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Abstract

Introduction: In the United States, approximately 100,000 individuals of predominantly African
ancestry have sickle cell disease (SCD). Patients with SCD present recurrent episodes of acute
pain, the hallmark of the disease, and some also develop chronic pain. Currently, the treatment of
SCD acute pain only targets its symptoms, rather than underlying mechanisms, and is directed by
expert and consensus guidelines.

Areas covered: While opioids remain the mainstay of therapy for acute pain and are also used
to treat SCD-related chronic pain, in some patients, opioids are ineffective or associated with
severe undesirable side effects. In those instances, clinicians caring for patients with SCD face
the unmet need for effective non-opioid analgesics. Recently, the use of subanesthetic ketamine
has been explored as a strategy to meet this need. While definitive evidence of its efficacy is
lacking, some information exists suggesting that subanesthetic ketamine improves pain control
and may have opioid-sparing effects in SCD-related acute pain. However, ketamine can also yield
undesirable psychotomimetic and cardiovascular effects.

Expert Opinion: After weighing potential risks and benefits, in the absence of better alternatives
and in settings where it can be administered safely, ketamine may be a reasonable option for
patients with SCD-related acute refractory pain.
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1. Introduction

In the United States, approximately 100,000 individuals of predominantly African ancestry
have sickle cell disease (SCD) [1]. From an early age, patients with SCD face a life-long
challenge of having recurrent acute pain episodes related to microvaso-occlusion and as they
grow older, some will develop chronic pain. In SCD, pain is a complex entity encompassing
a broad spectrum of pain syndromes resulting from complications of the disease; patients
may present acute or chronic pain, and some have chronic pain punctuated by recurrent
episodes of acute pain. The underlying mechanism of pain in SCD is still largely unknown.
However, our understanding of pain in sickle cell disease has evolved and while acute pain is
the hallmark of the disease and derives from microvaso-occlusion, it is now abundantly clear
that many patients, particularly adults, have chronic pain.

Recently, in an effort to facilitate investigations of underlying mechanisms and development
of novel therapies and ultimately improve the diagnoses and treatment of SCD-related pain,
experts in the field have published diagnostic criteria for acute [2] and chronic [3] SCD
pain. Acute pain is the most prominent sickle complication and the main reason why patients
with SCD seek medical attention, accounting for over 100,000 hospitalizations and over
$600,000 million dollars in yearly costs [4]. The treatment of SCD-related pain mainly
targets its symptoms and for the most part is not mechanism-based, but is guided by expert
and consensus opinions [5,6]. However, while the guidelines issued by the National Heart,
Lung, and Blood Institute (NHLBI) in 2014 [5] and The America Society of Hematology

in 2020 [6] recommend the administration of parenteral opioids to patients with SCD
presenting with acute pain within 60 minutes of arrival to the emergency department, fewer
than 50% of patients receive parenteral opioids within the recommended time-frame [7].

A consequence is that, in many instances, patients with SCD may receive delayed and
inadequate treatment when they present with acute pain.

While opioids are the mainstay of therapy for acute pain, both in emergency departments
and for hospitalized patients, for some, opioids are ineffective and, with escalating doses,
can be associated with severe side effects and refractory and increasing pain, which in some
patients can result from tolerance or opioid-induced hyperalgesia [8]. Therefore, clinicians
caring for patients with SCD-related acute pain have explored pharmacological therapies to
be used as adjunctive to opioids or non-opioid alternatives. Over the last decade, a growing
number of clinicians and institutions have adopted the use of subanesthetic ketamine to
modulate acute SCD pain given its known analgesic and opioid-sparing effects despite the
lack of definitive evidence of its efficacy in SCD-related acute pain [9,10]. Here we discuss
the use of ketamine to treat SCD-related acute pain and briefly examine the data that has led
to its increased use in hospitalized patients.
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2. Ketamine an anesthetic affecting many neurotransmitter systems
implicated in acute and chronic pain

A dissociative anesthetic, ketamine has been used since the 1960s and proven safe and
effective in many clinical settings including battlefield rescues, emergency departments, and
operating rooms [11]. Ketamine’s principal mechanism of action is the non-competitive
blockade of the NMDA receptor, a cation channel mostly located in excitatory synapses
(Figure). However, ketamine also affects opioidergic, GABAergic, monoaminergic, and
muscarinic neurotransmissions, as well as substance P, alpha-amino-3-hydroxyl-5-methyl-4-
isoxazole propionate (AMPA), and sigma receptors signaling [11]. The understanding

that activation of NMDA receptors has been implicated in the development of central
sensitization, inflammatory, nociceptive, and neuropathic pain, as well as of opioid tolerance
and opioid-induced hyperalgesia provides the rationale for the use of subanesthetic ketamine
for the treatment of acute and chronic pain [12-14].

3. Ketamine, an old anesthetic repurposed for pain management

There is some evidence, albeit not definitive, supporting the use of ketamine for acute and
chronic pain management. Over the last decades there has been a significant increase in
the use of ketamine infusions to treat acute and chronic pain with. However, there is great
variability in settings where it is administered, indications, patient selection, monitoring
requirements, and treatment parameters. In an effort to address such variability in practice,
the American Society of Regional Anesthesia and Pain Medicine, American Academy of
Pain Medicine, and American Society of Anesthesiologists issued consensus guidelines
providing guidance on patient selection, indications, and contraindications for ketamine
administration for the treatment of acute [15] and chronic [16] pain.

For acute pain, the guidelines recommend that ketamine should be considered for the
treatment of acute pain as a stand-alone analgesic or opioid adjunct in patients undergoing
painful surgery [15]. Additionally, the same guidelines also indicate that patients with
opioid-dependence, opioid-tolerance, or who have sleep apnea may benefit from ketamine
for the treatment of postoperative pain [15]. Regarding ketamine administration in settings
where patients do not receive intensive monitoring, a ketamine bolus up to 0.35 mg/kg, and
infusions at subanesthetic doses (no higher than 1 mg/kg per hour) [15]. For chronic pain,
there is moderate evidence suggesting that patients with complex regional pain syndrome
may have improvement in pain for up to 12 weeks and weak evidence that those with

spinal cord injury pain may have some short-term benefit from ketamine administration [16].
Regarding other therapeutic parameters, for patients with chronic pain, there is moderate
evidence supporting the use of repeated, frequent, and longer infusions of ketamine at higher
doses administered on an outpatient setting [16]. In all settings, ketamine should be avoided
in patients with cardiovascular, neurological, endocrinological, metabolic, and psychiatric
conditions and in those who are pregnant, given the potential for psychotomimetic,
neurological, and hemodynamic side-effects as well as the lack of safety data in pregnancy
[16].
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4. The use of subanesthetic ketamine to treat SCD-related pain

In 2014, the NHLBI and in 2020, the American Society of Hematology (ASH)[6] issued
guidelines providing recommendations and suggestions (conditional recommendations) for
the management of acute and chronic pain in patients with SCD. In both guidelines there
are strong recommendations for prompt (within 60 minutes of arrival) initiation of pain
management in patients with SCD presenting with acute pain. Among pharmacological
interventions, the guidelines suggest administration of opioids, according to the patients’
baseline opioid use and prior history of effective doses with the caveat that the
recommendation is conditional based on moderate (for adults) and low certainty (for
children) in the evidence of its efficacy [5,6]. For patients with SCD hospitalized with
acute pain that refractory or not ameliorated by opioids, the 2020 ASH guidelines suggest
ketamine at subanesthetic doses (up to 1mg/kg/hour) as an adjuvant to opioids remarking
that the suggestion is based on very low certainty in the evidence of its efficacy [6].

An extensive review of ketamine use in acute pain is beyond the scope of this work

as two systematic reviews of existing case reports and series describing administration

of ketamine to treat SCD acute pain have been recently published [9,10]. Overall, the
studies show that there is significant variability on the practice of using ketamine to treat
SCD-related pain. Ketamine is administered to SCD patients in different settings including
emergency departments, in intensive care units or inpatient wards and at highly variable
dose ranges via intranasal or intravenous routes. Furthermore, the timing and indication for
initiation, titration, and duration of ketamine infusions is also highly variable, often unclear,
and mostly left to clinician’s discretion. It is also important to note that in most reports,
ketamine, even at subanesthetic doses, can be associated with undesirable psychotomimetic
or hemodynamic effects including confusion, hallucinations, dysphoria, nystagmus, nausea,
vomiting, and changes in blood pressure. Nevertheless, despite the fact that the majority of
studies are retrospective and lack a control group, most conclude that ketamine does reduce
pain scores compared and that, in some cases, it appears to have opioid-sparing effects.

Despite the growing use of ketamine in sickle pain, it remains unclear what patients benefit
most, the best timing and setting, the duration, and the indications for its use. In exploratory
cohort studies of hospitalized patients who in total received 181 infusions over an 8-year
period [17,18], researchers showed that in children and adolescents with SCD admitted with
acute pain, subanesthetic doses of ketamine used as an adjunct to opioids yielded decreases
in pain and opioid consumption. In those studies, 54% of ketamine infusions administered to
SCD patients produced meaningful reductions in pain and in multivariate analysis, male
sex, younger age, pain not located on the chest, and longer infusions were identified

as independent predictors of reductions in pain scores, but not of opioid consumption

[18]. Most studies report the initiation of ketamine when pain is refractory to opioids, a
practice that is in keeping with the 2020 ASH guidelines [6]. Whether timing of ketamine
administration impacts on its effect in pain ratings remains unknown. However, a recent
study showed that ketamine infusions initiated early (less than 3 days) during hospital
admission was associated with greater reductions in pain scores for two days after initiation
of the infusion compared with those initiated later (after 3 days) in the hospital course [19].
While this effect only lasted for two days, those findings might suggest that earlier, rather
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than later, initiation of ketamine, might yield greater benefits to patients with acute pain
during hospital admission.

Unlike the known benefits of ketamine in a few chronic pain syndromes, there are very few
reports of its use in sickle-related chronic pain. In an outpatient chronic pain clinic, repeated
short infusions of ketamine administered to three patients with SCD who had chronic pain
did not yield meaningful changes in pain scores or opioid use [20]. Therefore, despite a
surge in its use, it remains unproven whether ketamine has a role in the treatment of acute or
chronic pain in patients with SCD.

While ketamine has been administered to hospitalized SCD patients for more than a
decade [9,10], only two randomized clinical trials of ketamine in acute sickle pain have
been published (Table) [21,22]. The first enrolled 240 children and adolescents presenting
with acute pain who were randomized to receive ketamine (1mg/kg) or morphine (0.1
mg/kg) intravenously over 10 min in Uganda [21]. The authors showed that while ketamine
and morphine yielded similar maximal changes in pain scores, the time to reach these
maximal changes was shorter in the ketamine-treated group. While there were no differences
in admission rates between the two groups, the ketamine-treated group experienced
significantly more side effects including nystagmus and dysphoria [21]. The second trial
enrolled 278 adults in Saudi Arabia, randomized patients to receive a single dose of either
ketamine (0.3mg/kg) or morphine (0.1mg/kg) upon presentation with acute pain, and used
intention-to-treat design [22]. The authors showed that administration of ketamine as the
first analgesic for acute pain, yielded similar changes in pain ratings, had an opioid-sparing
effect, and did not change hospitalization rates compared to morphine. Together, these two
randomized clinical trials of ketamine in acute SCD pain were conducted in emergency
departments and examined its effects only over the first 2 hours after presentation to the
hospital, thus leaving the question about the efficacy of ketamine in treating hospitalized
SCD patients with acute pain unanswered [21,22].

Another consideration lies in the context of recurrent and chronic pain and chronic

illness; SCD patients have a high prevalence of psychiatric and psychological comorbidities
including depression, disruptive behavior disorder, and anxiety disorder [23-25]. Given the
recently demonstrated rapid-onset antidepressant effect of ketamine, the possibility exists
that this property of ketamine could contribute to its beneficial effects in patients with SCD
with acute pain [26].

5. Expert opinion

For decades, hydroxyurea had been the only therapy shown to reduce the frequency of acute
pain episodes in SCD patients. Recently, L-glutamine, an amino acid, and crizanlizumab,

a P-selectin antibody, were approved for clinical use by the United States Food and Drug
Administration as they decrease the frequency of acute pain episodes. However, these novel
therapies have not been shown to have a role in treating SCD-related acute pain. There

is a significant unmet need for an effective treatment for acute sickle-pain, particularly
when opioids, the mainstay of therapy, are ineffective in providing adequate pain relief.
Additionally, in light of the opioid epidemic, in 2017 the Department of Health and Human
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Services declared the opioid crisis a public health emergency prompting the pursuit of
analgesic alternatives to opioids and possibly leading to the observed increase use of
ketamine to treat patients with SCD presenting with acute pain episodes.

While the published data indicates that ketamine is often used to treat SCD pain and is
reasonably well tolerated, it remains unproven whether ketamine has a beneficial effect in
reducing pain and opioid requirements and whether its administration as a sole analgesic

or as an adjuvant to opioids is superior to the current standard of care (administration of
opioids and/or nonsteroidal anti-inflammatory drugs) is also unknown. Further, if proven
effective, the identification of patients who might benefit from ketamine, its optimum dose,
timing, and duration of therapy remains to be determined. It is indeed regrettable that there
are no registered ongoing or planned randomized clinical trials of ketamine for the treatment
of patients with SCD hospitalized with acute pain [27].

In our institutions, we do use subanesthetic ketamine to treat patients with SCD hospitalized
with acute pain when the pain is refractory despite increasing doses of opioid, when

there are significant undesirable opioid-related side-effects, or when there is a suspicion

of opioid-induced hyperalgesia. We do acknowledge that while some studies suggest

that subanesthetic ketamine has the potential to improve pain control and have opioid-
sparing effects, definitive evidence demonstrating its beneficial effect is lacking. We are
also circumspect about the fact that after single doses or during infusions, ketamine

can yield undesirable psychotomimetic (dysphoria and hallucinations) and cardiovascular
(hypertension, tachycardia) effects. Therefore, it is imperative that we balance the potential
benefits and risks of using ketamine either as a sole analgesic or as an adjuvant therapy

to treat SCD-related pain. In conclusion, ketamine may or may not be the way forward

for pain management in patients with SCD. In the absence of better alternatives, however,
and in settings where it can be administered safely, adding subanesthetic ketamine to the
ongoing therapeutic approach may be a reasonable and useful option to treat refractory pain
in patients with SCD hospitalized with acute pain.
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Avrticle highlights

In sickle cell disease (SCD), pain is a complex entity and, in some cases,
underlying mechanisms are incompletely understood.

Opioids are the mainstay of therapy for acute pain but in some SCD patients,
opioids are ineffective and can be associated with refractory and inadequately
treated pain.

Subanesthetic ketamine has been explored as a strategy to treat refractory
SCD-related pain based on retrospective case reports and series suggesting
that ketamine improves pain control and has opioid-sparing effects.

While definitive evidence of its efficacy is lacking, there has been a surge on
the use of subanesthetic ketamine for the treatment of acute sickle pain.

In settings where it can be administered safely, ketamine may be a reasonable
option for patients with SCD-related acute refractory pain.
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Figure 1:
Ketamine, a dissociative anesthetic, is a non-competitive antagonist of the glutamate

N-methyl-D-aspartate (NMDA) receptor, a cation channel mostly located in excitatory
synapses. As an antagonist of the NMDA receptor, ketamine blocks the open channel and
occludes the flow of cations. As activation of NMDA receptors has been implicated in
the development of central sensitization, inflammatory, nociceptive, and neuropathic pain,
as well as of opioid tolerance and opioid-induced hyperalgesia. These findings provide
mechanisms that justify the pursuit of the use of subanesthetic ketamine doses (up to

1 mg/kg/hour) to treat acute and chronic pain including pain associated with sickle cell
disease. Created with BioRender.com
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