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Abstract

Previous reports demonstrated that patients
with sickle cell disease (SCD) experience
pain on more than half of the observed
days. Yet, these high incidences do not seem
to match observations in our population. In
this prospective cohort study we aimed to
assess the frequency and characteristics of
daily, self-reported pain among adult SCD
patients in the Netherlands. Consecutive
patients were enrolled during routine outpa-
tient visits and followed up to 6 months.

A total of 55 patients completed 5 982 diary
observation days. Median age was 27 years
(IQR 23-43). Patients reported SCD related
pain on 17% of the observed days; on 13%
of these days this pain was not defined as a
painful crisis, while 3% was reported as a
painful crisis but managed at home, and on
1% of the observed days patients were admit-
ted to the hospital. Analgesics were used on
52% of days with pain with a relatively infre-
quent use of oral opioids (9% of pain days).
This first European study on pain in SCD in-
dicates that pain appears to be significantly
less frequent in our population as compared
to previous study cohorts from the United
States, and may be more representative for
current SCD populations in other Western
countries. Besides a more widespread use of
hydroxycarbamide in modern disease man-
agement, differences in organization and
accessibility of healthcare between countries

may also explain this discrepancy.



Introduction

Acute vaso-occlusive painful crises (VOC)
are a main hallmark of sickle cell disease
(SCD), affecting millions of people around
the globe."? These severe, episodic pains
typically occur in the extremities, back,
joints or chest but can involve any part of
the body.>* The pathophysiology is based
on vaso-occlusion, hypoxia and ischemia
followed by tissue damage and chronic
inflammation. Consequently, inflammatory
mediators stimulate nociceptors on periph-
eral nerve endings, triggering the sensation
of pain.® In general, patients with HbSS or
HbSfB-thalassemia have more episodes of
pain than patients with other compound
heterozygous sickle cell syndromes such as
HbSC or HbSf*-thalassemia, although a

large variability in symptoms is observed.®

Despite therapeutic advances such as hy-
droxycarbamide, acute pain remains a major
complication of SCD.®7 Acute pain is the
main cause of hospitalization and is associ-
ated with severe complications such as the
acute chest syndrome, multi-organ failure
and even sudden death.34" A high frequen-
cy of painful episodes has been correlated
with early death.® Besides these well-known
acute episodes of vaso-occlusive pain, a
wider spectrum of pains has been identified
in SCD in the past decades. Chronic, long
lasting pains can occur, either as a result

of secondary tissue damage (e.g. avascular
necrosis) but even when a clear pathology

cannot be detected.®'"? Besides direct effects

on physical morbidity, pain also affect other
relevant outcomes such as quality of life,
school attendance and societal participation

of SCD patients."~"8
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As pain in SCD has such a large impact on

the lives of patients, a better understanding

of the frequency and characteristics of pain
will enable us to manage this problem more
effectively. Yet, data on the frequency of SCD
related pain in daily life is limited. The larg-
est study to date investigating this topic was
performed by Smith et al." Their study re-
vealed that adult patients experience pain on
more than 50% of the observed days. Previ-

ous smaller studies support their findings.?0-2?

However, the relatively high frequencies of
pain reported in these studies do not seem
to match observations in our own popula-
tion. Apart from potential underreporting
this discrepancy may also reflect a difference
in population and healthcare system given
the fact that all previous studies have been
conducted in the United States (US). In ad-
dition, most of the studies on pain in adults
are relatively older and may refer to an era

of less advanced SCD care.

The primary aim of this study was to de-
scribe the frequency and characteristics of
self-reported pain and painful crises in adult
patients with SCD living in the Netherlands.
In addition, we aimed to examine the associ-

ation between the frequency and the intensi-
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ty of pain, and to identify potential determi-
nants of the frequency of pain. The results
of this study will add to the understanding
of pain in SCD and will allow healthcare
professionals to better address the needs

of these patients. This is the first study on
the dynamics of daily SCD related pain in a

European cohort of adult SCD patients.
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Methods

Study design

We conducted a prospective cohort study

in a large comprehensive care SCD center
in Amsterdam, the Netherlands. Primary
outcomes of this study were frequency of
pain days and severity of pain in a home
setting. Secondary outcomes were frequency
of painful crises at home, hospital admis-
sions for painful crises, location of pain, use
of pain medication, descriptions of pain and
healthcare contact. The local institutional

review board approved the study.

Population & recruitment

Enrollment and data collection was con-
ducted from July 2010 to May 2013 during
routine outpatient clinic visits. Consecutive,
adult patients (18 years or older) with sickle
cell disease (HbSS, HbSC, HbSB*, HbSB")
were eligible for study participation. Fol-
low-up was one to six months per patient.
Pregnant patients and patients who complet-
ed <1 month of the diaries were excluded

from the analysis.

Data collection and definitions

At baseline, we collected data on demo-
graphics, medical history and steady state
laboratory parameters from routine standard
care. Paper pain diaries were provided and
explained during outpatient visits. Collec-
tion of completed diaries and administration
of new diaries was performed monthly for
the total study duration to avoid retrospec-

tive completion. Patients were asked to re-



port twice daily on the presence of sickle cell
related pain, average intensity of the pain by
means of the Visual Analogue Scale (VAS)?,
whether they would describe their pain as

a sickle cell painful crisis, use of any home
pain medication and contact with healthcare
providers (primary care or hospital). Patients
answered diary questions in the morning
about the past night and in the evening about
the past day. A forced-choice description

of the pain was asked by use of a subset of
descriptors from the McGill Pain Question-
naire.?* Localization of pain was classified

by use of front and back body locator charts,

derived from the Brief Pain Inventory.?

Both the occurrence of sickle cell related
pain and sickle cell painful crises were
subjective and patient defined. Patients were
instructed to report sickle cell related pain
as any pain that they considered as a result
of SCD, and a painful crisis as any severe,
acute pain that they would define as a pain-
ful, vaso-occlusive crisis. In our pain day
analysis we report the total frequency of any
sickle cell related pain and the frequency of
the following subcategories: 1) Days defined
as painful crisis at home, and 2) Hospi-

tal admission days for painful crisis. An
episode of painful crisis was defined by one
or more consecutive days classified by the
patient as a painful crisis and/or hospital
admission for painful crisis. In the analyses
of the other diary related outcomes (e.g.

pain intensity, localization, medication)

hospital admission days were excluded.
The use of pain medication was classified

into 4 categories: acetaminophen, non-ste-
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roidal anti-inflammatory drugs (NSAIDs),
weak oral opioids (tramadol, codeine) and

strong oral opioids (morphine, methadone).

Statistical analyses

The frequency of pain in daily life was
evaluated by calculating the proportion of
diary days reported with pain from the total
number of diary observation days. A daily
median pain score was calculated based

on the two reported pain scores per day.
Additionally, we calculated a rate of painful
crisis episodes per patient year by dividing
the total number of episodes by the total
number of observation days and multiplying

this with 365.25.

For assessment of the association between
the pain intensity (VAS pain score) and

the proportion of pain days, patients were
grouped into 5 categories according to
pain frequency. Differences in pain inten-
sity across categories were evaluated using
linear mixed-models, adjusting for repeated
measurements within patients. Separate
analyses were performed for comparison

of pain intensity scores across non-crisis
pain days and crisis pain days (defined as
painful crisis at home). Generalized linear
mixed-model analyses with a binomial
family and logit link function were used for

assessment of pain localization, use of pain
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medication and descriptors of pain across
non-crisis pain days and crisis pain days.
Associations were expressed in Odds Ratios
(OR) with 95% confidence intervals (CI)
and corresponding P-values. All analyses
concerning the use of pain medication were
performed separately per type of medica-
tion, not taking concomitant use of other
pain medication into account.

Spearman’s rank correlation testing was used
to assess correlations between the mean fre-
quency of pain per patient and baseline char-
acteristics, and between healthcare contact
on a pain day (with either primary care or the
hospital) and characteristics of pain. Despite
transformations, the distribution of data did
not allow additional risk factor identification

by means of linear regression analysis.
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Results

A total of 97 patients were eligible for

the study (supplemental figure 1). Twelve
patients (12%) were lost to follow-up and
never returned their diaries. Another 31
patients (32%) completed less than 1 month
of diaries in total and were excluded from
the analysis. The remaining 55 patients
represent the study population. The exclud-
ed patients were comparable to the study
population with respect to genotype, gender,
age, steady state lab (hemoglobin, LDH,
leucocytes and HbF) and median admission

rate for painful crises in the past 3 years.

A total of 6 358 diary days were evaluated
with a median follow-up of 126 (IQR 70 —
168) days per patient. Six percent of days
were not completed and could therefore not
be included in our analysis. The number of
completed observation days per patient was
not associated with the pain frequency per
patient (Spearman’s p =-0.065, P=0.64), or
the median pain score per patient (Spear-

man’s p = 0.004, P=0.98).

The baseline characteristics of our study
population are demonstrated in table I. In
total 5 982 completed observation days were
included in our analysis with a median num-
ber of 112 (IQR 56 -165) days per patient.
The majority of participants were female and
had a severe SCD genotype (HbSS / HbS3").
All patients are Dutch citizens with mostly an
African European background (67% from
Surinam, 22% from sub-Sahara Africa, 7%
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Table Il - Pain intensity by percentage of pain days

Non-crisis Crisis pain
Patient All pain d *
atlents pain days pain days * days at home

Pain days

" (%) Median (1QR) Median (1QR) Median (1QR) p

> VAS VAS VAS

All 55 (100) 3.0 (2.0-5.0) 3.0 (2.0-5.0) 4.0 (3.0-6.0) <0.001
e 0% 1 (20) - - - -
e 1-10% 18 (33) 5.0 (3.0-6.0) &5 (3.0-5.0) 5.0 (4.5-7.0) <0.001
* 10-50% 20 (36) 3.0 (2.0-4.0) 2.0 (2.0-4.0) 3.0 (2.0-5.0) <0.001
* 50-99% 4 (7) 3.0 (2.0-4.0) 3.0 (2.0-4.0) 5.0 (3.0-5.0) <0.001
* 100% 2 (4) 7.0 (6.0-7.0) 7.0 (6.0-7.0) - -

Median VAS pain score for all patients and for each pain frequency subgroup, unadjusted for repeated measurements
within patient. Comparisons between subgroups with P-values were adjusted for repeated measurements within
patients. Total number of pain days at home with reported pain intensity, n=905.

IQR, interquartile range

* Median pain intensity differed significantly between the 5 frequency groups in the total pain days analysis and the
non-crisis subgroup (P < 0.001), but not in the crisis subgroup (P=0.59)

from the former Netherlands Antilles). Four
patients (7%) were on a chronic transfusion
scheme. Most common lifetime complications
were cholelithiasis (51%), retinopathy (42%)
and acute chest syndrome (40%). A com-
parison of baseline characteristics between
patients with infrequent pains (<10% of
observation days, n=29) versus patients with
frequent pains (210% of observation days,

n=26) showed no significant differences.

Twenty percent of the total study population
reported no pain at all during the study ob-
servation while 33% of the patients reported
pain on 1-10% of all observation days, 36%
on 10-50% of days and 7% on 50-99% of
days (table II). Four percent of the patients
reported sickle cell related pain on all ob-

servation days. Of the 6 patients with >50%

36

pain on the total study observation (chronic
pain), 2 had a history of osteonecrosis of the
hip, knees or femur. In the other 4 patients
no clear physical cause for the chronic pain
could be identified. These 6 patients did not
significantly differ in baseline characteristics
from the rest of the cohort, but the median
age appeared higher in patients with chron-
ic pain (median age 50 [IQR 25 - 56] versus
27 [IQR 23 - 36], P=.06).

In figure 1 a breakdown of the total number
of diary observation days is demonstrated,
classified in four mutually exclusive catego-
ries of pain. Patients reported no pain on
83% of the total observation days. On the re-
maining 1 018 days (17%) patients reported
any sickle cell related pain. On 13% of the

days this pain was not classified as a painful



Figure 1 — Analysis of diary days

#No pain (83%)

Part |

B Sickle cell related pain
only (13%)

I Painful crisis at home
(3%)

- Painful crisis with
hospital admission (1%)

Total number of diary days (n=5.982) classified in 4 mutually exclusive categories of severity (%); days with no reported
pain (n=4.964), days with sickle cell related pain (n=771), days with painful crisis at home (n=169) and days with painful
crisis with hospital admission (n=78). Percentages per category are unadjusted for repeated measures within patients.

crisis. Patients described to have a painful
crisis at home on only 3% of days. Lastly, on
1% of total observation days patients were
admitted to the hospital for a painful crisis.
The median number of painful crisis epi-
sodes per patient year, including both crisis
days at home and in the hospital, was 2.3
(IQR 0.0 - 8.7) and the median length of a
painful crisis episode was 2 days (IQR 1 - 3).
The median length of a hospital admission

for painful crisis was 4 days (IQR 3 -9).

Table II reports the association between the
classified pain frequency and the median
intensity of pain at home. The median pain
intensity is reported for all pain days togeth-
er, and separately for non-crisis pain days
and crisis pain days at home.

For the whole population the median pain

intensity on non-crisis pain days was 3.0.
This was significantly higher on crisis pain
days at home (median 4.0, P <0.001). Inter-
estingly, the two patients that reported pain
on all observed days also reported the high-
est pain scores (VAS 7.0) of all subgroups
but did not indicate any of these days as a
painful crisis. In addition, patients with a
reported pain frequency of 10-99% appeared
to have lower median pain scores as com-

pared to the other subgroups.

The frequency of pain at home in relation to

localization is demonstrated in supplemental
table SI. Localization was specified on 922 of
the total 940 pain days at home (2% missing).
Pain was often multifocal and reported on >1
site. Most frequent pain sites reported were

respectively legs (58%), back (including neck,
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Table Il - Use of pain medication at home

Total pain days Crisis pain days at home versus
Type of medication n=906 non-crisis pain days
n (%) OR 95% Cl P

Any 471 (52) 5.9 29-11.9 <0.001
Acetaminophen t 430 (47) 1.7 0.6-47 0.32
NSAID t 198 (22) 5.3 2.2-125 <0.001
Weak oral opioids t 61 (7) 3.1 0.7-13.2 0.21
Strong oral opioids t 18 (2) 8.2 09-74.8 0.02

Use of any pain medication and specification of pain medication, expressed as percentage of the total number of
pain days at home with specified medication use (n=906). Comparisons of medication use between crisis pain days
(n=163) and non-crisis pain days (n=743) were expressed as odds ratios with corresponding P-values, adjusted for
repeated measurements within patients. All analyses were performed separately per type of medication, not taking
into account potential concomitant use. The use of pain medication was classified into 4 categories: acetaminophen,
non-steroidal anti-inflammatory drugs (NSAIDs), weak oral opioids (tramadol, codeine) and strong oral opioids (mor-

phine, methadone).
OR, odds ratio; 95% CI, 95% confidence interval

1 Total number of non-crisis pain days with specified medication use (n=338), and crisis pain days (n=133).

38%) and the head (21%). Both the back (OR
2.4, CI 1.4 -4.2), the chest (OR2.3,CI 1.1 -
4.6) and the arms (OR 2.0, CI 1.1 — 3.5) were
significantly more likely to hurt on crisis pain

days as compared to non-crisis pain days.

The use of pain medication (yes/no) was
specified on 906 of the total 940 pain days
at home (4% missing). On only 52% of days
pain medication was used (table III). Acet-
aminophen was the most commonly used
analgesic (47% of total pain days). Weak and
strong oral opioids were used least frequently
on respectively 7% and 2% of pain days. Use
of any analgesic was significantly more likely
on crisis pain days as compared to non-crisis
pain days (OR 5.9, CI 2.9 — 11.9). Similar
trends were observed for all analgesic sub-

groups, and were strongest for NSAIDs (OR
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5.3, CI 2.2 — 12.5) and strong oral opioids
(OR 8.2, CI 0.9 — 74.8).

The description of pain was reported using
descriptors adapted from the McGill pain
questionnaire.?* Often multiple descriptors
were used on the same day. Most frequent-
ly pain was described as nagging (54%),
stabbing (44%), pressing (39%) or throbbing
(39%). Both the descriptors cutting (OR 8.3,
CI 3.7 - 18.5), stabbing (OR 3.2, CI 1.7 - 5.9)
and throbbing (OR 4.1, CI 2.1 - 8.0) were
significantly more often used on crisis pain
days as compared to non-crisis pain days

(supplemental table SII).

We assessed associations between the ob-
served pain frequency and various baseline

characteristics such as age, gender and



disease genotype (supplemental table SIII).
Only the number of hospital admissions
during the three years prior to study enrol-
ment significantly correlated with the fre-
quency of pain (p = 0.27, P=.045). Lastly, we
also assessed associations between character-
istics of pain and contact with healthcare on
a pain day (supplemental table SIV). Patients
were significantly more likely to have con-
tacted either primary care (1) or the hospital
(2) on a pain day with a higher median pain
intensity (p = 0.15, P<.001), a localization of
the pain in the back (p = 0.08, P=.01), arms
(p=0.08, P=.02)and chest (p = 0.10, P<.01),
and a pain description of throbbing (p =
0.15, P<0.001), stabbing (p = 0.12, P <0.001),
tingling (p = 0.08, P=.02)and cramping (p =
0.15, P<0.001).

Discussion

This study in a cohort of adult SCD patients
in the Netherlands demonstrates that the
pain frequency in daily life in our popula-
tion is significantly lower than previously
has been reported. Sickle cell related pain
was reported on 17% of the total diary ob-
servation days. Pain was reported as a pain-
ful crisis without hospital admission on 3%
of the observed days and hospital admission
occurred only on 1% of the days. Pain was
most frequently localized in the legs. Use
of analgesics was reported in approximately
half of the days with pain, with a relatively
infrequent use of oral opioids. The number
of hospital admissions prior to study en-
rolment was the only baseline determinant
that significantly correlated with a higher
pain frequency. Patients experiencing a
higher intensity of pain, or pain in either
the back, arms or chest, were more likely to

contact a healthcare provider.

It is important to point out that this overall
frequency of pain days reflects a highly het-
erogeneous population. Twenty percent of all
enrolled patients did not report any pain at
all during follow-up while 11% of patients in-
dicated to have pain on more than half of the
observed days. Interestingly, 4% of patients
indicated to have pain on all observed diary
days. A similar heterogeneity was observed in
the study by Smith et al.'® In addition, acute
care utilizations in SCD appear to follow a
similar trend, where only a minority of pa-

tients has highly frequent utilizations.?®
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Smith et al. were the first to demonstrate in
a large scale study in adults with SCD that
pain was far more prevalent than previously
was anticipated when evaluation of pain was
limited to episodes with healthcare utiliza-
tion only." In that study, patients reported
pain on 55% of the observed days, with
painful crises on 13% of days and health
care utilization on 4% of days. Other studies
in smaller cohorts from the US, performed
between 1997 and 2004, largely support
these findings.?°~?>%" Strikingly, the frequen-
cy of self-reported pain was much lower in
our cohort as compared to these studies and
the mean intensity of pain appeared to be
slightly lower in our patients as well. What
could have caused this difference between
our study and the results of the study by
Smith et al.? Both study cohorts were largely
comparable in gender, genotype distribution
and disease severity, measured by cumula-
tive incidence of lifetime disease complica-
tions. However, there are some important
differences in patient characteristics (age,
hydroxycarbamide use and blood transfu-
sion) and study design (recruitment, patient
selection). Firstly, patients in our cohort
appeared to be slightly younger (median
age 27) compared to patients in their study
(mean age 33), which may be associated with
a lower frequency of pain. Studies in chil-
dren generally also show lower frequencies
of pain."""?8-30 Although use of hydroxycar-
bamide was not reported by Smith et al., we

expect this to be higher in our study cohort
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as our study was performed more recently
and all of our patients were under special-
ist care. Patients on a chronic transfusion
scheme were excluded in the study by Smith
et al. while we aimed for a non-selected
population, representative for our complete
SCD population. As only four patients in our
study were on a chronic transfusion scheme
the attenuation of the pain frequency is
very limited. Excluding these patients from
our analysis did not change the frequency
of pain (data not shown). Secondly, the
study by Smith et al. recruited patients by
using a community recruitment approach,
including a majority of patients that were
not under specialist care as opposed to our
study that recruited consecutive patients

in our hospital outpatient clinic. Patients
without regular specialist care supposedly
had suboptimal disease management which
may have contributed to a higher frequency
of pain. In addition, we cannot exclude that
community recruitment may have further
biased their study to a more severe subgroup
of patients. By recruiting patients by radio
announcements and on health fairs patients
with no or hardly any pain may have been
less interested in participating in such a
demanding study. Finally, the observed
proportion of hospital admission days in
our study cannot be compared directly, as
Smith et al. reported health care utilization
including emergency department visits and
unscheduled doctor’s appointments while

in our study only hospital admissions were



analyzed. The lower pain intensities in our

cohort may be explained by the fact that we
limited our observation of pain intensity to
days at home. Pain scores during admission
were not registered. Also, we used median

scores per day instead of maximum pain in-
tensities which may have resulted in a lower

pain intensity score in our study.

However, besides differences in patient
characteristics, study design and method-
ology, other factors must be considered in
explaining the observed difference in pain
frequency. Most of the previous studies on
the frequency of SCD related pain in daily
life are relatively older, possibly describing
an era of less advanced SCD care.?’-?2 Also,
differences in cultural background may
affect the experience of pain and psycho-
logical coping.®' Yet, importantly, all these
studies were performed in the US. These
results may therefore be characteristic for
that specific population and local societal
context but may not apply to other popu-
lations outside the US. For example, there
are indications from literature that the
mortality in European SCD populations, in-
cluding the Netherlands, appears to be rel-
atively low compared to the US.3*%7 A sim-
ilar observation appears to hold true now
for the frequency of pain in daily life. One
explanation for these discrepancies may

be sought in the large differences in the
organization and accessibility of healthcare

between the US and various other western

countries. For example, significantly more
people from the US appear to experience

cost-related healthcare access problems
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when compared to residents of other coun-
tries.?®#0 In addition, being member of an
ethnic minority group in the US appears

to be an important risk factor for lower

socioeconomic status, lower healthcare use
and poorer health.*' All these factors may
hamper regular outpatient healthcare and
optimal chronic disease management for
the SCD population in the US, thereby
potentially adding to a higher frequency
of pain in daily life. Moreover, rates of
opioid use at home appear to be signifi-
cantly higher in the US compared to the
Netherlands.**?® As frequent use of opioids
may also induce hyperalgesia and central
sensitization for painful stimuli, this may
also add to higher frequencies of chronic
pain in SCD patients in the US.>** Lastly,
the populations in the US and the Neth-
erlands could also differ in genetic back-
ground. Genes affecting disease severity of
SCD or sensitivity to pain may have evolved
differently in both populations due to
migration patterns and ethnicity, ultimately

also affecting the frequency of pain.*®

A pain localization in either the back, arms
or chest was more frequently observed on
pain days defined as painful crisis, and was
associated with a higher frequency of con-
tact with a healthcare provider. Chest pain

is a well-known risk factor for acute chest
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syndrome.*® Yet, back pain has been identi-
fied as an independent risk factor for acute
chest syndrome in a recent study.*” This
localization may therefore be an important
additional predictor of a more severe course

of disease during painful crisis.

Interestingly, on only half of all pain days
analgesic use was indicated with a relative-
ly low use of oral opioids. Again, previous
studies show a higher rate of both analgesic
as well as opioid use.?"?? Guidelines for SCD
pain management at home in the Nether-
lands follow the World Health Organiza-
tion’s pain ladder.*® Apparently, patients are
often able to cope with milder pains without
the use of analgesics in our population. The
relatively rare use of opioids in our popula-
tion can be explained by the fact that local
guidelines do not recommend the prescrip-
tion of strong opioids for SCD related pains

in the outpatient setting.

Although the overall frequency of pain was
relatively low, a significant proportion of
patients indicated to have pain on more
than half of the observed days (11%). Most
likely, these pains are more chronic in na-
ture, and should be distinguished from the
more acute painful episodes of vaso-occlu-
sion.' In some patients these chronic pains
appeared to be secondary to chronic tissue
damage. Yet, in others no clear physical
cause could be identified, and the chronic

pain may be the result of an altered per-
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ception of pain due to central sensitization,
e.g. due to frequent acute painful crises in
the past.’4950 This may also explain the sig-
nificantly higher rates of pain experienced
by adults as compared to children.'#7.28-30
Chronic pains appear to be a separate entity
and may require a completely different
approach in pain management. Unfortu-
nately, there has been limited attention for
this disabling condition so far and no clear
evidence is yet available for its management.
The main strength of this study was that it
was the first study on SCD related pain in dai-
ly life performed outside the US and taking
into account the more widespread imple-
mentation of hydroxycarbamide in modern
disease management. Importantly, our study
population appears to be largely comparable
in disease severity and characteristics to oth-
er large, contemporary cohort studies (gen-
otype, proportion on hydroxycarbamide,
hemoglobin and fetal hemoglobin concentra-
tion).5"1933:5253 This study therefore provides
a highly relevant new perspective and may be
considered more representative for current
SCD populations, especially in other western
countries with similar healthcare accessibility

and organization as the Netherlands.

There were a number of limitations to our
study. Firstly, this was a single center study
with a relatively small sample size. Our study
population may therefore not be fully rep-
resentative for our total patient population.

However, our center is one of the largest SCD



comprehensive care centers in the Nether-
lands and the large majority of the Dutch
SCD population is under regular follow-up
in a tertiary care center like ours. Moreover,
our study population did not appear to differ
in main characteristics from other interna-

tional SCD cohorts.'9:33:51-53

Secondly, there was a significant drop-out
rate of enrolled patients. We have explored
this potential selection bias by comparison of
the in- and excluded patients and found no
clear differences in characteristics between
the two groups. Nevertheless, we cannot be
certain that the analyzed cohort was fully

comparable to our total patient population.

In conclusion, we provide clinical evidence
that pain in daily life in patients with SCD
appears to be less frequent in our patient
population in the Netherlands as compared
to the previous study cohorts originating
from the US. Our findings may be more
representative for current SCD populations
living in Western countries outside the

US than these previously available studies.
Besides a more widespread use of hydroxy-
carbamide in current disease management,
differences in organization and accessibility
of healthcare between countries may also
explain this discrepancy. Nevertheless, the
currently observed frequency of pain was
still significant and confirms that patients
often experience pain at home without

seeking professional care.

This study provides relevant insight into the
frequency and characteristics of all SCD re-
lated pains in daily life, not limited to acute,
vaso-occlusive pains. This approach provides
a general overview of the impact that pain
has on the lives of patients with SCD and
underlines the urgency to address this prob-
lem. Our findings illustrate that the path

to reduction of pain in SCD will require a

multifaceted approach

Acknowledgments
The authors would like to acknowledge
Marjolein Spiering for her help in obtaining

local institutional review board approval.

43

Part |




13ied

References

1.

10.

Piel, F. B. et al. Global epidemiology of sickle hae-
moglobin in neonates: a contemporary geostatis-
tical model-based map and population estimates.
Lancet 381, 142-51 (2013).

Piel, F. B., Hay, S. |, Gupta, S., Weatherall, D. J. &
Williams, T. N. Global burden of sickle cell anaemia
in children under five, 2010-2050: modelling based
on demographics, excess mortality, and interventi-
ons. PLoS Med. 10, e1001484 (2013).

Ballas, S. K., Gupta, K. & Adams-Graves, P. Sickle cell
pain: a critical reappraisal. Blood 120, 3647-56 (2012).
McClish, D. K. et al. Pain site frequency and location
in sickle cell disease: the PiISCES project. Pain 145,
246-51 (2009).

Platt, O. S. et al. Pain in sickle cell disease. Rates
and risk factors. N. Engl. J. Med. 325, 11-6 (1991).
Charache, S. et al. Effect of hydroxyurea on the fre-
quency of painful crises in sickle cell anemia. Inves-
tigators of the Multicenter Study of Hydroxyurea in
Sickle Cell Anemia. New England Journal of Medici-
ne 332:, 1317-1322 (1995).

Voskaridou, E. et al. The effect of prolonged admi-
nistration of hydroxyurea on morbidity and mortality
in adult patients with sickle cell syndromes: results
of a 17-year, single-center trial (LaSHS). Blood 115,
2354-2363 (2010).

Ballas, S. K. & Lusardi, M. Hospital readmission for
adult acute sickle cell painful episodes: frequency,
etiology, and prognostic significance. Am. J. Hema-
tol. 79, 17-25 (2005).

Manci, E. A. et al. Causes of death in sickle cell
disease: an autopsy study. Br. J. Haematol. 123,
359-65 (2003).

Vichinsky, E. P. et al. Causes and outcomes of the

acute chest syndrome in sickle cell disease. Natio-

44

1.

12.

13.

14,

15.

16.

18.

19.

nal Acute Chest Syndrome Study Group. N. Engl. J.
Med. 342, 1855-65 (2000).

Hassell, K. L., Eckman, J. R. & Lane, P. A. Acute
multiorgan failure syndrome: a potentially catastrop-
hic complication of severe sickle cell pain episodes.
Am. J. Med. 96, 155-62 (1994).

Ballas, S. K. Update on pain management in sickle
cell disease. Hemoglobin 35, 520-9 (2011).

Eaton, M. L., Haye, J. S., Armstrong, F. D., Pegelow,
C. H. & Thomas, M. Hospitalizations for painful episo-
des: association with school absenteeism and acade-
mic performance in children and adolescents with sic-
kle cell anemia. Issues Compr. Pediatr. Nurs. 18, 1-9
Shapiro, B. S. et al. Home management of sickle
cell-related pain in children and adolescents: natural
history and impact on school attendance. Pain 61,
139-44 (1995).

van Tuijn, C., van Beers, E., Schnog, J. & Biemond,
B. Pain rate and social circumstances rather than
cumulative organ damage determine the quality of
life in adults with sickle cell disease. Am J Hematol.
85, 532-5 (2010).

Gil, K. M. et al. Daily stress and mood and their asso-
ciation with pain, health-care use, and school activi-
ty in adolescents with sickle cell disease. J. Pediatr.

Psychol. 28, 363-73

. Fuggle, P., Shand, P. A., Gill, L. J. & Davies, S. C.

Pain, quality of life, and coping in sickle cell disease.
Arch. Dis. Child. 75, 199-203 (1996).

Dampier, C. et al. Health-related quality of life in
children with sickle cell disease: a report from the
Comprehensive Sickle Cell Centers Clinical Trial Con-
sortium. Pediatr. Blood Cancer 55, 485-94 (2010).
Smith, W. R., Penberthy, L. T., Bovbjerg, V. E., Mc-

clish, D. K. & Roberts, J. D. Daily Assessment of



20.

21.

22.

23.

24,

25.

26.

27.

28.

Pain in Adults with Sickle Cell Disease. Ann. Intern.
Med. 148, 94-101 (2008).

Westerman, M. P., Bailey, K., Freels, S., Schlegel,
R. & Williamson, P. Assessment of painful episode
frequency in sickle-cell disease. Am. J. Hematol. 54,
183-8 (1997).

Porter, L. S. et al. Pain and stress in sickle cell di-
sease: an analysis of daily pain records. Int. J. Be-
hav. Med. 5, 185-203 (1998).

Gil, K. M. et al. Daily mood and stress predict pain,
health care use, and work activity in African Ameri-
can adults with sickle-cell disease. Health Psychol.
23, 267-74 (2004).

Hawker, G. A., Mian, S., Kendzerska, T. & French, M.
Measures of adult pain: Visual Analog Scale for Pain
(VAS Pain), Numeric Rating Scale for Pain (NRS
Pain), McGill Pain Questionnaire (MPQ), Short-
Form McGill Pain Questionnaire (SF-MPQ), Chro-
nic Pain Grade Scale (CPGS), Short Form-36 Bodily
Pain Scale (SF. Arthritis Care Res. (Hoboken). 63
Suppl 1, S240-52 (2011).

Melzack, R. The McGill Pain Questionnaire: major
properties and scoring methods. Pain 1,277-99 (1975).
Cleeland, C. S. & Ryan, K. M. Pain assessment: glo-
bal use of the Brief Pain Inventory. Ann. Acad. Med.
Singapore 23, 129-38 (1994).

Brousseau, D. C. et al. Acute Care Utilization and
Rehospitalizations for Sickle Cell Disease. JAMA
303, 1288 (2010).

Porter, L. S., Gil, K. M., Carson, J. W., Anthony, K.
K. & Ready, J. The role of stress and mood in sickle
cell disease pain: an analysis of daily diary data. J.
Health Psychol. 5, 53-63 (2000).

Dampier, C., Ely, B., Brodecki, D. & O’Neal, P.

Characteristics of pain managed at home in child-

29.

30.

31.

32.

33.

34.

35.

36.

45

ren and adolescents with sickle cell disease by using
diary self-reports. J. Pain 3, 461-470 (2002).
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. 24, 643-7 (2002).

Dampier, C. et al. Pain characteristics and age-re-
lated pain trajectories in infants and young children
with sickle cell disease. Pediatr. Blood Cancer 61,
291-6 (2014).

Anie, K. A., Dasgupta, T., Ezenduka, P., Anarado, A.
& Emodi, I. A cross-cultural study of psychosocial
aspects of sickle cell disease in the UK and Nigeria.
Psychol. Health Med. 12, 299-304 (2007).

Cabrita, I. Z. et al. The association between tricus-
pid regurgitation velocity and 5-year survival in a
North West London population of patients with sickle
cell disease in the United Kingdom. Br. J. Haematol.
162, 400-8 (2013).

Gladwin, M. T. M. M. T. et al. Risk factors for death in
632 patients with sickle cell disease in the United States
and United Kingdom. PLoS One 9, €99489 (2014).
Schimmel, M. et al. N-terminal pro-B-type natriure-
tic peptide, tricuspid jet flow velocity, and death in
adults with sickle cell disease. Am. J. Hematol. 90,
E75-6 (2015).

Lé, P. Q. et al. Survival among children and adults
with sickle cell disease in Belgium: Benefit from
hydroxyurea treatment. Pediatr. Blood Cancer 62,
1956-61 (2015).

van der Plas, E. M. et al. Mortality and causes of de-
ath in children with sickle cell disease in the Nether-
lands, before the introduction of neonatal screening.

Br. J. Haematol. 155, 106—10 (2011).

. Telfer, P. et al. Clinical outcomes in children with sic-

Part |




13ied

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

kle cell disease living in England: a neonatal cohort
in East London. Haematologica 92, 905-12 (2007).
Schoen, C. & Doty, M. Inequities in Access to Medical
Care in Five Countries: Findings from the 2001 Com-
monwealth Fund International Health Policy Survey.
Health Policy (New. York). 67, 309-22 (2004).
Docteur, E. & Berenson, R. A. How Does the Quality
of U.S. Health Care Compare Internationally? Time-
ly Anal. Immed. Heal. Policy Issues 1-14 (2009).
Decker, S. L., Kostova, D., Kenney, G. M. & Long,
S. K. Health status, risk factors, and medical con-
ditions among persons enrolled in Medicaid vs un-
insured low-income adults potentially eligible for
Medicaid under the Affordable Care Act. JAMA 309,
2579-86 (2013).

Fiscella, K. et al. Inequality in Quality. JAMA 283,
2579 (2000).

Dart, R. C. et al. Trends in Opioid Analgesic Abuse
and Mortality in the United States. N. Engl. J. Med.
372, 241-248 (2015).

Ruta, N. S. & Ballas, S. K. The Opioid Drug Epidemic
and Sickle Cell Disease: Guilt by Association. Pain
Med. 17, 1793-1798 (2016).

Chu, L. F,, Angst, M. S. & Clark, D. Opioid-induced Hy-
peralgesia in Humans. Clin. J. Pain 24, 479-496 (2008).
Tewari, S., Brousse, V., Piel, F. B., Menzel, S. & Rees,
D. C. Environmental determinants of severity in sickle
cell disease. Haematologica 100, 1108—16 (2015).
Novelli, E. M. & Gladwin, M. T. Crises in Sickle Cell
Disease. Chest 149, 1082—-1093 (2016).

Bartolucci, P. et al. Score Predicting Acute Chest
Syndrome During Vaso-occlusive Crises in Adult
Sickle-cell Disease Patients. EBioMedicine 10,
305-311 (2016).

WHO. Cancer pain relief: with a guide to opioid

46

49.

50.

51.

52.

53.

availability. 2nd ed. (1996).

Hollins, M. et al. Detecting the emergence of chronic
pain in sickle cell disease. J. Pain Symptom Mana-
ge. 43, 1082-93 (2012).

Ballas, S. K. Pain management of sickle cell di-
sease. Hematol. Oncol. Clin. North Am. 19, 785—
802 (2005).

Elmariah, H. et al. Factors associated with survival
in a contemporary adult sickle cell disease cohort.
Am. J. Hematol. 89, 530-5 (2014).

Paul, R. et al. Clinical correlates of acute pulmonary
events in children and adolescents with sickle cell
disease. Eur. J. Haematol. 91, 62-68 (2013).

van Beers, E. J. et al. Sickle cell disease-related
organ damage occurs irrespective of pain rate: im-
plications for clinical practice. Haematologica 93,

757-60 (2008).



| 34ed Z 1eydeyn

47



13ied

Supplementary data

Table Sl - Localization of pain at home

Total frequency Crisis pain days at home versus
site n=922 non-crisis pain days

n (%) OR 95% CI P
Back / neck 349 (38) 2.4 1.4-4.2 <0.001
Chest 88 (10) 2.3 11-46 0.02
Arms / shoulders 449 9) 2 11-3.5 0.03
Legs 532 (58) 1.7 0.9-3.0 0.07
Abdomen 90 (10) 0.7 0.3-1.6 0.27
Pelvis / hips 125 (14) 1.2 0.5-31 0.84
Head 194 (21) 1 0.5-2.0 0.88

The percentage of pain days per localization is demonstrated here. The total number of pain days at home with spec-
ified localization was n=922. Comparisons of pain sites on crisis pain days (n=167) and non-crisis pain days (n=755)
were expressed as odds ratios with corresponding P-values, adjusted for repeated measurements within patients.
OR, odds ratio; 95% CI, 95% confidence interval

Table SlI - Pain descriptors endorsed when reporting sickle cell pain

Total pain days Crisis pain days at home versus
Description n=906 non-crisis pain days

n (%) OR 95% CI P
Throbbing 351 (38.7) 41 21-8.0 <0.001
Stabbing 394 (43.5) 3.2 1.7-5.9 <0.001
Pressing 353 (39.0) 1.6 0.9-2.8 0.08
Burning 92 (10.2) 1.1 0.4-2.8 0.95
Tingling g5 (10.5) 0.9 04-23 0.79
Nagging 486 (53.6) 0.6 0.3-1.1 0.08
Cutting 68 (7.5) 8.3 3.7-185 <0.001
Cramping 218 (24.1) 2.4 1.3-46 <0.01

Days with the pre-specified descriptors of pain were expressed as percentage of the total number of pain days with
reported descriptors (n=906). Comparisons of pain descriptors between crisis pain days (n=163) and non-crisis pain
days (n=743) were expressed as odds ratios with corresponding P-values, adjusted for repeated measurements
within patients.

OR, odds ratio; 95% CI, 95% confidence interval
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Table Slil - Spearman correlations between the pain frequency and various baseline factors

Correlation

Variable coefficient (p) P -
Gender 0.181 .187 E
Age start of follow-up 0.159 .246

Genotype 0.013 .924

a-thalassemia 0.146 .343

No. of hospital admissions in past 3 years 0.272 .045

Use of hydroxyurea 0.218 110

Baseline laboratory

. Hemoglobin g/L 0.003 .981

o Fetal hemoglobin % 0.082 .551

. White Blood Cell counts x10%/L -0.014 .922

. Lactate Dehydrogenase U/L 0.201 140

Cumulative lifetime SCD complications -0.047 .740
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Table SIV — Spearman correlations between healthcare contact on a pain day and char-
acteristics of the pain

For this analysis, contact with a healthcare provider was categorized in either no contact (0),
contact with primary care (1) or contact with the hospital (2). Contact was defined as either by

telephone or an actual visit.

c lati
Variable Orl.’e.a ion p
coefficient (p)

Median pain intensity 0.152 <.001

Localization of pain

. Head 0.033 .906
. Back 0.084 .011
. Arms 0.076 .022
. Legs -0.011 743
. Pelvis -0.037 272
. Abdomen 0.055 .100
. Chest 0.103 <.01

Pain descriptor

. Throbbing 0.152 <.001
. Stabbing 0.120 <.001
. Pressing 0.040 .231
. Burning -0.023 .485
. Tingling 0.077 .022
. Nagging -0.006 .869
. Cutting 0.019 .581
. Cramping 0.152 <.001

Pain medication use

. Acetaminophen 0.062 179
. NSAID 0.008 .859
. Weak oral opioids -0.078 .093
. Strong oral opioids 0.022 .637
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Figure S1 — Flowchart patient inclusion

Consecutive patients,
approached during routine
outpatient clinic visits

N=114

Eligible for study participation
N=97

Exclusion from study due to:
- Inability to fill out diary (N=6)
- Pregnancy (N=3)

- Decline (N=7)

Included in analysis
N=55
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Excluded from analysis:
- Lost to follow-up with no diary
information available (N=12)

- Diary completion <1 month
(N=31)
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