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Abstract

Background: While pain is the hallmark of sickle cell disease (SCD), 
healthcare personnel are often ill-equipped to adequately treat pa-
tients who present in vaso-occlusive crisis (VOC). Although symp-
tom severity varies from individual to individual, SCD is character-
ized by intervallic pain as a result of oxygen deprivation in tissues and 
organs. Regardless of pain severity, SCD patients are often viewed as 
drug seekers by healthcare personnel who have concerns regarding 
patients’ dependence on opioids which may lead to addiction. The 
objective was to assess the types and amount of opioids used to treat 
VOC in comparison to Centers for Disease Control opioid prescrip-
tion guidelines.

Methods: Literature search was conducted using CINAHL, Pub-
Med, the Cochrane Library, Web of Science and hand search. Data 
were analyzed from 1999 to 2018. Randomized trials, observa-
tional, and case studies involved hospitalized adults with SCD who 
were prescribed opioids to treat VOC. Quality assessment was con-
ducted using Downs and Black checklist. Meta-analysis was not 
conducted.

Results: Five studies were conducted in the USA, Arabia and the 
Netherlands, and the USA and Canada were included. Participants 
were treated with either morphine or morphine milligram equivalent 
(MME). No study used the same method of opioid administration.

Conclusions: Patients with SCD who are hospitalized secondary to 
VOC mostly received opioids for pain well within the Centers for 
Disease Control and Prevention prescription guidelines. No uniform 
method exists. Additional research is warranted.

Keywords: Opioid; Sickle cell disease; Vaso-occlusive crisis; Sys-
tematic review

Introduction

Sickle cell disease (SCD) is a genetic disorder that occurs as 
a result of a β-globin gene variation known as hemoglobin 
S (Hb S) or sickle hemoglobin [1]. SCD affects millions of 
people worldwide and approximately 100,000 Americans of 
African, Spanish, Saudi Arabian, Indian and Mediterranean 
descent [2]. Americans of African descent (non-Hispanic 
black) experience the highest prevalence of SCD followed 
by Americans of Hispanic/Latino descent [3, 4], with other 
ethnic groups experiencing SCD prevalence to a lesser ex-
tent.

Individuals with SCD are at risk for acute complications 
like anemia, stroke, acute chest syndrome and periodic painful 
vaso-occlusive crisis (VOC) [5]. Periodic painful VOC occurs 
when vessels become occluded or tissue becomes damaged 
as a result of oxygen deprivation; this is the hallmark clinical 
manifestation of SCD [6]. Tissue damage as a result of painful 
VOC may occur in the brain, spleen, lungs, eyes and other tis-
sues like bone [7]. VOC often leads to opioid treatment and/
or frequent hospitalization, and is the most common cause of 
morbidity in this population [6, 8]. Morbidity has been the 
highest in patients who report the highest pain rates compared 
to those with lower pain rates [9]. Painful VOC causes sig-
nificant illness and profoundly impacts health-related quality 
of life in patients with SCD [10]. In a 2018 study of quality 
of life in a group of children with SCD, perception was the 
lowest among Latino and non-Latino children with SCD who 
were hospitalized more frequently in the prior year, compared 
to their counterparts with SCD with little or no hospitalization 
in the prior year [11].

Persons with SCD are increasingly living longer. In pre-
vious decades, life expectancy for SCD was on average 14 
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Key Points
• Question: What pain management therapies are prescribed 

for sickle cell disease patients during vaso-occlusive cri-
sis?

• Findings: In this systematic review, the number of rand-
omized clinical trials included is small and the differences in 
treatment regimen were minimal.

• Meaning: The current literature does not demonstrate the 
clinical advantage of using a variety of treatment regimens 
that do not include opioid therapy for sickle cell disease pa-
tients during vaso-occlusive crisis.
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years [12]. Since then, identification via neonatal screening 
has considerably decreased childhood mortality [13]. Neo-
natal screening of cord blood for SCD was first reported 
in 1972 in the UK by researchers interested in neonatal he-
moglobin screening [14], and has since been implemented 
throughout the USA as part of a uniform panel of diseases 
as part of newborn screening. With the advent of preventa-
tive measures such as prophylactic management and screen-
ing started in infancy, the median age at death in 2005 was 
cited as 38 years for males and 42 years for females [15]. 
For prophylactic management, twice daily penicillin is rec-
ommended to start in early infancy after newborn screening 
and continue throughout age 5 and older. Vaccination against 
pneumococcal and other encapsulated pathogens and routine 
health management with a healthcare provider who has ex-
pertise in SCD are also recommended for prophylactic man-
agement [16].

Treatment

SCD pain may range from mild to severe [6, 17]. Typically, 
mild pain is treated at home with oral analgesics [18], while 
severe pain during VOC is treated in the emergency room or 
during hospitalization with opioids [18, 19], non-steroidal an-
ti-inflammatory drugs and intravenous hydration in addition to 
other pain-relieving therapies [20].

Because uncontrolled pain is the hallmark of SCD, health-
care providers must be prepared to treat patients with SCD with 
effective pain management similar to other patients with chronic. 
Yet, most healthcare providers are often not equipped with ad-
equate information on how to treat patients who frequently pre-
sent to emergency departments or ambulatory care settings with 
painful VOC [21, 22]. Substantial show that healthcare provid-
ers often view SCD patients in VOC as drug seekers because of 
the stigma associated with needing and seeking opioids for SCD 
treatment [23-25]. Furthermore, there is evidence of racial bias 
within the healthcare system that poses substantial barriers for 
patients with SCD [23].

With the current opioid crisis, dispensers of opioid pre-
scriptions are more aware of the potential for, and actual opi-
oid abuse among patients diagnosed with various diseases 
[26-28]. This awareness results in a hesitancy of prescrib-
ers and the treatment team to recommend and/or administer 
opioids to patients with SCD [29]. This awareness of opioid 
abuse by providers appears to be an added disadvantage to 
patients with SCD experiencing VOC because opioids are 
one of the main treatment methods that exist to effectively 
treat VOC.

Focusing on opioid use in hospitalized adult patients 
with SCD, the objectives of this paper were to address the 
following questions: 1) Which opioids are used to treat VOC 
in hospitalized patients with SCD; and 2) What dose of opi-
oids resulted in decreased sickle cell pain in hospitalized 
patients. Specific to these objectives, this review includes a 
presentation of the current evidence that pertains to pain rat-
ing on admission, the method and amount of opioids admin-
istered, and pain response during VOC in hospitalized sickle 
cell patients.

Materials and Methods

Search strategy

The Preferred Reporting Items for Systematic Review and Me-
ta-Analysis (PRISMA) Statement [30] was used to guide this 
systematic review. We performed a comprehensive computer-
ized literature search in addition to hand searches restricted to 
English language and studies with humans using search terms 
“Opioids” AND “Sickle cell” AND “Hospital”. All searches 
were conducted for articles published between January 1999 
and March 2018. This strategy yielded 231 citations in CINAHL 
(22 hits), PubMed (137 hits), Cochrane Library (17 hits), Web 
of Science (53 hits) and hand search (two hits). The deletion of 
duplicate articles (n = 69) left 162 articles for screening.

Inclusion criteria

Articles were included if they: 1) were written in English; 2) 
were quantitative studies that evaluated opioid use in hospital-
ized patients with SCD; 3) were published between January 
1999 and March 2018; 4) included participants aged 18 years 
or older; and 5) were conducted using named opioid/s with 
dosages, as treatment.

Exclusion criteria

Articles were excluded if they: 1) included children (n = 58); 
2) were not of quantitative design (n = 24); 3) were not con-
ducted during hospitalization (n = 22); 4) were review articles 
(n = 18); 5) were non-opioid focused (n = 15); and 6) were not 
SCD diagnosis (n = 5). Also excluded were studies that closed 
early (n = 1), studies that measured pain during C-section (n = 
1) and studies conducted during pregnancy (n = 1).

Data extraction

Titles and abstracts were reviewed for applicability and re-
tained as appropriate by a single reviewer, while co-investi-
gator verified data accuracy. Discrepancies were resolved 
through discussion. Full-text articles were screened using in-
clusion/exclusion criteria, leaving five articles for inclusion in 
this review. Information regarding author, study sample, lo-
cation of study, age in years, gender and type of SCD were 
culled from the articles. Information regarding study design, 
pain rating on admission, opioid and dosage, observation pe-
riod and pain response, and major findings were selected from 
the articles.

Quality assessment and analysis

Studies were assessed for quality using Downs and Black 
checklist [31] for the assessment of the methodological qual-
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ity of randomized and non-randomized studies. The original 
Downs and Black checklist scored item 27 (refers to study 
power) as 0 to 5. In another study, the present version of the 
checklist, item 27 was modified to reflect whether the study or 
not performed power calculation [32]. The maximum score for 
item 27 was therefore 1 instead of 5 and thus the highest pos-
sible score for the checklist was 28 instead of 32. Score ranges 
were given corresponding quality levels as previously reported 
[32] as follows: excellent (26 - 28); good (20 - 25); fair (15 
- 19); and poor (< 14). Meta-analysis was not conducted be-
cause of the small number of studies included in our review, 
inconsistency in study designs and interventions.

Results

Description of studies

The electronic database and hand search yielded 231 possible 
studies, 69 of which were duplicates. Based on title and ab-
stract review, 145 studies were excluded, and 17 studies were 
retrieved for further review. After an initial review of the 17 
studies, five met the inclusion criteria and were thus included 
in this review.

Studies that met inclusion criteria varied broadly in focus 
and methods of opioid administration. Al-Anazi et al (2017) 
[33] compared participants’ pain intensity and pain relief us-
ing patient-controlled analgesia (PCA), or intermittent intra-
venous (IV) opioid therapy in conjunction with investigating 
cardiovascular and respiratory adverse events during VOC in 
patients with SCD [33]. Ballas et al (2010) [34] examined hos-
pital length of stay (LOS) of adult participants with SCD who 
were enrolled in their multicenter study of hydroxyurea, sum-
marized LOS, parenteral and oral opioid use between hydrox-
yurea treatment and placebo groups, and between hydroxyurea 
treatment responders and non-responders, and summarized the 
type and amount of analgesics used prior to hospitalization. 
Desai et al (2013) [35] evaluated the safety and efficacy of 
eptifibatide, an antiplatelet drug, in participants during VOC, 
using a treatment group in comparison with a placebo group. 
Desai and colleagues also measured the duration of acute pain 
episodes, pain intensity, total opioid consumption and acute 
chest syndrome [35]. Lagas et al (2010) [36] presented a case 
report of a patient with lethal morphine intoxication; morphine 

was administered subcutaneously and intravenously. In their 
sample of patients with SCD, van Beers et al (2007) [37] com-
pared the efficacy of PCA IV morphine administration with 
continuous infusion (CI) in participants during VOC. Consid-
ering the variety of study aims and methods of opioid adminis-
tration, a quantitative meta-analysis was not possible. Instead, 
descriptive analysis and synthesis of findings are presented.

Demographics

Table 1 describes demographic data including author, study 
location, sample size, age, gender and SCD type. Two studies 
each were conducted in the Netherlands [36, 37], one was con-
ducted in the USA and Canada [34], one study was conducted 
in the USA [35], and one was conducted in Saudi Arabia [33]. 
Sample sizes ranged from 1 to 299. Most participants were 
female and ranged in age from 18 to 51 years.

Pain rating

Researchers varied on how pain was measured. Three studies 
[33, 36, 37] reported pain rating on admission while two stud-
ies [34, 35] did not. Using a pain scale evaluated by using a 
numerical scale from 0 (mild pain) to 10 (severe pain) where 
pain intensity between 1 and 2 is mild pain, pain intensity be-
tween 3 and 6 is moderate pain, and pain intensity between 
7 and 10 is severe pain. A mean pain level of 5.43 ± 1.73 on 
admission was reported for all participants in one study [33]. 
Another study [36] reported pain rating on admission as “se-
vere”. van Beers et al (2007) [37] reported pain score and in-
terquartile range (IQR) of 72 (63 - 84) for the PCA group and 
59 (51 - 85) for the CI group, using a 0 (no pain) to 100 (worst 
pain) pain scale.

Primary focus: opioid use during hospitalization

As shown in Supplementary Material 1 (www.thejh.org), par-
ticipants in all studies were treated with morphine or morphine 
milligram equivalent (MME) using PCA, intermittent IV opi-
oid administration, or oral administration during hospitaliza-
tion. Considering that these studies measured opioid use during 

Table 1.  Demographic Data of Sample

Author Location
Study 
sample 
size

Age in 
years Gender Type of SCD

Al-Anazi et al, 2017 [33] Saudi Arabia 99 Mean 26.9 Males 47%, females 52% Not specified
Ballas et al, 2010 [34] USA and Canada 299 18 - 59 Male 49%, female 51% SC α+ thalassemia, n = 298
Desai et al, 2013 [35] USA 13 22 - 50 Male 31%, female 69% HbSS, n = 6; HbSβ0, n = 2; HbSC, n = 1
Lagas et al, 2010 [36] the Netherlands 1 61 Male 100% HbSC, n = 1
van Beers et al, 2007 [37] the Netherlands 19 20 - 42 Male < 50%, female > 50% HbSS, majority of sample

SCD: sickle cell disease; SC: sickle cell; HbSS: most severe form of SCD; HbSC: second most common form of SCD; HbSβ0: severe form of SCD.
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hospitalization for the management of pain during VOC, results 
will be described in more depth since this is one of the main 
goals of this systematic review. Findings from studies were in-
conclusive regarding which method of morphine administra-
tion provided a significant reduction in pain during VOC.

None of the studies used the same method of opioid admin-
istration. Studies varied in their measurement of pain resolu-
tion. Al-Anazi et al (2017) [33], for example, compared PCA 
versus intermittent IV opioid administration groups. For par-
ticipants in the PCA group, the mean total amount of morphine 
equivalent dispensed in 72 h was significantly higher (777 ± 
175 mg) compared to those in the intermittent IV opioid admin-
istration group (149 ± 74 mg) (P < 0.000003); however, partici-
pants in the intermittent IV opioid administration group report-
ed a significant reduction (P < 0.0004) in pain level compared 
to participants in the PCA group [33]. Doses received by the 
PCA group exceeded the Centers for Disease and Control and 
Prevention (CDC) prescription guidelines of ≥ 90 MME/day 
while doses received by the intermittent IV opioid administra-
tion group were within CDC guidelines for opioid prescription.

Ballas et al (2010) [34], among other outcomes, reported 
based on comparison of opioid administration via parenteral 
versus oral routes. Ballas and colleagues reported no signifi-
cant difference between groups regarding time to crisis resolu-
tion, pain intensity, or time to discharge. The mean (standard 
error (SE)) daily dose of intravenous MME was calculated 
for hydroxyurea treatment group (hydroxyurea and placebo) 
and responders to hydroxyurea group (responders and non-
responders). Daily parenteral dose ranged between 41.3 (1.1) 
in the treatment/placebo group and 54.8 (1.4) in the hydroxyu-
rea response group/responders. The mean (SE) daily oral dose 
of MME ranged between 32.6 (1.1) in hydroxyurea response 
group/non-responders and 50.5 (1.4) in hydroxyurea response 
group/responders. Doses received by both groups were well 
within the CDC prescription guidelines for opioids prescribed.

Desai et al (2010) [35] reported no significant differences 
between eptifibatide and placebo groups regarding time to 
sickle cell crisis resolution, pain intensity, or time to discharge. 
Desai and colleagues reported a median total dose of 400.2 
morphine equivalents for participants in the eptifibatide group 
and 1,471 morphine equivalents. Desai and colleagues report-
ed that morphine equivalents were usually administered via 
PCA; they, however, did not report mean daily dose of mor-
phine equivalents which could be compared to the CDC pre-
scription guidelines regarding opioid use of ≥ 90 MME/day.

Lagas et al (2010) [36] reported administering an approxi-
mate cumulative daily dose of morphine of 100 mg subcuta-
neously from day 1 to 5; 10 mg subcutaneously and 29 mg 
intravenously on day 6 in their case study of a 61-year-old pa-
tient in VOC who subsequently died. Doses received by the 
patient in Lagas and colleagues’ case study exceeded the CDC 
prescription guidelines of ≥ 90 MME/day on days 1 - 5, while 
doses received on day 6 were within CDC guidelines for opi-
oid prescription.

Van Beers et al (2007) [37] compared PCA versus CI dur-
ing VOC where they reported a median daily consumption of 
morphine of 0.5 (0.3 - 0.6) mg/h in the PCA group and 2.4 
(1.4 - 4.2) mg/h in the CI group (P < 0.018). Morphine doses 
received by both groups were well within the CDC prescrip-

tion guidelines for opioid prescription.

Discussion

Notwithstanding extensive exploration of research examin-
ing opioids used for pain relief in adults hospitalized second-
ary to VOC, we found only five studies that were specifically 
designed to examine opioid use in hospitalized adult patients 
with SCD. Given the limited number of articles, a meta-analy-
sis was not appropriate. Based on our review, morphine is used 
extensively to relieve VOC pain in hospitalized adults. How-
ever, results were inconclusive regarding the daily amount of 
morphine used to treat VOC pain, the reporting of pain rating 
on admission, and the instrument used to measure pain.

There is a paucity of studies on stand-alone morphine use 
in pain management of chronic disorders other than SCD dur-
ing hospitalization. Studies conducted regarding opioid use in 
pain treatment have revealed various results concerning meas-
urement and reporting of opioid use in hospitalized patients 
including delays and barriers in the administration of these 
analgesics [38]. In this review, morphine use among SCD pa-
tients hospitalized in VOC varied based on the measurement 
used by researchers. While other studies did not measure and 
report morphine use the same as studies included in this re-
view, reasonable comparisons and inferences of morphine use 
can still be made. In this review, cumulative daily morphine 
use as reported by Al-Anazi et al (2017) [33] at 48 h post-
hospitalization for VOC was 331 ± 101 mg (PCA group) and 
45 ± 28 mg (intermittent IV opioid administration group). Al-
Anazi et al (2017) [33] reporting for their intermittent IV opi-
oid administration group compared favorably to the total PCA 
morphine consumption for the placebo group of 99.7 ± 54.7 
mg reported by Zengin et al (2015) [39] in their prospective, 
randomized, placebo-controlled and double-blinded study of 
adult patients and their consumption of morphine in the first 
48 h after laparotomy.

CDC prescription guidelines based on overdose risk when 
opioids are prescribed for pain, recommend: 1) using caution 
when prescribing opioids at any dosage; 2) that patients with 
an increase of opioids ≥ 50 MME daily should be monitored 
and assessed more frequently; 3) a reduction or discontinua-
tion of opioid therapy if the benefits do not outweigh the harm; 
and 4) doses ≥ 90 MME/day should be avoided or carefully 
planned [40]. The distinctive challenges in managing the com-
plications of VOC resulted in CDC recommendations to refer 
to SCD specific guidelines for pain management. However, 
misapplication of CDC guidelines was observed, resulting in 
the CDC’s emphasis of treating the pain of SCD beyond the 
scope of their recommendations [38]. Considering the CDC’s 
recommended guidelines, SCD specific guidelines [38] and 
the dosages reported by researchers in studies that are included 
in this review, there appears to remain a gap in practice regard-
ing what is recommended and ultimately prescribed dosing in 
adults hospitalized in VOC. In their reporting of opioid abuse 
when treating chronic pain, researchers reported that one of the 
risk factors associated with morphine addiction and/or over-
dose in any person, regardless of diagnosis, was the use of > 
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100 MME/day [41].
With the current focus on the opioid epidemic and con-

sidering the non-standardized administration of opioids to re-
lieve VOC, opioid alternatives need to be considered as pain 
relief measures in conjunction with reduced opioid use. From 
the SCD patient perspective, differences in opioid prescribing 
practices since the highlight of the epidemic are observed. Pre-
scribing is seen as more restrictive; prescriptions are heavily 
monitored and harder to fill. As a result, stigma is heightened, 
and pain is not well managed as providers focus on the reduced 
use of pain medication. Consequently, SCD patients are inter-
ested in alternative therapies to support effective pain manage-
ment [42]. Non-addictive alternatives can potentially relieve 
the stigma associated with opioid use in the SCD population. 
Researchers evaluated two such non-addictive alternatives, 
ketamine and/or lidocaine via IV infusion in adolescents hospi-
talized secondary to VOC [43]. Ketamine is an N-methyl-D-as-
partate (NMDA) receptor antagonist which delivers analgesic 
effects [44], and has been shown to reduce opioid consump-
tion in a small sample of adolescents hospitalized secondary to 
VOC [43]. Lidocaine is an amide local anesthetic used for pain 
control in various diseases and circumstances [43]. Lidocaine, 
like ketamine, is an NMDA receptor antagonist that delivers 
an anti-hyperalgesic influence and consequently relieves pain 
[45]. Puri et al [43] reported reduced opioid consumption dur-
ing the study period in participants who were administered 
ketamine or lidocaine. Another alternative to opioids used by 
individuals with SCD is marijuana. In a qualitative study that 
examined the management of chronic pain in adults with SCD 
in the current opioid epidemic, the authors reported that par-
ticipants offered marijuana as the most common non-opioid 
pharmacological method used successfully for pain relief [42]. 
Identifying the optimal mode of administration of marijuana 
for effective, evidence-based, pain relief must be prioritized, 
as a recent randomized trial indicated insignificant differences 
between inhaled marijuana and placebo [46]. Participants in 
the qualitative study also offered non-pharmacological meth-
ods such as warm compresses, praying, music, and acupunc-
ture as pain relief measures to combat SCD pain [42].

To alleviate the current stigma surrounding opioid use in 
the SCD population, healthcare personnel in emergency de-
partments, and acute care and inpatient settings need to be 
educated in the management of VOC and the resulting SCD 
pain. Even when healthcare personnel suspect opioid addic-
tion in patients in VOC, the provision of nursing care should 
not be averted [47]. The majority of individuals with SCD are 
non-Hispanic black, and patients seeking pain relief are often 
viewed as drug-dependent [42, 43], even though CDC data 
show that prescription opioids such as oxycodone and hydroc-
odone overdose deaths were the highest among non-Hispanic 
whites in 2016 [48].

Conclusion

The need to explore and implement multi-modal (opioid and 
non-opioid) evidence-based strategies to treat SCD pain ex-
ists. This exploration must include an investigation of the ways 
healthcare personnel can better understand the stigma surround-

ing opioid treatment and strategies that best facilitate the elimi-
nation of observed racial/ethnic inequities in pain management 
for patients in VOC. We must also consider the lived experi-
ences and perspectives of SCD patients in our efforts to address 
the opioid crisis. As they experience barriers to effective pain 
management, increased stigmatization around opioid use, the 
interference of comprehensive care with provider preoccupa-
tion with opioid dosing, and their lack of access to alternative 
pain management strategies, quality of life is compromised. 
Our findings provide insight into VOC prescribing practices 
and highlight a clear need for additional studies examining opi-
oid use in hospitalized adult patients with SCD [42]. Additional 
randomized controlled trials with comparable comparisons and 
outcome measures are necessary to form robust conclusions re-
garding the most effective and least addicting opioid and non-
opioid doses for individuals with chronic pain.

Supplementary Material

Suppl 1. Morphine/Morphine Milligram Equivalent Use 
Among Participants During Hospitalization.
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