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Abstract

Background—Despite the suggestion of a neuropathic component to sickle cell disease (SCD) 

pain, there are minimal data on the systematic assessment of neuropathic pain in patients with 

SCD. Neuropathic pain is defined as pain primarily initiated by dysfunction of the peripheral or 

central nervous system.

Procedure—In a cross-sectional study, we used the painDETECT questionnaire, a one-page 

validated neuropathic pain screening tool, to determine the presence of neuropathic pain in 

patients with SCD and to evaluate the relationship between neuropathic pain, age, and gender. We 

hypothesized that 20% of patients with SCD will experience neuropathic pain and that neuropathic 

pain will be associated with older age and female gender. The completed painDETECT 

questionnaire yields a total score between 0–38 (≥19=definite neuropathic pain, 13–18=probable 

neuropathic pain, ≤12=no neuropathic pain). Scores ≥13 were designated as having evidence of 

neuropathic pain.

Results—A total of 56 patients participated. Median age was 20.3 years and 77% were female. 

We found 37% of patients had evidence of neuropathic pain. Age was positively correlated with 

total score [r=0.43; p=0.001] suggesting older patients experience more neuropathic pain. Females 

had higher mean total scores [13 vs 8.4; p=0.04]. Significantly more patients with neuropathic 

pain were taking hydroxyurea [90% vs 59%; p=0.015]. Despite 37% of patients experiencing 

neuropathic pain, only 5% were taking a neuropathic pain drug.

Conclusions—Neuropathic pain exists in SCD. Valid screening tools can identify patients that 

would benefit from existing and future neuropathic pain therapies and could determine the impact 

of these therapies.

Corresponding Author: Amanda M. Brandow, DO, MS, 8701 Watertown Plank Road, Department of Pediatrics, Hematology/
Oncology, MFRC, Milwaukee, Wisconsin 53226, abrandow@mcw.edu, Phone: 414-955-4170, Fax: 414-955-6543. 

Conflicts of Interest: The authors declare no competing financial interests.

Authorship Contributions
A.M.B. designed research, performed research, analyzed data, and wrote the manuscript; R.A.F. performed research and critically 
reviewed the manuscript; J.A.P. designed research and critically reviewed the manuscript.

Disclosure of Conflicts of Interest
The authors declare no competing financial interests.

HHS Public Access
Author manuscript
Pediatr Blood Cancer. Author manuscript; available in PMC 2015 March 12.

Published in final edited form as:
Pediatr Blood Cancer. 2014 March ; 61(3): 512–517. doi:10.1002/pbc.24838.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

sickle cell disease; neuropathic pain

Introduction

Pain in sickle cell disease (SCD) is associated with significant morbidity and increased 

mortality.[1] SCD pain can be acute, increases with age, and in adults, pain often occurs 

daily and may be consistent with a chronic pain syndrome.[2, 3] Despite many studies 

documenting the frequency and morbidities associated with pain, the sequence of events 

leading to the perception and development of pain, the transition from acute to chronic pain, 

and the variability in phenotypic expression remains poorly understood. Furthermore, this 

lack of knowledge impedes our progress towards the development of novel therapies or 

preventative measures for SCD pain.

Verbal pain descriptors (aching, cold, hot, shooting, stabbing)[4, 5] and precipitating factors 

of SCD pain (cold temperatures, touch, increased wind speed and barometric pressure)[6–8] 

suggest patients have hypersensitivity to tactile stimuli, a classic neuropathic pain 

characteristic. Neuropathic pain is defined as pain initiated by dysfunction of the peripheral 

or central nervous system.[9] This is in contrary to inflammatory or nociceptive pain where 

tissue damage causes the pain. Hypersensitivity, increased pain from a normally painful 

stimulus and allodynia, pain from a nonpainful stimulus (i.e. extreme sensitivity to cool 

stimuli) are both classical components of neuropathic pain.[10, 11] The prevalence of 

neuropathic pain rises with increasing age[12–15] and neuropathic pain occurs more 

commonly in females in pain populations other than SCD.[13, 14] Epidemiological studies 

reveal the prevalence of neuropathic pain is almost 20% in chronic pain populations other 

than SCD.[14–16]

Although a neuropathic component to SCD pain has been suggested, there are minimal data 

describing the systematic assessment of neuropathic pain in patients with SCD using valid 

screening tools. In non-SCD patient populations, valid neuropathic pain screening tools have 

been used to identify patients with a neuropathic pain phenotype.[17] Importantly, screening 

can determine prevalence of neuropathic pain in a patient population and direct treatment. 

Screening tools also allow selection of the correct pain phenotype for inclusion in 

neuropathic pain treatment trials. Thus, the use of a screening tool for neuropathic pain in 

patients with SCD has the potential to impact the clinical management of SCD pain. To date, 

there is only a single published study specifically targeted at the evaluation of neuropathic 

pain in SCD using a non-specific pain assessment tool. This study utilized PAINReportIt to 

assess sensory aspects of pain in adults with SCD and focused on location, intensity, quality 

and pattern.[4] The qualitative aspect of the tool asked patients to choose from 78 verbal 

pain descriptors that were grouped into neuropathic, nociceptive, or other. This study found 

over 90% of patients selected at least one neuropathic pain descriptor with a mean of 4.5 

neuropathic descriptors chosen.[4] This primarily descriptive study found patients 

qualitatively describe their pain using words that are neuropathic in nature. However, the 

tool was not designed to quantitatively differentiate those that are likely or less likely to 
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have neuropathic pain since the PAINReportIt measure is not a specific neuropathic pain 

screening tool. In addition, this study focused on adults with SCD. Furthermore, it is 

unknown what patient-level factors are associated with the use of neuropathic pain 

descriptors.

In summary, limited clinical data suggest a neuropathic component to SCD pain exists. 

However, it is unknown what proportion of patients with SCD may experience neuropathic 

pain, whether children experience neuropathic pain, and what patient-level factors are 

associated with neuropathic pain. Thus, our study objectives were to: 1) determine the 

presence of clinically evident neuropathic pain in patients with SCD, 2) describe the sensory 

symptoms that patients with SCD experience when in pain, and 3) evaluate the relationship 

between neuropathic pain, age, and gender. Based on the literature in non-SCD pain 

populations, our primary hypothesis was at least 20% of patients with SCD will report 

experiencing neuropathic pain. Our secondary hypothesis was the presence of neuropathic 

pain will be associated with older age and be more likely in female patients.

Methods

Study Population

This cross-sectional study was conducted between January 2010 and December 2012. All 

patients age ≥14 years with SCD (all genotypes) without a history of overt or silent stroke 

were eligible. This age was chosen since the questionnaire is validated down to 14 years. 

Currently, there are no published neuropathic pain screening tools for children <14 years. 

Patients were recruited from the Wisconsin Sickle Cell Center during routine clinic visits 

while in their baseline state of health to complete the questionnaire only or to complete the 

questionnaire as part of a larger pain study. Non-English speaking patients were excluded.

The Institutional Review Board of the Children’s Hospital of Wisconsin approved the study 

and informed consent was obtained from the parent/legal guardian and assent from the child 

when appropriate. Stipends included $10 Wal-Mart gift card for questionnaire only or $50 

Wal-Mart gift card for all study components of larger pain study that were given to each 

subject.

Measurements

The painDETECT questionnaire was completed. The questionnaire is a cross-sectional, 

validated neuropathic pain screening tool developed to differentiate neuropathic from non-

neuropathic pain.[18] It has been validated by the developer down to 14 years which 

supports the capability of adolescents to understand the pain descriptors used. The one-page 

questionnaire is comprised of 12 questions about the severity, course, and quality of pain 

specifically focused on neuropathic pain symptoms. It has 85% sensitivity, 80% specificity, 

and 83% positive predictive value to differentiate neuropathic from non-neuropathic pain.

[18] This tool is easily completed in a clinic visit and has been used in patients with low 

back pain, osteoarthritis, diabetic neuropathy, post-herpetic neuralgia, fibromyalgia, carpal 

tunnel syndrome, and post thoracic surgery.[19–23] Permission for use was granted by the 

developer.
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The questionnaire asks subjects to rate their pain intensity (0–10 scale) in 3 scenarios: 

currently, strongest pain during past 4 weeks, and average pain during past 4 weeks. 

Subjects are then asked to choose a picture that best describes the course of their pain 

(Figure 1). The common pain site(s) are marked on a body diagram and subjects are asked if 

their pain radiates to other body regions (yes/no). Finally, the remaining 7 questions ask 

subjects to assess the most commonly experienced sensory symptoms when they have pain 

(0=never, 1=hardly noticed, 2=slightly, 3=moderately, 4=strongly, 5=very strongly) in the 

following categories: burning pain (i.e., stinging nettles), spontaneous paresthesias (i.e., 

tingling, prickling), mechanical allodynia (i.e., light touch is painful), spontaneous pain 

attacks (i.e., electric shocks), thermal hyperalgesia (i.e., cold or heat sensitivity), and 

numbness. The pain course picture, presence/absence of radiating pain, and the answers to 

the sensory symptom questions contribute to a total score between 0–38. The total score is 

determined by the following method as per the developer’s instructions. The answers to the 

7 sensory symptoms questions are weighted based on the response chosen and summed. For 

example, a response of never receives 0 points, hardly noticed receives 1 point, slightly 

receives 2 points, etc. From these questions a score is determined out of a potential of 35 

total points. This score is then adjusted based on the pain course picture chosen (points 

added or subtracted) and if patients answered “yes” to radiating pain they received an 

additional 2 points. The final total score is then determined (range 0–38). Cut points have 

been determined based on validation studies and scores of 19–38 indicate a definite 

neuropathic pain component, scores of 13–18 indicate a probable neuropathic pain 

component, and scores of 0–12 indicate that a neuropathic pain component does not exist. 

Those that scored ≥13 were defined as having evidence of neuropathic pain. This cutoff was 

chosen based on previously published literature.[24] The pain intensity scores and the body 

diagram are descriptive data and are not factored into the total score.

Clinical and Laboratory History

Clinical and laboratory data were extracted from the comprehensive SCD center database, 

from the electronic medical record, and by patient interview. These data included health care 

utilization for pain in the emergency department or inpatient unit in the 3 months prior to 

study enrollment, laboratory results, current medications, and history of depression (self-

report). The 3 most recent labs obtained closest to data collection were averaged in order to 

best reflect the patients’ baseline. The majority of these labs were from clinic visits.

Covariates

Covariates of interest were age, gender, and hydroxyurea use at the time of study 

enrollment. Our SCD center recommends hydroxyurea to all patients with severe sickle cell 

disease (HbSS/HbSβ0) and others as clinically indicated.

Outcomes

The primary outcome was the painDETECT total score. Secondary outcomes were the 

association of total score and: 1) age, 2) gender, and 3) use of hydroxyurea.
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Data Analysis

Descriptive statistics were performed. The questionnaire was scored based on the 

developer’s guidelines as outlined above. Total score was found to be normally distributed 

and age was skewed. As outlined above, the proportion of patients with definite, probable, 

and no neuropathic pain were calculated and those that scored ≥13 were defined as having 

evidence of neuropathic pain. Individual item responses about pain sensory symptoms rated 

3 or higher (on 5 point Likert scale) were determined to be of clinical significance. 

Spearman correlation was used to determine the association of age and total score. 

Independent samples students t-test was used to determine the difference in mean total 

scores between: males and females and those that were or were not on hydroxyurea. Fisher’s 

exact test was used to determine the differences in the proportion of patients on hydroxyurea 

with (total score ≥13) and without (total score ≤12) neuropathic pain.

Results

Study Population

A convenience sample of 56 patients with SCD was approached for participation. All 56 

patients approached completed the painDETECT questionnaire. There were no refusals to 

participate. Median age was 20.3 years (IQR 17–29) and 77% were female. The remainder 

of the demographics, baseline characteristics, summary of clinical events, and laboratory 

parameters are displayed in Table I.

General Outcomes

Mean pain score (0–10 scale) at the time of study completion was 2.9 (±2.6), mean pain 

score during the past 4 weeks was 5.2 (±2.7), and the strongest pain experienced during the 

past 4 weeks was 6.5 (±3.2). Thus, all patients reported experiencing pain in the past 4 

weeks that was managed at home or in the hospital. Results of the pain course picture 

chosen are displayed in Figure 1 revealing the majority of patients (89%) chose a picture 

that supports a component of chronic pain. The most common sites of pain were the lower 

back/gluteus (48%), chest/torso (45%), bilateral arm (40%), abdomen (39%), upper back 

(34%), head/neck (30%), and bilateral thigh (25%). We found 59% stated their pain radiated 

to other body regions from the primary pain site which is a characteristic of neuropathic 

pain.

Almost 40% of patients have evidence of neuropathic pain

We found 23% of patients had a definite neuropathic pain component with scores ≥19 

(range 19–28). An additional 14% of patients had a probable neuropathic pain component 

with scores ranging between 13–18. Thus, 37% of patients had evidence of neuropathic pain 

(score ≥13). There was no difference in the proportion of patients with neuropathic pain 

(score ≥13) between those with HbSS and HbSC disease (33% vs. 50%; p=0.28, Chi-

square). Differences between the other genotypes were not analyzed due to small sample 

size in these groups. The proportions of patients reporting sensory symptoms of clinical 

significance (rated ≥3 on 5 point Likert scale) are displayed in Figure 2. Only 5% of patients 

were taking gabapentin, a drug used to treat neuropathic pain.
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Older age and female gender were associated with neuropathic pain

Age was significantly positively correlated with total score [r=0.43; p=0.001] suggesting 

older patients experience more neuropathic pain. Females had significantly higher mean 

total scores than males [13 (±7.1) vs. 8.4 (±6.5); p=0.04].

Patients with neuropathic pain were more likely to be on hydroxyurea

There was a significant relationship between hydroxyurea and neuropathic pain. 

Significantly more patients with evidence of neuropathic pain (total score ≥13) were taking 

hydroxyurea compared to the proportion of patients taking hydroxyurea that did not have 

neuropathic pain (total score ≤ 12) [90% vs. 59%; p=0.015; Fisher’s Exact Test]. 

Furthermore, those that were taking hydroxyurea had significantly higher mean total scores 

than those that were not on the drug [13.4 (±7.4) vs. 8.7 (±5.7); p=0.03]. Patients taking 

hydroxyurea had significantly higher mean MCVs than those that were not on the drug [93 

vs. 83; p=0.01, independent samples t-test] documenting adherence to hydroxyurea (Table 

I).

Discussion

We provide data supporting the existence of neuropathic pain in patients with SCD. Using a 

one page screening tool specifically targeted at the evaluation of neuropathic pain, we found 

that almost 40% of our SCD study population had evidence of neuropathic pain. This is 

almost twice what we originally hypothesized and twice what has been found in 

epidemiologic studies in chronic pain populations other than SCD.[14–16] Although the 

underlying pathobiology of SCD pain is not well known, increasing neurobiological 

evidence in the laboratory and humans[4, 25–28] suggests that neuropathic pain exists. Our 

study provides clinical data that patients are experiencing neuropathic pain symptoms that 

are congruent with these laboratory data. We found almost one-third of patients reported 

evidence of hot or cold sensitivity on the questionnaire (Figure 2). Interestingly, these data 

parallel the finding of hot and cold pain hypersensitivity (i.e., thermal hyperalgesia) in 

patients with SCD compared to race-matched controls as measured by quantitative sensory 

testing.[27, 28] Data in SCD mice also support this finding of thermal hyperalgesia.[25, 26] 

These parallel and congruent data provide further evidence that abnormal pain processing, 

either central or peripheral in origin, may be contributing to SCD pain.

As hypothesized, we found that the presence of neuropathic pain increases with age since 

higher total scores were significantly correlated with older age. These data are consistent 

with prior published data in painful conditions other than SCD where older age is a risk 

factor for the development of neuropathic pain.[12–15] Furthermore, in SCD, health care 

utilization for pain increases with age and older adolescents and adults experience chronic 

pain.[2, 29] This transition from acute to chronic pain in SCD that occurs with increasing 

age is an active area of investigation and our data suggest that the development of 

neuropathic pain may play a role in this transition warranting further investigation. The 

reason for this association between age and neuropathic pain is hypothesized to be due to 

abnormalities in pain processing that occur with aging[30, 31]; however, much is unknown 

and this is an active area of investigation. Our prior work[27] described that older age was 
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also associated with thermal and mechanical pain hypersensitivity in patients with SCD as 

measured by quantitative sensory testing further affirming our findings.

We also found that neuropathic pain is associated with female gender since female patients 

had significantly higher mean total scores. This finding is consistent with our hypothesis and 

also supported by data in painful conditions other than SCD.[13, 14] The reason for this 

gender difference is unknown and is also an area of active investigation.

Despite pain being the most common complication of SCD, there is a lack of novel 

treatments for pain. Opioid based compounds have continued to be the mainstay of therapy 

over the past several decades. Interestingly, despite finding that almost 40% of patients 

experience neuropathic pain only 5% were taking gabapentin, a drug specifically targeted at 

treating neuropathic pain. Minimal use of neuropathic pain drugs was also shown by Wilke 

et al.[4] who found only 14% of their SCD study population reported taking an adjuvant 

drug that could treat neuropathic pain. The infrequent use of neuropathic pain drugs could be 

because patients are not systematically screened for the presence of neuropathic pain. 

Appropriate screening using validated tools, such as what was used in this study, can 

identify patients with SCD that may benefit from existing neuropathic pain therapies.[32] 

The three patients in our study that were taking gabapentin had total scores of 2, 7, and 23. 

Although gabapentin could have attenuated symptoms of neuropathic pain, we included 

these patients in our analysis since it is not known how the total score changes with 

neuropathic pain treatment. Including these patients could only have biased the study to 

finding a lower proportion of patients with neuropathic pain since two of the patients had 

total scores <12. A measure such as the painDETECT questionnaire could be used to assess 

the outcome or impact of new treatments or the new application of existing treatments. 

Thus, measuring the change in total score based on a systematic intervention to treat 

neuropathic pain would be an important follow-up study.

We found a significantly higher proportion of patients on hydroxyurea in the neuropathic 

pain group compared to those without evidence of neuropathic pain and those that were on 

hydroxyurea had significantly higher mean total scores. The reason for this is unclear. 

However, it may be possible that the use of hydroxyurea is a marker for more severe or 

refractory pain thus these patients were more likely to be on disease modifying therapy. 

Supporting this hypothesis, data reveal neuropathic pain is shown to be associated with 

higher pain intensity and longer duration, is harder to treat, and is more refractory to 

conventional analgesics.[14, 15] Currently, there are no data supporting the use of 

hydroxyurea as a treatment for neuropathic pain. Since our sickle cell center recommends 

hydroxyurea to all patients with severe SCD (HbSS and HbSβ0) and others as clinically 

indicated, we believe our cohort of patients is representative of our larger population of 

patients with SCD at our center.

Our study is limited by the cross-sectional design that does not allow for the ability to 

determine the age in which patients develop neuropathic pain. A prospective study would 

help answer this question and inform the study of the transition from acute to chronic pain. 

The painDETECT questionnaire has only been validated in adolescents as young as 14 

years, thus we were unable to assess the presence of neuropathic pain in younger children 
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and younger adolescents. Currently there are no published validated neuropathic pain 

screening tools for younger children and younger adolescents. Our study sample was limited 

to one site, thus our findings may not be generalizable, however, we have no reason to 

believe that characteristics of SCD pain differ from site to site. The painDETECT 

questionnaire was not specifically developed for SCD thus there may be differences in how 

neuropathic pain manifests in various disease states. However, the questionnaire has been 

previously used in many other diseases associated with pain[19–23] and it has been 

validated.[18]. We have no reason to believe that neuropathic pain in SCD is different from 

neuropathic pain in general. The use of a general tool also allows for the comparison to other 

diseases that a disease specific tool would not allow. Some patients may have been taking 

opioids before completing the questionnaire that could cause opioid induced hypersensitivity 

which can have characteristics of neuropathic pain. This study was not designed to 

determine the cause of neuropathic pain. It was designed only to determine if it exists in 

patients with SCD. Future work should be targeted at determining the etiology of 

neuropathic pain in patients with SCD. A control group was not included since the 

questionnaire is designed to screen patients with pain thus it would not be valid for healthy 

controls. A comprehensive neurologic exam was not done in the study. The validation 

process of the questionnaire included neurologic exams and the questionnaire was 

purposefully designed as a brief patient-reported outcome screening tool. Furthermore, there 

is strong evidence that patient-reported outcome measures are extremely important in the 

evaluation of patients’ symptoms.[33] We did not perform formal depression screening and 

it is possible that patients with depression experience more neuropathic pain. However, we 

obtained a self-reported history of depression and only one patient reported a history of 

depression. We were not able to evaluate the impact of lifetime history of pain events on the 

existence of neuropathic pain since many of our patients were adults and these clinical data 

would be limited by recall bias since adults utilize health care at multiple sites limiting the 

ability to accurately track their care[34] and a significant number of pain events are 

managed at home.[2, 35]

Conclusions

In summary, we found that almost 40% of our patients with SCD have evidence of 

neuropathic pain as reported on a validated measure specifically designed to differentiate 

neuropathic from non-neuropathic pain. We also found that the presence of neuropathic pain 

was positively associated with older age and female gender consistent with other studies of 

neuropathic pain in non-SCD painful conditions. Patients with neuropathic pain were more 

likely to be taking hydroxyurea which may serve as a marker for neuropathic pain being 

more refractory to treatment and thus these patients were more likely to be receiving disease 

modifying therapy. Despite the high proportion of patients identified with neuropathic pain 

in our cohort, only 5% of patients were taking a specific neuropathic pain drug. In 

conclusion, we provide data that neuropathic pain exists in SCD. Valid screening tools can 

further phenotype SCD pain and identify patients that could benefit from existing and future 

novel therapies targeted at the treatment of neuropathic pain. Furthermore, these tools could 

allow for the ability to determine the impact of these therapies on pain.
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Figure 1. Pictorial Description of Pain Course
Subjects were asked to choose the picture that best describes their course of pain. The 

proportion of patients that chose each picture is shown. Adapted from painDETECT 

questionnaire and Freynhagen et al. CMRO 2006 [18].

Brandow et al. Page 11

Pediatr Blood Cancer. Author manuscript; available in PMC 2015 March 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Proportion of Patients Reporting Sensory Symptoms of Clinical Significance
Individual item responses about pain sensory symptoms rated 3 or higher (on 5 point Likert 

scale) were defined to be of clinical significance.
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Table I

Demographics and Clinical Characteristics of Study Population

Variable* SCD Patients (n=56) p-value

Median Age (yrs) 20.3 (IQR 17–29)

Gender: Female 43 (77)

Genotype

 HbSS 36 (64)

 HbSC 14 (25)

 HbSβ+thal 2 (4)

 HbSβ0thal 2 (4)

 Other 2 (4)

Hydroxyurea 39 (70)

Labs (Mean±SD)

 Hb (g/dL) 9.8 (1.7)

 Reticulocyte count (%) 7.8 (4.8)

 MCV (fL)

  Hydroxyurea 93 (12.5) p=0.01

  No hydroxyurea 83 (9.7)

Number of Pain Events in Past 3 Months (requiring hospitalization or ED visit)

 0 29 (52)

 1 14 (25)

 2 9 (16)

 3 1 (2)

 4 3 (5)

History of Depression 1 (2)

*
Data are displayed as number of subjects (%) unless otherwise indicated.

Pediatr Blood Cancer. Author manuscript; available in PMC 2015 March 12.


