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Study Objectives: Periodic limb movements (PLMs) have been associated with increased risk of stroke, but there is currently scarce research exploring
this relationship in the setting of sickle cell disease (SCD). The aim of this study was to explore whether increased PLMs in children with SCD are associated
with increased risk of cerebrovascular disease and to determine if there are any clinical or laboratory differences between children with SCD with elevated

periodic limb movement index (PLMI) versus those with normal PLMI.

Methods: This study is a comprehensive review of medical records of 129 children with SCD (aged < 18 years) who had undergone polysomnography for

evaluation of sleep-disordered breathing.

Results: Elevated PLMI (PLMI > 5 events/h) was present in 42% (54/129) of children with SCD. Children with elevated PLMI were found to have higher
percentage of hemoglobin S, lower total iron, higher arousal index and tendency toward elevated transcranial Doppler velocity (P = .063, odds ratio = 3.9,
95% CI 0.93-16.22). While association between elevated PLMI and isolated cerebrovascular stenosis (P = .050, odds ratio 5.6, 95% CI 1.0-31.10) trended
toward significance, there was significantly greater proportion of children with elevated PLMI who had cerebrovascular stenosis with Moyamoya disease

(P = .046) as demonstrated by magnetic resonance imaging (MRI).

Conclusions: The prevalence of elevated PLMI in children with SCD was higher than in previously published data. Elevated PLMI was significantly

associated with greater rates of cerebrovascular disease as detected by MRI.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Children with sickle cell disease (SCD) have a higher frequency of periodic limb movements (PLMs) compared
to healthy children. Recent studies noted that PLMs may contribute to adverse cardiovascular and cerebrovascular outcomes in children with SCD who
are already at risk for stroke, but there is scarce research investigating this.

Study Impact: In our retrospective study, elevated periodic limb movement index (PLMI) was significantly associated with higher rates of
cerebrovascular stenosis with Moyamoya disease and a trend toward significance for isolated cerebrovascular stenosis. Our findings could suggest
that elevated PLMI may be associated with earlier signs of cerebrovascular compromise in children with SCD and could serve as a marker in screening
for cerebrovascular disease, but further investigation with prospective studies is needed.

INTRODUCTION

Sickle cell disease (SCD) is one of the most common and severe
inherited blood disorders worldwide, affecting an estimated
90,000-100,000 Americans."?> SCD is an autosomal recessive
disease characterized by a single point mutation in the beta-
globin gene resulting in a mutated hemoglobin, HbS.* The
polymerization of the deoxygenated HbS within the erythro-
cyte results in two major pathophysiological processes: micro-
vascular vaso-occlusion with ischemia-perfusion injury and
chronic hemolytic anemia with subsequent vasculopathy.>*
Several complications of SCD contribute to the morbidity
and mortality of its patients, including: acute vaso-occlusive
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pain episodes, infections, stroke, acute chest syndrome, cardio-
vascular disease and renal damage.> Acute stroke and chronic
cerebral ischemia are among the most debilitating sequelae
in SCD with the risk of stroke being highest during the first
decade of life, especially between the ages of 2 and 5 years
old.*7 Transcranial Doppler (TCD) ultrasonography and mag-
netic resonance imaging (MRI)/magnetic resonance imaging
of the arteries (MRA) have been used to evaluate for cerebral
vasculopathy in children with SCD.*!'' TCD can help identify
changes in blood flow within cerebral vessels that might be sug-
gestive of stenosis or infarct.>* ! TCD has served as a screening
tool in children starting at age 2 years, and those with elevated
TCD velocities are often started on chronic blood transfusion
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therapy which can help reduce the risk of stroke by 90%.25 "
Research with MR1I has also revealed that up to 20% of children
with SCD have silent brain infarcts which may not be clini-
cally apparent in the acute setting, but are associated with poor
school performance and neurocognitive impairment.>*

Sleep-related disorders including nocturnal hypoxemia and
obstructive sleep apnea (OSA) have also been linked to adverse
disease outcomes in SCD.'>"'* More recently, periodic limb
movements (PLMs) were found to be more common in children
with SCD.'® PLMs are repetitive, highly stereotyped move-
ments of the arms or legs occurring during sleep, which may
lead to transient arousals and sleep fragmentation. In one ret-
rospective study of children with SCD from a referred popula-
tion, the prevalence of elevated PLM index (PLMI > 5 events/h)
was 26%, compared to the general population of healthy nor-
mal children with estimated rates of 1.2% to 8.0%.'"'* PLMs
have been associated with nocturnal hypertension in children,
as well as transient fluctuations in cerebral hemodynamics in
adults.?**" Adults with restless legs syndrome (with associated
PLMs) and existing stroke risk factors have also shown a trend
toward higher microvascular lesion load on brain MRI.? In the
setting of increased cardiac workload caused by severe anemia
in SCD, it has been suggested that PLMs may contribute to ad-
verse cardiovascular and cerebrovascular outcomes including
stroke in children with SCD who are already at risk, but there is
currently a scarcity of research investigating this relationship.'®

The primary purpose of this study was to perform a retro-
spective analysis in a tertiary care center of children with SCD
with evidence of PLMs, and to evaluate if the presence of PLMs
was associated with increased risk for elevated TCD velocities
and abnormal MRI/MRA findings as compared to those with-
out PLMs. A secondary aim was to describe and compare the
clinical and laboratory characteristics of our sample popula-
tion with elevated PLMI versus those with normal PLMI.

METHODS

Participants

This was a retrospective chart review of children with SCD
referred to the Sleep Disorders Center at The Children’s Hos-
pital at Montefiore (CHAM) for evaluation of sleep-disordered
breathing between October 1, 2005 and February 1, 2016. All
children with SCD were followed by a single hematology prac-
tice at CHAM. Inclusion criteria included all children (age < 18
years) with diagnosis of sickle cell disease who had polysom-
nography (PSG) performed. Children were excluded from the
study if they were started on chronic transfusion therapy prior
to PSG. The study was approved by the Institutional Review
Board at Albert Einstein College of Medicine.

Procedure

Chart Review

Data was obtained from electronic medical records, includ-
ing demographic and clinical information as well as labora-
tory results gathered from previous hospitalizations and clinic
visits. The laboratory data was reported as the mean of test

Journal of Clinical Sleep Medicine, Vol. 15, No. 7 1012

Periodic Limb Movements in Sleep and Cerebrovascular Changes

values 1 year before and after PSG to avoid reporting acute
fluctuations in values.

Polysomnography

Regarding PSG testing, participants were studied overnight
in the Sleep Disorders Center at CHAM in a quiet, darkened
room with an ambient temperature of 24°C. Participants re-
mained asleep supine under natural sleep conditions. The
following variables were recorded and stored on a computer-
ized PSG acquisition and analysis system (XLTEK, Oakville,
Ontario, Canada): chest and abdominal wall movement by re-
spiratory inductance plethysmography (Respitrace Systems;
Ambulatory Monitoring Inc., Ardsley, New York); heart rate by
ECG; inspired and expired end-tidal CO, tension by capnogra-
phy (Capnogard 1265; Novametrix, Wallingford, Connecticut);
airflow was monitored at the nose by nasal pressure (Pro-Tech,
Mukilteo, Washington) and 3-pronged thermistor, (Nihon Ko-
hden, Tokyo, Japan). Arterial oxygen saturation was assessed
by pulse oximetry (Masimo, Irvine, California). In addition,
we obtained the following electroencephalogram derivations
(F4-M,, C4-M,, O,-M,, with back up electrodes at F;, C; and O,
and M,, submental and tibial electromyograms, and continu-
ous infra-red video digital recording.

Sleep study data was retrospectively obtained. The studies
were scored using the American Academy of Sleep Medicine
pediatric scoring criteria relevant during each respective time
period.”*?* Obstructive apnea was considered as cessation of
airflow at the nose and mouth measured by thermal sensor as-
sociated with out-of-phase movement of the rib cage and abdo-
men lasting two breathing cycles.”® Hypopnea was defined as
decrease of 30% or more in the amplitude of the nasal pressure
transducer associated with a fall in 3% or more of basal oxygen
saturation or with an arousal.”® OSA was defined as having rel-
evant clinical signs/symptoms with obstructive apnea index > 1
event/h and/or apnea-hypopnea index (AHI) > 2 events/h.
Hypoventilation was defined as 25% or more of total sleep
time with end tidal CO, > 50 mmHg.?* PLMs were defined as
a series of > 4 consecutive leg movements with electromyog-
raphy voltage > 8 uV above resting baseline, and involved leg
movements lasting 0.5 to 10 seconds in duration and recurring
every 5 to 90 seconds.”® A PLMI > 5 events/h during sleep was
considered abnormal.' For patients with multiple sleep studies
performed, the most recent PSG was selected for analysis.

Transcranial Doppler

Regarding TCD testing, the Doppler imaging of the arteries
of the brain was performed by trained technicians from the
Montefiore Neurovascular laboratory while adhering to the
STOP study criteria for performance and interpretation of
these studies.” TCD studies were normally ordered by the Pe-
diatric Hematology team at CHAM as part of general guide-
lines for surveillance for all children with SCD (HbSS and
HbS-beta thalassemia genotypes) starting at age 2 years to
screen for risk of stroke, with more frequent TCD studies per-
formed in children who presented with persistent findings of
elevated TCD velocities. The TCD results were recorded and
interpreted by the operating technician, and later reviewed
by a Pediatric Hematology attending. Based on STOP study
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guidelines for TCD screening protocol,’ the highest time-aver-
aged mean blood velocity was recorded in the middle cerebral
artery (MCA), the distal internal carotid artery (ICA) and its
bifurcation, the anterior cerebral artery (ACA) and posterior
cerebral artery. The basilar artery velocity was also recorded
using the sub-occipital approach. All TCD studies were clas-
sified based on the highest time-averaged mean blood velocity
in the ICA or MCA according to STOP criteria, and then inter-
preted as: normal (< 170 cm/s), conditional (170—199 cm/s), or
abnormal (200 cm/s or higher).” Studies where readings were
unable to be obtained in the ICA and MCA bilaterally were
classified as inadequate, unless one region of vasculature had
clearly abnormal findings.” For patients with multiple TCDs,
we deferred to the most abnormal TCD in categorizing results
for each patient.

Magnetic Resonance Imaging

MRI of the brain without contrast and MRA of the head with-
out contrast were performed in the Radiology Department of
Montefiore Medical Center. MRI and MR A studies for children
with SCD were typically obtained by the Pediatric Hematology
team at CHAM to screen for silent infarcts and vasculopathy
respectively, when there were clinical findings of poor school
performance or history of persistently elevated TCD velocities.
All MRI results were interpreted by a physician from the Radi-
ology Department of the Montefiore Medical Center. Positive
results of the brain MRI/MRA included findings of new brain
infarct and cerebral vessel stenosis' such as: lacunar infarct,
watershed ischemia, and anterior vascular narrowing (of the
ICA, MCA or ACA). For patients with multiple MRIs, we de-
ferred to the most abnormal MRI in categorizing results for
each patient. Later, the MRI/MRA scans were independently
reviewed by a neuroradiologist blinded to the results to ensure
consistency of findings reported in this study.

Statistical Analysis

Descriptive statistics included mean, standard deviation and
percentage of variables. We compared groups of children with
normal versus elevated PLMI (> 5 events/h)*?* using Pear-
son chi-square and ANOVA to determine if there were differ-
ences between groups in risk for elevated TCD velocities and
abnormal MRI/MRA findings, or in clinical and laboratory
characteristics. With the exception of demographics data and
PSG results, we then reanalyzed all other outcomes comparing
normal and elevated PLMI groups to control for the diagnosis
of OSA using logistic regression for categorical variables and
two-way ANOVA for continuous variables. Adjusted odds ra-
tio (OR) and mean values are reported. Significance was set at
P<.05.

RESULTS

A total of 145 participants with SCD had completed a PSG; 16
were excluded because chronic transfusion therapy was started
before PSG. A total of 129 patient records were reviewed, of
which 122 participants had TCD and 71 had MRI brain scans
with 58 also having had MRA brain scans (Figure 1). The

Journal of Clinical Sleep Medicine, Vol. 15, No. 7

Periodic Limb Movements in Sleep and Cerebrovascular Changes

Figure 1—Flowchart of study design.

| 145 SCD patients with polysomnography

16 patients were excluded because chronic
transfusion therapy was started before PSG.

129 patients

subdivided into 2 groups:

—

Children with PLMI < 5

Laboratory testing & clinical data
129 subjects reviewed

Children with PLMI > 5

Transcranial Doppler scans:
122 subjects had TCD

Magnetic Resonance Imaging
of brain:
71 subjects had MRI
(of which 58 subjects also
had MRA)

Of the 145 children with SCD who underwent PSG, 129 participants
met inclusion criteria and were subdivided into 2 groups: children with
PLMI < 5 events/h and those with PLMI > 5 events/h. MRA = magnetic
resonance imaging of arteries, MRl = magnetic resonance imaging,
PLMI = periodic limb movement index, SCD = sickle cell disease,
TCD = transcranial Doppler.

1013

mean age in the overall study was 10.1 + 4 years (range 3—18),
58% were male and 42% females. Of 129 children, 42% had
elevated PLMI. The majority of patients with SCD had hemo-
globin SS (HbSS) genotype (93%) with the remainder having
hemoglobin SC (HbSC, 2%) or hemoglobin HbS-beta thalas-
semia (HbS-beta thal, 5%) genotypes.

In comparing groups of children with normal PLMI versus
elevated PLMI, we found no significant differences in sex or
sickle cell genotypes. Children with elevated PLMI were sig-
nificantly younger (P = .008) and tended to have lower body
mass index (P =.063) at time of PSG (Table 1).

Laboratory Results

Elevated PLMI was significantly associated with higher per-
centage of hemoglobin S (HbS%), lower hemoglobin, higher
red cell distribution width (RDW), lower ferritin and lower
total iron (Table 2) with all analyses for laboratory results
controlling for diagnosis of OSA. There were no significant
differences between elevated PLMI and the other blood count
indices, percentage of hemoglobin F (HbF%), total iron binding
capacity, bilirubin (total and direct) or lactate dehydrogenase.
Furthermore, when we evaluated the relationship between el-
evated PLMI and HbS% in association with HbF% less than or
greater than 15, the results did not show statistical significance.

July 15, 2019



J Lin, K Morrone, D Manwani, et al.

Periodic Limb Movements in Sleep and Cerebrovascular Changes

Table 1—Patient demographics.

Entire Study Group (n = 129) PLMI < 5 events/h (n = 75) PLMI > 5 events/h (n = 54) P
Age (years) 10.1£4.0 10.9+3.9 9.0+4.0 .008
Sex, male 75/129 (58%) 40/75 (53%) 35/54 (65%) 192
BMI (kg/m?) 18.4 £4.92 19.1+£5.43 17.4 £3.96 .063
HbSS genotype 120/129 (93%) 69/75 (92%) 51/54 (94%) 591
HbSC genotype 3/129 (2%) 2/75 (3%) 1/54 (2%) 762
HbS-beta thal genotype 6/129 (5%) 4175 (5%) 2/54 (4%) 665

Values are reported as mean + standard deviation or n (%). The mean age in the overall study was 10.1 £ 4 (range 3-18 years), 58% were male and
42% females. The majority of patients with SCD had HbSS genotype. Participants with elevated PLMI were found to be significantly younger in age
at time of PSG. Significance was set at P < .05. BMI = body mass index, HbS-beta thal = hemoglobin S-beta thalassemia, HbSC = hemoglobin SC,
HbSS = hemoglobin SS, PLMI = periodic limb movement index, PSG = polysomnography, SCD = sickle cell disease.

Table 2—Laboratory results.

PLMI = 5 events/h PLMI > 5 events/h P
White blood cell count (k/uL) 12.7 £ 3.54 13.7+3.71 131
Hemoglobin (g/dL) 8.7+£1.23 8.2+1.01 .048
Mean corpuscular volume (fL) 88.5+11.85 85.9+10.38 .208
Mean corpuscular hemoglobin concentration (g/dL) 352+0.95 354 +£220 .556
Red cell distribution width (%) 19.3+2.52 204 +282 .025
Platelets (k/uL) 381.7 £ 122.86 405.3 + 112.72 .281
Absolute neutrophil count (k/uL) 714232 8.0+3.38 .085
Reticulocyte count (%) 10.9 +5.05 12.1 £5.00 204
Percentage of hemoglobin S (%) 68.8 £ 15.68 744 £12.40 046
Percentage of hemoglobin F (%) 121 +7.28 11.2+6.35 487
Total iron (ug/dL) 102.8 +42.21 86.0 + 28.15 .033
Ferritin (ng/mL) 365.0 £311.22 236.3 £237.21 023
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Values are reported as mean + standard deviation. All analyses for laboratory results were controlled for diagnosis of obstructive sleep apnea. Elevated
PLMI was significantly associated with higher percentage of hemoglobin S, lower hemoglobin, higher red cell distribution width, lower total iron and lower

ferritin. Significance was set at P < .05. PLMI = periodic limb movement index.

Clinical Characteristics

While controlling for diagnosis of OSA within all clinical char-
acteristics, the relationship between elevated PLMI and history
of nighttime oxygen therapy was approaching significance
(P = .058, OR 3.5, 95% CI 0.96-12.54) (Table 3). Elevated
PLMI was not significantly associated with history of pulmo-
nary hypertension, number of acute chest syndrome episodes
before PSG, hydroxyurea treatment before PSG, splenic/he-
patic sequestration, splenectomy, cholecystectomy, priapism,
avascular necrosis, previous exchange transfusions, asthma,
continuous positive airway pressure/bilevel positive airway
pressure (CPAP/BPAP) treatment or attention deficit hyper-
activity disorder. No statistical significance was found in the
relationship between elevated PLMI and number of patients
with greater than three admissions for vaso-occlusive crises in
the year prior to PSG.

Polysomnography Results

All patients had PSG performed; 116 participants had PSG
performed on room air, 9 had oxygen titration studies, and 4
had CPAP/BPAP titration studies. Elevated PLMI was pres-
ent in 42% (54/129) of children with SCD. Participants with
elevated PLMI were found to have higher arousal index as

Journal of Clinical Sleep Medicine, Vol. 15, No. 7

1014

well as higher limb movement indices. Elevated PLMI was
not significantly associated with any respiratory events, oxy-
genation, ventilation or snoring (Table 4). Despite the di-
agnosis of OSA being significantly associated with elevated
PLMI, our participants with elevated PLMI had slightly
higher (but not significant) AHI. In an effort to address
this discrepancy, we reviewed the entire data set and found
that both groups (elevated PLMI versus normal PLMI) had
mostly similar distributions for AHI means, with the excep-
tion of one outlier with an abnormally high AHI. Due to
concern that this outlier may have skewed the results of our
data analyses, we reanalyzed the PSG results excluding the
1 outlier, and found that elevated PLMI became significantly
associated with higher AHI (P = .027) and higher hypopnea
index (P = .038).

TCD Results

While controlling for diagnosis of OSA in all analyses for im-
aging results, a greater proportion of participants with elevated
PLMI had an elevated TCD velocity, with an association ap-
proaching statistical significance (P = .063, OR 3.9, 95% CI
0.93-16.22) (Table 5). All patients with elevated TCD veloc-
ity had conditional TCD values (within the range of 170—199
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Table 3—Clinical characteristics.

PLMI < 5 events/h PLMI > 5 events/h P
Nighttime oxygen therapy 4175 (5%) 8/54 (15%) .058
Hydroxyurea before PSG 51/75 (68%) 33/54 (61%) 515
Splenectomy 1175 (15%) 6/53 (11%) 671
Cholecystectomy 16/75 (21%) 8/54 (15%) 547
Priapism 5/40 (13%) 1135 (3%) .283
Avascular necrosis 3175 (4%) 3/53 (6%) .531
Previous exchange transfusions 15175 (20%) 10/54 (19%) A37
Asthma 27175 (36%) 21/54 (39%) 440
Splenic/hepatic sequestration 1175 (15%) 13/54 (24%) .266
Pulmonary hypertension 14175 (19%) 11/54 (20%) 991
History of > 3 admissions for VOC in 1 year before PSG 5175 (7%) 2/54 (4%) ATT
Number of ACS episodes before PSG 19+0.26 1.7+£0.28 .526

Values are reported as n (%) or mean + standard deviation. All analyses for clinical characteristics were controlled for diagnosis of obstructive sleep apnea.
The relationship between elevated PLMI and history of nighttime oxygen therapy approached significance. Significance was set at P < .05. ACS = acute

chest syndrome, PLMI = periodic limb movement index, PSG = polysomnography, VOC = vaso-occlusive crisis.

Table 4—Polysomnography results.

PLMI < 5 events/h (n = 75) PLMI > 5 events/h (n = 54) P
Apnea-hypopnea index (events/h) 2.37 £4.756 3.22 £3.921 282
Central apnea index (events/h) 0.37 £ 0.467 0.43 +0.480 470
Obstructive apnea index (events/h) 0.19+0.510 0.34 £ 0.806 176
Hypopnea index (events/h) 1.81 £ 4.561 244 +3.633 401
% sleep below SpO, 90% (%) 1.44 +6.360 4.54 +15.094 14
SpO; nadir (%) 90.13 £ 6.268 89.13 £ 5.821 .359
Max end-tidal CO, (mmHg) 47.74 £ 3.951 46.58 + 4.212 7
Total sleep time (minutes) 401.09 £ 71.889 409.15 £ 52.209 484
Sleep latency (minutes) 13.99 £ 13.511 15.37 £ 16.839 .606
Sleep efficiency (%) 88.05 + 11.548 88.83 £7.179 659
Awakening index (events/h) 294 +1.444 3.09 +1.389 537
Arousal Index (events/h) 6.89 +3.729 11.74 £5.972 .001
REM sleep latency (minutes) 106.24 + 54.965 99.94 +47.449 498
Wake time (%) 54.82 £ 49.377 51.95 + 34.584 715
Stage N1 sleep (% total sleep time) 5.76 £ 4.295 7.51 +£6.250 .061
Stage N2 sleep (% total sleep time) 45.61 +9.480 4498 +8.738 702
Stage N3 sleep (% total sleep time) 2829 £7.578 27.06 £9.518 417
Stage R stage (% total sleep time) 19.97 £5.168 20.37 +5.384 673
Isolated limb movement index (events/h) 6.64 £ 3.634 9.27 + 3.046 <.001
Periodic limb movement index (events/h) 1.78 £1.592 13.03 £ 7.852 <.001
Total limb movement index (events/h) 8.42 +4.756 22.37 +8.174 <.001
Periodic limb movement arousal index (events/h) 1.16 +1.756 9.69 +£9.228 <.001
Snoring on polysomnography 70/75 (93%) 48/54 (89%) 373
Diagnosis of OSA on polysomnography 17175 (23%) 23/54 (43%) 016
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Values are reported as mean + standard or n (%). Participants with elevated PLMI were found to have significantly higher arousal index as well as higher
limb movement indices. Diagnosis of OSA was significantly associated with elevated PLMI. Significance was set at P < .05. CO, = carbon dioxide,
OSA = obstructive sleep apnea, PLMI = periodic limb movement, REM = rapid eye movement, SpO, = oxygen saturation.

cm/s). The age of first elevated TCD velocity tended to be lower
in children with elevated PLMI as compared to those with

normal PLMI, but this value was not statistically significant.

Interestingly, if the PLMI cutoff was raised so that elevated
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PLMI equaled PLMI > 10 events/h, the association between el-
evated PLMI and elevated TCD velocity reached significance
(P = .043, OR 3.961, 95% CI 1.047-14.987) with all analyses
controlling for diagnosis of OSA.
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Table 5—Imaging results.

PLMI < 5 events/h PLMI > 5 events/h P

TCD Results

Elevated TCD velocity (= 170 cm/s) 371 (4%) 7/51 (14%) .063
Age of first elevated TCD velocity (in years) 6.7+2.08 5.3+2.56 517
MRI/MRA Results

Isolated cerebral ischemia 11/42 (26%) 9/29 (31%) .685
Isolated cerebrovascular stenosis 2/34 (6%) 6/24 (25%) .050
Cerebral ischemia and cerebrovascular stenosis 2134 (6%) 3/24 (13%) .358
Cerebrovascular stenosis and Moyamoya disease 1/34 (3%) 5124 (21%) .046
Age of first abnormal MRI (in years) 12.0 £4.07 9.3+3.24 140

Values are reported as n (%) or mean * standard deviation. All analyses for imaging results were controlled for diagnosis of obstructive sleep apnea.
A greater proportion of participants with elevated PLMI had an elevated TCD velocity, with an association that approached statistical significance. While
the association between elevated PLMI and isolated cerebrovascular stenosis trended toward significance, there was a significantly greater percentage
of children with elevated PLMI who had cerebrovascular stenosis with Moyamoya disease. Significance was set at P < .05. MRA = magnetic resonance
imaging of arteries, MRI = magnetic resonance imaging, PLMI = periodic limb movement index, TCD = transcranial Doppler.

Figure 2—Brain imaging.

Axial T2 brain magnetic resonance imaging (A) and intracranial magnetic
resonance imaging of arteries (B,C) show decreased flow in A1 segment
of anterior cerebral artery (arrowhead) and a collateral network of medial
lenticulostriate arteries (known as basal Moyamoya seen with arrows).

MRI Results

While the association between elevated PLMI and isolated
cerebrovascular stenosis (P = .050, OR 5.6, 95% CI 1.0-31.10)
trended toward significance, there was a significantly greater
percentage of children with elevated PLMI who had cerebro-
vascular stenosis with Moyamoya disease (P = .046, OR 9.8,
95% CI 1.0-92.94) (Table 5) with all analyses controlling
for diagnosis of OSA. Of those with Moyamoya disease,
the majority had a component of basal Moyamoya disease
(Figure 2). While controlling for diagnosis of OSA in all

Journal of Clinical Sleep Medicine, Vol. 15, No. 7 1016

imaging results, elevated PLMI was not significantly associ-
ated with isolated cerebral ischemia. The age of first abnormal
MRI tended to be lower in children with elevated PLMI as
compared to those with normal PLMI, but this difference was
not statistically significant.

To further account for any confounding effect of OSA on
PLMI, we performed additional subgroup analysis excluding
the 40 patients with diagnosis of OSA, and still found a sig-
nificant association between children with elevated PLMI and
cerebrovascular stenosis with Moyamoya disease (P = .035).
Moreover, when the PLMI threshold was raised so that el-
evated PLMI equaled PLMI > 8 events/h, elevated PLMI
became significantly associated with both isolated cerebrovas-
cular stenosis (P = .018, OR 8.229, 95% CI 1.441-46.984) and
cerebrovascular stenosis with Moyamoya disease (P = .021,
OR 14.508, 95% CI 1.507-139.670), with all analyses control-
ling for diagnosis of OSA.

DISCUSSION

In this retrospective review of children with SCD referred for
PSG, we found that the prevalence of elevated PLMI was 42%,
which is greater than previously published rates of 26%." This
finding is in accordance with prior research showing that chil-
dren with SCD have considerably higher frequency of PLMs
compared to healthy children without SCD.'*"" Our study also
examined a larger sample size of 129 children with SCD com-
pared to those in prior studies of similar participants,' thereby
providing us with a greater opportunity to investigate the ef-
fects of PLMs on such a pediatric population. In light of recent
research showing that PLMs are associated with higher risk of
developing cardiovascular and cerebrovascular diseases,”® 2 it
was particularly important for us to study the clinical implica-
tions of elevated PLMI in children with SCD who are already
at risk for stroke.

In comparing the clinical and laboratory characteristics of
our sample population with elevated PLMI versus those with
normal PLMI, we noted a greater proportion of participants
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with elevated PLMI had higher percentage of HbS which is of
unclear significance. Although HbS% may contribute to the
pathology of SCD, it does not alone reflect severity of SCD
since there are several other factors involved in the polym-
erization of deoxygenated HbS including the degree of cell
deoxygenation, pH and HbF%.* Our study also showed that
patients with elevated PLMI were significantly more likely
to have a history of OSA and tended to have more frequent
clinical history of nighttime oxygen therapy (with P value ap-
proaching significance). This was an interesting finding given
previous research with patients with SCD that showed that
nocturnal hypoxemia was associated with painful sickle cell
crises and potentially increased risk of stroke, seizures and
transient ischemic attacks.'>'*!> Moreover, we examined many
other variables related to clinical complications of SCD in-
cluding history of splenic/hepatic sequestration, priapism and
vaso-occlusive admissions before PSG, but they did not reveal
any statistically significant association with elevated PLMI.

Additional laboratory analysis revealed that a significantly
greater percentage of our participants with elevated PLMI had
lower ferritin, lower hemoglobin and lower total iron levels
with increased RDW, which is consistent with previous studies
that have shown an association between iron deficiency and
PLM disorder. Although children with progressive complica-
tions of SCD may eventually require frequent blood transfu-
sions contributing to iron overload,” the children with elevated
PLMI in our study had significantly lower ferritin levels. Given
the findings of lower total iron levels in the setting of relatively
normal ferritin values for these children, there could also be
some degree of anemia of inflammation contributing to iron-
restricted erythropoiesis. Regarding the relationship between
iron and PLMs, the pathophysiology of PLMs is thought be re-
lated to abnormalities involving insufficient central dopamine
with iron serving as a cofactor for a rate-limiting enzyme (ty-
rosine hydroxylase) needed in dopamine synthesis.?® Recently,
PLMs have also been associated with low regional brain iron
levels rather than low peripheral iron availability as seen in
studies examining CSF and MRI brain imaging.?*?® Both low
brain iron stores as well as possible differences in control of
iron metabolism in SCD have been proposed as mechanisms
for iron dysregulation in the pathogenesis of PLMs in SCD.'¢

In recent years, there has been growing interest in evalu-
ating periodic limb movements in sleep in relation to hyper-
tension, heart disease and stroke.? In our study, children with
elevated PLMI have significantly higher arousal index as well
as higher limb movement parameters which were as expected,
but equivocal awakening index. Other reports have shown
that PLMs could occur with EEG micro-arousals.”* and that
micro-arousals in the absence of frank awakening may cause
significant morbidity with adverse neurocognitive outcomes
and cardiovascular disease.'*' This effect of micro-arousals is
particularly relevant to the pediatric SCD population who is al-
ready at greater risk for neurocognitive deficits from acute and
often silent strokes.>*** PLMs might also have an effect on
the cardiovascular system through periodic increases in heart
rate and blood pressure that may result in sustained adrenergic
surges causing persistent elevation in blood pressures not only
during sleep but also during wakefulness.’!
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Moreover, research has shown that the sympathetic overac-
tivity associated with PLMs in the case of patients with rest-
less legs syndrome (RLS) may predispose to heart disecase and
stroke either directly or indirectly via atherosclerotic plaque
formation and rupture, especially in the setting of daytime hy-
pertension.” Although studies are limited, it has been reported
that PLMs in the setting of RLS and traditional stroke risk fac-
tors may lead to increased risk for silent stroke as determined
by microvascular lesion load.” This is especially important to
recognize in children with SCD in whom the prevalence of si-
lent infarct is high with associated lower intelligence quotient
and poor academic performance.® The reverse may also be
true with anecdotal evidence showing acute clinical stroke in
the basal ganglia, internal capsule or corona radiata leading to
RLS/PLMs.?> PLMs in sleep have also been associated with
sympathetic bursts and changes in cerebral hemodynamics
detected on near infrared spectroscopy, which may contrib-
ute to increased risk of stroke in at-risk populations such as
those with SCD.'*2° In addition, given the known association
between PLMs and OSA, it is important to note that OSA itself
is an independent risk factor for stroke.**

With regards to imaging studies, we found that children with
elevated PLMI tended to have elevated TCD velocities (with
P approaching significance). Although elevated PLMI was not
significantly associated with infarct on brain MRI/MRA scans,
it was significantly associated with higher rates of cerebrovas-
cular stenosis with Moyamoya disease and showed a strong
trend toward significance for isolated cerebrovascular steno-
sis. These findings could suggest that elevated PLMI may be
associated with earlier signs of cerebrovascular compromise
before progression to infarction in children with SCD. Of in-
terest, Moyamoya disease was present in 6/58 (10%) children
with SCD. Moyamoya disease with its associated development
of collateral vessels in the setting of progressively worsening
cerebrovascular stenosis has become increasingly recognized
as an important cause of stroke in children.***¢ We also found
that participants with elevated PLMI were significantly younger,
which may reflect a trend toward greater occurrence of cerebro-
vascular disease at a younger age and is consistent with prior re-
search that has shown approximately 11% of patients with SCD
having clinically apparent strokes before the age of 20.

Our MRI/MRA findings support the importance of continu-
ing to consider MRI as a modality in assessing for cerebro-
vascular disease especially given the high prevalence of silent
stroke in children with SCD.>* Although MRI/MRA studies
are accompanied by need for sedation in the pediatric popu-
lation with potential risk associated with general anesthesia,
the clinical yield of performing such imaging may be high for
children with SCD who are already at greater risk for stroke.
Presence of elevated PLMI on PSG therefore has the potential
to serve as a noninvasive tool in assessing for risk of cerebral
vasculopathy in children with SCD, and may provide more in-
formation to assist in deciding the need for brain MRI/MRA
in these children in addition to current indications for imaging.
Further investigation is still necessary to determine causality
and evaluate whether PLMI can be used as a marker to identify
patients at increased risk for cerebrovascular stenosis with or
without Moyamoya disease.
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This study had some limitations. It was a retrospective re-
view of medical records, making it difficult to control for all
of the variables involved. The participants in our SCD patient
population were referred for PSG for assessment of sleep-
disordered breathing, so there was inherent selection bias with
potential for overestimating the prevalence of elevated PLMI
in the children with SCD. However, other previously published
retrospective and prospective studies of PLMs in patients
with SCD have shown similarly higher prevalence rates for
PLML.'*!"® There was also no clinical information on symptoms
of RLS or PLMD available for our study. Although not all pa-
tients in our study underwent brain imaging, we did observe
changes in clinical practice over time with more brain MRI/
MRA studies being done in the past few years, possibly due
to more concerns to evaluate for silent infarcts. Since not all
patients had brain MRI/MRA or TCD studies, this limited the
power of our study. Furthermore, in the setting of our retro-
spective study, the associations found between elevated PLMI
and cerebrovascular disease do not necessarily confer causa-
tion, and further investigation is needed to evaluate causality.

CONCLUSIONS

In this retrospective study of a referred patient population, we
were able to demonstrate a high prevalence of elevated PLMI
in children with SCD compared to previously published data.
Children with elevated PLMI tended to have elevated TCD
velocities with an association that was approaching signifi-
cance. Elevated PLMI was significantly associated with higher
rates of cerebrovascular stenosis with Moyamoya disease and
showed a strong trend toward significance for isolated cerebro-
vascular stenosis, but not for isolated cerebral ischemia. These
findings could suggest that elevated PLMI may be associated
with earlier signs of cerebrovascular compromise in children
with SCD and could serve as a marker in screening for cere-
brovascular disease, but further investigation is needed to fully
delineate this in prospective studies.

ABBREVIATIONS

ACA, anterior cerebral artery

AHI, apnea-hypopnea index

BPAP, bilevel positive airway pressure

CHAM, Children’s Hospital at Montefiore

CPAP, continuous positive airway pressure
HbS-beta-thal, hemoglobin S-beta thalassemia genotype
HbF%, hemoglobin F

HbS%, hemoglobin S

HbSC, hemoglobin SC genotype

HbSS, hemoglobin SS genotype

ICA, internal carotid artery

MCA, middle cerebral artery

MRA, magnetic resonance imaging of the arteries
MRI, magnetic resonance imaging

OR, odds ratio

OSA, obstructive sleep apnea
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PLM, periodic limb movement
PLMI, periodic limb movement index
PSG, polysomnography

RDW, red cell distribution width
RLS, restless legs syndrome

SCD, sickle cell disease

TCD, transcranial Doppler
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