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ABSTRACT

Background and Objective: A diagnosis of restless legs syndrome (RLS) requires an urge to move
the legs in combination with sensory leg discomfort. Localization of the symptoms to other body
areas in the absence of leg involvement is not recognized as part of the phenotypic spectrum of
RLS. We describe 3 patients who presented with sensorimotor symptoms confined to the abdom-
inal wall and, with the exception of not involving the legs, satisfied the primary and secondary
diagnostic criteria for RLS.

Methods: Patients underwent detailed clinical history, video-polysomnography, abdominal imag-
ing, and serologic and genotyping assessment.

Results: Unpleasant abdominal symptoms emerged at night during periods of rest and were ac-
companied by an urge to move and temporized by movement. Patients reported sleep onset and
sleep maintenance insomnia due to their abdominal symptomatology. Abdominal imaging was
normal. Secondary features included periodic leg movements of sleep (PLMS), and dramatic
symptom amelioration with the D2-D3 dopaminergic agonist pramipexole. Two subjects were ane-
mic. Conventional RLS emerged in one subject and resolved after dose escalation. Each subject
was homozygous for the most common RLS/PLMS–associated risk allele in the BTBD9 gene.

Conclusions: Our observations indicate that the restricted abdominal symptomatology manifest
in our subjects represents a phenotypic variant of RLS. Physicians should be vigilant to the exis-
tence of this unique phenotype when encountering subjects who present with insomnia and ab-
normal abdominal sensations. Our experience emphasizes the importance of supportive clinical
features in rendering a correct diagnosis such that the most cost-effective workups and treat-
ment can be realized. Neurology® 2011;77:1283–1286

GLOSSARY
OR � odds ratio; PLMS � periodic leg movements of sleep; RLS � restless leg syndrome; SNP � single nucleotide polymorphism.

Restless legs syndrome (RLS) is characterized by an urge to move the legs accompanied by
uncomfortable sensations during periods of rest, improves with movement, and exhibits a
diurnal preference for the evening or night.1 Anecdotal reports of sensory disturbances isolated
to the arms, mouth, trunk, and perineum, but in the absence of leg involvement, have been
interpreted as RLS equivalents.2,3 It remains unclear whether these cases represent genuine RLS
variants because most RLS-associated features such as diurnal preference, periodic limb move-
ments of sleep (PLMS), family histories, iron deficiency, and sleep disruption were absent. We
encountered 3 patients in whom RLS symptoms were confined to the abdomen and satisfied
the primary and secondary diagnostic criteria for RLS.

METHODS Subjects were identified from among 2,496 new patients and 362 patients diagnosed with RLS seen at the Hospital
Clinic of Barcelona Sleep Center between July 2004 and June 2009.

For genotyping for RLS/PLMS risk alleles, a pair of PCR primers was designed to amplify the flanking region of 5 single
nucleotide polymorphisms (SNPs) in the MEIS1, BTBD9, PTPRD, and MAP2K5 genes.4 A SNP assay was performed on a 7900 HT
Fast Real-Time PCR System (Applied Biosystems). After PCR, the intensities of the 2 reporters were used to compute the relative
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abundance and allelic composition of the relevant SNP. Odds
ratios (ORs) for RLS/PLMS with respect to the average person
were calculated by using the ORs and SNP frequencies for each
at-risk allele with respect to noncarriers in the Icelandic popula-
tion, which are similar to those in other European populations.
The OR in the population was calculated on the basis of the
following formula (illustrative example for rs3923809 in
BTBD9) � 1 � (1 � 0.669) � (1 � 0.669) � 1.7 � 2 � (1 �

0.669) � 0.669 � 1.7 � 1.7 � 0.669 � 0.669 � 2.41. By assum-
ing a multiplicative model, the normalized OR for the GG
genotype is 0.59 (1/1.7), for the AG genotype is 0.71 (1.7/
2.41), and for the AA genotype is 1.20 (1.7 � 1.7/2.41). The
overall OR for RLS was derived by multiplying the normal-
ized OR for each marker.

RESULTS Subjects were self-referred because of in-
somnia and uncomfortable sensorimotor abdominal
symptoms. Each patient denied gastrointestinal dis-
orders and abdominal surgery. Family histories of
similar abdominal symptomatology and RLS were
denied. Physical and neurologic examinations and
abdominal imagining were normal. Two subjects
were anemic. Video-polysomnography or accelerom-
etry5 documented PLMS and sleep fragmentation
(tables 1 and 2).

Case 1. A 62-year-old man complained of 14 years of
nocturnal awakenings due to a “nervous twitchy feel-
ing” in his abdomen. Discomfort occurred nightly,

2–3 hours after sleep onset, persisted for 30–120
minutes, and was relieved by sitting up and walking.

Video-polysomnography documented 6 episodes
of rhythmic (2 Hz) abdominal rocking, each persist-
ing for 15–20 minutes at wake-sleep transitions.
Pramipexole (0.18 mg) brought immediate relief.
Dose titration to 0.65 mg was necessary after 1 year,
and he has remained asymptomatic for 4 years.

Case 2. A 62-year-old man described 6 years of an
unpleasant “abnormal tickling” in his abdomen that
awakened him about 20 minutes after lying down for
sleep and that partially improved when he moved,
arose from bed, or walked. Treatment with the neu-
roleptic levomepromazine (15 drops of a 4% solu-
tion), which might be expected to worsen RLS, and 5
mg diazepam, was ineffective. Iron deficiency anemia
due to Barrett esophagus was discovered. Video-
polysomnography documented leg pedaling move-
ments and repeated compression of his abdominal
wall with his hands coincident with waking sensory
symptoms that culminated in his arising from bed to
gain relief. Pramipexole (0.18 mg) brought immedi-
ate relief. Dose titration to 0.70 mg was necessary
after 1 month in addition to supplementation with
oral iron for persistent anemia and pregabalin (150
mg) to maintain symptomatic relief.

Case 3. A 62-year-old woman with 15 years of sleep
onset and maintenance insomnia complained of
1-year worsening coincident with anemia related to
interferon and ribavirin therapy for a hepatitis C in-
fection and the start of nocturnal abdominal discom-
fort mainly involving the epigastric area. Abdominal
discomfort, which she described as “electric currents,
shocks, or sparks deep in my belly,” awakened her
about 10 minutes after falling asleep. They forced her
to either arise or to get out of bed and interfered with
her resuming sleep.

Video-polysomnography revealed a PLMS index
of 35 that included the arms and trunk. Pramipexole
(0.18 mg) eliminated her discomfort within 1 week.
Six months later, conventional RLS symptomatology
that was indistinguishable from that previously expe-
rienced in her abdomen (which, otherwise, remained
free of symptoms) emerged. Measurements of iron
and hematologic parameters showed normal values.
A second video-polysomnography with extended
EMG revealed a PLMS index of 8 and no periodic
movements in the rectus femoris and rectus abdomi-
nis. RLS disappeared after the pramipexole dose was
increased to 0.36 mg. She has remained asymptom-
atic for 8 months.

Each subject was homozygous for the most com-
mon RLS/PLMs–associated risk allele in the BTBD9
gene. The overall lifetime risk of RLS/PLMS in pa-

Table 1 Clinical features of the 3 patients

Case 1 Case 2 Case 3

Age at presentation, y 62 62 62

Sex M M F

Symptom duration, y 14 6 1

Essential criteria

Urge to move � � �

Emergence during periods of rest � � �

Relief with movement � � �

Nocturnal preponderance � � �

Supportive criteria

Family history � � �

Response to dopaminergic therapy � � �

Periodic leg movements of sleep � � �

Associated features

Sleep onset insomnia � � �

Sleep maintenance insomnia � � �

Serum hemoglobin, g/dL 16.4 11.5 12.9

Serum iron, �g/dL 100 48 66

Serum ferritin, ng/mL 441 9 79

Additional workup

Physical examination Normal Normal Normal

Abdominal ultrasonography Normal Normal Normal

Spinal MRI Normal Normal Normal
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tient 2 (OR � 1.02) was comparable to that of the
population of Spain in whom the RLS prevalence is
approximately 10%, whereas risk was more than 21⁄2
times higher in patients 1 (OR 2.57), and 3 (OR
2.69) (table 3).

DISCUSSION We describe a clinical picture indis-
tinguishable from RLS with the sole exception be-
ing that symptoms were confined to the
abdominal wall. The essential and secondary crite-
ria for RLS and associated features were observed
save for the exception that family histories were
absent. Symptoms could not be attributed to an
alternate medical condition including propriospi-
nal myoclonus. We conclude that the abdominal
symptomatology of our patients represents a phe-
notypic variant of RLS. That conventional RLS

emerged in one patient after elimination of ab-
dominal symptomatology with pramipexole is
supportive of our conclusion.

Arms, hips, trunk, or face may be involved in RLS
in addition to the legs, particularly in severe cases1 or
during augmentation. To the best of our knowl-
edge, there are no previous reports of RLS-like
symptomatology confined to the abdomen. A sin-
gle patient with idiopathic RLS had restlessness in
the legs and lower abdomen in association with a
“rhythmic movement disorder.”6 There are a few
descriptions of patients with symptoms resembling
RLS occurring exclusively in body areas other than
the legs such as the mouth, arms, trunk, and
perineum.2,3 It is not certain whether these anec-
dotal cases represent phenotypic variants of RLS
because they were not comprehensively assessed,
and symptom reversal with dopaminomimetics is
insufficient to render a diagnosis, given that su-
praspinal dopamine networks modulate sensory
perception7 and dopamine receptors are associated
with placebo analgesic responses.

PLMS is an RLS endophenotype critical to defin-
ing the biology of RLS inclusive of the extent of the
phenotypic spectrum as we show here.8 The pattern
of PLMS in RLS shows that the anterior tibialis is the
first to be activated and also the most frequently in-
volved but axial muscles such as the rectus abdominis
can also be involved in 3%–6% of cases.9 The patho-
physiology of RLS remains unclear, although su-
praspinal hyperexcitability of the lumbosacral
segments (L4–S1) of the spinal cord has been impli-
cated. The pedaling movements seen in one patient
may reflect the activation of a lumbosacral spinal pat-
tern generator.10 The substrate must also engage the
T7–T12 thoracic spinal segments to account for the
abdominal symptoms in our patients.

Patients reported here with restlessness restricted
to the abdomen represent part of the RLS spectrum.
Physicians should be vigilant to the existence of this
phenotype when they encounter subjects who pres-
ent with insomnia and abnormal abdominal sensa-
tions. This will avoid misdiagnoses and facilitate

Table 2 Polysomnographic features

Case 1 Case 2 Case 3

Total sleep time, min 195 129 306

Sleep efficiency, % 41 31 70

Sleep onset latency, min 108 20 27

Wake time after sleep
onset, min

175 274 104

N1 stage, % 26.6 25.9 8.7

N2 stage, % 56.3 74.1 55.6

N3 stage, % 4.6 0 22.5

REM sleep stage, % 12.5 0 13.2

REM sleep stages, n 2 0 2

REM sleep onset latency,
min

94 145

Apnea-hypopnea index 0 3 6

Arousal index 15.7 3 21

PLM index 22a 25 35

Video analysis Six episodes of
abdominal
rocking during
wakefulness
to relieve
abdominal
discomfort

Behavioral maneuvers
during wakefulness
to relieve abdominal
discomfort

Periodic movements
also involving the
trunk and upper
limbs

PLM index � periodic leg movements; PLMS � periodic leg movements of sleep.
a Absence of PLMS on a single night of polysomnography but ambulatory, bilateral acceler-
ometry during 4 consecutive nights showed PLM indices of 20, 21, 23, and 23 (mean PLM
index of 21.75).

Table 3 RLS/PLMs–associated genotypes and risk assessmenta

Subject
MEIS1
rs2300478

BTBD9
rs3923809

PTPRD
rs1975197

PTPRD
rs4626664

MAP2K5
rs3784709

OR
RLS/PLMs

Case 1 GT AA CC AG CC 2.57

Case 2 GT AA CT GG TT 1.02

Case 3 GG AA CT GG CT 2.69

Abbreviations: OR � odds ratio; PLMS � periodic leg movements of sleep; RLS � restless leg syndrome.
a Genotypes at each of the individual single nucleotide polymorphisms within 4 genes (indicated) known to be associated
with increased risk of RLS. At-risk alleles are indicated in boldface.

Neurology 77 September 27, 2011 1285



symptom management guided by RLS practice
parameters.
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Historical Abstract: June 1, 1953

NEUROLOGIC SYMPTOMS AND SIGNS IN 347 CASES OF VERIFIED BRAIN TUMOR

David G. Freeman, Manousos A. Petrohelos, and John W. Henderson

Neurology 1953;3:437–452

In making the diagnosis of a brain tumor, the only sure method is by surgical exploration and microscopic analysis. However,
in order to make a tentative diagnosis of a space taking intracranial lesion there must be a strong suspicion initiated by the
patient’s symptoms and confirmed by a careful neurologic examination. In analyzing the records of 347 brain tumors seen
over a ten year period at the University Hospital, Ann Arbor, a purely statistical summary has been made of the symptoms
and signs which occurred with sufficient frequency to be significant in the diagnosis. The purpose of this paper is to tabulate
these findings according to proven anatomic location of the tumor.
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