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Abstract: Background: Spinal cord demyelination can cause several movement disorders. Although these
abnormal movements could be the presenting symptom of the disease and, at times, the major source of
disability, they are often overlooked, mislabeled, or undertreated. The aims of this study were to clearly
define and establish common terminology for spinal movement disorders (SMDs) and characterize their full

spectrum in patients with neuromyelitis optica (NMO).

Methods: We chart reviewed 37 patients with NMO or NMO spectrum disorder. We classified spinal
movement disorders under five categories: tonic spasms; focal dystonia; spinal myoclonus; spontaneous
clonus; and tremors of spinal origin. We examined clinical, MRI, and medication data of symptomatic

patients.

Results: Of the 37 patients (86.4% female; mean age: 51 £ 17 years; mean disease duration:

9.4 + 5.3 years), 16 (43.2%) had one or more form of SMDs. Compared to those without SMDs, patients
with SMDs were generally older at presentation and were less likely to be African Americans. An abnormal
movement was the main complaint in at least one posthospitalization visit in all symptomatic patients.
Thirteen (35.1%) patients had paroxysmal tonic spasms, 2 (5.4%) had focal dystonia, 3 (8%) had postural/
action tremors, and no patient had spinal myoclonus or spontaneous clonus. In 9 patients, spasms were
painful. There was no signal abnormality in the basal ganglia or the brainstem/cerebellum in any of the

symptomatic patients.

Conclusions: SMDs are common in NMO and are often a major source of disability. Using clear, unified
terminology to describe SMDs is crucial for both clinical and research purposes.

The prototype pathological substrates for movement disorders
are the basal ganglia, other deep subcortical nuclei, the cerebel-
lum, and their connections in the brainstem.'

Comparatively, spinal movement disorders (SMDs) are
under-recognized despite their commonness in clinical prac-
tice, their significant contribution to patients’ morbidity, and
their potential diagnostic utility.>> SMDs can result from any
spinal cord pathology, but are most commonly described in
patients with cord demyelination.* SMDs have been described

in neuromyelitis optica (NMO),>> multiple sclerosis (MS),°
idiopathic transverse myelitis (ITM),” and secondary transverse

myelitis.® Historically, studies describing movement disorders

of spinal origin have used different terminologies to describe

the same movement disorder. For example, spinal seizures,’
painful tonic spasms,® paroxysmal dystonia,'® and paroxysmal
kinesogenic dyskinesia'' have all been used to describe tonic
spasms. Moreover, the same terminology had been used to
describe two different entities, for example, using the term
paroxysmal dystonia to describe both tonic spasm in simple
flexion and a more complex dystonic posture of the involved
limb.'™'? One of the aims of the current study was to clearly
define and establish common terminology for the categories
of SMDs for clinical and academic purposes. The second aim
was to characterize the full spectrum of SMDs in patients
with NMO using our proposed definitions and classification
algorithm.
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Materials and Methods

Proposed definitions,
classification, and unified
terminology for SMDs in NMO

Based on our clinical experience as well as previous reports in
the literature, we classified SMDs into five main types (see
Table 1): (1) tonic spasms: subclassified to extensor, flexor, iso-
metric, and unspecified spasms; (2) focal dystonia: subclassified
to paroxysmal or nonparoxysmal dystonia; (3) spinal myoclonus:
subclassified to focal/segmental myoclonus and propriospinal
myoclonus; (4) tremors of spinal origin; and (5) spontaneous
(noninducible) clonus.

After determining the SMD type and subtype, we further
classified each SMD according to the presence of pain (painful
or painless), its relation to stimulation (stimulus sensitive or
stimulus insensitive), and its relation to movement (kinesogenic
or nonkinesogenic).

To characterize the spectrum of SMDs in NMO patients, we
chart reviewed a sample of NMO/NMO spectrum disorder
(NMOSD) patients. The patient cohort was identified from a
data registry of NMO inpatient admissions from 2005 to 2013
that were treated with plasmapharesis for one or more acute
relapses during that period and continued to follow at the
NMO clinic in 2014 at the time of data collection. Only
patients with spinal cord involvement were included in the
analysis whereas patients with isolated optic nerve and/or brain/

brainstem involvement were excluded. Demographic, clinical,

TABLE 1 Proposed definitions of SMDs in NMO

radiological, and treatment data were collected and analyzed.
Patients’ charts were surveyed for documentation or description
of SMDs, and each SMD type was subsequently categorized
according to the classification algorithm. When clear documen-
tation of the exact type of movement disorder was lacking, the
description of the abnormal movement was reviewed by a
movement disorder specialist and subsequently categorized.

Chi-square and t tests were used to compare demographic
data of patients with SMDs and those without SMDs. A level
of significance <0.05 was utilized. This study was approved by
the Johns Hopkins Institutional Review Board (Baltimore,
MD).

Results

The patient cohort consisted of 37 patients (mean age:
51 £ 17 years; mean disease duration: 9.4 £ 5.3 years; 86%
females). According to the Wingerchuck 2006 and 2007 diag-
nostic ~ criteria, '*  73% met criteria for antiaquaporin
4/immunoglobulin G (AQP4-IgG)-seropositive  NMO, 19%
met criteria for AQP4-IgG-seropositive NMOSD, and 8% met
criteria for seronegative NMO. Based on the new 2015 Interna-
tional Panel NMO Diagnostic criteria, 92% of the patients met
criteria for NMOSD with AQP4-IgG and 8% met criteria for
NMOSD without AQP4-IgG."*

Of 37, there were 16 patients (43.2%) with one or more
types of SMDs (see Fig. 1). Patients with SMDs had a mean
age of 559 4 14.5 years, mean disease duration of
5.6 & 4.4 years, and 93.7% of them were female. They were

significantly older at presentation, compared to patients without

SMD Definition

Flexor tonic spasm

Paroxysmal sustained increase in muscle tone resulting in visible tonic

posturing of the affected body part (often the whole 1imb or part of the
1limb) in flexion secondary to spinal cord pathology

Extensor tonic spasm

Paroxysmal sustained increase in muscle tone resulting in visible tonic

posturing of the affected body part (often the whole 1imb or part of the
limb) in extension secondary to spinal cord pathology

Isometric tonic spasm

Paroxysmal sustained increase in muscle tone that can be felt by the patient

and palpated by the examiner, but does not result in visible change in
posture (e.g., abdominal wall muscles) secondary to spinal cord pathology.

Unspecified tonic spasm A tonic spasm not meeting criteria for other spinal movement disorders or not
specified in documentation secondary to spinal cord pathology

Paroxysmal involuntary sustained muscle contraction of antagonistic muscle
groups resulting in abnormal posture (other than simple flexion or extension)
secondary to spinal cord pathology

Persistent (nonparoxysmal) sustained muscle contraction of antagonistic
muscle groups resulting in a fixed abnormal posture secondary to spinal cord
pathology

Sudden, brief (nonsustained), shock-1like focal muscle contraction of one or
more adjacent body parts secondary to spinal cord pathology

Sudden, brief, shock-1like, arrhythmic jerks of the trunk, hips, and knees
(sparing the head) often in flexion secondary to spinal cord pathology

Postural and/or action tremors occurring after spinal cord pathological event
in absence of brain/brainstem/cerebellar lesions and personal or family
history of essential tremors

Spontaneous (noninduced) involuntary, rhythmic muscle contractions and
relaxations associated with spasticity secondary to spinal cord pathology.
It commonly involves the ankle or the wrist and appears in certain positions
or with certain movements.

Paroxysmal focal dystonia

Nonparoxysmal focal dystonia

Focal/Segmental spinal myoclonus
Propriospinal myoclonus

Tremors of spinal origin

Spontaneous clonus
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Figure 1 Frequency of SMDs in entire NMO cohort. Tonic
spasms were the most frequent SMD in the NMO patient
cohort, followed by action tremors, then focal dystonia. There
were no documented cases of spinal myoclonus or sponta-
neous clonus. S. myoclonus, spinal myoclonus; Spont. Clonus,
spontaneous clonus.

SMDs (P = 0.020727), and were less likely to be African Amer-
icans compared to patients without SMDs (P = 0.000649).
There was no significant difference in sex, disease duration, or
AQP4-IgG serostatus between patients with SMDs and those
without SMDs (see Table 2). SMDs usually started an average
of 3 months after a spinal cord attack. In 4 patients (25%),
SMDs occurred in the setting of acute relapse (clinical and radi-
ological), manifesting with tonic spasms in all 4. There were no
lesions in the basal ganglia, brainstem (excluding the cervi-
comedullary junction [CM]]), or cerebellum in any of the
symptomatic patients before or at the time of the development
of the SMD. The movement disorder was the main complaint,
at least at one posthospitalization visit, in all 16 symptomatic

patients.

Tonic spasms

Of the 16 NMO/NMOSD with SMDs, 13 patients had tonic
type spasms: 8 unspecified, 3 flexor, 2 extensor, and 1 isometric
in the chest who also had unspecified spams in the arms and
legs (Fig. 2). In 9 patients (69%), the spasms were painful. In 5

TABLE 2 NMO with SMDs vs. NMO without SMDs

patients (38%), the spasms were kinesogenic and stimulus sensi-
tive. In 3 patients, the spams involved one side of the body
(arm and leg); in 1 patient, both arms were involved sparing the
legs; in 1 patient, only neck flexors were involved; and in 1
patient, the chest muscles were involved. In 8 patients, all four
limbs were involved. When documented, the duration of tonic
spasms lasted for an average of 30 to 60 seconds and occurred
several times a day up to 100 times in 1 patient. All patients
with tonic spasms had associated neuropathic pain, and 4 had an
associated truncal band-like feeling at the part corresponding to
their sensory-level “MS hug.” In 3 patients, urinary tract infec-
tion was identified at the time of worsening of tonic spasms.

Tremors and dystonia

Three patients had postural/action tremors of the hands with
acute/subacute onset subsequent to a spinal relapse in the cervi-
cal spine. Two patients had focal nonparoxysmal dystonia
(cervical and left arm). Tremors and nonparoxysmal dystonia
were painless and stimulus insensitive.

Spinal myoclonus and
spontaneous clonus

There were no documented cases of spinal myoclonus or

spontaneous clonus in this cohort.

Radiological Findings

In all 16 patients with SMDs, spinal cord lesions where located
anywhere from the level of the CM] rostrally to the eighth tho-
racic vertebra caudally. The average lesion length was 4.75 seg-
ments (range, 1-11). Four patients with SMDs had lesion
lengths equal or less than two segments. Nine patients had their
lesions in the cervical region (including 3 with cervicothoracic
lesions), 6 in the thoracic region only, and 1 in the CM]J. All
patients with dystonia and hand tremor had lesions in the upper
cervical region without lesions in the cerebellum, basal ganglia,
or brainstem. Otherwise, there was no correlation between
lesion location and type of SMD. Data on lesion locations on
the axial cuts (anterior vs. posterior and gray vs. white matter)
were not collected for this study.

Characteristics NMO Study Cohort NMO With SMD NMO Without SMD P Value
No. patients 37 16 21
Mean age, years 51 + 17 55.9 + 14.5 40.7 £ 16.4 0.020727
Female (%) 31 (86) 15 (93.7) 16 (76.2) 0.151122
Duration of disease, years 9.4 +£5.3 3.8+ 3.6 5.6 £ 4.4 0.406825
Race (%)
African American 25 (67) 6 (37.5) 19 (90.4) 0.000649
Caucasian 9 (24) 7 (43.7) 2 (9.5) 0.016218
Hispanic 3 (8) 3 (18.7) 0 (0) 0.038452
AQP4-1gG (%)
Seropositive 34 (92) 15 (93.75) 19 (90.4) 0.717778
Seronegative 3 (8) 1(6.25) 2 (9.6)
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Figure 2 Frequency of tonic spasm subtypes in the entire
NMO cohort. Unspecified spasms were the most common,
followed by flexor spasms, extensor spasms, and isometric
spasms.

Treatment Response

All patients were treated with either antiepileptics, muscle relax-
ants, or a combination of both classes (Fig. 3). Most patients
were treated with gabapentin or pregabalin to address both neu-
ropathic pain and spasms. Excellent treatment response (resolu-
tion of SMD) was documented in 3 patients, 1 of whom was
treated with carbamazepine alone, 1 with baclofen pump after
failing other oral agents, including carbamazepine, and 1 who
received botulinium toxin injection for cervical dystonia
(Fig. 4). Poor response (persistence of SMD) was documented
in 2 patients with tonic spasms: 1 treated with gabapentin and
muscle relaxants and 1 treated with medication combination,
including oxcarbazepine. The rest of the patients reported fair
response to treatment (some improvement in SMD frequency).
In the 6 patients where documentation of SMDs at latest
follow-up was available, 3 patients reported resolution or signif-
icant improvement of their SMDs, including the patient who
had excellent initial response to carbamazepine. Three patients
reported persistent tonic spasms despite treatment, including the
patient who had initial excellent response to baclofen pump.
Median latest available follow-up was 4 years.

Discussion

In this study, we attempted to clarify the ambiguity with which
movement disorders of spinal origin have been reported in the
literature. We proposed clear definitions and a classification
algorithm, and we applied it to a sample of NMO patients in
whom SMDs are expected to be prevalent. We classified SMDs
in NMO into five major categories: tonic spasms; dystonia;
myoclonus; tremors; and spontaneous clonus. We subsequently
subclassified each category into subcategories based on the most
commonly observed SMD subtypes. We further difterentiated

-
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SMD Treatment

Figure 3 Symptomatic medications used for treatment of
SMDs. GBP, gabapentin; PGB, pregabalin; CMZ, carbamezap-
ine; DZP, diazepam; TZN, tizanadine; CYC, cyclobenzabrine;
DNT, dantrolene; BX, botulinium toxin; ITB, intrathecal baclo-
fen.
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o oo

ES
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Figure 4 Response to symptomatic treatment. Good
response = resolution of SMDs; fair response = improvement
in SMDs frequency; poor response = persistence of SMDs at
the same frequency.

among the overlapping entities of tonic spasms, paroxysmal
dystonia, and spinal myoclonus. To avoid artificial generaliza-
tion (e.g., labeling all tonic spasms as painful tonic spasms), we
evaluated each SMD subtype for three additional variables: pres-
ence of pain; stimulus sensitivity, and relation to motion.
Previous studies of movement disorders in NMO have
focused mainly on tonic spasms where prevalence ranged from
14% to 95%.''” Our data come in the midpoint of this wide
range with a prevalence rate of 43.2% for any SMD and 35%
for tonic spasms. We realize that our cohort of patients requir-
ing admission and plasmapharesis may represent the more severe

doi:10.1002/mdc3.12321
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Figure 5 Sample MRI images from the NMO cohort. (A and B) Axial fluid-attenuated inversion recovery images from patient 1
showing absence of demyelinating lesions in the brainstem and cerebellum. (C) Sagittal T2 Image from patient 2 showing ongitudinally
extensive transverse myelitis lesion in the cervical spine. (D) Sagittal T2 image from patient 3 showing multifocal plaques in the

cervical and thoracic spine.

end of the NMO spectrum, where SMDs may be over-repre-
sented compared to patients with milder disease course. How-
ever, NMO is known to be the most severe of all
neuroinflammatory conditions, and NMO patients often require
hospitalization for their acute relapses and are commonly treated

18,19
7 In that sense, we

with plasmapharesis for that purpose.
believe that our sample was representative of the majority of
NMO patients.

Some studies used the term paroxysmal dystonia interchange-
ably with tonic spasms.'> We believe that the term paroxysmal
dystonia should be reserved for cases where there is tonic con-
traction of antagonistic muscles resulting in an abnormal com-
plex posture of the affected limb or body part. Simple flexion
or extension of the limb is less complex and involves activation
of one set of muscle group (either flexors or extensors), making
the simple terms flexor spasm or extensor spasm more appropri-
ate.

Repeated reports found a positive correlation between tonic
spasms and anti AQP-seropositivity.>?" In our study, all but 1
patient with SMDs were seropositive. However, there was no
significant difference in serostatus between those with SMDs
and those without, probably because of the generally limited
number of seronegative cases in our cohort. Patients with
SMDs were significantly older at the time of presentation,
compared to those without SMDs, and were more likely to be

Caucasians or Hispanics.

600 MOVEMENT DISORDERS CLINICAL PRACTICE

It has been suggested that tonic spasms occur more frequently
1521 1,
Kim
et al. suggested that painful tonic spasms are 98.7% specific for
seropositive NMO compared to MS and ITM. They also found

that transverse myelitis at disease onset was predictive of future

in NMO compared to other demyelinating diseases.

occurrence of painful tonic spasm, compared to optic neuritis
onset, and that painful tonic spasms were more likely to occur
during recovery from relapse.? Unlike the study by Kim et al.,
our study shows that tonic spasms can be painless (31% of all
tonic spasms in our cohort were painless). Although the
majority of SMDs in our cohort occurred after a relapse, a sub-
stantial portion (25%) occurred during an acute relapse as part
of the presenting symptoms.

We identified 2 cases of nonparoxysmal or fixed dystonia
after a myelitis relapse. Previous reports of dystonia in NMO
described mainly paroxysmal dystonia with substantial overlap

: : 10,12
with tonic spasms.

To our knowledge, our study reports,
for the first time, the development of new-onset action
tremors subsequent to spinal cord attacks in NMO in the
absence of lesions in the cerebellum, brainstem, thalami, or
basal ganglia. The anatomical origin of these tremors could be
the spinocerebellar tracts within the spinal cord. Alternatively,
the tremors could be dystonic in nature, but exploiting the
exact nature and type of the tremor from medical records was
not possible in the absence of video documentation. There
was a single report of propriospinal myoclonus in NMO,” and

doi:10.1002/mdc3.12321
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although we did not find any such cases in our cohort, we
expect more reports of spinal myoclonus in the future as
physicians become more familiar with the concept of move-
ment disorders of spinal origin in NMO and other demyelinat-
ing diseases of the spinal cord. Although there were no cases
of spontaneous clonus documented in our study cohort, this
common SMD might have been under-reported or overlooked
as well.

Most previous reports described favorable response of parox-
ysmal symptoms in general and tonic spasms in particular to
carbamazepine in patients with demyelinating diseases.”'*"1
In our cohort, there was no evidence for greater efficacy
among the many treatment options used; however, most
patients showed fair to good response with a combination of an
antiepileptic and a muscle relaxant or an antiepileptic alone.
The use of muscle relaxants alone may not be sufficient to
address paroxysmal SMDs in NMO and other demyelinating
diseases. In addition to their proposed efficacy for paroxysmal
dystonia in demyelinating diseases,” botulinium toxin injections
may also be an option for nonparoxysmal SMDs, as in the case
of cervical dystonia in our cohort. In the 1 patient with tonic
spasms who had a baclofen pump installed, the initial improve-
ment was eventually followed by recurrence of tonic spasms
upon follow-up. No specific treatment was offered to address
tremors in the 3 patients who developed this type of SMD in
our cohort. Given the action nature of these tremors, primi-
done or propranolol may have been reasonable treatment
options.23

Our study has several limitations. First, the retrospective
nature of the study and our reliance on extracting data from
medical records may have resulted in some degree of report-
ing bias. Given that there was no systematic method to
inquire about and document SMDs, some SMDs may have
been missed, making our prevalence numbers under-represen-
tative. Also, documentation of the type of each movement
disorder was made by the treating team, which did not
include a movement disorder specialist in most cases, and no
video recording was obtained. This might have resulted in
mislabeling, in some cases. However, a movement disorder
specialist reviewed all cases and compared the documented
movement disorder type to the available description in the
history and physical. Only cases where the terms flexor or
flexion and extensor or extension appeared in documentation
were labeled as such. All other spasms resulting in visible
movement of the involved body part were labeled as unspec-
ified. Only In 2 unlabeled cases, namely, the isometric tonic
spasm of the chest wall and the fixed dystonia of the left
arm, the movement disorder specialist made the diagnosis
himself based on the available description. Otherwise, the
terms documented by the inpatient team were felt to be
appropriate for all other cases. Second, we did not compare
SMDs between different etiologies of spinal cord demyelina-
tion, such as MS and ITM, nor did we study SMDs in non-
inflammatory cord pathology. This limits generalization of
our SMD classification to conditions other than NMO.
However, we are currently studying the utility of this classifi-

cation in a prospective longitudinal study of movement disor-
ders in different neuroinflammatory conditions. We also did
not study movement disorders in NMO/NMOSD with sub-
cortical brain lesions. Although these patients may indeed
have nonspinal or prototypic movement disorders, this was
simply beyond the scope of our study because we mainly
aimed at studying and characterizing the entity of movement
disorders of spinal origin. Last, although we tried to shed
some light on the most effective medications to treat SMDs,
the retrospective nature of this study does not allow for a
meaningful comparison between the different classes of symp-

tomatic medications.

Conclusions

Clinicians are advised to actively look for and address SMDs in
patients with spinal cord pathology. Using clear, unified termi-
nology to describe and document SMD:s is crucial for both clin-
ical and research purposes. SMDs are common in spinal cord
demyelination, especially in NMO, and can be the presenting
symptom of relapse, but more commonly occur within
3 months after a relapse. When present, SMDs are often a
major source of disability. Tonic spasms are the most common
among the different types of SMDs. In addition to tonic spasms,
focal dystonia, spinal myoclonus, and action tremors may also
occur as a result of spinal cord demyelination. Some SMDs in
NMO/NMOSD can be painful, kinesogenic, and/or stimulus
sensitive. Antiepileptics with or without muscle relaxants seem
to have the best therapeutic benefit for paroxysmal SMDs
although randomized, controlled trials are lacking. Carba-
mazepine may be particularly effective and should be tried for
patients with paroxysmal forms of SMDs. Botulinium toxin can
be used for focal dystonia.
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