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Abstract: This narrative review aims to highlight the current paradigm on pain management 

in sickle cell vaso-occlusive crisis. It specifically examines the pathophysiologic mechanisms of 

sickle cell pain as well as the pharmacologic and nonpharmacologic methods of pain manage-

ment. Recurrent painful episodes constitute the major morbidity in sickle cell disease (SCD). 

While adolescents and young adults experience mostly acute episodic nociceptive pain, it is 

now recognized that a significant number of adult patients develop chronic neuropathic and 

centralized pain. In fact, current evidence points to an age-dependent increase in the frequency 

of SCD patients with chronic pain.

 Management of disease-related pain should be based on its pathophysiologic mechanisms 

instead of using recommendations from other non-SCD pain syndromes. Pain management in 

vaso-occlusive crisis is complex and requires multiple interventions such as pharmacologic, 

nonpharmacologic, and preventive therapeutic interventions. Pharmacologic treatment involves 

the use of non-opioid and opioid analgesics, and adjuvants – either singly or in combination 

– depending on the severity of pain. The basic approach is to treat SCD pain symptomatically 

with escalating doses of non-opioid and opioid analgesics. Given the moderate-to-severe nature 

of the pain usually experienced in this form of SCD crisis, opioids form the bedrock of phar-

macologic treatment. Multimodal analgesia and structured, individualized analgesic regimen 

appear more effective in achieving better treatment outcomes. Although the current evidence 

is still limited on the supportive role of cognitive behavioral therapy in pain management, this 

nonpharmacologic approach is reportedly effective, but needs further exploration as a possible 

adjunct in analgesia.

Keywords: sickle cell pain, nociceptive pain, non-opioids, opioids, multimodal analgesia, 

cognitive behavioral therapy

Introduction
Sickle cell disease (SCD) is the most common inherited hemoglobinopathy among 

the black population worldwide.1–3 The pathologic hallmarks of the disease are vaso-

occlusion, chronic hemolysis, and increased erythrocyte adhesiveness to vascular 

endothelium.4 Ischemic pain from vaso-occlusion is a major clinical feature manifesting 

with varying degrees of severe, episodic bone pain or abdominal pain. This episodic 

event is referred to as vaso-occlusive crisis and represents the more frequent type of 

crises in the disease, with anemic crisis being the other major type comprising hyper-

hemolytic, sequestration, and aplastic crises.5
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Vaso-occlusive crisis or acute painful crisis constitutes 

the major morbidity in SCD. Fever appears common even 

in apparently uncomplicated painful crisis, suggesting 

that the symptom may be characteristic of the crisis itself 

and not necessarily a sign of infection.6 In fact, SCD is 

believed to be a tetrad of pain syndromes, anemia and its 

sequelae, organ failure (including infection), and comorbid 

conditions, with pain dominating the clinical picture, and 

may either be spontaneous or be triggered by the other 

three components of the tetrad.7 Although the therapeutic 

approach to this crisis is basically pharmacologic, pain 

management during each episode has gone beyond the 

exclusive focus on physical dimension of pain to the 

incorporation of psychological, social, and behavioral 

components. A multipronged approach to pain manage-

ment thus remains crucial to patients’ holistic care. For 

instance, pain research has shown that cognitive behavioral 

therapy in SCD is an effective adjunct in the treatment 

of chronic pain, as it reduces psychological distress and 

enhances the patient’s confidence and resilience.8 Given 

the established influence of psychological, sociocultural, 

and spiritual factors on pain perception, vaso-occlusive 

crisis may affect the patient in the six fundamental domains 

of health-related quality of life, comprising physical func-

tioning, psychological functioning, social functioning, 

role activities, overall life satisfaction, and perception of 

health status.9

Nevertheless, vaso-occlusive crisis requires imme-

diate and adequate analgesia commensurate with the 

level of patient-reported pain, according to some recent 

recommendations.10 Although the pain of vaso-occlusive 

episodes is nociceptive, neuropathic pain has also been 

demonstrated in SCD patients aged 7 years and above by 

using quantitative sensory testing (QST).11 In addition, age-

dependent increase in the frequency of SCD patients with 

chronic pain has been reported, a phenomenon attributed to 

chronic inflammation, organ damage, and opioid-induced 

hyperalgesia.12 Thus, despite the use of opioids as the main 

analgesic therapy, other adjunct pharmacologic agents such 

as low-dose ketamine (a modulator of opioid tolerance and 

opioid-induced hyperalgesia) have been recommended for 

clinical use.13,14 Furthermore, evidence for the efficacy 

of psychological therapies in SCD-associated pain still 

appears limited despite renewed interest in this modality 

of treatment.15

This narrative review aims to appraise the current 

paradigm on pain management in vaso-occlusive crisis. It 

specifically discusses the pathophysiologic mechanisms of 

crisis-related pain, as well as its pharmacologic and nonphar-

macologic management.

Pathophysiologic mechanisms of pain in 
SCD
Management of pain in SCD should be predicated on its 

pathophysiologic mechanisms instead of using recommenda-

tions from other non-SCD pain syndromes.16 These mecha-

nisms are, therefore, important in understanding the basis 

for the current pharmacologic interventions. Generally, pain 

pathways involve the peripheral and central nervous systems. 

Pain can be nociceptive – in which specific sensory receptors 

in the visceral and somatic structures are stimulated with 

preservation of nerve integrity – or neuropathic – in which 

it arises either from nerve injury involving the peripheral 

or central nervous systems or from nerve compression.17 

Electrical and chemical signals play key roles in transmitting 

the information, which results in pain. The chemical signals 

are mediated by prostaglandin E
2
 (PGE

2
) – a product of the 

cyclooxygenase pathway – whose functions partly include 

elevation of autonomic neurotransmitters and causation of 

hyperalgesia.18

Molecular mechanisms and opioid 
metabolism
Recent evidence points to certain molecular mechanisms by 

which transmission of painful stimuli is modulated based on 

their frequency and severity. This modulation is achieved 

through the α-amino-3-hydroxy-5-methyl-4-isoxazole pro-

pionic acid (AMPA) and N-methyl-d-aspartate (NMDA) 

receptors. At the beginning, the AMPA channel modulates 

the transmission of painful stimuli of mild-to-moderate sever-

ity. Subsequently, the NMDA channel is activated (after the 

AMPA channel has attained its membrane-depolarization 

limit), and progressively facilitates the transmission of 

painful stimuli resulting in central sensitization and glial 

activation.19 Interestingly, the refractoriness of painful crisis 

to increasing opioid doses in some patients (tolerance and 

opioid-induced hyperalgesia) is also linked to this activation 

of NMDA receptors, as ketamine (an NMDA-receptor ago-

nist) represents a possible modulator of these side effects in 

both experimental animals and clinical settings.20 At pharma-

cogenomics level, the metabolism of each opioid is patient-

specific. The metabolism of morphine, hydromorphone, and 

oxymorphone is characteristically by glucuronidation, while 

that of all other opioids requires specific cytochrome P450 

(CYP) isoenzymes. The activities of each isoenzyme and the 

metabolites of each opioid differ among patients  depending 
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on their genetic features and concurrent environmental 

variables such as the intake of other medications that may 

enhance or block the CYP isoenzyme activity.19

Major types of pain in SCD
Sickle cell pain can present typically as acute recurrent pain-

ful crises, chronic pain syndromes, and neuropathic pain 

(Figure 1). However, chronic pain is now a recognized form 

of pain, especially in adult SCD patients. Interestingly, it 

has been reported that older SCD patients with chronic pain 

have higher levels of mast-cell activation markers (serum 

tryptase and substance P).12 Following degranulation of 

mast cells, tryptase is released into plasma and can result in 

inflammation, anaphylaxis, urticaria, and more importantly, 

neuropathic pain.21 It binds to protease-activated receptor 2, 

releasing inflammatory mediators and substance P, which 

induce neurogenic inflammation.21

In SCD patients with acute painful crises, plasma levels 

of endothelin-1 and PGE
2
 have been noted to be elevated in 

comparison with their counterparts with normal hemoglobin 

genotype.22 As a powerful long-acting mediator of vasocon-

striction and inflammation, endothelin-1 may thus play a 

fundamental role in the ischemia–inflammation cycle, which 

triggers and maintains the crisis-associated pain.22 In fact, 

endogenous endothelin peptides play a role in a number of 

pain-related events such as inflammation-driven pain, skin 

incision pain, cancer-related pain, and pain of sickle cell 

crisis, which are all ameliorated by antagonists of endothe-

lin receptors.23 Although crisis-related pain is nociceptive, 

impairment of autonomic nervous system activity in patients 

who experienced frequent painful crises in comparison with 

their crisis-free cohorts has been reported as well.24 This 

underscores the mediatory action of PGE
2
 (which increases 

autonomic neurotransmitters) in the pathophysiology of pain 

in these patients, and also shows that sickle cell pain can 

evolve to neuropathic pain. Initially, progressive nociceptive 

pain from vaso-occlusion and local lesions may evolve over 

the first two decades of life. Later, in the third and following 

decades, central neuropathic pain may also develop.25 As pre-

viously mentioned, neuropathic pain does occur in pediatric 

SCD patients.11 Again applying QST, other investigators have 

corroborated this finding, which was attributed to possible 

tissue damage following peripheral or central vaso-occlusion 

in neural tissues.26

In the first form of SCD pain, which is acute painful crisis, 

there is progression through four phases: prodromal, initial, 

established, and resolution phases. Every painful crisis is 

characterized by inflammation and may result in potentially 

fatal sequelae such as multiorgan failure and sudden death. 

During crisis, these sequential pathophysiologic events act 

in synergy: vaso-occlusion, inflammation, and nociception 

(Figure 2). Thus, acute painful crisis is characterized by noci-

ceptive pain (primarily related to visceral and somatic-tissue 

injury). The second form of sickle cell pain – the chronic 

pain syndromes – is associated with avascular necrosis of the 

Acute painful
crisis (VOE, ACS)

Chronic pain
syndromes (eg,

ANFH, CLU)

Neuropathic pain
chronic pain

Figure 1 Forms of presentation of pain in sickle cell disease.
Abbreviations: ACS, acute chest syndrome; ANFH, avascular necrosis of the 
femoral head; CLU, chronic leg ulcers; vOe, vaso-occlusive episodes.

Inflammation

Nociception

Vaso-
occlusion

Figure 2 The pathophysiologic events acting in synergy in acute painful crisis.
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femoral head, neuropathic pain, or pain related to persistent 

low-grade inflammation involving the chest, back, upper and 

lower extremities, and rarely leg ulcers. But sometimes, some 

patients who are older and have a history of extremely painful 

episodes are likely to evolve into a “chronic pain state” as 

previously reported12; these early signs of disturbed process-

ing of pain may help clinicians who aim to circumvent disease 

progression.27 Finally, the third form (neuropathic pain) is 

poorly evaluated in SCD patients but has been demonstrated 

in transgenic murine models with SCD. Emerging evidence 

from both human and animal studies, however, suggest that a 

component of SCD pain may be associated with neuropathic 

pathways. Studies of molecular and neurobiologic mecha-

nisms that result in and sustain neuropathic pain have opened 

a new vista on the subject, as the key roles of molecules like 

protein kinase C and Ca2+/calmodulin-dependent protein 

kinase II, and their interaction with the NMDA receptors 

and the transient receptor potential (vanilloid 1 receptor) in 

the evolution of neuropathic pain have been advanced; these 

pathways are also implicated in SCD pain.28

Treatment of pain: the general principles
The treatment of pain essentially involves a sequential 

approach: pain assessment, pain measurement, and pain 

management. The major goals of pain assessment are to 

understand the patient’s experience, the underlying holistic 

factors, and pathophysiology contributing to the pain, and 

to obviate the sequelae arising from nontreatment.29 Specifi-

cally, pain assessment of the child and adolescent with SCD 

appears complex and challenging. The limitations of current 

pain assessment tools have been highlighted in a report, 

underscoring the need for their improvement.30

The goals of measuring pain include determination of 

the presence, intensity, duration, and location of pain, as 

well as treatment efficacy. Pain measurement in children is 

more complicated than in adults, and involves the use of tools 

like “FLACC (Face, Legs, Activity, Cry, and Consolability) 

Scale”, the “Faces Scale”, and the “Visual Analog Scale”.31,32 

Finally, pain management comprises pharmacologic and 

nonpharmacologic methods. The WHO’s three-step analge-

sic ladder provides the basic concept for the pharmacologic 

management of pain. The choice of analgesic therapy is 

determined by the severity, site, and type of pain. In mild 

pain, step 1 analgesics (non-opioid ± adjuvants) are recom-

mended; in moderate pain, step 2 analgesics (weak opioid 

± non-opioid ± adjuvants) should be used; while in severe 

pain, step 3 analgesics (strong opioid ± non-opioid ± adju-

vants) are recommended.33 Non-opioids include paracetamol 

and nonsteroidal anti-inflammatory drugs (NSAID); weak 

opioids consist of codeine and tramadol, while morphine 

and fentanyl are examples of strong opioids. Adjuvants 

are used depending on the type of pain, and comprise the 

following: antidepressants such as amitriptyline (for neu-

ropathic pain); anticonvulsants such as carbamazepine, 

sodium valproate, and gabapentin (for neuropathic pain); 

antispasmodics like hyoscine butylbromide (for abdominal 

or renal colic); anxiolytics/muscle relaxants like diazepam 

(for anxiety-related pain); and corticosteroids such as dexa-

methasone and prednisolone (for bone pain, neuropathic pain, 

raised intracranial pressure-induced headache, and edema/

inflammation-related pain). Nonpharmacologic methods 

are meant to be complimentary to pharmacologic methods, 

and include transcutaneous electrical nerve stimulation, 

warm or cold compression, and acupuncture. Others consist 

of emotional support, cognitive methods such as cognitive 

behavioral therapy, spiritual support, distraction methods, 

deep breathing, and music therapy.34

The pharmacologic options of pain 
management in vaso-occlusive crisis
Pain management in vaso-occlusive crisis is equally complex 

and requires multiple interventions such as pharmacologic, 

nonpharmacologic, and preventive therapeutic interven-

tions.35–37 For instance, extra fluids are routinely administered 

as adjunct treatment, irrespective of the patient’s hydration 

status; this measure aims to retard or stop the sickling process, 

which helps to achieve pain relief.37 Although this practice 

has long been advocated, it is largely not evidence-based 

and may result in circulatory overload. However, given that 

dehydration is one of the triggers of vaso-occlusive crisis, 

administration of fluids in this instance may be beneficial in 

managing crisis-related pain. Other investigators have also 

reported the possible efficacy of vitamin D replacement in 

SCD chronic pain because severe vitamin D deficiency has 

been observed in adolescents with this morbidity.38

Pharmacologic treatment involves the use of non-opioid 

analgesics, opioid analgesics, and adjuvants – either singly 

or in combination – depending on the severity of pain. The 

basic approach remains the symptomatic treatment of pain 

with escalating doses of non-opioid and opioid analgesics.36 

However, using non-opioid analgesics during an acute exac-

erbation of pain may also limit escalation of opioid doses. 

In addition, modifying the adhesiveness of sickle cells to 

inflamed endothelium may potentially reduce vaso-occlusive 

crisis.39 Nevertheless, careful assessment of painful episodes 

should precede and follow all the available options for manag-

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com


Journal of Pain Research  2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3145

Pain management in sickle-cell vaso-occlusive crisis

ing this type of crisis. The choice, route, dose, and frequency 

of administration of opioids should depend on the patient’s 

presentation. To achieve effective pain treatment, opioids 

can either be administered on a fixed schedule or by patient-

controlled analgesia. Given the moderate-to-severe nature of 

the pain usually experienced in vaso-occlusive crisis, opioids 

form the bedrock of pharmacologic treatment.35 However, 

adult patients who receive opioids more frequently for pain 

exhibit more disruption of their lives, with reduced activity 

levels and more pessimistic mood.40 Despite the choice of 

opioids for acute and chronic pain in SCD, concerns about 

narcotic addiction continue to pose a barrier to more effective 

analgesia, although evidence points to lack of addiction.41 The 

step 2 analgesics (weak opioid ± non-opioid ± adjuvants) or 

step 3 analgesics (strong opioid ± non-opioid ± adjuvants) 

are, nonetheless, applicable in most cases of SCD pain. In 

benchmarking pain outcomes in children with SCD, results 

revealed three areas to focus on to achieve improvement: 

enhanced pain assessment and documentation using valid 

pain tools; more aggressive multimodal management for peak 

vaso-occlusive pain; and better education and support for pain 

management at home.42 Multimodal analgesia appears to be 

the prerequisite for effective pain management in SCD.43 

One study on home management of sickle cell pain among 

pediatric patients suggests that pain relief was substantially 

better for analgesic combinations than for single analgesics, 

especially for moderate-to-severe pain.44 Furthermore, opioid 

tolerance may develop from frequent emergency department 

(ED) visits and may constitute one of the several barriers to 

effective pain management; addressing these barriers to pain 

management for patients in crisis in the emergency setting 

may improve the quality of the administered pain manage-

ment.45 Several studies have documented the effectiveness 

of both unimodal and multimodal analgesia with or without 

adjuvants in crisis-related pains (Table 1).

Use of opioids and adjunct medications
Some authors have reported that a protocol of oral morphine 

administered to SCD patients in acute painful crisis signifi-

cantly reduced the number of ED consultations, total number 

of hours spent in the ED, and the proportion of consultations 

that subsequently terminated in hospital admissions.46 The 

authors concluded that the opioid regimen was a useful 

pharmacologic approach for providing consistent pain relief 

via the oral route to SCD patients with crisis-related pains. 

The need for individualized treatment protocols has been 

highlighted in a review that noted that several patients with 

SCD are still poorly treated because of nonstandardized and 

difficult nature of pain management in them.47 Because of its 

NMDA-receptor-agonist activity as previously mentioned, 

low-dose ketamine is seen as a useful adjunct medication to 

opioids in patients with refractory painful crisis. In fact, a 

Table 1 Summary of findings on the different analgesic regimens used in SCD painful crisis

Study Analgesic regimen Route of administration 
(mode of analgesia)

Findings

•	 Conti et al46
•	 Morphinea

•	 Oral (unimodal) •	 Reduction in the number 
of eD consultations, total 
number of hours spent in 
the eD, and proportion of 
consultations ending with 
hospital admissions

•	 Tawfic et al13 •	 Morphine and other 
adjuvant analgesics

•	 Plus low-dose ketamine–
midazolam regimenb

•	 intravenous (multimodal) •	 Significant improvement in 
pain scores of adult SCD 
patients in severe painful 
crisis

•	 Telfer et al48 •	 Diamorphinec

•	 Morphine
•	 intranasal
•	 intravenous/oral 

(multimodal)

•	 Rapid improvement in 
pain scores within 2 hours 
in pediatric SCD patients 
with painful crisis in an eD

•	 Brookoff and Polomano49
•	 Morphine •	 intravenous

•	 Oral controlled-release 
(unimodal)

•	 Reduction in number of 
admissions for pain by 
44%, total inpatient days 
by 57%, hospital LOS by 
23%, and eD visits by 67%

•	 Buchanan et al51
•	 Nalbuphine hydrochlorided

•	 Parenteral by PCA 
(unimodal)

•	 Reduction in hospital LOS
•	 Prevented ACS

Notes: aStrong opioid; badjunct treatment; calso known as heroin (more potent than morphine); dopioid with similar pain-relieving potency to morphine.
Abbreviations: ACS, acute chest syndrome; eD, emergency department; LOS, length of stay; PCA, patient-controlled analgesia; SCD, sickle cell disease.
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recent study has documented the role of a low-dose intrave-

nous ketamine–midazolam combination in the management 

of severe painful crisis.13 In their retrospective analysis of 

adult SCD patients with severe painful crisis unresponsive 

to intravenous morphine and other adjuvant analgesics, the 

authors documented a significant improvement in pain scores 

(using the numeric rating scale) after adding the ketamine–

midazolam regimen.13 This finding suggests that this regimen 

may be effective in reducing pain and opioid requirements 

in SCD patients with severe painful crisis.

Other investigators have further explored the use of 

intranasal diamorphine in pediatric sickle cell patients with 

painful crisis. When administered in synergy with either 

intravenous or oral morphine in an emergency-care set-

ting, there was a rapid improvement in pain scores within 

2 hours.48 More importantly, these children reported no 

adverse reactions, but rated intranasal diamorphine highly 

as an effective and acceptable analgesic. Intranasal diamor-

phine was, therefore, recommended for rapid analgesia in 

children with painful crisis.48 In their adult counterparts, a 

pain-control program modeled on regimens used in treating 

chronic cancer pain (intravenous and oral controlled-release 

morphine) was found to have reduced hospital visits, as the 

number of admissions for sickle cell pain was reduced by 

44%, total inpatient days by 57%, length of hospital stay by 

23%, and the number of ED visits by 67%.49 This buttresses 

the importance of instituting a structured and individualized 

analgesic regimen in order to achieve optimal outcomes. In 

fact, individualized pain management plans in emergency 

settings are effective in delivering high-quality management 

of vaso-occlusive crisis and are characterized by a high level 

of patient satisfaction and reduced hospitalizations.50

Another group of investigators have explored the effi-

cacy of nalbuphine hydrochloride (an opioid with similar 

pain-relieving potency as morphine) in pain control among 

pediatric sickle cell patients.51 Comparisons were made with 

those placed on morphine using specific outcome measures. 

Remarkably, it was noted that patients on nalbuphine hydro-

chloride were less likely to develop acute chest syndrome and 

had shorter duration of hospitalizations, even though their 

use of continuous analgesic infusion with patient-controlled 

analgesia was seen as a confounder.

Low-molecular-weight heparin as an 
adjunct therapy
Furthermore, a randomized double-blind clinical trial had 

evaluated the safety and efficacy of tinzaparin (a low-molec-

ular-weight heparin) in the treatment of acute painful vaso-

occlusive crisis.52 In the treatment group, patients received 

once-daily subcutaneous tinzaparin in combination with 

supportive care, which included opioid analgesia (morphine) 

for not more than 7 days, while patients in the control group 

were exposed to a placebo and similar supportive care for the 

same duration of time. Interestingly, a statistically significant 

decrease in the number of days with the highest pain score, 

total duration of painful crisis, and duration of admission 

were noted for each comparison of tinzaparin vs placebo. 

Specifically, the decrease in pain severity was observed to be 

more abrupt for tinzaparin-treated patients, highlighting the 

fact that tinzaparin, administered at its appropriate therapeu-

tic regimen, reduced both the severity and duration of acute 

painful crisis.52 This interesting finding may be related to its 

antithrombotic activity, which probably helps to ameliorate 

vaso-occlusion. For instance, it is believed that the degree 

of adherence of the different blood cells to vascular endo-

thelium correlates well with clinical severity of disease.52 

Thus, this tendency of thrombus formation underpins the 

pharmacologic basis for the potential utility of tinzaparin in 

vaso-occlusive crisis.

Benefits of hydroxyurea
Another treatment paradigm for acute painful crisis has been 

the use of hydroxyurea. For several years now, it has been 

observed that the clinical trajectory of sickle cell patients can 

be ameliorated by this cytotoxic drug. The clinical improve-

ment in some of the patients is thought to be related to its 

induction of fetal hemoglobin (Hb F) production. However, 

its possible mechanisms of action have further been explored, 

and these include reduction of red blood cell adhesion recep-

tor expression in young SCD subjects and in vitro induc-

tion of changes in endothelial cells, affecting the degree of 

adherence of different blood cells, as well as modulating 

the determinants of intercellular and endothelial adhesion 

such as soluble vascular adhesion molecule-1 (sVCAM-1) 

and myeloperoxidase levels.53 Decreasing sVCAM-1 and 

myeloperoxidase levels suggests a reduction in the eryth-

rocyte–endothelial interactions and in neutrophil activity, 

respectively; the latter outcome may help to reduce the 

propagation phase of a vaso-occlusive crisis. Other proven 

mechanisms of action of hydroxyurea include its reduction 

of hypercoagulability markers in SCD such as von Wil-

lebrand’s factor and factor VIII,54 as well as nitric oxide (NO) 

depletion, which occurs in disease-associated hemolytic 

anemia.55 In SCD pathology, hemolytic anemia is associated 

with decreased bioavailability of NO, which results in the 

impairment of vasodilation among other effects.56 Although 
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findings from the study of hydroxyurea in SCD indicate its 

beneficial effects in shortening the duration of crisis-related 

admissions and reducing the net dose of opioids,57,58 there 

have been concerns about its safety profile in pediatric sickle 

cell patients. Nevertheless, there is compelling evidence to 

support its use in patients as young as 9 months, given its 

reported ability to reduce the frequency of vaso-occlusive 

crises and acute chest syndrome with little or no adverse 

reactions.59 In fact, results from a protocol suggest minimal 

genotoxicity or carcinogenicity with long-term hydroxyurea 

exposure.60 A recent review further lends credence to its 

safety and efficacy in both pediatric and adult patients as 

there was no reported increase in the incidence of leukemia 

and teratogenicity.61 In a longitudinal study of a cohort of 

sickle cell children in the United States, a group of research-

ers compared the number of vaso-occlusive pain episodes 

(including acute chest syndrome/pneumonia episodes) and 

treatment expenditure in those treated with hydroxyurea 

and those not treated with it, during a period of 2–3 years.62 

Remarkably, treatment with hydroxyurea was associated 

with a significant reduction in vaso-occlusive pain episodes, 

hospital admissions, and cumulative expenditure for care.62 

A multicenter study among adult patients also reported that 

hydroxyurea usage resulted in significant reduction in daily 

patient-rated pain intensity, analgesic use, and utilization, 

findings that are in tandem with previously documented 

reports about its ameliorating effects on vaso-occlusive 

crisis.63 Better still, the extent of pain relief in these patients 

was found to be directly correlated with the size of Hb F 

therapeutic response to hydroxyurea. More importantly, 

some authors have advocated that an increased utilization 

of hydroxyurea by pediatric and adult patients would most 

likely reduce their emergency-department visits for pain 

management.64

Role of inhaled nitric oxide
Inhaled nitric oxide may serve as a potential medication in 

the treatment of vaso-occlusive crisis. For instance, the micro-

vascular responses to vaso-occlusive events are dependent 

on oxidative stress and endothelial cell dysfunction; reactive 

oxygen- and nitrogen-induced events contributing to SCD-

associated vasculopathy are driven by changes in substrate 

and cofactor availability for endothelial-cell nitric oxide 

synthase, highlighting the emerging role of reactive oxygen 

and nitrogen species in disease pathogenesis.65 Despite the 

evidence about the efficacy of inhaled nitric oxide in murine 

SCD models and in few reported human studies, a report 

indicates that the use of inhaled nitric oxide vs inhaled 

nitrogen placebo among hospitalized SCD patients with 

vaso-occlusive crisis did not improve time to resolution of 

crisis.66 In addition, there were no significant differences in 

duration of hospitalization, visual analog pain-scale scores, 

cumulative opioid usage, and rate of acute chest syndrome 

between the treatment and placebo groups.66

Treatment outcome of a multimodal 
analgesia
In a recent study of adult sickle cell patients who received 

two different types of multimodal analgesia, namely ketorolac 

(NSAID)+ tramadol (weak opioid) regimen as well as ketorolac 

+ tramadol + fentanyl buccal tablet (strong opioid) regimen 

(during two separate severe episodes of vaso-occlusive crises), 

the time-weighted sum of pain intensity differences in the first 

24 hours of acute pain management was higher with the latter 

treatment regimen.67 Moreover, the pain-intensity difference, 

the total pain relief, and the time-weighted sum of anxiety in 

the first 24 hours were more ameliorated with the ketorolac + 

tramadol + fentanyl regimen than with the ketorolac + tramadol 

regimen, suggesting that fentanyl may be a potent analgesic in 

early management of acute pain under emergency settings.67 

Although ketorolac is a first-generation NSAID used for short-

term management of moderate-to-severe pain,68 it is obvious 

that further improvement in pain relief is achieved when used as 

an adjuvant to opioid medications, as was shown in this study.

Magnesium sulfate as an adjuvant drug
Novel adjuvant drugs have also been shown to be effective 

in modulating the outcome of vaso-occlusive crisis when 

used in conjunction with the conventional pain-management 

protocols. For instance, a group of investigators studied the 

effect of intravenous magnesium sulfate on the duration of 

hospitalization for children admitted with vaso-occlusive 

crisis.69 Two sequential treatment protocols of intravenous 

magnesium sulfate were added to standard inpatient manage-

ment comprising intravenous fluids, opioids, and NSAIDs. 

Interestingly, intravenous magnesium sulfate apparently 

reduced the duration of hospitalization for these children 

in crisis.69 Although magnesium sulfate had been found 

effective in severe asthma attacks70 and in reducing systolic 

blood pressure in eclampsia of pregnancy,71 its potentially 

beneficial use in SCD vaso-occlusive crisis may be related 

to the vasodilatory action in blood pressure reduction.

Strategies to improve pain management
Finally, the modality of analgesic administration is equally 

important as it can influence treatment outcomes. For 
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example, some authors developed a protocol to determine 

whether commencement of patient-controlled analgesia in 

a pediatric ED would reduce the length of time between 

opioid bolus doses and initiation of patient-controlled 

analgesia as compared with standard in-patient initiation of 

patient-controlled analgesia.72 They also compared patient 

satisfaction and inpatient length of stay for the two groups. 

Notably, the authors reported that this protocol not only 

reduced the time of initiating patient-controlled analgesia 

in the emergency setting but was also associated with 

patient preference.72 Generally, the use of patient-controlled 

analgesia has positive outcomes for patients in both pain 

management and satisfaction.73 It is a method that entails 

administering parenteral analgesics (especially opioids) 

through a microprocessor-controlled infusion pump used 

by patients once pain is felt by them.74 Patient-controlled 

analgesia is predicated on the patient’s ability to assess the 

pain intensity and the analgesic potency. At the beginning 

of pain, the patient activates the dosing system and receives 

a doctor-programmed analgesic dose, which is followed by 

activation of a protection system to circumvent overdose.74

Furthermore, a report shows that opioid delivery in nebu-

lized form can be an effective modality in the management 

of acute chest pain in patients with SCD.75 It has, therefore, 

been recommended as a preferable alternative in patients 

with difficult venous access and may more specifically 

target chest pain.75 Interestingly, it has been observed that 

the type of health care personnel administering analgesia 

in sickle cell patients may also affect treatment outcomes. 

For instance, a single-center retrospective review of pain-

management patterns and outcomes in adult patients admit-

ted for vaso-occlusive crisis revealed that patients managed 

by hospitalists had shorter duration of admission, and did 

not have a significant increase in readmission rates when 

compared with those managed by hematologists.76 Similarly, 

nursing knowledge has been reported as fundamental to the 

reduction of stigma and in the improvement of pain manage-

ment in SCD, as nurses play a key role in the introduction 

of evidence-based practice within the clinical setting.77 

A group of researchers also assessed whether a clinical 

pathway improves the acute management of crisis pain in 

the pediatric ED. Interesting findings of the study include 

significant improvements of time interval to first analgesic 

use from 74 to 42 minutes and to first opioid use from 94 

to 46 minutes, and significant increase in the percentage 

of patients who received ketorolac from 57% to 82%, sug-

gesting that the use of a clinical pathway for vaso-occlusive 

crisis in this setting can improve important parameters of 

pain management.78

Nonpharmacologic options of pain 
management
Recurrent and frequent episodes of vaso-occlusive crisis 

may be associated with psychosocial problems such as low 

self-esteem, anxiety, depression, dissatisfaction with body 

image, poor school performance, social isolation, reduced 

participation in normal activities of daily living, as well as 

poor peer and family relationships.79 Psychologic interven-

tions for painful crisis in SCD patients should, therefore, 

complement current pharmacologic options. However, a 

systematic review that was conducted to examine if the 

coping abilities of SCD patients were improved following 

psychologic interventions showed limited evidence for their 

efficacy.15 One of these interventions that have received 

empirical support is the cognitive behavioral therapy. It has 

been advocated that sickle cell patients need to have more 

information about their illness as well as better access to 

psychosocial interventions.80 Cognitive behavioral therapy 

is a psychosocial intervention that aims to improve mental 

health.81 It focuses on challenging and changing the patients’ 

cognitive distortions and behaviors concerning the disease, 

and on developing personal coping strategies that target solv-

ing any current psychosocial problems. Cognitive behavioral 

therapy can thus serve as an effective adjunct in manag-

ing chronic pain in SCD as it may help to boost patients’ 

resilience or develop coping strategies.8 Despite paucity of 

evidence-based role for psychologic therapies in SCD pain 

management, further studies are advocated to establish the 

efficacy of these nonpharmacologic options.

Conclusion
The pharmacologic options for pain management in sickle 

cell vaso-occlusive crisis are effective in both pediatric and 

adult patients. Non-opioids and opioids still form the main-

stay of analgesic therapy for acute and chronic pain of the 

disease. Multimodal analgesia and structured, individualized 

analgesic regimen appear more effective in achieving better 

treatment outcomes. Novel analgesics and adjuvant drugs are 

still emerging and are proving equally effective in pain relief. 

A disease modifier like hydroxyurea may be the “turning 

point” for reducing pain-related morbidity in children and 

adults with SCD. Although current evidence is still limited 

on the supportive role of cognitive behavioral therapy in pain 

management, this nonpharmacologic approach is reportedly 
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effective, but needs further exploration as a possible adjunct 

in providing analgesia.
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