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A B S T R A C T

Objective. Pain has a critical role in the management of sickle cell disease (SCD). Patients may suffer
from several pain syndromes, which may be or not may be associated with other clinical compli-
cations, such as anemia, organ failures, and infections.

Design. Data for review were identified by using PubMed to search MEDLINE, limiting the search
to abstract/articles in English, Italian, French, and Dutch. The key words pain, sickle cell disease,
anemia, hemoglobin, hemoglobinopathy, analgesics, opioids, morphine, acetaminophen, paracetamol, non-
steroidal anti-inflammatory drugs, hematology, and quality of life were variously combined in the title,
abstract, and key word search list. The abstract database of most hematological congresses and the
bibliographies of most relevant articles were also considered.

Results. There are two major types of SCD pain: acute and chronic. Sometimes, mixed and neuro-
pathic pain can be also observed. Acute pain is mostly related to vaso-occlusion. Chronic pain may
be due to some SCD complications, such as leg ulcers and avascular necrosis.

Conclusions. Pain management in the SCD setting needs multidisciplinary approaches, given the
several syndromes and the pathogenic mechanisms that are likely involved. Pain management is not
standardized and often difficult, so that many patients with SCD are still poorly treated. Further
efforts to develop care plans and treatment protocols as well as management guidelines are required.

Key Words. Sickle Cell Disease; Pain; Pain Management; Morphine; Hemoglobin

Introduction

Sickle cell disease (SCD) includes a group of
genetically inheritable disorders characterized

by the substitution of valine for glutamic acid in the
sixth position of the b globin [1]. These globin
abnormalities lead to profound changes in molecu-
lar solubility and instability and the tendency of
deoxygenated hemoglobin (Hb) to undergo poly-
merization [2,3]. SCD may result from compound
defects, in which HbS is associated with other
abnormal Hbs such as Hb C (SCD-SC) or Hb D
(SCD-SD) and HbE (SCD-SE) or with an inter-
acting thalassemia gene, as observed in sickle
b-thalassemia (bs/bo thal and bs/b+thal). The sever-
ity of the resulting syndrome depends upon the

type of the associated abnormalities. SCD is a sys-
temic multiorgan disease, which includes clinically
heterogeneous features ranging from asymptom-
atic to very aggressive forms [4–6]. Acute pain is the
predominant symptom associated with SCD; it is
frequently related to vaso-occlusive crisis (VOC),
which, in some cases, may be the prodrome of
serious and potentially fatal complications, such as
the acute splenic sequestration crisis (ASSC) [3],
and the acute chest syndrome (ACS) [5]. Other pain
syndromes observed in SCD patients may be due to
several disease complications, such as leg ulcers,
bone and joint disease [7], or nerve disturbances [8].
The long-life course of the illness, combined with
frequent hospitalizations for pain and other com-
plications, can contribute significantly to impair
psychosocial functioning [9] and to reduce patient’s
quality of life (QoL) [10]. Pain is the cause of more
than 90% of hospital admissions among adult
patients with SCD [5,6]. Because of SCD’s world-
wide distribution as a result of immigration to
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countries with a traditionally low prevalence of
SCD [11,12], affected individuals may be treated
and monitored not only in specialized centers but
also in general hospitals and emergency services
[13]. Thus efforts should be made both to develop
treatment protocols and management guidelines
and to optimize their application in many different
health care environments.

Materials and Methods

Data for review were identified by using PubMed
to search the MEDLINE, limiting the search to
abstract/articles in English, Italian, French, and
Dutch. The key words pain, sickle cell disease,
anemia, hemoglobin, hemoglobinopathy, analgesics,
opioids, morphine, acetaminophen, paracetamol, non-
steroidal anti-inflammatory drugs (NSAIDs), hema-
tology, and quality of life (QoL) were variously
combined in the title, abstract, and key word
search list. The abstract databases of most hema-
tological congresses and the bibliographies of
most relevant articles were also reviewed.

Epidemiology of SCD pain

Several studies have investigated the epidemio-
logical features of pain in SCD. One of the first
was performed on a cohort of 3,578 individuals
affected with SCD-SS, SCD-S/bothalassemia, and
SCD-S/b+thalassemia and reported an average
pain rate of 0.8, 1.0, and 0.4 crises per person per
year, respectively. In the SCD-SS group, 39% of
patients had no episodes of pain, and 1% had more
than six episodes per year. Moreover, a small
number (5.2%) of patients presenting 3–10 epi-
sodes per year had 32.9% of all pain crises.
Although some pain crises may occur without any
apparent precipitating cause, some risk factors,
such as increased hematocrit, the presence of
a thalassemia, a reduced oxygen saturation of
inspired air, cardiac and pulmonary impairments,
dehydration, infections, acidosis, and hypother-
mia, have been associated with high pain rates,
while protective effects of high concentrations of
HbF have been recognized [14].

In another study, the occurrence of pain was
directly correlated with early death [15]; these
findings were confirmed by a report claiming that,
out of 209 adult patients who died during the
study period, 78 percent had pain [16]. The
French Study Group on SCD reported that 172
(58%) of 299 patients suffered annually from one
or more pain crises [17]. In addition, a compara-

tive analysis on the incidence of pain involving 308
affected individuals showed that 58.6% of men and
56.5% of women with SCD reported pain, which
was not statistically different, but that crises
occurred more frequently in men with SCD-SS
[18]. Regarding the infants with SCD, patients
with SCD-SS and SCD-S/bothalassemic had more
pain than those with SCD-S/b+thalassemia or
SCD-SC [19]. In the home setting, 37 children
with SCD during 18,377 days experienced 514
distinct pain episodes, which were reported on
2,592 days and 2,326 nights [20].

Some studies have addressed the association of
pain with other factors, such as increased body
weight and dietary patterns [21]. Moreover, the
presence of respiratory symptoms is associated
with frequency of pain crisis [22]. Other associa-
tions with pain in patients with SCD include
windy weather, low humidity [23], and psychologi-
cal stress [24]. The association of VOC with some
gene polymorphisms, such as those for endothelin
1 and endothelial constitutive nitric oxide (NO)
synthase, has been recently described in patients
with SCD-SS [25].

Chronic pain due to leg ulcers, avascular necro-
sis, and other degenerative conditions afflicting
bones and joints occurs in 5–10% of adult patients
[26]. Patients with SCD and a-thalassemia have a
higher incidence of avascular necrosis because of
their high hematocrit and increased blood viscosity.
Headaches are reported in 50–76% of cases [27].

A mechanism of europathic pain maintained
centrally by abnormal somatosensory processes
and central sensitization is advocated to explain
the origin of some painful states of unknown
origin [6]; however, no clinical studies have been
demonstrated so far to explain the occurrence of
these mechanisms in SCD patients, although they
are reported in other painful chronic illnesses,
such as musculoskeletal [28,29] and peripheral
arterial diseases [30].

Classification and Pathophysiology

Most SCD pain syndromes are detailed in Table 1.
Acute pain is the hallmark of the disease and is
mostly associated with VOC, whose occurrence
is related to the HbS polymerization and to the
subsequent formation of sickle-shaped erythro-
cytes. Other recognized contributing factors in
the determinism of VOC are endothelial cell
activation, erythrocyte and leukocyte adhesion,
vasoconstriction, coagulation activation, cellular
dehydration, the inflammatory response, reperfu-
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sion injury, and impaired blood flow due to reduced
NO bioavailability [31]. Hb changes and oxidant
damage of the red blood cells (RBC) membrane by
reactive Hb by-products result in increasing K-Cl
cotransport leading to K+ and water loss, Ca2+ accu-
mulation, Gardos channels (Ca2+-activated K+

export) activation, and further dehydration. More-
over, sickle RBC adherence to vascular endothe-
lium may lead to vascular occlusion and tissue
infarction, which in turn initiates a secondary
inflammatory response, creating a vicious cycle.
Indeed, several inflammatory mediators, such as
interleukin-1, bradykinin, histamine, substance P,
and prostaglandins (PGs) E2 and I2 activate noci-
ceptive afferent nerve fibers and promote vasodila-
tation and extravasations of fluids that can lead to
local swelling and tenderness [32]. In addition, PGs
sensitize peripheral nerve endings and facilitate the
transmission of painful stimuli along A-d and C
fibers that reach the cerebral cortex via the spinal
cord and the thalamus. This pain, reflecting both
tissue death and secondary inflammatory respon-
ses, is categorized as deeply somatic; given its acute-
ness and severity, it represents the insignia of this
disease [6]. The etiology and the patophysiology of
most common chronic pain syndromes [6–8,26]
observed in SCD patients are reported in Table 1.

Clinical Features

VOC-related pain may involve any part of the
body, and its severity, location, and duration may

vary within groups of patients and within each
individual. Moreover, the frequency and severity
of each pain crisis may change as a person grows
from childhood to adulthood, with the break point
being the late teens. The frequency of the painful
crises denotes the gravity of the sickling disorder;
three or more crises annually indicate severe
disease [6].

In a study of 192 children with SCD, 21 of
which presented 41 episodes of acute pain, the
most commonly affected bones were the humerus
(38%), tibia (23%), and femur (19%). Tenderness,
swelling, impaired joint motion, local heat, and
erythema were the prominent clinical findings
other than pain [33]. In most cases, pain gradually
disappears over a period of hours to days with
symptomatic management. However, the infarc-
tion may occasionally involve extensive portions of
vascular bed resulting in bone marrow (BM)
necrosis [34]. BM necrotic particle embolisms
represent a recognized provocative factor for the
development of ACS [3,35] and fat embolism syn-
drome, which are the main life-threatening com-
plications of SCD. Among the chronic pain
syndromes, avascular necrosis is associated with
deep somatic pain, often complicated by incident
pain. Abdominal pain is common during crises. Its
pathogenesis is not fully understood, and it may
represent a diagnostic challenge, mimicking a
wide spectrum of surgical emergencies. The
careful evaluation and the differential diagnosis of
pain, excluding other potential mimicking condi-
tions such as BM infarction and vertebral body’s
necrosis, ASSC [36], hepatobiliary disorders,
ischemic colitis, pancreatitis and other gastrointes-
tinal illnesses, are essential to avoid unnecessary
surgical intervention [37].

Prevention of Pain

The prevention of SCD pain should be a part of a
comprehensive approach to SCD. Precipitating
factors, such as dehydration, infections, diuretics,
altitude, acidosis, and hypoxia, should be avoided.
Folic acid supplements as well as treatment of
medical and surgical complications should be pro-
vided. The HbS value should be maintained lower
than 30%, and HbF levels, which are inversely
related to the occurrence of pain, should increase
[5,38].

Pharmacological attempts to induce HbF pro-
duction with hydroxyurea (HU) [39] should be
carried out in adult patients, in whom even small
increments in its concentration may positively

Table 1 Pathophysiology of the most common pain
syndromes in patients with sickle cell disease

Pain Type Pain Origin and Syndromes

Nociceptive
Deep somatic Vasocclusive crisis, bone marrow

infarction, priapism
Superficial somatic Leg ulcers
Visceral Infarction of parietal blood vessel of

cava viscera (ischemic colitis),
appendicitis, pancreatitis, acute
splenic sequestration crisis, splenic
infarcts, splenic abscess,
cholelithiasis, choledocholithiasis
peptic ulcers

Neuropathic
Peripheral neuropathic Vaso-occlusive crises, neuropathies
Central neuropathic CNS damage, ictus, central

sensitization (?)
Mixed

Neuropathic + Somatic Vaso-occlusive crisis
Breakthrough

Incident (related to
the movement)

Vaso-occlusive crisis, skeletal damage

Nonincident pain Transient flares of pain during stable
analgesia

CNS = central nervous system.
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affect pain [40]. However, while HU therapy for
adult patients with SCD is a well-established indi-
cation [41], its use in infants and children should
be cautious and require close monitoring in light
of the demonstrated acquired genetic mutations
induced by this drug [42]. However, some recent
studies report long-term sustained efficacy and
safety of HU therapy in this setting [43,44].

The addition of erythropoietin is suggested to
allow more aggressive HU dosing in patients with
high risk for SCD [45]. The benefits provided
by others HbF-inducing agents, such as arginine
butyrate, are reported in some children with SCD
[46]. Sickle cell dehydration and the role of the
Gardos channels represent other major targets of
prevention of VOC by possibly blocking them by
increasing the abnormally low erythrocyte magne-
sium (Mg) content of sickle erythrocytes [47,48].
Thus, oral Mg pidolate has been provided favor-
able results in clinical trials [49]. Other Gardos
channel inhibitors, such as clotrimazole [50] and
ICA-17043 [51], are under study.

The efficacy of chronic transfusions in reducing
debilitating pain, although reported on the basis of
empirical experience [6], has not be proven in con-
trolled studies.

At present, no controlled trials have demon-
strated that the above-mentioned agents modify
the clinical disease course of SCD in patients [52].

Diagnosis and Assessment of Pain

The cornerstones of pain management are the rec-
ognition, the diagnosis, and the assessment of pain
intensity. Patient report is the primary source for
assessment [53], except in infants where behavioral
observations are used. Therefore, the intensity of
pain can be assessed by using any of several avail-
able scales, such as the visual analog scale, verbal
scale, numerical scale, or Wong–Baker faces scale
for children [54,55]. Pain assessment and treat-
ment should be a part of a comprehensive SCD
management, given the close relationships that
link contributing and precipitating factors of pain
with the other three main pathologic features of
SCD [6], such as anemia, infections, and organ
damage, such as ACS [56].

Pain Management

A pain crisis in SCD, due to its association with
pathology, is an emergency that should be
promptly evaluated and vigorously managed to
achieve pain relief as soon as possible. Patients

should be regularly monitored for analgesic effec-
tiveness, complications of SCD, and hypoxia.
Treatment should rely on bed rest, fluid hydration,
administration of analgesics according to the pain
intensity [57], and complementary and nonphar-
macological measures [58]. Oxygen inhalation has
no effect on the duration of pain [59,60] and may
involve complications [61]. Although high doses
of methylprednisolone decrease the duration of
severe pain, this drug has a limited role due to the
rebound attacks after therapy is discontinued [62].
NO is under investigation as an antisickling agent
for its vasodilatation properties. Indeed, it regu-
lates blood vessel tone, endothelial adhesion, and
the severity of ischemia-reperfusion injury and
anemia; breathed NO reduces the tendency of
HbS to polymerize and may be beneficial for VOC
[63]. Intravenous (IV) poloxamer 188 significantly
reduced total analgesic use and pain intensity in
patients with SCD-related pain [64]. However,
taken together, the effects of the potentially sickle-
modifying agents are very limited and require
further research.

Pharmacological Approaches and Strategies
Pharmacological pain management relies on anal-
gesics and should be aimed at providing rapid
pain control, which should be then maintained
with long-acting oral or parenteral agents, with
provision of supplementary doses if breakthrough
pain occurs. Regimens to treat sickle pain include
nonopioids, opioids, and adjuvant agents [65].
Management of mild to moderate pain should
rely on NSAIDs or paracetamol, unless there is a
contraindication. If mild to moderate pain per-
sists, an opioid can be added. Treatment of per-
sistent or moderate to severe pain relies on
opioids. The combination of nonopioid analgesics
with opioids allows lower doses of the latter (bal-
anced analgesia).

Nonopioid Analgesics
This class of nonsedating analgesic drugs includes
NSAIDs and paracetamol. The former are pro-
vided of anti-inflammatory, analgesic, and anti-
pyretic properties. They act primarily on
nociceptors, where pain impulses originate, by
inhibiting the synthesis of PGs, thus decreasing
or abolishing the sensitization of nociceptors by
prostanoids. The traditional nonselective NSAIDs
inhibit both the housekeeping cyclo-oxygenase
(COX)-1 and the inducible COX-2 enzymes.
Selective NSAIDs inhibit only the COX-2 enzyme
and spare COX-1, which is needed to produce
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physiologic levels of PGs [6]. Indeed, the inhibi-
tion of PGs by NSAIDs may lead to several side
effects, such as hemostatis, congestive heart
failure, acute renal failure, nephrotic syndrome,
and gastropathy. Therefore, stronger NSAIDs
are reserved for older children with severe pain.
Moreover, given the borderline renal function
frequently found in adults with SCD, the use of
NSAIDs can be a matter of debate. Aspirin should
be avoided due to a risk of Reye’s syndrome in
febrile children. In the presence of these contrain-
dications, NSAIDs should be avoided and replaced
with other drugs.

Among NSAIDs, ketorolac has an equivalent
analgesic activity to morphine in acute pain
setting; moreover, the concomitant administration
with opioids exerts an additional analgesic effect
[38] so it may be added to opioids if they provide
inadequate analgesia. It has been used to treat
SCD pain crisis with favorable results [66].
However, due to potential renal toxicity, the
current recommendation is that ketorolac should
not be used for longer than 5 days in a month.

Paracetamol exerts analgesic and antipyretic
but not anti-inflammatory effects. Indeed, it does
not inhibit peripheral PGs and therefore appears
to have a safer profile than NSAIDs. Moreover,
there is considerable evidence of an additional
central analgesic effect by inhibition of the liquo-
ral PG synthesis, the nociceptive signal trans-
mission in the spinal cord, and the activation of
descending serotonergic pathways [67]. It can be
administered by different routes, included IV
preparations, providing a more rapid onset of
analgesia than the oral route [68].

Although specific controlled trials regarding
paracetamol use in patients with SCD are lacking,
it is widely used as a single agent as an alternative
to opioids in SCD [69]. In addition, its association
with the latter results in enhanced analgesia and an
“opioid-sparing” effect [6,70,71]. However, its use
in the presence of hepatic impairment requires
caution.

Opioids
Opioid analgesics are the drugs of choice to treat
severe pain. Their functional effects are derived
from their complex and individual interactions
with opioid receptors. Therefore, each opioid can
be classified according to its receptor profile as
agonist, partial agonist, and agonist-antagonist;
moreover, based on their analgesic potency, they
are distinguished as weak or strong opioids [72].
Morphine is a full m receptor agonist with which

all other drugs’ bioavailability and relative potency
should be compared [73]. It remains the drug of
choice to achieve a prompt analgesia in patients
with SCD [6,74]. Diamorphine (heroin), being
highly soluble, produces rapid analgesia and has
been successfully employed in the setting of SCD
pain [75], although the routine clinical use is
unique to the United Kingdom [76]. Among full
m-agonists, strong opioids, hydromorphone [77],
and oxycodone [78] have been reported as effective
in the setting of acute SCD pain [79]. Fentanyl is
rarely used by IV route outside of the anesthesia
setting but has become popular for transdermal
(TD) administration [80]. This preparation is best
suited for patients with stable pain in whom the
24-hour opioid requirement has already been
determined. An oral transmucosal fentanyl citrate
preparation, recently marketed for breakthrough
pain management in patients with cancer and
as preemptive analgesia for diagnostic procedures,
has been reported as a useful tool in the setting of
SCD pain [78,79], although the clinical experience
is very limited. Lastly, methadone has been suc-
cessfully applied as maintenance therapy in out-
patients with SCD [78].

The most used weak opioids acting prevalently
on m receptors are codeine and tramadol. Codeine
is often used together with paracetamol in fixed-
dose for mild to moderate pain. Tramadol is an
atypical analgesic acting at the central level, with
relatively weak m receptor affinity. It inhibits sero-
tonin and norepinephrine reuptake in the raphe
nucleus, enhancing inhibitory effects on pain trans-
mission [72] and thus is helpful in neuropathic pain
[81]. The overall incidence of tramadol-related
adverse effects is lower than other opioids. In par-
ticular, at analgesic doses, it seems to cause little or
no respiratory depression [82], although its use in
patients with renal failure requires careful attention
[83]. This drug is easily manageable and can be
proposed as an alternative for patients not suitable
for NSAIDs or for stronger opioids, either as a
single agent or in association with ketorolac [38].
Recently, IV tramadol (0.25 mg/kg) combined with
nonopioids has been reported as effective to relieve
moderate to severe pain in a pediatric SCD crisis;
so, this agent can be recommended before using
morphine in this setting [84].

Meperidine is widely used in SCD. However,
its metabolite normeperidine has a long half-life
(15–40 hours) and can be accumulated, causing
some side effects (e.g., tremors, myoclonus, sei-
zures and delirium); moreover, it has some inotro-
pic negative effects and could have potentially fatal
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interaction with monoamine oxidase inhibitors
[85]. Therefore, its use should be avoided or
limited in otherwise healthy patients when other
options are not available.

Buprenorphine is a partial agonist provided
with some interesting properties, although no
study has reported its use for SCD pain so far.
However, it may be an alternative agent, thanks to
various application routes, long action, and renal-
independent metabolism. Butorphanol is chemi-
cally related to buprenorphine, and its use has
been compared with morphine in patients with
who presented with pain crisis. No differences
between the two therapies have been found with
respect to pain or relief of pain scores and side
effects for which they were are equally effective in
the treatment of SCD crisis pain [86].

Mixed agonist/antagonist opioids provide anal-
gesia by acting predominantly at k receptors;
therefore, they unlikely induce respiratory depres-
sion so that they can be usefully employed to
approach acute pain. Among these agents, nalbu-
phine has been reported as an alternative to mor-
phine in SCD setting. Indeed, after parenteral
administration, it provides effective analgesia
without remarkable circulatory and respiratory
adverse effects. Moreover, like other agonist/
antagonist analgesic drugs, the potential abuse of
nalbuphine seems relatively low [87].

Treatment of painful episodes in SCD by
opioids may sometimes give rise to concerns about
analgesic misuse. In this view, distinguishing
addiction from pseudoaddiction may have a criti-
cal role in pain management. Indeed, drug seeking
caused by analgesic is a nonpain-related syndrome

and is due to pscyhologic dependence. Conversely,
the term pseudoaddiction describes the patient’s
anticipatory requirement of a dose due to fear of
pain, and patients experiencing this fear is due to
undertreatment [88,89].

Other concerns about opioids are related to
their employment in patients at risk of ACS.
Indeed, morphine has been associated with respi-
ratory deterioration eliciting a decrease in oxygen
saturation and inducing histamine release. Thus, it
could be a potential contributing factor for the
development of ACS [90,91]. However, pain may
inhibit the thoracic excursion, predisposing to
ACS development; therefore, pain relief has to be
achieved as soon as possible, after a careful selec-
tion of the agents to be administered. In a patient
with a previous history of or presenting ACS, pain
management should be based on nonopioids even-
tually associated with partial m agonist, as trama-
dol, according to the principles of the balanced
and multimodal analgesia, or with agents acting
preponderantly on k receptors, as nalbuphine.

Management Principles
Optimal pain management should include the
careful monitoring of the patient and the preven-
tion and the treatment of side effects [92]. The
drug selection and the choice of administration
route are a critical step in pain management and
should follow some basic and easy principles,
above all related to the patient’s compliance and to
the urgency to achieve analgesia. The treatment
algorithm, adopted by us, is shown in Table 2.

Although the oral route is optimal for most
patients, alternative methods of administration, as

Table 2 Pain management for SCD patients

Treatment Based on Pain Intensity*

Score 1–4 (MILD Pain) Score 5–7 (Moderate Pain) Score 8–10 (Severe Pain)

Paracetamol (PAM)† 20 mg/kg (the first
dose can be 40 mg/kg/6 hours)

PAM* 20 mg/kg (the first dose can be
40 mg/kg/6 hours) associated with oral or
parenteral tramadol (50–100 mg/6 hours)

PAM* 20 mg/kg (the first dose can be
40 mg/Kg/6 hours) associated with oral
morphine (5–10 mg/6 hours) or
oxycodone (5–10 mg/6 hours). In case of
pain emergency, the IV route should be
preferred, adapting the opioid dosage
according to the conversion tables.

In patients unsuitable for PAM (liver failure),
ibuprofen‡ (10 mg/kg/8 hours) can be
used.

In patients unsuitable for tramadol, this
agent can be replaced by oxycodone
(5 mg/6 hours)

In patients at risk of ACS and/or unsuitable
for strong opioids, morphine or
oxycodone should be replaced with
ketorolac eventually associated with
tramadol.

* In addition to pharmacotherapy and regardless of pain intensity, alternative/complementary approaches to pain management, such as biomechanical (massage,
trigger point pressure) and psychological interventions (relaxation techniques, coping strategies, mood-enhancement strategies, and so on) should be offered.
† Paracetamol (PAM) should be used with caution in patients with liver impairment. ‡ Ketorolac and other NSAIDs should be avoided in patients with borderline
renal function or failure and used with caution in patients at high risk of acute chest syndrome.
ACS = acute chest syndrome; NSAID = nonsteroidal anti-inflammatory drug; SCD = sickle cell disease; IV = intravenous.

Pain Syndromes in Sickle Cell Disease 475

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/10/3/470/1929112 by guest on 21 August 2022



sublingual, rectal, subcutaneous (SC), IV, and TD,
can be used. The intramuscular route is generally
discouraged because of erratic absorption and
pain. Invasive neuraxial opioid delivery is very
rarely performed in patients with SCD [93],
although this should be considered in selected cir-
cumstances, such as a pregnant women with SCD
whose labor is superimposed on pain crisis. The
IV route is the fastest way to achieve analgesia in
patients having a rapidly escalating or otherwise
uncontrolled pain [94].

Patient-controlled analgesia (PCA) devices
provide on-demand boluses, eventually associated
with continuous infusion (CI) opioids in selected
circumstances. This modality of administration
may therefore be an interesting alternative as
patients can titrate themselves the appropriate
dose of opioid until an adequate analgesia is
obtained.

In a recently published controlled study, PCA
resulted in pain relief at a much lower morphine
consumption, and, therefore, it should considered
as the first choice in morphine administration [95].
Whatever route is used, the administration of
opioids requires knowledge of potency compared
with morphine and of bioavailability of the chosen
route and a careful titration in each patient [72].
Moreover, once stable analgesia has been
achieved, further rescue doses of a fast onset and
short-acting opioid should be provided. IV mor-
phine at a dose equivalent to 20% of the oral
dosage has been proposed as an inexpensive, safe,
and effective option in patients with cancer expe-
riencing pain exacerbations, while a supplemental
oral administration of immediate release (IR) mor-
phine solution may not be optimal, given the slow
onset of effects [94].

When an opioid is started, an antiemetic (e.g.,
haloperidol) should be supplied due to the fre-
quency of nausea and vomiting. Moreover,
because of the high rate of constipation among
patients who receive opioids for 3 or more days, a
scheduled bowel regimen (i.e., senna + docusate)
should be prescribed. In case of unexpected
adverse effects, current recommendations high-
light the need for careful evaluation to distinguish
them from comorbidity, dehydration, or drug
interactions. The dose reduction and the addition
of an adjuvant agent are recommended in these
circumstances. If side effects persist in patients
with chronic SCD pain who should continue to
receive opioids, the rotation to another agent
according to the equivalency conversion doses
should be considered.

The treatment of neuropathic painful states
may favorably include tricyclic antidepressants or
anticonvulsants [95]. Gabapentin and pregabalin
are currently the anticonvulsants of choice,
although no data are available in the SCD setting.

Nonpharmacological Approaches
An effective role for some nonpharmacological
measures approaches in the management both for
chronic both acute pain has been reported.
Chronic-pain treatment in SCD, as in all pain
diseases, should be multidisciplinary: leg ulcers
necessitate the input of wound care centers,
whereas avascular necrosis entails the involvement
of orthopedics, physical therapy, rehabilitation, and
rheumatologists. According to the recommenda-
tions of the American Pain Society, pharmacologi-
cal treatments for SCD should be complimented by
psychological, behavioral, and physical modalities
[58]. A significant effect of massage on pain score,
tension/mood score, and activities of daily living
has been reported [96]. Moreover, massage and
relaxation were found to reduce the sensory and
affective dimensions of pain in adults with SCD
[97]. In addition, a recently published study found
that many parents of children with SCD use a
number of alternative/complementary approaches
to pain management in addition to pharmaco-
therapy, including massage as well as self-prayer
and relaxation [98]. Lastly, training in cognitive
coping skills in order to enhance pain-coping strat-
egies and to alter pain perception has been reported
as effective to negative thinking and lower pain
ratings in patients with SCD [99–101]; these find-
ings have recently been outlined by a report claim-
ing with the role of psychosocial variables, such as
optimism [102], as important determining factors
of pain behavior of patients with SCD.

Conclusions

Pain may be not only the major symptom related
to VOC but also the warning sign of life-
threatening complications, so that the assessment
of a SCD patient with pain should include the
overall evaluation of the state of the disease. Pain
management continues to be primarily palliative
in nature [103]. The treatment of SCD is currently
primarily driven by clinical experience and patient
preference, given the paucity of controlled ran-
domized trials to guide decision-making. More
research is needed.

Niscola et al.476

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/10/3/470/1929112 by guest on 21 August 2022



References

1 Benjamin LJ. Nature and treatment of the acute
painful episode in sickle cell disease. In: Steinberg
MH, Forget BG, Higgs DR, et al., eds. Disorders
of Hemoglobin: Genetics, Pathophysiology, and
Clinical Management. Cambridge: Cambridge
University Press; 2001:671–710.

2 Ballas SK, Smith ED. Red cell changes during the
evolution of the sickle cell painful crisis. Blood
1992;79:2154–63.

3 Schnog JB, Duits AJ, Muskiet FA, et al. Sickle cell
disease: A general overview. Neth J Med 2004;
62(10):364–74.

4 Hiran S. Multiorgan dysfunction syndrome in
sickle cell disease. J Assoc Physicians India 2005;
53:19–22.

5 The Management of Sickle Cell Disease, 4th
edition. Bethesda, MD: National Institutes of
Health. National Heart, Lung, and Blood Insti-
tute; 2002.

6 Ballas SK. Pain management of sickle cell disease.
Hematol Oncol Clin North Am 2005;19(5):785–
802.

7 Aguilar C, Vichinsky E, Neumayr L. Bone and
joint disease in sickle cell disease. Hematol Oncol
Clin North Am 2005;19(5):929–41.

8 Ballas SK, Reyes PE. Peripheral neuropathy in
adults with sickle cell disease. Am J Pain Med
1997;71:53–8.

9 Hoff AL, Palermo TM, Schluchter M, Zebracki K,
Drotar D. Longitudinal relationships of depressive
symptoms to pain intensity and functional disabil-
ity among children with disease-related pain. J
Pediatr Psychol 2006;31(10):1046–56.

10 Smith WR, Bovbjerg VE, Penberthy LT, et al.
Understanding pain and improving management
of sickle cell disease: The PiSCES Study. J Natl
Med Assoc 2005;97:183–92.

11 Garcia Arias MB, Cantalejo Lopez MA, Cela de
Julian ME, et al. Sickle cell disease: Registry of
the Spanish Society of Pediatric Hematology. An
Pediatr (Barc) 2006;64(1):78–84.

12 Howard J, Davies SC. Sickle cell disease in North
Europe. Scand J Clin Lab Invest 2007;67(1):27–38.

13 Epstein K, Yuen E, Riggio JM, Ballas SK, Moleski
SM. Utilization of the office, hospital and emer-
gency department for adult sickle cell patients: A
five-year study. J Natl Med Assoc 2006;98(7):
1109–13.

14 Platt OS, Thorington BD, Brambilla DJ, et al.
Pain in sickle cell disease. Rates and risk factors. N
Engl J Med 1991;325(1):11–6.

15 Platt OS, Brambilla DJ, Rosse WF, et al. Mortality
in sickle cell disease. Life expectancy and risk factors
for early death. N Engl J Med 1994;330:1639–44.

16 Neonato MG, Guilloud-Bataille M, Beauvais P,
et al. Acute clinical events in 299 homozygous
sickle cell patients living in France. French study

group on sickle cell disease. Eur J Haematol 2000;
65(3):155–64.

17 McClish DK, Levenson JL, Penberthy LT, et al.
Gender differences in pain and healthcare utiliza-
tion for adult sickle cell patients: The PiSCES
project. J Womens Health (Larchmt) 2006;15(2):
146–54.

18 Udezue E, Girshab AM. Differences between
males and females in adult sickle cell pain crisis in
eastern Saudi Arabia. Ann Saudi Med 2004;24(3):
179–82.

19 Gill FM, Sleeper LA, Weiner SJ, et al. Clinical
events in the first decade in a cohort of infants with
sickle cell disease. Cooperative study of sickle cell
disease. Blood 1995;86:776–83.

20 Dampier C, Ely E, Brodecki D, O’Neal P. Home
management of pain in sickle cell disease: A daily
diary study in children and adolescents. J Pediatr
Hematol Oncol 2002;24(8):643–7.

21 Pells JJ, Presnell KE, Edwards CL, et al. Moderate
chronic pain, weight and dietary intake in African-
American adult patients with sickle cell disease.
J Natl Med Assoc 2005;97(12):1622–9.

22 Glassberg J, Spivey JF, Strunk R, Boslaugh S,
DeBaun MR. Painful episodes in children with
sickle cell disease and asthma are temporally asso-
ciated with respiratory symptoms. J Pediatr
Hematol Oncol 2006;28(8):481–5.

23 Jones S, Duncan ER, Thomas N, et al. Windy
weather and low humidity are associated with an
increased number of hospital admissions for acute
pain and sickle cell disease in an urban environ-
ment with a maritime temperate climate. Br J Hae-
matol 2005;131(4):530–3.

24 Porter LS, Gil KM, Sedway JA, et al. Pain and
stress in sickle cell disease: An analysis of daily pain
records. Int J Behav Med 1998;5(3):185–203.

25 Chaar V, Tarer V, Etienne-Julan M, et al. ET-1
and ecNOS gene polymorphisms and susceptibility
to acute chest syndrome and painful vaso-occlusive
crises in children with sickle cell anemia. Haema-
tologica 2006;91(9):1277–8.

26 Koshy M, Entsuah R, Koranda A, et al. Leg ulcers
in patients with sickle cell disease. Blood 1989;
74(4):1403–8.

27 Silva GS, Vicari P, Figueiredo MS, et al. Migraine-
mimicking headache and sickle cell disease: A tran-
scranial Doppler study. Cephalalgia 2006;26(6):
678–83.

28 Nielsen LA, Henriksson KG. Pathophysiological
mechanisms in chronic musculoskeletal pain
(fibromyalgia): The role of central and peripheral
sensitization and pain disinhibition. Best Pract Res
Clin Rheumatol 2007;21(3):465–80.

29 Diers M, Koeppe C, Diesch E, et al. Central pro-
cessing of acute muscle pain in chronic low back
pain patients: An EEG mapping study. J Clin Neu-
rophysiol 2007;24(1):76–83.

Pain Syndromes in Sickle Cell Disease 477

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/10/3/470/1929112 by guest on 21 August 2022



30 Lang PM, Schober GM, Rolke R, et al. Sensory
neuropathy and signs of central sensitization in
patients with peripheral arterial disease. Pain
2006;124(1–2):190–200.

31 Chiang EY, Frenette PS. Sickle cell vaso-
occlusion. Hematol Oncol Clin North Am 2005;
19(5):771–84.

32 Platt OS. Sickle cell anemia as an inflammatory
disease. J Clin Invest 2000;106:337–8.

33 Keeley K, Buchanan GR. Acute infarction of long
bones in children with sickle cell anemia. J Pediatr
1982;101(2):170–5.

34 Ataga KI, Orringer EP. Bone marrow necrosis in
sickle cell disease: A description of three cases and
a review of the literature. Am J Med Sci 2000;
320(5):342–7.

35 Vichinsky EP, Neumayr LD, Earles AN, et al.
Causes and outcomes of the acute chest syndrome
in sickle cell disease. National Acute Chest Syn-
drome Study Group. N Engl J Med 2000;342(25):
1855–65.

36 Al-Salem AH, Naserullah Z, Qaisaruddin S, et al.
Splenic complications of the sickling syndromes
and the role of splenectomy. J Pediatr Hematol
Oncol 1999;21(5):401–6.

37 Krauss JS, Freant LJ, Lee JR. Gastrointestinal
pathology in sickle cell disease. Ann Clin Lab Sci
1998;28(1):19–23.

38 Franceschi L, Finco G, Vassanelli A, et al. A pilot
study on the efficacy of ketorolac plus tramadol
infusion combined with erythrocytapheresis in the
management of acute severe vaso-occlusive crises
and sickle cell pain. Haematologica 2004;89(11):
1389–91.

39 Charache S, Dover GJ, Moore RD, et al. Hydrox-
yurea: Effects on hemoglobin F production in
patients with sickle cell anemia. Blood 1992;
79(10):2555–65.

40 Charache S, Terrin ML, Moore RD, et al. Effect of
hydroxyurea on the frequency of painful crises in
sickle cell anemia. N Engl J Med 1995;332:1317–
22.

41 Steinberg MH, Barton F, Castro O, et al. Effect of
hydroxyurea on mortality and morbidity in adult
sickle cell anemia: Risks and benefits up to 9 years of
treatment. JAMA 2003;289(13):1645–51.

42 Hanft VN, Fruchtman SR, Pickens CV, et al.
Acquired DNA mutations associated with in vivo
hydroxyurea exposure. Blood 2000;95:3589–93.

43 Hankins JS, Ware RE, Rogers ZR, et al. Long-
term hydroxyurea therapy for infants with sickle
cell anemia: The HUSOFT extension study. Blood
2005;106:2269–75.

44 Zimmerman SA, Schultz WH, Davis JS, et al.
Sustained long-term hematologic efficacy of
hydroxyurea at maximum tolerated dose in chil-
dren with sickle cell disease. Blood 2004;103(6):
2039–45.

45 Little JA, McGowan VR, Kato GJ, et al. Combina-
tion erythropoietin-hydroxyurea therapy in sickle
cell disease: Experience from the National
Institutes of Health and a literature review.
Haematologica/Hematol J 2006;91:1076–83.

46 Atweh GF, Sutton M, Nassif I, et al. Sustained
induction of fetal hemoglobin by pulse butyrate
therapy in sickle cell disease. Blood 1999;93(6):
1790–7.

47 Lew VL, Tiffert T, Etzion Z, et al. Distribution of
dehydration rates generated by maximal Gardos-
channel activation in normal and sickle red blood
cells. Blood 2005;105(1):361–7.

48 Brugnara C. Sickle cell disease: From membrane
pathophysiology to novel therapies for prevention
of erythrocyte dehydration. J Pediatr Hematol
Oncol 2003;25(12):927–33.

49 De Franceschi L, Bachir D, Galacteros F, et al.
Oral magnesium pidolate: Effects of long-term
administration in patients with sickle cell disease.
Br J Haematol 2000;108(2):284–9.

50 Brugnara C, Gee B, Armsby CC, et al. Therapy
with oral clotrimazole induces inhibition of the
Gardos channel and reduction of erythrocyte
dehydration in patients with sickle cell disease.
J Clin Invest 1996;97(5):1227–34.

51 Stocker JW, De Franceschi L, McNaughton-
Smith GA, et al. ICA-17043, a novel Gardos
channel blocker, prevents sickled red blood cell
dehydration in vitro and in vivo in SAD mice.
Blood 2003;101(6):2412–8.

52 Lottenberg R, Hassell KL. An evidence-based
approach to the treatment of adults with sickle cell
disease. Hematology Am Soc Hematol Educ
Program 2005:58–65.

53 Clare N. Management of sickle cell disease. Man-
agement would improve if doctors listened more to
patients. BMJ 1998;316(7135):935.

54 Ballas SK, Delengowski A. Pain measurement in
hospitalized adults with sickle cell painful episodes.
Ann Clin Lab Sci 1993;23:358–61.

55 Kim EJ, Buschmann MT. Reliability and validity
of the faces pain scale with older adults. Int J Nurs
Stud 2006;43(4):447–56.

56 Johnson CS. The acute chest syndrome. Hematol
Oncol Clin North Am 2005;19(5):857–79.

57 Rees DC, Olujohungbe AD, Parker NE, et al.
British committee for standards in haematology
general haematology task force by the sickle cell
working party. Guidelines for the management of
the acute painful crisis in sickle cell disease. Br J
Haematol 2003;120(5):744–52.

58 American Pain Society. Guidelines for the Man-
agement of Acute and Chronic Pain in Sickle Cell
Disease. Glenview, IL: American Pain Society;
1999.

59 Robieux IC, Kellner JD, Coppes MJ, et al. Anal-
gesia in children with sickle cell crisis: Comparison

Niscola et al.478

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/10/3/470/1929112 by guest on 21 August 2022



of intermittent opioids vs. continuous intravenous
infusion of morphine and placebo-controlled study
of oxygen inhalation. Pediatr Hematol Oncol
1992;9(4):317–26.

60 Zipursky A, Robieux IC, Brown EJ, et al. Oxygen
therapy in sickle cell disease. Am J Pediatr
Hematol Oncol 1992;14(3):222–8.

61 Lane PK, Embury SH, Toy PT. Oxygen-induced
marrow red cell hypoplasia leading to transfusion
in sickle painful crisis. Am J Hematol 1988;27(1):
67–8.

62 Griffin TC, McIntire D, Buchanan GR. High-
dose intravenous methylprednisolone therapy for
pain in children and adolescents with sickle cell
disease. N Engl J Med 1994;330:733–73.

63 Weiner DL, Hibberd PL, Betit P, et al. Prelimi-
nary assessment of inhaled nitric oxide for acute
vaso-occlusive crisis in pediatric patients with
sickle cell disease. JAMA 2003;289(9):1136–42.

64 Adams-Graves P, Kedar A, Koshy M, et al. Rheo-
thRx (poloxamer 188) injection for the acute
painful episode of sickle cell disease: A pilot study.
Blood 1997;90(5):2041–6.

65 Moussavou A, Vierin Y, Eloundou-Orima C,
Mboussou M, Keita M. Sickle cell disease pain
management following the World Health Organi-
zation’s protocol. Arch Pediatr 2004;11(9):1041–
5.

66 Beiter JL Jr, Simon HK, Chambliss CR, Adamk-
iewicz T, Sullivan K. Intravenous ketorolac in
the emergency department management of sickle
cell pain and predictors of its effectiveness.
Arch Pediatr Adolesc Med 2001;155(4):496–
500.

67 Bonnefont J, Courade JP, Alloui A, Eschalier A.
Antinociceptive mechanism of action of paraceta-
mol. Drugs 2003;63(Spec No 2):1–4.

68 Sinatra RS, Jahr JS, Reynolds LW, et al. Efficacy
and safety of single and repeated administration
of 1 gram intravenous acetaminophen injection
(paracetamol) for pain management after major
orthopaedic surgery. Anesthesiology 2005;102(4):
822–31.

69 Agble YM. Management of sickle cell disease.
Non-addictive analgesics can be as effective as
morphine and pethidine. BMJ 1998;316(7135):
935.

70 Schnitzer T. The new analgesic combination
tramadol/acetaminophen. Eur J Anaesthesiol Suppl
2003;28:13–7.

71 Gammaitoni AR, Galer BS, Bulloch S, et al. Ran-
domized, double-blind, placebo-controlled com-
parison of the analgesic efficacy of oxycodone
10 mg/acetaminophen 325 mg versus controlled-
release oxycodone 20 mg in postsurgical pain.
J Clin Pharmacol 2003;43(3):296–304.

72 Inturrisi CE. Clinical pharmacology of opioids for
pain. Clin J Pain 2002;18(4 Suppl):S3–13.

73 Hanks GW, Conno F, Cherny N, et al. Expert
working group of the research network of the
European association for palliative care. Morphine
and alternative opioids in cancer pain: The EAPC
recommendations. Br J Cancer 2001;84(5):587–93.

74 Conti C, Tso E, Browne B. Oral morphine proto-
col for sickle cell crisis pain. Md Med 1996;
45(1):33–5.

75 Johnson L. Sickle cell disease patients and patient-
controlled analgesia. Br J Nurs 2003;12(3):144–
53.

76 Gossop M, Keaney F, Sharma P, Jacjson M. The
unique role of diamorphine in British medical
practice: A survey of general practitioners and hos-
pital doctors. Eur Addict Res 2005;11(2):76–82.

77 Perlman KM, Myers-Phariss S, Rhodes JC. A shift
from demerol (meperidine) to dilaudid (hydromor-
phone) improves pain control and decreases admis-
sions for patients in sickle cell crisis. J Emerg Nurs
2004;30(5):439–46.

78 Shaiova L, Wallenstein D. Outpatient manage-
ment of sickle cell pain with chronic opioid phar-
macotherapy. J Natl Med Assoc 2004;96(7):984–6.

79 Dunlop RJ, Bennett KC. Pain management for
sickle cell disease. Cochrane Database Syst Rev
2006;2:CD003350.

80 Jeal W, Benfield P. Transdermal fentanyl. A review
of its pharmacological properties and therapeutic
efficacy in pain control. Drugs 1997;53(1):109–38.

81 Duhmke RM, Cornblath DD, Hollingshead JR.
Tramadol for neuropathic pain. Cochrane Data-
base Syst Rev 2004;2:CD003726.

82 Tarkkila P, Tuominen M, Lindgren L. Compari-
son of respiratory effects of tramadol and pethi-
dine. Eur J Anaesthesiol 1998;15(1):64–8.

83 Barnung SK, Treschow M, Borgbjerg FM. Respi-
ratory depression following oral tramadol in a
patient with impaired renal function. Pain 1997;
71(1):111–2.

84 Erhan E, Inal MT, Aydinok Y, Balkan C, Yegul I.
Tramadol infusion for the pain management in
sickle cell disease: A case report. Paediatr Anaesth
2007;17(1):84–6.

85 D’Sa S, Parker N. Fast track admission for children
with sickle cell crises. Opiates other than pethidine
are better. BMJ 1998;316(7135):934.

86 Gonzalez ER, Ornato JP, Ware D, Bull D, Evens
RP. Comparison of intramuscular analgesic activ-
ity of butorphanol and morphine in patients with
sickle cell disease. Ann Emerg Med 1988;17(8):
788–91.

87 Errick JK, Heel RC. Nalbuphine. A preliminary
review of its pharmacological properties and thera-
peutic efficacy. Drugs 1983;26(3):191–211.

88 Elander J, Lusher J, Bevan D, Telfer P, Burton B.
Understanding the causes of problematic pain
management in sickle cell disease: Evidence that
pseudoaddiction plays a more important role than

Pain Syndromes in Sickle Cell Disease 479

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/10/3/470/1929112 by guest on 21 August 2022



genuine analgesic dependence. J Pain Symptom
Manage 2004;27(2):156–69.

89 Lusher J, Elander J, Bevan D, Telfer P, Burton B.
Analgesic addiction and pseudoaddiction in painful
chronic illness. Clin J Pain 2006;22(3):316–24.

90 Kopecky EA, Jacobson S, Joshi P, Koren G. Sys-
temic exposure to morphine and the risk of acute
chest syndrome in sickle cell disease. Clin Pharma-
col Ther 2004;75(3):140–6.

91 Buchanan ID, Woodward M, Reed GW. Opioid
selection during sickle cell pain crisis and its impact
on the development of acute chest syndrome.
Pediatr Blood Cancer 2005;45(5):716–24.

92 Cherny N, Ripamonti C, Pereira J, et al. Expert
Working Group of the European Association of
Palliative Care Network. Strategies to manage the
adverse effects of oral morphine: An evidence-
based report. J Clin Oncol 2001;19(9):2542–
54.

93 Smith TJ, Coyne PJ, Smith WR, Roberts JD,
Smith V. Use of an implantable drug delivery
system for refractory chronic sickle cell pain. Am J
Hematol 2005;78(2):153–4.

94 Mercadante S, Villari P, Ferrera P, Casuccio A,
Fulfaro F. Rapid titration with intravenous mor-
phine for severe cancer pain and immediate oral
conversion. Cancer 2002;95(1):203–8.

95 Beers EJ, van Tuijn CF, Nieuwkerk PT, et al.
Patient-controlled analgesia versus continuous
infusion of morphine during vaso-occlusive crisis
in sickle cell disease, a randomized controlled trial.
Am J Hematol 2007;82(11):955–60.

96 Backonja M, Glanzman RL. Gabapentin dosing
for neuropathic pain: Evidence from randomized,
placebo-controlled clinical trials. Clin Ther 2003;
25(1):81–104.

97 Bodhise PB, Dejoie M, Brandon Z, Simpkins S,
Ballas SK. Non-pharmacologic management of
sickle cell pain. Hematology 2004;9(3):235–7.

98 Myers CD, Robinson ME, Guthrie THJ,
Lamp SP, Lottenberg R. Adjunct approaches for
sickle cell chronic pain. Altern Health Pract
1999;5:203–12.

99 Yoon SL, Black S. Comprehensive, integrative
management of pain for patients with sickle-cell
disease. J Altern Complement Med 2006;12(10):
995–1001.

100 Gil KM, Anthony KK, Carson JW, et al. Daily
coping practice predicts treatment effects in chil-
dren with sickle cell disease. J Pediatr Psychol
2001;26(3):163–73.

101 Gil KM, Wilson JJ, Edens JL. The stability of pain
coping strategies in young children, adolescents,
and adults with sickle cell disease over an
18-month period. Clin J Pain 1997;13(2):110–
5.

102 Pence L, Valrie CR, Gil KM, Redding-Lallinger
R, Daeschner C. Optimism predicting daily pain
medication use in adolescents with sickle cell
disease. J Pain Symptom Manage 2007;33(3):
302–9.

103 McClain BC, Kain ZN. Pediatric palliative care: A
novel approach to children with sickle cell disease.
Pediatrics 2007;119(3):612–4.

Niscola et al.480

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/10/3/470/1929112 by guest on 21 August 2022


