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Abstract

Objectives—~Pain is the hallmark symptom of sickle cell disease (SCD), yet the types of pain
that these patients experience, and the underlying mechanisms, have not been well characterized.
The study purpose was to determine the safety and utility of a mechanical and thermal quantitative
sensory testing (QST) protocol and the feasibility of utilizing neuropathic pain questionnaires
among adults with SCD.

Methods—A convenience sample (N=25, 18 women, mean age 38.5 + 12.5 [20-58 years])
completed self-report pain and quality-of-life tools. Subjects also underwent testing with the TSA-
I1 NeuroSensory Analyzer and calibrated von Frey microfilaments.

Results—We found that the QST protocol was safe and did not stimulate a SCD pain crisis.
There was evidence of central sensitization (n=15), peripheral sensitization (n=1), a mix of central
and peripheral sensitization (n=8), or no sensitization (n=1). The neuropathic pain self-report tools
were feasible with evidence of construct validity; 40% of the subjects reported S-LANSS scores
that were indicative of neuropathic pain and had evidence of central, peripheral or mixed
sensitization.
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Discussion—The QST protocol can be safely conducted in adults with SCD and provides
evidence of central or peripheral sensitization, which is consistent with a neuropathic component
to SCD pain. These findings are novel, warrant a larger confirmatory study, and indicate the need
for normative QST data from African American adults and older adults.
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INTRODUCTION

For patients with sickle cell disease (SCD), pain is the chief complaint that leads to acute
healthcare utilization,! but the types of pain these patients experience, and the underlying
mechanisms, have not been well characterized. Pain among patients with SCD is typically
considered nociceptive and related to vaso-occlusion.? 3 Recent evidence from adults with
SCD,* however, suggests that neuropathic pain mechanisms may contribute to the SCD pain
experience. Also, evidence from animal studies® 6.7- 8 implicates neuropathic pain
mechanisms in SCD. Sensitivity to mechanical and thermal stimuli, hallmarks of
neuropathic pain, were observed in Berkeley transgenic mice with SCD but not in their
normal littermates.” The use of quantitative sensory testing (QST) to detect the presence of
sensitivity® 10 among adult patients with SCD is needed to determine if neuropathic pain is
part of the adult SCD pain experience. But, given the susceptibility of adults to pain crisis, it
is important to demonstrate that the QST protocol does not stimulate a pain crisis. It would
also be helpful to know how QST findings relate to the self-report neuropathic pain
questionnaires, which have not been tested among adults with SCD. The purpose of our
study was to determine the safety and utility of a mechanical and thermal QST protocol and
the feasibility of neuropathic pain questionnaires among adults with SCD.

Pain of SCD is recurrent over a lifetime and nearly two-thirds of adults report that their pain
is continuous with unpredictable acute episodes.* The unpredictability of the acute vaso-
occlusive pain episode (pain crisis) is problematic for patients” work, school, and home life.
Treatment for the acute vaso-occlusive pain episode often requires emergency care and
prolonged hospitalizations at a high cost, estimated at $2.4 billion annually.1? Avoiding
stimulation of an acute vaso-occlusive pain episode by the implementation of research
protocols must be a high priority for ethical SCD pain research. Therefore, safety must be
demonstrated for a QST protocol focused on the detection of mechanical and thermal
sensations and pain thresholds. Specifically, it must be established that a QST protocol will
not trigger a pain crisis before a larger scale study can be conducted to detect the prevalence
of neuropathic pain among adults with SCD. Such knowledge is important because if
neuropathic pain is found to be part of the SCD pain experience, it could shift the treatment
paradigm for children and adults with SCD to include adjuvant drugs to treat the neuropathic
component of their pain. Improved treatments are desperately needed to reduce SCD pain
intensity, improve patients’ quality of life, lessen suffering, and reduce medical costs for
people with SCD.11
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QST is valuable for assessing large and small sensory fiber function, particularly to quantify
mechanical and thermal sensitivity, the positive sensory phenomena that help to characterize
neuropathic pain syndromes.10 There are only 2 recently published studies of children and
adolescents with SCD that include QST results.12 13 There are no published studies of QST
results from adults, particularly older adults, with SCD or any published studies on the use
of self-report neuropathic pain tools for children or adults with SCD.14-16 The Leeds
Assessment of Neuropathic Symptoms and Signs (S-LANSS)® is noted for its utility as a
screening tool for neuropathic pain.1% The Neuropathic Pain Symptom Inventory (NPSDY7 is
noted for its usefulness to monitor changes with therapy.10 Neither the S-LANSS nor the
NSPI has been tested in adults with SCD.

The aim of this study was to determine the safety of a QST protocol in adults with SCD and
if their responses on self-report questionnaires for neuropathic pain and quality of life were
consistent with their QST findings. We hypothesized that a sensory detection and pain
threshold protocol would be safe. We also hypothesized that the proportion of adults with
SCD with positive neuropathic pain indicators from the QST and self-report tools would be
as large or larger than proportions of people with neuropathic pain detected in community-
based general population studies.® These study findings were intended to inform a larger
study that will be designed to determine the prevalence of neuropathic pain among adults
with SCD.

METHODS

Design

Subjects

For this cross-sectional study, we recruited subjects from the outpatient sickle cell clinic at
the University of Illinois at Chicago, a large minority-serving urban hospital. The
institutional review board at the University of Illinois at Chicago approved the protocol and
procedures, and all subjects signed written informed consent documents.

From sequential patients approached at an outpatient clinic, we recruited a convenience
sample of subjects who met study eligibility criteria. The eligibility criteria included adults
at least 18 years of age, diagnosed with SCD who spoke and read English, had care
continuity at the recruitment site, and had a self-reported worst pain score of at least 3/10
related to SCD over the past 24 hours. Adults not eligible were those legally blind or
cognitively unable to complete the study procedures.

We recruited 38 adult outpatients with SCD who were eligible and consented, but 13 did not
participate because of scheduling difficulties. A total of 25 subjects started and completed
the study (18 women, 7 men, mean age 38.5 years + 12.5 [ranged from 20-58 years]. Seven
of the subjects completed high school, and 18 completed some or graduated college. All
subjects were African American with genotype SS (n=17), SC (n=5), Sp* (n=1), SSa thal
(n=1), or SP thal (n=1). Four subjects reported they had diabetes. None reported mental
health issues such as post-traumatic stress disorder or depression/anxiety conditions. Six
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subjects reported alcohol use, one drink per day. The mean body mass index for subjects
was 25.0 £ 5.2 with 4% underweight, 54% normal weight, 25% overweight and 17% obese.

Procedures

One of 2 trained researchers conducted all study-related procedures. We approached
sequential patients to recruit eligible adults with SCD. After subjects consented and kept a
scheduled appointment to participate in the study, the researchers asked them to complete a
computerized version of the McGill Pain Questionnaire (MPQ) called PAINReportIt® and
paper versions of the S-LANSS, NPSI, and Short Form-36 Health Survey (SF-36). Next, the
subjects practiced at the non-painful site, then they underwent thermal and mechanical QST
at 2 painful sites randomly selected by software attached to PAINReportlt,® and finally at
the non-painful site. Subjects reported the intensity of pain perceived with each series of
thermal and mechanical stimuli at each site. One day later, the researcher called the subjects
to inquire whether they had any changes in pain intensity at the tested sites after the QST
was completed.

Instruments

We administered PAINReportIt® on a pentablet computer with each item displayed on a
separate screen. PAINReportIt® 19 contains 13 screens for McGill Pain Questionnaire
(MPQ)20 items (version 1975), as well as 11 additional screens. The screens relevant to this
report include those that allowed subjects to draw pain locations on a body outline and
report their present pain intensity on a 0 to 10 scale. The validity and reliability of the
MPQ,21 22 a5 well as equivalence of the paper and pencil MPQ and PAINReportlt®23, have
been reported. In addition, there is strong content validity of PAINReportIt® for adults with
scD.%

The Leeds Assessment of Neuropathic Symptoms and Signs (S-LANSS) is a 7-item tool that
is a screen for pain of neuropathic origin.1® The items in the S-LANSS ask subjects to draw
the locations of their pain on a body outline, describe their worst pain level over the last
week, and rate their worst pain level over the last week via a 0 to 10 scale.1® Possible total
scores range from 0 to 24 and a score of 12 or higher is indicative of neuropathic pain.1®
There is support for the validity and reliability of the S-LANSS.1°

The Neuropathic Pain Symptom Inventory (NPSI) is a 12-item tool that examines
neuropathic pain symptoms.2° The items ask the subject to rate, on a 0 to 10 scale, a total of
10 neuropathic pain descriptors. The other 2 items of the NPSI ask the subjects to identify
temporal descriptors of their pain. The NPSI total score ranges from 0 to 100. Higher scores
are indicative of neuropathic pain, but cut scores have not been published. Investigators have
reported validity and reliability data regarding the NPSI.2

The Short Form-36 Health Survey (SF-36) is a 36-item self-report tool. The items represent
8 domains: physical functioning; social functioning; role limitations (physical problems);
role limitations (emotional problems); mental health; vitality; pain; and general health
perception.28 The SF-36 total score ranges from 0 to 100. The validity and reliability of the
SF-36 are well documented.26: 27. 28
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The TSA-II NeuroSensory Analyzer (Medoc, Ramat Yishai, Israel) is a precise, computer-
controlled device capable of generating and documenting response to highly repeatable
thermal stimuli, such as cool detection, warm detection, cold-induced pain, and heat-induced
pain. The TSA-II evokes responses in small-diameter afferents (A-delta and C fiber). We
used the thermal detection and threshold for pain protocol, known as the Limits Protocol.
The subject is asked to indicate when the cool or warm sensation is detected and when the
sensation is first perceived as painful (threshold) by clicking a mouse device. For each
sensation type, cool or warm, we used a non-painful site to allow the subject to practice the
detection tasks. After the practice session, we tested 2 randomly selected pain sites and then
retested the non-painful site that had been used previously as the practice site about 5 to 10
minutes earlier. We asked the subject to rate the intensity of the pain at the end of each trial,
at each site, and to indicate the sensation they felt (cool/cold, warm/hot). Because normative
scores are not available for all sites tested in this study, Table 1 lists the literature-based
norms that we used for thermal data analysis. Based on an author’s extensive QST expertise
(**), we defined an abnormal thermal pain threshold (sensitivity) as (1) a value for cold pain
threshold %2 SD above the cold pain norms for age and site, (2) a value for heat pain
threshold % SD below the heat pain norms for age and site, or (3) the patient reported a pain
intensity score for a thermal stimulus that was > 3/10.

We used standard, well-calibrated von Frey microfilaments to test for mechanical
sensitivity. We used 7 of the filaments -- starting with 3.84 (=0.6 g) and ending with 5.88
(=60.0 g). Per standard technique, we applied each filament once to the skin, after which we
asked the subject to indicate if he/she detected the pressure sensation and if it was painful. If
the sensation was painful, we asked the subject to rate the amount of pain on a 0 to 10 scale.
We tested each von Frey filament a total of 3 times at each test site with at least 3 seconds
between testing at each site and between sites. If the subject reported pain with any filament,
the testing was concluded and larger filaments were not tested at that site. We averaged the
reported pain scores over the 3 measurements per site. We defined mechanical stimuli
responses as abnormal (sensitivity) if a subject reported any pain to the 0.6g to 10g
filaments, or if a subject reported average pain of 3 or greater to the 269 to 60g filaments.
We classified the rest of the responses as normal.

We exported the data for analysis using statistical software R2% and computed descriptive
(mean, standard deviation) and inferential (correlation, t-test) statistics. There was a minimal
amount of missing data (less than 1% each for NPSI and S-LANSS). For data analysis
involving these 2 scales, we generated multiple imputed data sets and pooled analysis
outputs for these imputed datasets to generate the final output. With less than 1% missing
data, any potential violation of the missing at random assumption would have negligible
impact.3% Based on well-known evidence of neural mechanisms of sensation and pain,® 10
we created a decision tree (Figure 1) to classify each subject as normal or abnormal with
consideration of the responses for each of the 3 test sites, the 2 thermal stimuli, and the
mechanical stimuli. This decision tree has been reviewed for content validity by pain
experts, including a national QST expert.
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Study participants reported that they believed their pain was related to their SCD. From
medical record review, no subject had an acute care visit for a vaso-occlusive event within 2
weeks prior to the date of participating in our study; one subject had an acute care visit for a
vaso-occlusive event within a 2-week window after the study was completed. Analgesics
consumed within 24 hours before the study are listed in Table 2.

Three subjects reported having residual pain (worse and enduring pain) after completing the
QST protocol. One subject reported residual pain 24 hours after the QST protocol. She
considered an emergency department visit until her physician reminded her to take a
pregabalin dose that he had previously prescribed. The subject reported that she had not
been adherent to the pregabalin prescription and that she had been shopping after the study.
Subsequent to that experience, to assure patient safety, we asked subjects to bring their
prescribed analgesics to the study site in case the QST protocol increased their pain. One
subject consumed an analgesic immediately after completing the QST protocol. None of the
3 subjects felt that their residual pain represented an acute pain crisis.

Thermal QST

None of the subjects reached the limits for the cool and warm detection tests, which
indicated that none of them had an insensate abnormality and were able to detect cool and
warm at temperatures within normal ranges. Table 1 presents the temperatures at which the
subjects detected cool and warm stimuli and reported cold and heat pain at non-painful and
painful sites located in upper or lower body areas. Comparing values with published norms
in Table 1, subjects with SCD reported sensitivity to cold at much higher cold pain threshold
values than the norms even at non-painful sites. The difference in heat pain thresholds was
not as dramatic, but still showed that subjects with SCD reported lower thresholds to heat
pain than the published norms, some of which were from a relatively large sample of
college-aged African Americans.

With thermal QST across the 2 painful sites, the average pain intensity reported for the cold
pain stimuli was 4.15 + 2.55 (ranged from 0 t010), and the average intensity for the heat
pain stimuli was 4.84 + 2.85 (ranged from 0 to 10). For the non-painful site, the average
intensity for the cold pain stimuli was 4.54 + 3.08 (ranged from 0 to 10) and for the heat
pain stimuli was 4.96 + 3.03 (ranged from 1 to 10). At 1 to 2 of the tested sites, 5 subjects (3
under age 30 and 2 over age 40) reported they perceived the cold pain stimulus as a warm
sensation, but none reported the hot pain stimulus was perceived as either cool or cold.

Mechanical QST

No subject failed to sense any of the tested von Frey filaments, which indicates that all were
adequately sensate of mechanical pressure. Five subjects reported no pain for the 60g force
at non-painful sites (all upper body). Eight subjects reported no mechanical pain in at least 1
upper body painful site, and 3 reported no mechanical pain in at least 1 lower body painful
site. From the various grams of force tested across the sites, 20 (80%) subjects reported pain
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at the non-painful sites; 11 (58%) out of 19 with at least 1 upper body painful site reported
pain in at least 1 painful site located in upper body areas; and, 12 (86%) of 14 with at least 1
lower body painful site reported pain in at least one painful site located in lower body areas.
Figure 2 represents the intensity of pain that subjects reported for the various grams of force.
Figure 3 shows the relationship between the subjects’ baseline current pain intensity before
initiating any QST procedures and the average pain intensity reported upon stimulation with
the von Frey filaments. Six subjects reported normal responses (=) to the mechanical stimuli
at all tested sites, 11 subjects reported abnormal responses (+) at all tested sites, and 8
subjects reported a mix of normal and abnormal responses at the tested sites (Table 3).

Synthesis across QST Measures

To classify each subject as having normal or abnormal responses, we used the decision tree
(Figure 1) to consider findings for each subject across the thermal and mechanical QST
results for all test sites (Table 3). Only 1 subject reported normal responses to both the
mechanical and thermal stimuli at all test sites, a clear indication of normal large and small
fiber function. There were abnormalities across all 3 test sites from the mechanical stimuli
for 11 (44%) subjects, from the cold pain stimuli for 18 (72%) subjects, and from the heat
pain stimuli for 19 (76%) of the subjects. Based on our decision tree, 24 (96%) of the 25
subjects met criteria for neuropathic pain with an indication that 15 (60%) had widespread
sensitivity (abnormalities at all 3 sites), which suggests central pain mechanism, and 1 (4%)
had localized sensitivity, which suggests peripheral pain mechanisms. For 8 (32%) of the
subjects, the cross-sectional data were mixed, suggesting either a combination of central and
peripheral mechanisms across the testing sites and modalities, or the need for a repeat
measurement to clarify the relative contributions of central or peripheral mechanisms. Table
3 presents the summary data across the QST and self-report measures and the decision tree
conclusion for each subject.

Based on Brandow et al.’s recent results from children and adolescents with SCD and
matched controls,12 we replicated the decision tree analysis using these newly published
norms. Only 1 subject would have been classified differently. We classified this subject as
mixed based upon our Table 1 norms but would have classified the subject (a 27-year-old
female) as normal based upon these new norms from the matched controls.}2 These findings
indicate the robustness of our original decision tree classification (Figure 2).

Self-report Findings

The mean current pain intensity score was 3.57 £+ 3.09 and the average (current, least, worst
in previous 24 hours) pain intensity score was 3.76 + 2.66. The subjects easily used the S-
LANSS and NPSI tools and there was minimal missing data. The mean S-LANSS score was
11.58 + 7.37, and the mean NPSI score was 26.99 + 18.60. Table 4 presents additional
information about S-LANSS and NPSI scores. Mean SF-36 scores appear in Table 5.

There was a strong, statistically significant relationship between the S-LANSS and NPSI
scores (r =.66, p<.001). There was moderate and statistically significant correlation between
the S-LANSS score and the average pain intensity (r=.49, p<.02) and between the NPSI
score and the average pain intensity (r=.59, p<.003), but the correlation between the S-
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LANSS score and SF-36 pain subscale (r=-.11, p=.61) and between the NPSI score and
SF-36 pain subscale (r=-.31, p=.15) were not significant.

We found that 10 (40%) subjects met the S-LANSS criteria for neuropathic pain, meaning
that their S-LANSS score was greater than or equal to 12 (High S-LANSS score group). For
these subjects, the mean pain intensity was 5.0 = 2.9. For subjects with S-LANSS score
below 12 (Low S-LANSS score group), the mean pain intensity was 2.9 + 2.2. The
difference in mean pain intensity by S-LANSS High and Low groups approached statistical
significance (p=.07). For the high S-LANSS score group, the SF-36 pain score was 50.3 +
20.1 and for the low S-LANSS score group, the SF-36 pain score was 62.5 + 25.9; this
difference was not significant (p=.20).

We could not determine the percentage of subjects that met the criteria for neuropathic pain
with the NPSI because a cut-off point for neuropathic pain has not been established.
Subjects reported NPSI scores that ranged from 0 to 80, with a mean score 27 * 18.6.
Among subjects in the High S-LANSS score group, the NPSI scores ranged from 16 to 80,
with mean 39.5 £ 25.0. For subjects in the Low S-LANSS score group, the NPSI scores
ranged from O to 40, with mean 18.7 + 20.3. The difference in mean NPSI scores by S-
LANSS High and Low groups was significant (p=.01).

DISCUSSION

We are the first to report the safety of a QST protocol, results for detection of thermal and
mechanical stimuli among adults with SCD, and self-report findings about their pain. We
found that adults with SCD tolerated the TSA Il Limits Protocol and von Frey filaments as
stimuli for detecting sensation and pain thresholds; the QST protocol was safe and did not
stimulate a SCD pain crisis. Previously, we found that adults with SCD select neuropathic
pain descriptors to describe their pain.* We also are the first to report the likelihood of
neuropathic pain in this small sample of adults with SCD using thermal and mechanical
QST and other self-report measures of neuropathic pain. With thermal and mechanical QST,
we found evidence of widespread sensitivity in 15 (60%) of the 25 subjects and identified 1
(4%) subject with possible findings of small sensory fiber abnormality, 8 subjects with
mixed normal and abnormal findings, and 1 subject with normal findings. The adults with
SCD were able to use two self-report tools for neuropathic pain (S-LANSS, NPSI) with
preliminary evidence of construct validity for both based on average pain intensity; 10
(40%) of the subjects reported S-LANSS scores indicative of neuropathic pain. Although
encouraging as indicators of neuropathic pain in adults with SCD, all of the findings require
replication in a larger sample before definitive conclusions can be made about neuropathic
pain in adults with SCD.

Pain of adults with SCD includes chronic ongoing pain for as many as two-thirds of
patients3l: 4 but also includes unpredictable, recurrent acute pain that often results in
hospitalization.32 The unpredictable nature of this acute pain must be considered as research
protocols are designed. Although we demonstrated safety of our QST protocol, a few
subjects reported residual pain after the testing protocol; for one subject, the pain continued
for 24 hours, and another subject narrowly averted an ED visit after the testing, but neither
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considered the pain to be an acute pain crisis. Because of these issues, although we allowed
subjects to remain on their routine analgesics, all but 1 of the subjects reported sensitivity to
the mechanical and thermal stimuli. Additional studies are needed to confirm these
observations and to focus on analgesics needed for at least 24 hours after the testing
protocol. Because of the pain exacerbation issue, another research group (J.A.
Haythornthwaite, personal communication, Sept 2011) also observed the need to modify
testing protocols when studying pain mechanisms among adults with SCD. Investigators are
encouraged to pilot test a standard pain testing protocol when studying people with SCD to
assure its safety in this vulnerable population.

We used thermal and mechanical stimulation of sensory fibers to determine if adults with
SCD report normal sensation or sensitivity; all subjects were sensate to the thermal and
mechanical stimuli at all sites tested. The detection of warm sensation is usually at 1° to 2°
C above 32° C (the TSA adaptation temperature) and is a sensation mediated by C fibers.
Cold sensation usually occurs at a similar range below adaptation and is a sensation
mediated by A-delta fibers. In our sample, detection of warm and cold sensations was 3° to
4° C higher or lower than the 32° C adaptation temperature, respectively, suggesting thermal
hypoesthesia. The heat pain threshold is usually about 45° C12. 33 and mostly mediated by C
fibers with some A-delta fiber involvement, but in our sample, the heat pain threshold was
2° to 4° C lower. The cold pain threshold is the most variable and difficult to assess of all
these modalities, but it is usually sensed at about 10° C34 as mediated by a combination of
both C and A-delta fibers. In our sample, cold pain threshold was 8° to 13° C higher than the
typical 10° C temperature, which if confirmed in a larger sample, could help to explain the
increase in acute care utilization for SCD pain at cooler temperatures that are usually well
tolerated by others. Also, in our sample, the cold and heat pain thresholds were only 2° to 3°
C higher for cold or lower for heat than norms from children and adolescents matched for
age and race to those with SCD.12 Interestingly, a small number of both older and younger
subjects reported they perceived the cold pain stimuli as warm rather than cold, a finding
that others have reported in other populations.3°: 36

In our sample, age and the tested body site may account for some of the differences in
temperature detection or pain threshold temperatures. Also, our use of %2 SD from the mean
to define abnormality may account for the low frequency of subjects with normal responses,
but normative data from matched controls at all the tested sites was not available at the time
of our study and we had to rely on published norms from African American college students
or the best available evidence. There remains a need for normative data from subjects
matched for age, race, and gender in all the sites to be tested to better inform future studies.
Our conclusions might be altered if normative data are significantly different from those
currently available for interpretation of our values, especially for the older adults.

Results from the mechanical stimuli indicate that only 6 (24%) of our 25 adult subjects
reported responses consistent with normal responses to mechanical stimuli, an indication of
AP fiber function. For the other subjects, the abnormalities from a theoretical perspective
suggest widespread large fiber dysfunction for 11 (44%) and mixed responses for 8 (31%).
These findings are different than those recently reported for children and adolescents with
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SCD whose responses to mechanical stimuli were not different from their matched
controls.12

Our sample reported abnormal sensitivity to thermal and mechanical stimuli with 9 (28%)
subjects reporting severe pain, 7 (36%) reporting moderate pain, and the other reporting
mostly mild pain, with the stimuli at one or more of the test sites. Generally, subjects rated
the thermal pain more intense than the mechanical stimuli. The scatter plot of pain intensity
reported for the mechanical stimuli and the baseline current pain intensity (Figure 3) clearly
shows variability in responses and an indication that the patient was responding to the QST
stimuli rather than the baseline pain. Other researchers typically have not reported these pain
report data, which makes interpretation of findings from this small sample difficult.

Although our sample is small, the findings provide the first support of the construct validity
of the S-LANSS and NPSI as a pain measure for adults and older adults with SCD. Clearly a
larger study is needed to confirm the validity of the neuropathic self-report questionnaires in
the SCD population and to establish appropriate cut scores for the pain of SCD. It is evident
that the subjects were able to use the tools and there is some evidence of their validity in
adults with SCD.

Despite the importance and novelty of our findings, some limitations detract from them. We
did not use random selection procedures to obtain our sample; therefore, it is not clear how
representative our sample is to all adults with SCD and pain. Although this study focused on
protocol safety, we did not exclude 4 subjects with diabetes; diabetes should be an exclusion
criterion in future studies among adults with SCD. Adults with SCD who have moderate to
severe intense pain are more likely to participate in pain studies because they are desperate
for better pain control. The prevalence of abnormal thermal and mechanical sensitivity,
which may be an indication of neuropathic pain, is likely to be lower in the general
population with SCD. Lack of norms for all the sites we tested among African Americans of
similar age to our sample is also a limitation. Additional research is needed to obtain more
complete normative data, especially for older African Americans not represented adequately
in previous studies.12: 37 Another limitation of our study is lack of data regarding the
nervous system injury that is needed to support the narrow definition of neuropathic pain
that others support.19: 38. 39 |t may support the broader definition of neuropathic pain, since
inflammation was not clearly evident at any of the sites we tested, as an alternate etiology of
the thermal and mechanical sensitivity we observed.3° It is unknown if the strong correlation
we found between the self-report measures of neuropathic pain, the S-LANSS and the NPSI,
will be replicated in another sample of adults with SCD. Finally, the lack of correlation
between the SF-36 pain subscale and either the S-LANSS or the NPSI may or may not be
replicated in a larger sample.

In light of these limitations, the most important implication of our findings is the need for
additional research to determine the contribution of neuropathic pain mechanisms to the
SCD pain experience. Larger studies of adults with SCD with repeated QST measures are
needed to determine the stability and prevalence of neuropathic pain as well as the
mechanisms and treatments for this component of SCD pain. It is likely that adult patients
with SCD experience both nociceptive and neuropathic pain, but at this time it is not clear
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which mechanisms contribute to their pain experiences at different time points. Given the
evidence that animal studies document neuropathic pain in the transgenic mouse with
SCD,> 6 7 historical evidence related to SCD,*0 and the evidence we present here, it is
highly likely that some adults with SCD have neuropathic pain as part of their pain
experience. Determining the therapies most likely to relieve the neuropathic component of
SCD pain could provide a paradigm shift for its treatment, which now focuses mostly on use
of opioids but as our group showed, other therapies show promise.41

In conclusion, we present evidence supportive of a thermal and mechanical QST protocol
that can be safely conducted in adults with SCD. All subjects were sensate in all sites tested.
Using available norms for thermal QST, we documented that 60% of our sample reported
widespread sensitivity, 36% of our small sample reported localized or mixed sensitivity, and
only one subject reported no indication of sensitivity. Using published cut scores for self-
report tools for neuropathic pain, evidence also supports the presence of neuropathic pain for
40% of the sample of adults with SCD. Although novel and intriguing, additional research
studies are needed to confirm these findings.
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3-Step Decision Tree for Findings from QST Stimuli:
Mechanical (AB fibers), Cold Pain (A-delta fibers), and Heat Pain (C fibers)
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Figure 1.
Decision Tree for Synthesis of Quantitative Sensory Testing Findings. Copyright 2014 UIC

Pain & Symptom Management Research Group, used with permission. Group Leaders:
Diana J. Wilkie, PhD, RN, FAAN, Robert Molokie, MD, Z. Jim Wang, PhD. Developed by:
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von Frey filament size when pain first reported by the reported pain intensity (Each dot

represents one of the 55 test sites of the 21 subjects who reported pain with von Frey testing;
4 subjects reported no pain for any of the 7 filaments. We added jitters to separate identical
measurement values.)
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Reported pain intensity at non-painful sites from von Frey filaments compared to current
pain intensity prior to quantitative sensory testing
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Table 2

Analgesic drugs consumed within 24 hours before testing procedures (N=25)

Page 18

Fiber Function (number of subjects) [Mechanism] Drug Class Drug Name (subject code number)l Dose mg/24 hrsl
Normal & abnormal mechanical and thermal (n=8) Non-opioid Acetaminophen (12/6, 24) 1300/0
[mixed sensitization]
NSAID Acetylsalicylic acid (1) 325
Naproxen (13/16) 500/0
Ibuprophen (24, 2, 14) 0
Step 2 opioid | Tramadol (16/14) 50/200
Hydrocodone (2/13/24) 0/10/0
Step 3 opioid | Morphine — Injectable (13) 45
Morphine-immediate release (9) 15
Morphine-sustained release (9) 30
Methadone (14) 40
Hydromorphone (14) 0
Adjuvant Amitriptyline (14) 75
carbamazepine (14) 200
Normal mechanical; Abnormal thermal (n=1) Step 3 opioid | Hydromorphone —injectable (22) 0
[peripheral sensitization]
Abnormal mechanical and thermal (n=15) [central Non-opioid Acetaminophen (5, 10, 17, 25/23/19) 0/650/1,500
sensitization]
Ibuprophen (4/17, 23/25) 3200/0/800
Acetylsalicylic acid (8) 650
Step 2 opioid | Hydrocodone (4/11/21) 25/UK/0
Codeine (23) 0
Tylenol with codeine or hydrocodone (5,6,7, | 0
8,17, 21, 23)
Tramadol (10/25) 200/0
Tylenol with codeine (19) 90
Step 3 opioid | Morphine-immediate release (5) 0
Fentanyl patch (10) 375
Morphine -immediate release (23) 0
Morphine -injectable (23) 0
Morphine -sustained release (8, 18, 23) 0
Oxycodone -controlled release (3) 10
Adjuvant Amitriptyline (20) 5
All normal (n=1) [No sensitization] Non-opioid Acetaminophen (15) 650
NSAID Ibuprophen (15) 800
Step 3 opioid | Morphine-immediate release (15) 0

Key:

1 . .
/ separates code numbers corresponding to doses in the last column
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Table 4
S-LANSS and NPSI Scores by QST Findings Group

Neuropathic Pain Measures

QST Findings Group

Mean + SD (min-max)

S-LANSS (ranges 0-24) 40%

212 Mixed sensitization (n=8)

12.9 7.7 (3-24)

Peripheral sensitization (n=1)

5

Central sensitizationl (n=15)

12.1+7.0 (0-24)

No Sensitization (n=1)

0

NPSI (ranges 0-100)

Mixed sensitization (n=8)

27.3 + 14.4 (8-50)

Peripheral sensitization (n=1)

5

Central sensitizationl (n=15)

29.9 + 20.4 (0-80)

No Sensitization (n=1)

6
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SF-36 Mean Scores and SD by Subscale

SF-36 scale Mean | SD

Physical functioning 44.6 24.8
Role limitation due to physical health 41.7 42.3
Role limitation due to emotional problems | 65.3 41.4
Energy/fatigue 424 21.0
Emotional well-being 66.5 20.8
Social functioning 53.0 275
Pain 57.6 241
General health 43.1 19.3
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