s encounter with the healthcare system.** Therefore, we considered
the three latter phases for initiation of the proposed list of non-opioid adjuncts (Figure 1).
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Figure | Non-opioid analgesics within the four distinct phases of a severe SCD pain crisis or VOC. | = Prodromal phase or pre-crisis phase. Patients may experience numbness
or paresthesia and/or premonition of an on-coming crisis. || = Initial phase, characterized by gradual increase in severity of pain. lll = Established phase, persistent, severe pain

averaging 4 to 5 days. IV = Resolving phase, pain severity gradually decreases. Adapted and reproduced with permission from Taylor and Francis, Ltd. Originally published in
Ballas Sk. The Sickle Cell Painful Crisis in Adults: Phases and Objective Signs. Hemoglobin. 1995;19(6):323-333 (Taylor & Francis Ltd, http://www.tandfonline.com).®*
Abbreviations: PO, by mouth; IN, intranasal; APAP, acetaminophen; NSAIDs, non-steroidal anti-inflammatory drugs.

884 https: Journal of Pain Research 2022:15

Dove!


http://www.tandfonline.com
https://www.dovepress.com
https://www.dovepress.com

Dove Kenney and Smith

Intravenous Acetaminophen
Acetaminophen (APAP) is the most widely available and used analgesic for mild-to-moderate pain worldwide. Even
though it has been used for many years, acetaminophen’s mechanism of action has not been clearly elucidated. It is
believed to exert its analgesic effect centrally via cyclooxygenase (COX) inhibition with no significant peripheral anti-
inflammatory effects.®® Oral and suppository formulations were previously the only available forms. However, since it
became commercially available, intravenous (IV) APAP has grown in popularity for acute pain analgesia.®’ Intravenous
APAP has been demonstrated to have an early onset of clinical analgesia within 5 minutes of administration. It is usually
administered as a 15-minute infusion to minimize injection site pain. This formulation is also believed to reach a higher
peak plasma concentration compared to its oral equivalent.®®

There are few studies examining acetaminophen’s clinical benefits for acute SCD pain. Baichoo et al® reviewed the
charts of 46 children with SCD who received opioid or opioid and IV APAP for treatment of VOC. The authors reported
a mean reduction in pain scores of 2.4 in their analysis of administered IV APAP doses without a concomitant analgesic
(total of 49 doses). In an another study, Dhebaria et al’® conducted an RCT with pediatric patients admitted with a VOC
to an academic urban ED. Seventy-one patients were randomized to receive either 0.1 mg/kg of IV morphine, 0.5 mg/kg
ketorolac, or both along with 15 m/kg of IV APAP or placebo. The authors noted no change in morphine consumption in
the APAP group nor clinical or statistically significant differences in admission or 72-hr ED return visit. This study was
limited by the small number of study subjects and short duration of the interventions. Moreover, once an SCD patient has
entered the initial phase of a crisis, a single dose of APAP may not alter their course. At the time of our literature search,
there were no published RCTs examining the clinical efficacy of IV APAP as an adjunct for VOC treatment in adults.

Until recently, the price tag of $33/g of IV APAP®” limited its use. With the new availability of a generic and less cost-
prohibitive formulation, further exploration of its clinical efficacy as adjunctive analgesia for acute SCD pain through
large, prospective, randomized studies is needed.

Nonsteroidal Anti-Inflammatory Drugs (NSAIDs)

Inflammation plays a vital role in many painful disease states, such as SCD.' NSAIDs are used for both their anti-
inflammatory and analgesic properties through its inhibition of cyclooxygenase (COX) enzymes and, thus, its suppres-
sion of prostaglandin production.”' Non-aspirin NSAIDS — ibuprofen and ketorolac — are the most commonly encoun-
tered NSAIDs in the treatment regimen for acute SCD pain.”*> Many of the potential beneficial effects of NSAIDs are
extrapolated from its use for postoperative and cancer pain. NSAIDs act on peripheral and central pain-mediated sites not
involved in the opioid-mu receptor system pathways. When administered in conjunction with opioids such as morphine,
NSAIDs are believed to have opioid sparing effects, therefore, reducing incidence of nausea/vomiting and sedation in
patients with acute, post-operative pain.”*’*

However, the studies assessing the clinical efficacy of NSAIDs in SCD patients are limited. Five randomized control
studies (range of 18-92 patients) studying the efficacy of NSAIDs for acute SCD pain have been published from 1992 to
2019.7°77° Bartolucci et al’® randomized 66 patients with severe VOC to ketoprofen, a non-selective NSAID, or placebo
in conjunction with intravenous morphine for total of 5 days. They found no significant difference between the two
groups with regards to their primary outcome of VOC duration (p=0.61). In another study, Doluee et al”> randomized 92
patients presenting to a university-affiliated emergency department in Iran to receive intravenous ketorolac or morphine.
They reported the two analgesics to be comparable in terms of mean pain scores. Neither study provides conclusive
evidence regarding the analgesic effectiveness of NSAIDs for acute sickle cell pain. Moreover, they were limited by the
small sample size and number of observed VOCs.

Without further prospective studies, the use of NSAIDs in SCD is based on expert opinion and clinical experience.
The potential gastrointestinal and renal adverse effects of NSAIDs preclude the use of NSAIDS chronically or for
prolonged duration. Understandably, given that renal disease is a common comorbidity and a complication of SCD,
clinicians are reluctant to use NSAIDs regularly for SCD pain.”> NSAIDs, however, can be an important component of a
multimodal analgesia to address mild-to-moderate acute SCD pain. Short-term use (less than 5 days) in SCD patients
without renal insufficiency (creatine <1.0) can be considered on an individualized basis, taking into consideration the
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patient’s other predisposing factors.®® Brief use of NSAIDs should be considered from a mechanistic perspective as a
component of the multimodal analgesic regimen even as preclinical studies in transgenic mice with SCD continue to look

at the potential of other COX-2 inhibitors in the treatment of SCD pain without the undesired renal adverse effects.®'"*

Ketamine

Used for over 50 years as an anesthetic, ketamine is a phencyclidine analogue with potent analgesic properties. It is cheap
and widely accessible even in low resource settings and available in multiple formulations, including intravenous, oral,
intramuscular, intrarectal or intranasal routes. Ketamine is a competitive antagonist of the N-methyl-D-aspartate
(NMDA) receptor, which is a glutamate receptor and ion channel found in nerve cells.®* Preclinical and clinical studies
have highlighted that NMDA receptors are involved in central sensitization.®* In fact, activation of NMDA receptors is
believed to play a key role in inducing and maintaining central sensitization. Moreover, significant cross-talk exists
between mu-opioid receptors and NMDA receptors. Mechanistic studies provide strong evidence that antagonism of
NMDA receptors plays a preventive role in the hyperalgesia pathway that is triggered by interaction of opioids with their
receptors. 55

Thus, ketamine is a unique non-opioid adjunct with both analgesic properties and potential opioid sparing effects. In
addition, ketamine interacts with several other binding sites, including mu-opioid receptors, cholinergic and muscarinic
receptors, although the clinical contribution of these interactions has not been clearly elucidated.®

Ketamine use, at subanesthetic concentrations, has grown significantly over the past decade. Refractory depression
and chronic pain are now common conditions where subanesthetic ketamine is employed. Although supported by less
compelling evidence, subanesthetic ketamine as a sole analgesic or adjunct to opioid therapy for acute pain has also risen
in popularity. Recently published consensus guidelines from a pain and anesthesiology expert panel on the use of
subanesthetic ketamine for acute pain management included acute pain secondary to VOCs as an indication for
subanesthetic ketamine as an analgesic adjunct, although the supporting evidence was of low certainty.*® Moreover,
even more importantly, guidelines published for management of sickle cell pain by the ASH expert panel included
subanesthetic ketamine infusion for refractory sickle cell pain.*’

Much of the early evidence for subanesthetic ketamine infusions as an adjunctive analgesic for a VOC is from small
case series involving two to nine patients.®”°° Two more recent published studies from a tertiary pediatric hospital have
the largest cohort of patients receiving subanesthetic ketamine infusion in the non-perioperative setting. One reviewed the
hospital course of 230 patients, 181 of whom had SCD, who received subanesthetic ketamine infusions and found that
patients with pain secondary to cancer or inflammation appeared to have the greatest reduction in pain scores.”’ Another
study from the same center evaluated the course of 85 SCD patients admitted for VOC who received sub-anesthetic
ketamine infusions ranging from 0.05 to 0.4 mg/kg/h. The study noted an associated decrease in pain intensity and opioid
consumption. In addition, longer infusion duration, younger age and male sex appeared to be independent predictors of
greater pain reduction (p=0.018).°> All of these studies used ketamine infusions as an adjunctive analgesia — meaning in
addition to standard opioid therapy.®’ >

At the time of our literature search, there were no published prospective studies on the use of subanesthetic ketamine
infusions for VOC management. However, there is one prospective, noninferiority trial that randomized 240 pediatric
patients who presented to a large teaching hospital in Uganda to receive either a single dose of 1 mg/kg of IV ketamine or
0.1 mg/kg of IV morphine. This study found no statistical difference in pain scores between the two randomized groups.
The ketamine group was associated with a faster onset of analgesia, but greater likelihood of side effects — nystagmus and
dysphoria being the most common.” It is important to note that a ketamine dose of 1 mg/kg is associated with greater
side effects.”® In addition, evidence from the perioperative setting suggests that there is no significant analgesic benefit
from a single dose of ketamine.””

Currently, the data for ketamine as an analgesic for acute SCD pain are lacking and inconclusive. However, if one
considers what is known about the mechanism of SCD pain thus far and the mechanistic target of ketamine, ketamine
may have potential benefits for acute SCD pain for the following reasons. In general, central sensitization does not play a
role in acute pain.®® However, acute SCD pain is unique from other acute pain entities (eg, acute perioperative pain) in
that it occurs as a symptomatic manifestation of a chronic painful disease — that is sickle cell disease. Moreover, in SCD,
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central sensitization along with inhibition of descending inhibitory pathways is postulated to play a key role in the
development of chronic pain, which is highly prevalent among SCD patients.”> In summary, when an SCD patient
presents in the acute setting for pain, it is possible they are experiencing acute on chronic pain.'® For this patient,
ketamine, from a mechanistic perspective, could have analgesic and opioid-sparing benefits.

Ketamine, as a subanesthetic infusion adjunct for a VOC, is deserving of further clinical exploration, particularly as
up-front adjunct to standard therapy, during the initial phase of the pain crisis (Figure 1), rather than as a rescue when
standard opioid therapy has failed because of its mechanistic targets. As we wait for clinical efficacy data on ketamine for
acute SCD pain, it is important that dosing is appropriate to minimize dysphoric side effects. In general, when used at
subanesthetic concentrations, ketamine boluses should be 0.35 mg/kg or less, and infusions should not exceed 1.2 mg/kg/
h in non-intensive care settings.®®

Anticonvulsants (Gabapentin and Pregabalin)
Over the past decade, a deeper understanding of VOCs and the neurobiology of SCD has revealed that acute sickle cell
pain has nociceptive, inflammatory, and neuropathic components.'>*® Neuropathic pain is generally defined as pain
secondary to injury/lesion or disease of the somatosensory system. Hyperalgesia — increased sensitivity to a painful
stimulus — and allodynia — pain that is provoked by a stimulus that is normally non-painful — are defining descriptors of
neuropathic pain. The mechanism for sickle cell-related neuropathic pain is believed to be vaso-occlusion of the vessels
supplying blood to nerves, then leading to peripheral nerve injury.®

In general, neuropathic pain is not responsive to analgesics such as opioids, NSAIDs or acetaminophen. Gabapentin
and pregabalin — analogues of the neurotransmitter, gamma-aminobutyric acid (GABA) — are the two most widely
prescribed analgesics for neuropathic pain and are considered first-line treatment for neuropathic pain. The specific
mechanism of gabapentin (and pregabalin) is unknown, but it is believed to bind to a,0-1 subunit of voltage gated
calcium channels, leading to decreased central sensitization.”””® Adverse effects include sedation, dizziness, and
peripheral edema. Dosing should be adjusted in patients with renal disease due to the drugs’ renal excretion.”®

Preclinical studies in SCD mice found that a single dose of gabapentin alleviated acute sickle cell pain induced by
hypoxia/reoxygenation tissue damage.’” Human studies, however, provide limited evidence about the anticonvulsant’s
effectiveness in SCD. To date, there have been two published RCTs'%%!¢!
pregabalin for treatment of acute sickle cell pain'' or chronic sickle cell pain.'®® Puri et al'®' randomized 90 pediatric

examining the role of either gabapentin or

sickle cell patients with an acute VOC to single dose of gabapentin (15 mg/kg) or placebo plus standard opioid therapy.
The study reported a >33% decrease in pain scores in 68% of the gabapentin group compared to 60% of the placebo
group (p = 0.23). Interestingly, the study also found that patients with the more severe SCD genotype (HbSS) had a
significantly greater reduction in mean absolute pain scores (p = 0.032). It is important to highlight that the Puri et al
study did not assess for the presence of neuropathic pain among study participants, and thus the differences in the
efficacy of gabapentin among SCD patients with neuropathic pain compared to those without neuropathic pain could not
be determined.

In designing future efficacy studies, it is important to take into consideration that analgesic effects of gabapentin are
not immediate and may not be observed after a single dose.'®® For studying these anticonvulsants’ clinical efficacy in
acute sickle cell pain, a study design that initiates gabapentin or pregabalin at the onset of the VOC and continues for at
least 2—3 weeks, that is through the entire duration of the pain crisis (Figure 1), would be optimized to detect any
analgesic benefit of the drugs over placebo.

Lidocaine

Lidocaine is a local anesthetic that is known to exert its mechanistic effects through the blockade of voltage-gated sodium
channels. It was first established as an antiarrhythmic drug. In the 1960s, the analgesic properties of systemic lidocaine
were published in primarily anesthesia journals. Both systemic and transdermal lidocaine are second-line treatment for
neuropathic pain.'®® There is growing basic science evidence that lidocaine has several molecular targets beyond sodium
channels, including NMDA receptors and G-protein coupled receptors, which are contributors to its analgesic and anti-

hyperalgesic effects.'*"'%3
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The literature regarding the use of lidocaine in sickle cell patients is sparse. A prospective, single arm, multicenter
trial of 5% lidocaine topical patches in 39 pediatric patients (23 with SCD) in France is the only published prospective
study examining the use of lidocaine in SCD. Patients included in the study were characterized as experiencing either
neuropathic pain or boney, localized, superficial pain secondary to a VOC. At least a two-point reduction in pain scores
was observed in 48.6% of the patients after 12-hour application of the patch for two consecutive days. Clinical efficacy,
however, could not be assessed in this study, given the small number of patients and lack of randomization to placebo.'*®
Moreover, a subgroup analysis of the pain outcomes of SCD patients was not reported.

Systemic lidocaine administered as infusions is even more rare among sickle cell patients. Lidocaine’s narrow
therapeutic index raises some challenges related to patient safety and medication administration error, especially if
administered in settings where clinical staff lacks familiarity with the drug. Nevertheless, there are two published case
series involving a combined total of 13 sickle cell patients who received systemic lidocaine infusions for refractory pain
secondary to VOC.'?"-1%%

A New Explanatory Model for Sickle Cell Pain

Multimodal analgesia for the treatment of SCD pain presupposes a multi-mechanistic model of SCD pain causality and
relief. In infants, SCD pain initially occurs in response to vaso-occlusive ischemia or tissue injury.” However, there is
evidence this initial casual model becomes far more complex with time and repeated pain experiences. Further, SCD
patients may report severe acute pain without abnormalities in routine laboratory tests often used as a marker of tissue
vaso-occlusion or ischemia.'®"''® Moreover, patients can experience pain out of proportion to their laboratory abnorm-
alities, which is not only frustrating to both physicians and patients but also provokes mistrust in patients’ self-reported
pain scores.''’ A new explanatory model of sickle cell pain should fully capture the multidimensional nature of pain
experienced by patients. It should suggest new SCD pain targets as well as new measures of analgesic efficacy for SCD.

In 1989, Richard Melzack, a pain psychologist, proposed a new explanatory model for pain — the neuromatrix theory
of pain.''*'"? Several decades prior, Melzack, along with his colleague, Patrick Wall, developed the gate theory, which
emphasized the role of the central nervous system in pain perception.''® In this new explanatory model, Melzack
expanded upon the gate theory to suggest that multiple parts of the central nervous system (CNS) — the “body-self
neuromatrix” — work together to generate pain, and that pain can be produced independently of peripheral sensory
input.""® Melzack also suggested that the pattern of neural networks that make up the neuromatrix is genetically
predetermined but later influenced by environmental factors.

Melzack’s neuromatrix theory shifts away from the long-held and accepted Cartesian pain model where pain is a
unique biomarker of tissue damage or inflammation that is detected by the peripheral nervous system. In this older
model, the CNS only plays a passive role as a receiver of pain signals.''® However, Melzack’s analysis of phantom limb
pain, where periphery sensory input is absent but the experience of pain is quite real, led him to propose that pain can be
felt in the absence of input from the body to the CNS."'*!"” He suggested that the components of the CNS that make up
the “body-self neuromatrix” receive three types of inputs — the sensory-discriminative, cognitive-evaluative, and
motivational-affective— to generate pain perception. The sensory-discriminative input consists of cutaneous, musculos-
keletal, visceral, visual, and other sensory inputs, which define the location and quality of the pain perception. Cognitive-
evaluative input provides interpretation or meaning for the experience. This includes factors such as memories of past
experiences, cultural learning, etc. The motivational-affective domain adds an emotion or “feeling” to the experience.
These three domains interact to generate pain perception as one of three potential outputs. Pain can accompany two other
outputs: voluntary and involuntary motor actions or stress. These two outputs can also occur without pain

. 112,113,11
perception.” ~ 3113

1187120 and includes functional imaging studies.'?'

The evidence supporting Melzack’s neuromatrix model is strong,
This multidimensional conception of pain perception can also serve as a new explanatory model for SCD pain (Figure 2).
Within SCD pain, the sensory input from vaso-occlusive ischemia has been extensively studied. However, there is
growing evidence that this is not the sole factor for generating SCD pain. The clinical understanding of SCD pain has

20,122 123

evolved to acknowledge the potential roles that other factors, such as anxiety, depression, and catastrophizing,

have in the perception of SCD pain. Adapting Melzack’s model, these factors contribute to the cognitive-evaluative
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BODY-SELF
NEUROMATRIX
COGNITIVE ~ MOTOR
Memories of past experiences Involuntary [127-128]
(catastrophizing) [124] Voluntary
Anxiety, depression [21, 123]
Cultural learning
SENSORY PAIN
Tissue vaso-occlusive ischemia [7]
(Cutaneous musculoskeletal, visceral)
AFFECTIVE <’ STRESS
Limbic system and associated Cortisol [129-130]
homeostatic/stress mechanisms [125-126] Immune system/cytokine levels [131]
Endogenous opioid system [133] Endogenous opioid system [133]

Figure 2 Three patterns of input, cognitive (C), sensory (S), and affective (A), interact to generate three potential outputs, pain perception, motor and stress. Cognitive-evaluative
domain provides interpretation of the sensory experience. Memories of past experiences, underlying anxiety, depression and cultural/familial learning can influence this
interpretation. Limbic system along with resultant endocrine and autonomic regulations contributes an emotion/affective to the experience. The output of pain perception can
feed back into the cognitive and affective inputs. Adapted and modified with permission from Melzack R. Pain and the neuromatrix in the brain. / Dent Educ. 2001;65(12):1378-1382.
© American Dental Education Association.''?

Abbreviation: SCD, sickle cell disease.

domain of the neuromatrix. The limbic system and its associated regulation of autonomic and endocrine responses
provide an emotional input in the model. The literature is scarce with regards to this area within SCD pain.'?*'?
Endocrine and autonomic nervous system alterations in SCD pain require further exploration. Last, the role of motor/
physical function'*®'*” and stress (or biological markers of stress)'** '*° in SCD continues to be studied, although the
literature in this area is also not robust.

We advocate an application of Melzack’s neuromatrix model to SCD pain. This has several implications for future
analgesic trials, particularly non-opioid analgesics. First, comprehensive SCD pain phenotyping requires an assessment
of all three output domains. This necessitates patient reported outcomes (PROs) that have been validated in the SCD
population to comprehensively measure outcomes in each of these domains. For example, PROs that assess catastrophiz-
ing, somatization, sleep, depression, and anxiety could provide a multidimensional assessment of the pain experiences of
individuals with SCD."*' Objective or biological markers are also needed. Focusing solely on pain perception as an
outcome may lead to the exclusion of an effective adjunct, which may not change pain scores, but it may improve
physical function, and decrease markers of stress — and, thus, improve patient reported quality of life. Second, this new
explanatory model for SCD pain (Figure 2) offers additional interventions. For instance, antidepressants may warrant
further exploration in addressing the cognitive-evaluative input to pain perception. The model also offers support for the
incorporation of non-pharmacological interventions into the therapeutic regimen for SCD pain. The efficacy of non-
pharmacological interventions for management of SCD pain is unknown because of the lack of robust and high-quality
studies.®> However, a multimodal approach that incorporates non-opioid analgesics and non-pharmacological interven-
tions is needed to treat SCD pain.

Lastly, there is some evidence that the endogenous opioid system plays a role in the emotional and stress responses.'>? It
is unclear the degree to which exposure to high-dose exogenous opioids, such as in the case of SCD, modifies some factors

in this explanatory model, and this may be the area that requires further investigation.

Conclusions and Future Directions
An adaptation of Richard Melzack’s multidimensional pain model —the neuromatrix theory— as a framework for
conceptualizing sickle cell pain indicates that management of acute sickle cell pain should be multimodal and
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individualized. However, significant gaps remain in analgesic management of acute SCD pain. Standard analgesic
management for VOCs has been based on little evidence, and expert consensus has evolved mostly from expert-panel-
guided opinions and reviews of the scant literature evidence. This is especially true for opioids, long considered the
mainstay of treatment for acute SCD pain. Many analgesic drugs, such as intravenous lidocaine, ketamine, pregabalin
and gabapentin, are relatively untested in SCD. They rely on non-opioid mechanisms. However, at the moment, they are
used inconsistently. Given the complex pathophysiology of SCD pain, it is imperative to test whether their widespread
use is warranted, by conducting well-designed multi-center RCTs. It is encouraging that, since the completion of our
literature search, several studies assessing the efficacy of these adjuncts for sickle cell pain have been published.'** 3¢
These analgesics have the potential to expand treatment for VOCs to a true multimodal approach, and as a result,
attenuate some of the possible adverse effects of the opioid analgesics. Our explanatory pain model for SCD captures the
multidimensional nature of the pain experience and suggests new SCD pain targets as well as new measures of efficacy.
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