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Abstract
Background—Blepharospasm is a form of focal dystonia that manifests as repetitive involuntary
closure of the eyes. The pathogenesis of blepharospasm and the neuroanatomic substrates involved
are not fully understood. Dysfunction of the basal ganglia traditionally is presumed to be the main
cause of most forms of dystonia, but a growing body of evidence suggests that a network of
additional cortical and subcortical structures may be involved.

Methods—The medical records of 1114 patients with blepharospasm seen over past 10 years at
Emory University were reviewed to identify potentially contributing brain lesions. A systematic
review of the published literature was also conducted to identify potentially contributing brain
lesions.

Results—Among patients with blepharospasm at Emory University, 18 had focal lesions on
imaging studies available for review. The literature review revealed 25 articles describing 30
additional cases of blepharospasm associated with focal lesions. Among all 48 cases, lesions were
found in multiple regions including the thalamus (n=12), lower brainstem (n=11), basal ganglia
(n=9), cerebellum (n=9), midbrain (n=7), and cortex (n=1).

Conclusions—These data in combination with functional imaging studies of primary
blepharospasm support a model of dystonia in which a network of different regions plays a role in
pathogenesis.
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INTRODUCTION
Blepharospasm is a form of focal dystonia that presents with involuntary eyelid closure due
to overactivity of muscles around the eyes, particularly the orbicularis oculi. It is categorized
into primary and secondary forms, based on whether or not a cause can be established. The
primary form of blepharospasm is more common, and a cause usually cannot be found.
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Secondary blepharospasm can be associated with brain lesions or drugs, or it accompanies
other movement disorders such as Parkinson’s disease.(1)

The regions of the brain responsible for triggering blepharospasm remain uncertain. Imaging
studies of primary blepharospasm have shown abnormal activity in multiple areas.(2, 3) For
example, functional magnetic resonance imaging (fMRI) and positron emission tomography
(PET) have pointed to abnormal activity in the somatosensory and cingulate cortices,
thalamus, caudate, cerebellum, and brainstem. In these studies, however, it is difficult to
discriminate which changes reflect the trigger for blepharospasm and which are downstream
consequences.(4-9)

Brain regions affected in secondary blepharospasm have received less attention because
focal lesions causing blepharospasm are uncommon. Most information comes from case
reports or small case series. The nature of the lesions in these reports is varied and includes
ischemia or stroke, tumors, demyelinating lesions, and other pathologies. The locations of
these lesions also are varied. The basal ganglia are believed to play an important role in
dystonia, a concept that originated from early studies showing this region to be the most
commonly affected in patients with hemidystonia.(10-13) Early hypotheses suggested that
dysfunction of descending basal ganglia pathways might cause hyperexcitability of
brainstem interneurons responsible for the blink reflex.(14) Subsequent studies questioned
this hypothesis by showing that thalamic lesions causing blepharospasm are not typically in
areas receiving striato-pallidal input.(15)

Instead, they are in the receiving zone for cerebellar afferents. Other studies suggested an
alternative hypothesis that cerebellar lesions might cause blepharospasm by leading to loss
of inhibition of primary motor cortex.(16) Additionally, there are many reports of secondary
craniocervical dystonias associated with lesions in other brain regions.(17-21) The purpose
of the current study was to review neuroimaging findings in patients with presumed
secondary blepharospasm associated with identifiable lesions on neuroimaging studies.

METHODS
After obtaining approval from the institutional review board, electronic medical records of
patients seen in the movement disorders and ophthalmology clinics at Emory University
between January 2001 to December 2012 were queried using Current Procedural
Terminology (CPT) and International Classification of Diseases Ninth Revision (ICD-9)
codes for “blepharospasm” and “Meige syndrome”. A total of 1114 records were identified,
and 997 were left after excluding patients in whom blepharospasm emerged in the setting of
other disorders such as Parkinsonism or following neuroleptic exposures. Two cases with
Parkinsonism were retained because blepharospasm and Parkinsonism both emerged acutely
following stroke. Imaging results, including MRI or CT, were available for 156 patients. For
patients with identifiable lesions, we recorded the type of lesion, lesion location, age at
symptom onset, age at presentation, age at first imaging study, sex, and associated
neurological features.

In addition to reviewing records available at Emory University, we conducted a systematic
review of the literature using PubMed as the search engine and “blepharospasm” or “Meige
syndrome” as keywords. A total of 25 articles reporting 30 cases of presumed secondary
blepharospasm were found. Each article was reviewed to extract data similar to those
collected for Emory cases. Some cases with lesions in more than one region were counted
more than once. Other cases with lesions that could not be localized were not counted, such
as those with hypoxia/ischemia or diffuse atrophy.
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RESULTS
Of 156 patients diagnosed with blepharospasm or Meige syndrome at Emory who had
clinical imaging studies available for review, 63 had MRI only, 34 had head CT only, and 59
had both MRI and head CT. There were identifiable lesions in 18 patients (Table 1). Women
(n=14) were more frequent than men (n=4). The average age at symptom onset was 61.4
years (range 44-86 years). Onset of symptoms was acute in 8 patients although in many
cases the relationship between onset and imaging could not be determined from the records
available.

The most commonly affected region was the thalamus (n=5), especially the posterior regions
(n=4). The cerebellum was the next most commonly affected region (n=4), with 2 in the
hemisphere, 1 in the dentate nucleus and 1 in the inferior cerebellar peduncle. Another 3
patients had lesions in the midbrain, and 2 had lesions in the lower brainstem. The basal
ganglia were affected in 3 patients, and the parietal cortex in 1. Stroke was the most
common etiology (n=15), followed by vascular malformation (n=2) and a cystic lesion of
unknown pathology (n=1).

From the literature, 30 cases of blepharospasm associated with brain lesions were found in
25 different articles published from 1983 - 2012 (Table 2). Women were more commonly
affected (n=17) than men (n=13). The average age of at the time of presentation was 49.7
years (range 13-78 years). Stroke was the most common pathology.

Similar to results from cases identified at Emory, lesions were located in different regions.
The most commonly affected region was the lower brainstem (n=6). There were 7 patients
each with lesions in the thalamus or basal ganglia. The cerebellum was affected in 5 cases
and the midbrain in 4.

DISCUSSION
The current study summarizes the largest series of patients with focal brain lesions
associated with possible secondary blepharospasm. It also includes a comprehensive
literature review of presumed secondary blepharospasm. For all 48 subjects combined,
lesions were located in various regions including the thalamus (n=12), lower brainstem
(n=11), basal ganglia (n=9), cerebellum (n=9), midbrain (n=7), and cortex (n=1). These
imaging studies do not point to a single dominant anatomic brain region for secondary
blepharospasm.

These imaging results for presumed secondary blepharospasm point to the same regions as
those from volumetric and functional imaging studies of primary blepharospasm, where
focal lesions are absent. Studies involving voxel-based morphometry have reported
increased volumes for the caudate and cerebellum, and decreased volumes of the thalamus
and inferior parietal lobule.(22, 23) The putamen was reported to be enlarged in one study
and diminished in another.(22, 23) There is only one diffusion tensor imaging study, and no
abnormality was found.(24) Blink-related fMRI studies of blepharospasm have shown
increased activity in the putamen, primary sensory cortex and supplementary motor area.(4,
9) PET studies have shown changes in the caudate, pons, thalamus, cerebellum, and
midbrain.(7, 8, 25, 26) Taken together, these studies of primary blepharospasm point to
involvement of multiple brain regions. However, imaging studies of primary blepharospasm
can not discriminate the source of the problem from downstream compensatory changes.

Neuroimaging of secondary dystonia may aid in the discrimination of cause from effect.
Presumably, a focal lesion that immediately precedes blepharospasm is the cause. However,
studies of secondary blepharospasm also have limitations.(14, 27) First, it is difficult to
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prove a causal link between the lesion and the symptoms. Even when there is a close
temporal relationship between lesion and symptoms, it is not possible to rule out the
occurrence of microstructural defects or functional disturbances in other brain regions that
appear grossly normal. Second, it is difficult to definitively relate the observed lesion to
symptoms because of possible involvement of fibers of passage and remote effects of the
observed lesion. This issue is particularly relevant for lesions in the midbrain and lower
brainstem. Third, it is not possible to rule out the possibility of primary blepharospasm with
a coincidental lesion. A final limitation is that it is not possible to rely on a temporal
association between occurrence of a lesion and emergence of symptoms for dystonia,
because it has been documented repeatedly that the emergence of dystonia may be delayed
by months or even years following a nervous system insult.(28-34)

Despite these limitations for both primary and secondary blepharospasm, the combined
results suggest involvement of multiple brain regions rather than one dominant area. The
results are more consistent with a network model for pathogenesis of dystonia.(35) In this
model, several brain areas may be involved as “nodes”. Dystonia may result from
dysfunction of one node in the network, from combined dysfunction of multiple nodes, or
from aberrant communication among the nodes.(2) However, many uncertainties remain.
For example, the typical delay between the occurrence of a lesion and appearance of
blepharospasm raises the possibility that a lesion in one node may lead to maladaptive
reorganization of other nodes.(2) Furthermore, it is not clear how a unilateral lesion can
cause bilateral symptoms. It also is possible that a focal lesion on one side of the brain may
introduce aberrant signals into the recently described subcortical connections between basal
ganglia and cerebellum to yield bilateral defects.(36, 37)

Acknowledgments
FUNDING

This work was supported in part by a grant from the Office of Rare Diseases Research at the National Center for
Advancing Translational Sciences, and the National Institutes of Neurological Disorders and Stroke (U54
NS065701).

References
1. Hallett M, Evinger C, Jankovic J, Stacy M. Update on blepharospasm: report from the BEBRF

International Workshop. Neurology. 2008 Oct 14; 71(16):1275–82. [PubMed: 18852443]

2. Neychev VK, Gross RE, Lehericy S, Hess EJ, Jinnah HA. The functional neuroanatomy of dystonia.
Neurobiology of disease. 2011 May; 42(2):185–201. [PubMed: 21303695]

3. Zoons E, Booij J, Nederveen AJ, Dijk JM, Tijssen MA. Structural, functional and molecular
imaging of the brain in primary focal dystonia--a review. NeuroImage. 2011 Jun 1; 56(3):1011–20.
[PubMed: 21349339]

4. Dresel C, Haslinger B, Castrop F, Wohlschlaeger AM, Ceballos-Baumann AO. Silent event-related
fMRI reveals deficient motor and enhanced somatosensory activation in orofacial dystonia. Brain : a
journal of neurology. 2006 Jan; 129(Pt 1):36–46. [PubMed: 16280353]

5. Grodd W, Hulsmann E, Lotze M, Wildgruber D, Erb M. Sensorimotor mapping of the human
cerebellum: fMRI evidence of somatotopic organization. Human brain mapping. 2001 Jun; 13(2):
55–73. [PubMed: 11346886]

6. Hanakawa T, Dimyan MA, Hallett M. The representation of blinking movement in cingulate motor
areas: a functional magnetic resonance imaging study. Cereb Cortex. 2008 Apr; 18(4):930–7.
[PubMed: 17652462]

7. Hutchinson M, Nakamura T, Moeller JR, Antonini A, Belakhlef A, Dhawan V, et al. The metabolic
topography of essential blepharospasm: a focal dystonia with general implications. Neurology. 2000
Sep 12; 55(5):673–7. [PubMed: 10980732]

Khooshnoodi et al. Page 4

J Neurol Sci. Author manuscript; available in PMC 2014 August 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



8. Kerrison JB, Lancaster JL, Zamarripa FE, Richardson LA, Morrison JC, Holck DE, et al. Positron
emission tomography scanning in essential blepharospasm. American journal of ophthalmology.
2003 Nov; 136(5):846–52. [PubMed: 14597035]

9. Schmidt KE, Linden DE, Goebel R, Zanella FE, Lanfermann H, Zubcov AA. Striatal activation
during blepharospasm revealed by fMRI. Neurology. 2003 Jun 10; 60(11):1738–43. [PubMed:
12796523]

10. Berardelli A, Rothwell JC, Day BL, Marsden CD. Pathophysiology of blepharospasm and
oromandibular dystonia. Brain : a journal of neurology. 1985 Sep; 108(Pt 3):593–608. [PubMed:
4041776]

11. Keane JR, Young JA. Blepharospasm with bilateral basal ganglia infarction. Archives of
neurology. 1985 Dec; 42(12):1206–8. [PubMed: 4062620]

12. Kirton CA, Riopelle RJ. Meige syndrome secondary to basal ganglia injury: a potential cause of
acute respiratory distress. The Canadian journal of neurological sciences Le journal canadien des
sciences neurologiques. 2001 May; 28(2):167–73. [PubMed: 11383945]

13. Grandas F, Lopez-Manzanares L, Traba A. Transient blepharospasm secondary to unilateral striatal
infarction. Movement disorders : official journal of the Movement Disorder Society. 2004 Sep;
19(9):1100–2. [PubMed: 15372605]

14. Grandas F, Elston J, Quinn N, Marsden CD. Blepharospasm: a review of 264 patients. Journal of
neurology, neurosurgery, and psychiatry. 1988 Jun; 51(6):767–72.

15. Lee MS, Marsden CD. Movement disorders following lesions of the thalamus or subthalamic
region. Movement disorders : official journal of the Movement Disorder Society. 1994 Sep; 9(5):
493–507. [PubMed: 7990845]

16. Ito M, Yoshida M, Obata K. Monosynaptic inhibition of the intracerebellar nuclei induced from the
cerebellar cortex. Cerebellum. 2007; 6(1):103–4. [PubMed: 17410684]

17. Jankovic J. Blepharospasm with basal ganglia lesions. Archives of neurology. 1986 Sep; 43(9):
866–8. [PubMed: 3741202]

18. Jankovic J, Orman J. Blepharospasm: demographic and clinical survey of 250 patients. Annals of
ophthalmology. 1984 Apr; 16(4):371–6. [PubMed: 6144283]

19. Jankovic J, Patel SC. Blepharospasm associated with brainstem lesions. Neurology. 1983 Sep;
33(9):1237–40. [PubMed: 6684264]

20. Leenders KL, Frackowiak RS, Quinn N, Brooks D, Sumner D, Marsden CD. Ipsilateral
blepharospasm and contralateral hemidystonia and parkinsonism in a patient with a unilateral
rostral brainstem-thalamic lesion: structural and functional abnormalities studied with CT, MRI,
and PET scanning. Movement disorders : official journal of the Movement Disorder Society.
1986; 1(1):51–8. [PubMed: 2973558]

21. Day TJ, Lefroy RB, Mastaglia FL. Meige’s syndrome and palatal myoclonus associated with brain
stem stroke. A common mechanism? Journal of neurology, neurosurgery, and psychiatry. 1986
Nov; 49(11):1324–5.

22. Etgen T, Muhlau M, Gaser C, Sander D. Bilateral grey-matter increase in the putamen in primary
blepharospasm. Journal of neurology, neurosurgery, and psychiatry. 2006 Sep; 77(9):1017–20.

23. Obermann M, Yaldizli O, De Greiff A, Lachenmayer ML, Buhl AR, Tumczak F, et al.
Morphometric changes of sensorimotor structures in focal dystonia. Movement disorders : official
journal of the Movement Disorder Society. 2007 Jun 15; 22(8):1117–23. [PubMed: 17443700]

24. Fabbrini G, Pantano P, Totaro P, Calistri V, Colosimo C, Carmellini M, et al. Diffusion tensor
imaging in patients with primary cervical dystonia and in patients with blepharospasm. European
journal of neurology : the official journal of the European Federation of Neurological Societies.
2008 Feb; 15(2):185–9. [PubMed: 18217887]

25. Emoto H, Suzuki Y, Wakakura M, Horie C, Kiyosawa M, Mochizuki M, et al. Photophobia in
essential blepharospasm--a positron emission tomographic study. Movement disorders : official
journal of the Movement Disorder Society. 2010 Mar 15; 25(4):433–9. [PubMed: 20014062]

26. Suzuki Y, Mizoguchi S, Kiyosawa M, Mochizuki M, Ishiwata K, Wakakura M, et al. Glucose
hypermetabolism in the thalamus of patients with essential blepharospasm. Journal of neurology.
2007 Jul; 254(7):890–6. [PubMed: 17325818]

Khooshnoodi et al. Page 5

J Neurol Sci. Author manuscript; available in PMC 2014 August 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



27. LeDoux MS, Brady KA. Secondary cervical dystonia associated with structural lesions of the
central nervous system. Movement disorders : official journal of the Movement Disorder Society.
2003 Jan; 18(1):60–9. [PubMed: 12518301]

28. Ghika J, Bogousslavsky J, Henderson J, Maeder P, Regli F. The “jerky dystonic unsteady hand”: a
delayed motor syndrome in posterior thalamic infarctions. J Neurol. 1994; 241:537–42. [PubMed:
7799002]

29. Pettigrew LC, Jankovic J. Hemidystonia: a report of 22 patients and a review of the literature. J
Neurol Neurosurg Psychiatry. 1985; 48:650–7. [PubMed: 4031909]

30. Loher TJ, Krauss JK. Dystonia associated with pontomesencephalic lesions. Mov Disord. 2008;
24:157–67. [PubMed: 18951533]

31. Palfi S, Leventhal L, Goetz CG, Hantraye T, Roitberg BZ, Sramek J, et al. Delayed onset of
progressive dystonia following subacute 3-nitropropionic acid treatment in Cebus apella monkeys.
Mov Disord. 2000; 15:524–30. [PubMed: 10830419]

32. Kim JS. Delayed onset mixed involuntary movements after thalamic stroke. Brain. 2001; 124:299–
309. [PubMed: 11157557]

33. Scott BL, Jankovic J. Delayed-onset progressive movement disorders after static brain lesions.
Neurology. 1996; 46:68–74. [PubMed: 8559423]

34. Saint Hilaire MH, Burke RE, Bressman SB, Brin MF, Fahn S. Delayed-onset dystonia due to
perinatal or early childhood asphyxia. Neurology. 1991; 41:216–22. [PubMed: 1992364]

35. Jinnah HA, Hess EJ. A new twist on the anatomy of dystonia: the basal ganglia and the
cerebellum? Neurology. 2006 Nov 28; 67(10):1740–1. [PubMed: 17130402]

36. Bostan AC, Dum RP, Strick PL. The basal ganglia communicate with the cerebellum. Proceedings
of the National Academy of Sciences of the United States of America. 2010 May 4; 107(18):8452–
6. [PubMed: 20404184]

37. Bostan AC, Strick PL. The cerebellum and basal ganglia are interconnected. Neuropsychology
review. 2010 Sep; 20(3):261–70. [PubMed: 20811947]

38. Blepharospasm associated with palatal myoclonus and communicating hydrocephalus. Neurology.
1984 Nov; 34(11):1522–4. [PubMed: 6493508]

39. Kraft SP, Lang AE. Cranial dystonia, blepharospasm and hemifacial spasm: clinical features and
treatment, including the use of botulinum toxin. CMAJ : Canadian Medical Association journal =
journal de l’Association medicale canadienne. 1988 Nov 1; 139(9):837–44.

40. Powers JM. Blepharospasm due to unilateral diencephalon infarction. Neurology. 1985 Feb; 35(2):
283–4. [PubMed: 3969224]

41. Obeso JA, Gimenez-Roldan S. Clinicopathological correlation in symptomatic dystonia. Advances
in neurology. 1988; 50:113–22. [PubMed: 3041756]

42. Herraiz J, Roquer J, Escudero D, Maso E. Meige’s syndrome and bilateral pallidal calcification.
Journal of neurology. 1988 Jul.235(6):384. [PubMed: 3171623]

43. Singer C, Schatz NJ, Bowen B, Eidelberg D, Kazumata K, Sternau L, et al. Asymmetric
predominantly ipsilateral blepharospasm and contralateral parkinsonism in an elderly patient with
a right mesencephalic cyst. Movement disorders : official journal of the Movement Disorder
Society. 1998 Jan; 13(1):135–9. [PubMed: 9452338]

44. Kulisevsky J, Avila A, Roig C, Escartin A. Unilateral blepharospasm stemming from a
thalamomesencephalic lesion. Movement disorders : official journal of the Movement Disorder
Society. 1993 Apr; 8(2):239–40. [PubMed: 8474503]

45. Blin O, Masson G, Serratrice G. Blepharospasm associated with pseudohypoparathyroidism and
bilateral basal ganglia calcifications. Movement disorders : official journal of the Movement
Disorder Society. 1991; 6(4):379. [PubMed: 1758461]

46. Larumbe R, Vaamonde J, Artieda J, Zubieta JL, Obeso JA. Reflex blepharospasm associated with
bilateral basal ganglia lesion. Movement disorders : official journal of the Movement Disorder
Society. 1993 Apr; 8(2):198–200. [PubMed: 8474489]

47. Jacob PC, Chand RP. Blepharospasm and jaw closing dystonia after parietal infarcts. Movement
disorders : official journal of the Movement Disorder Society. 1995 Nov; 10(6):794–5. [PubMed:
8750000]

Khooshnoodi et al. Page 6

J Neurol Sci. Author manuscript; available in PMC 2014 August 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



48. Aramideh M, Ongerboer de Visser BW, Holstege G, Majoie CB, Speelman JD. Blepharospasm in
association with a lower pontine lesion. Neurology. 1996 Feb; 46(2):476–8. [PubMed: 8614517]

49. Verghese J, Milling C, Rosenbaum DM. Ptosis, blepharospasm, and apraxia of eyelid opening
secondary to putaminal hemorrhage. Neurology. 1999 Aug 11.53(3):652. [PubMed: 10449142]

50. Miranda M, Millar A. Blepharospasm associated with bilateral infarcts confined to the thalamus:
case report. Movement disorders : official journal of the Movement Disorder Society. 1998 May;
13(3):616–7. [PubMed: 9613770]

51. Wali GM. Asymmetrical blepharospasm associated with a left frontal cortical infarct. Movement
disorders : official journal of the Movement Disorder Society. 2001 Jan; 16(1):181–2. [PubMed:
11215588]

52. Yin Foo Lee G, Scott G, Blumbergs PC, Patrick Brophy B, Lionel Crompton J. Ganglioglioma of
the lateral ventricle presenting with blepharospasm - case report and review of the literature.
Journal of clinical neuroscience : official journal of the Neurosurgical Society of Australasia. 2001
May; 8(3):279–82. [PubMed: 11386809]

53. Sagili S, Malhotra R, Elston J. Facial palsy-induced blepharospasm relieved by a Bangerter foil.
Movement disorders : official journal of the Movement Disorder Society. 2005 Sep; 20(9):1231–2.
[PubMed: 16037921]

54. O’Rourke K, O’Riordan S, Gallagher J, Hutchinson M. Paroxysmal torticollis and blepharospasm
following bilateral cerebellar infarction. Journal of neurology. 2006 Dec; 253(12):1644–5.
[PubMed: 17219037]

55. Lambrecq V, Sibon I, Loiseau H, Jeannin S, Dousset V, Rotge JY, et al. Acute blepharospasm and
torticollis associated with an ependymoma of the lateral ventricle. Movement disorders : official
journal of the Movement Disorder Society. 2010 Apr 15; 25(5):653–5. [PubMed: 20201058]

56. Gilbert AL, Dillon WP, Horton JC. Blepharospasm in a patient with pontine capillary
telangiectasia. Ophthalmic plastic and reconstructive surgery. 2012 Jul; 28(4):e92–3. [PubMed:
22082598]

Khooshnoodi et al. Page 7

J Neurol Sci. Author manuscript; available in PMC 2014 August 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Khooshnoodi et al. Page 8

Ta
bl

e 
1

C
as

es
 w

ith
 s

ec
on

da
ry

 b
le

ph
ar

os
pa

sm
 a

t E
m

or
y 

U
ni

ve
rs

ity

C
as

e
A

ge
Se

x
O

ns
et

Si
de

Im
ag

in
g 

m
od

al
it

y
L

es
io

n 
lo

ca
ti

on
L

es
io

n 
Si

de
L

es
io

n 
ty

pe
A

ss
oc

ia
te

d 
sy

m
pt

om
s

Im
ag

in
g 

af
te

r 
on

se
t

1
58

F
in

si
di

ou
s

R
+

L
C

T
po

st
er

io
r 

th
al

L
st

ro
ke

no
ne

N
A

2
57

F
in

si
di

ou
s

R
+

L
C

T
po

st
er

io
r 

th
al

L
st

ro
ke

C
D

N
A

3
44

M
in

si
di

ou
s

R
+

L
M

R
I

de
nt

at
e 

nu
cl

eu
s

L
cy

st
no

ne
N

A

4
79

F
in

si
di

ou
s

R
+

L
M

R
I

C
R

B
 h

em
is

ph
er

e
L

st
ro

ke
tr

em
or

N
A

5
62

F
in

si
di

ou
s

R
+

L
M

R
I

pa
ri

et
al

 c
or

te
x

L
st

ro
ke

no
ne

N
A

6
41

F
ac

ut
e

R
+

L
M

R
I

SN
L

A
V

M
C

D
3 

w
ee

ks

7
69

F
ac

ut
e

R
+

L
M

R
I

re
d 

nu
cl

eu
s

L
st

ro
ke

pa
rk

in
so

ni
sm

7 
da

ys

8
77

F
ac

ut
e

R
+

L
M

R
I

pu
t

R
+

L
st

ro
ke

pa
rk

in
so

ni
sm

1 
da

y

9
48

F
ac

ut
e

R
+

L
M

R
I

pu
t/c

au
d

L
st

ro
ke

ha
nd

 tr
em

or
2 

m
on

th
s

10
70

F
in

si
di

ou
s

L
M

R
I

in
fe

ri
or

 C
R

B
 p

ed
un

cl
e

L
A

V
M

no
ne

5 
ye

ar
s

11
58

F
ac

ut
e

R
+

L
M

R
I

m
id

br
ai

n
L

st
ro

ke
no

ne
N

A

12
71

M
ac

ut
e

R
+

L
C

T
ve

nt
ra

l p
on

s
L

st
ro

ke
no

ne
N

A

13
64

F
in

si
di

ou
s

R
+

L
M

R
I

C
R

B
 h

em
is

ph
er

e
L

st
ro

ke
tr

un
ca

l d
ys

to
ni

a
3 

ye
ar

s

14
70

F
in

si
di

ou
s

R
+

L
M

R
I

po
st

er
io

r 
th

al
L

st
ro

ke
O

M
D

1 
ye

ar

15
77

M
in

si
di

ou
s

R
+

L
M

R
I

pu
t/c

au
d

L
st

ro
ke

O
M

D
N

A

16
55

F
ac

ut
e

R
+

L
M

R
I

po
ns

L
st

ro
ke

no
ne

N
A

17
62

M
ac

ut
e

R
C

T
th

al
L

st
ro

ke
no

ne
2 

da
ys

18
86

F
in

si
di

ou
s

R
+

L
M

R
I

po
st

er
io

r 
th

al
L

st
ro

ke
no

ne
N

A

A
bb

re
vi

at
io

ns
: A

V
M

 (
ar

te
ri

ov
en

ou
s 

m
al

fo
rm

at
io

n)
, C

au
d 

(c
au

da
te

),
 C

D
 (

ce
rv

ic
al

 d
ys

to
ni

a)
, C

R
B

 (
ce

re
be

llu
m

),
 D

en
t (

ce
re

be
lla

r 
de

nt
at

e 
nu

cl
eu

s)
, L

 (
le

ft
),

 O
M

D
 (

or
o-

m
an

di
bu

la
r 

dy
st

on
ia

),
 P

ut
 (

pu
ta

m
en

),
R

 (
ri

gh
t)

, S
N

 (
su

bs
ta

nt
ia

 n
ig

ra
),

 T
ha

l (
th

al
am

us
).

J Neurol Sci. Author manuscript; available in PMC 2014 August 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Khooshnoodi et al. Page 9

Ta
bl

e 
2

R
ep

or
te

d 
ca

se
s 

of
 s

ec
on

da
ry

 b
le

ph
ar

os
pa

sm

C
as

e
A

ge
Se

x
Im

ag
in

g 
m

od
al

it
y

L
es

io
n 

lo
ca

ti
on

L
es

io
n 

Si
de

L
es

io
n 

ty
pe

A
ss

oc
ia

te
d 

sy
m

pt
om

s

1(
19

)
59

F
C

T
th

al
, m

id
br

ai
n

R
st

ro
ke

no
ne

2(
19

)
75

F
C

T
B

S,
 th

al
, C

R
B

R
st

ro
ke

no
ne

3(
19

)
52

F
C

T
C

R
B

R
st

ro
ke

O
M

D

4(
19

)
56

F
C

T
di

ff
us

e
R

+
L

H
IE

no
ne

5(
19

)
46

M
C

T
di

ff
us

e 
at

ro
ph

y
R

+
L

M
S

no
ne

6(
19

)
34

F
C

T
di

ff
us

e 
at

ro
ph

y
R

+
L

M
S

no
ne

7(
38

)
48

M
C

T
ol

iv
o-

po
nt

o-
ce

re
be

lla
r 

at
ro

ph
y

R
+

L
at

ro
ph

y
no

ne

8(
39

)
60

M
C

T
B

S,
 C

R
B

L
st

ro
ke

PM

9 
(4

0,
 4

1)
62

M
C

T
th

al
L

st
ro

ke
no

ne

10
(1

1)
31

M
C

T
pu

t/c
au

d
R

+
L

st
ro

ke
no

ne

11
(1

7)
51

M
C

T
th

al
R

+
L

ia
tr

og
en

ic
no

ne

12
(2

0)
43

M
M

R
I

th
al

, B
S

L
m

as
s

ha
nd

 d
ys

to
ni

a

13
(2

1)
78

F
C

T
po

ns
L

st
ro

ke
PM

14
(4

2)
60

F
C

T
pa

lli
du

m
R

+
L

ca
lc

if
ic

at
io

n
O

M
D

15
(4

3)
66

F
M

R
I

m
id

br
ai

n
R

cy
st

ha
nd

 tr
em

or

16
(4

4)
59

F
M

R
I

th
al

, m
id

br
ai

n
L

m
et

ab
ol

ic
le

ft
 I

N
O

17
(4

5)
60

M
C

T
ba

sa
l g

an
gl

ia
R

+
L

ca
lc

if
ic

at
io

n
no

ne

18
(4

6)
13

F
M

R
I

pu
t/c

au
d

R
+

L
st

ro
ke

ri
gi

di
ty

19
(4

7)
43

M
C

T
pa

ri
et

al
 c

or
te

x
L

tu
m

or
ja

w
 c

lo
si

ng

20
(4

8)
46

F
M

R
I

do
rs

om
ed

ia
l l

ow
er

 p
on

s
L

st
ro

ke
dy

st
on

ia

21
(4

9)
60

F
M

R
I

po
ns

L
st

ro
ke

no
ne

22
(5

0)
52

M
M

R
I

pa
ra

m
ed

ia
n 

th
al

R
+

L
st

ro
ke

no
ne

23
(5

1)
25

/F
F

M
R

I
fr

on
ta

l c
or

te
x

L
st

ro
ke

no
ne

24
(1

2)
60

/F
F

C
T

pu
t

R
+

L
st

ro
ke

O
M

D

25
 (

52
)

25
/F

F
M

R
I

la
te

ra
l v

en
tr

ic
le

L
ga

ng
lio

m
a

no
ne

26
(1

3)
69

/F
F

M
R

I
pu

t/c
au

d
R

st
ro

ke
no

ne

27
(5

3)
73

/M
M

M
R

I
pa

lli
du

m
R

+
L

st
ro

ke
O

M
D

J Neurol Sci. Author manuscript; available in PMC 2014 August 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Khooshnoodi et al. Page 10

C
as

e
A

ge
Se

x
Im

ag
in

g 
m

od
al

it
y

L
es

io
n 

lo
ca

ti
on

L
es

io
n 

Si
de

L
es

io
n 

ty
pe

A
ss

oc
ia

te
d 

sy
m

pt
om

s

28
(5

4)
35

/F
F

M
R

I
C

R
B

R
+

L
st

ro
ke

C
D

29
(5

5)
23

/M
M

M
R

I
la

te
ra

l v
en

tr
ic

le
R

ep
en

dy
m

om
a

C
D

30
(5

6)
30

/F
F

M
R

I
po

ns
L

ca
pi

lla
ry

 te
la

ng
ec

ta
si

a
no

ne

D
em

og
ra

ph
ic

s,
 c

lin
ic

al
 a

nd
 im

ag
in

g 
da

ta
 o

f 
30

 p
at

ie
nt

s 
w

ith
 s

ec
on

da
ry

 b
le

ph
ar

os
pa

sm
 r

ep
or

te
d 

in
 th

e 
lit

er
at

ur
e.

 A
bb

re
vi

at
io

ns
: B

S 
(b

ra
in

st
em

),
 C

au
d 

(c
au

da
te

),
 C

D
 (

ce
rv

ic
al

 d
ys

to
ni

a)
, C

R
B

 (
ce

re
be

llu
m

),
H

IE
 (

hy
po

xi
c-

is
ch

em
ic

 e
nc

ep
ha

lo
pa

th
y)

, I
N

O
 (

in
te

rn
uc

le
ar

 o
ph

th
al

m
ol

eg
ia

),
 M

S 
(m

ul
tip

le
 s

cl
er

os
is

),
 O

M
D

 (
or

o-
m

an
di

bu
la

r 
dy

st
on

ia
),

 P
M

 (
pa

la
ta

l m
yo

cl
on

us
),

 P
ut

 (
pu

ta
m

en
),

 T
ha

l (
th

al
am

us
).

J Neurol Sci. Author manuscript; available in PMC 2014 August 15.


