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Objective:Objective:

To report two cases of primary progressive 
freezing of gait improved by venlafaxine 
treatment.

In an open-label trial of venlafaxine in PPFG in two cases, both subjects experienced improvement in their symptoms. 
While the possibility of placebo effect cannot be ruled out, it is possible that venlafaxine may improve PPFG through its 
effects     on noradrenergic uptake and/or its effects on anxiety and mood. To our knowledge, these are the first reports of 
improvement of PPFG with venlafaxine. Further and larger studies are needed to explore its effects on PPFG.

Background:Background:

Freezing of gait (FOG) occurs in a number 
of parkinsonian disorders including 
Parkinson’s disease, vascular parkinsonism, 
progressive supranuclear palsy, and normal 
pressure hydrocephalus. FOG can also 
occur in isolation and is referred to as 
primary progressive freezing of gait 
(PPFG). To date, there is no definitive 
treatment for PPFG. Case reports have 
reported benefit with MAOB inhibitors and 
methylphenidate1,2.  The precise 
neurochemical basis for PPFG is unclear; 
noradrenergic, cholinergic and 
dopaminergic systems have been 
hypothesized 3.  Psychiatric symptoms such 
as depression, panic disorder and anxiety 
have been associated with PPFG.

Methods:Methods:

1) Case reports, 2) Medication challenge:  
Subjects were examined and videotaped at 
baseline, prior to exposure to venlafaxine 
(VFX). Subjects were then started on VFX 
37.5mg qd and after 2 weeks, the dose was 
increased to 75mg qd.  On VFX 75mg qd, 
subjects were evaluated and videotaped. 
Subject #1 had further increase in dose to 
150mg qd and was videotaped. Subjects 
were evaluated using the Freezing of Gait 
Questionnaire (FOG-Q) and United 
Parkinson’s Disease Rating Scale 
(UPDRS).

References:References: 1. Coria et al. Mov. Disord.2008; 23: 449-51.   2. Devos et al. JNNP2007; 78: 470-75.  3. Hashimoto T. Park. Mov. Disord . 2006; Supp 2: S55-62

Table 1.Table 1. Clinical characteristics of subjects with PPFOG

83 1 Gait initiation,    
Doorways,
Turning,           
Open runway

Anxiety Levodopa,  
Amantadine,
Pramipexole, 
Diazepam

69 4  Gait initiation,  
Doorways,
Turning,          
Open runway

Anxiety Levodopa, 
Selegiline,
Ropinirole

Age 
at onset

Psychiatric 
Sxs Meds tried

Duration 
of sxs (yr)

FOG 
characteristics

Subject# 1

Subject # 2

Case Report #1Case Report #1: 84F began to experience FOG when 
attempting to turn, and then when walking normally in her 
apartment. During the next year, she developed severe freezing 
on initiation of gait, at doorways, and when crossing the street. 
Visual cues and counting helped to break the episodes. She had 
no tremors, impaired eye movements, rigidity, or difficulty with
manual dexterity. She was started on venlafaxine and at 75mg 
noted mild improvement in FOG. At 150mg, FOG had improved 
considerably (Table 1, Table 2,Video).

Case Report #2:Case Report #2:69M began noting difficulty initiating gait. 
Over 4 years, he developed  FOG when turning, entering a 
crowded area, or passing through a doorway. He sustained a few 
falls due to his gait problems. He was able to break the freezing 
episodes by throwing a tissue on the ground and stepping over it. 
Exam revealed freezing of gait and tachyphemia. He started 
venlafaxine and at 75mg qd noted significant improvement to 
the point that he no longer required visual cueing. FOG occurred
only on turns (Table 1,2).

Table 2Table 2. FOG-Q and UPDRS Results

5 (75)

13 (75)
13(150)

6 (75)

4 (75)
4(150)

1 (75)

3 (75)
2 (150)

7

13

10

8

1

220 16(75)
10.5(150)

14 6  (75)

FOG-Q
baseline

ResultsResults::

Subject #1

Subject # 2

FOG-Q
on VFX

UPDRS baseline UPDRS on VFX (mg)

I         II         III I               II                III

VideoVideo Legend:Legend: Case # 1 

Conclusions:Conclusions:
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DBS in Pantothenate Kinase Deficiency                           DBS in Pantothenate Kinase Deficiency                           
Diana Apetauerova, MD¹; Janet Zani, NP¹; Jay Shils, PhD¹; Basil Darras, MD²;                              

Elena Bortan, MD¹; and Jeffrey Arle, MD, PhD¹
¹Lahey Clinic Burlington, Massachusetts, USA    ²Childrens Hospital, Boston, Massachusetts, USA

A 16-year old female presented at age 13 with walking, balance difficulties 
and facial grimacing. Falls started several months later. Neurological 
examination showed flexion toe dystonia in both feet, choreoathetoid 
movements in the left sided extremities with predominance in the left leg, 
mild left-sided spasticity and severe facial dystonia with dysarthria.  
Diagnosis of PANK2 was based on typical MRI finding and molecular 
analysis. Due to rapid symptomatic worsening, especially gait, dystonia 
and spasticity, and minimal response to current medications 
(carbidopa/levodopa, carnitine), right-sided GPi DBS was performed. 

The Burke-Fahn-Marsden (BFM) Dystonia Rating Scale was 21 
(maximum 120 points) before DBS placement. The patient was unable to 
tolerate high frequency stimulation in all contacts due to pain over IPG 
area.  Low frequency stimulation was therefore applied and the final setting 
used was electrode 2 (+), 1 (-), amplitude 2.0 V, pulse width 270, 
frequency 50 Hz.  The patient was unable to tolerate electrode 0 and 3 as 
she again reported pain over IPG area. Choreoathetoid limb movements 
were the only improvements observed in out setting. Unfortunately, the 
patient was not able to tolerate higher voltage due to side effects. 
Clinically, progressive spasticity was observed in both lower extremities, 
which negatively influenced her gait. The BFM Dystonia Rating Scale was 
55.5 one year after DBS placement both on and off stimulation

Pantothenate kinase deficiency is a rare neurodegenerative disorder without 
a known cure. DBS GPi has been reported to have mild benefit in dystonia. 
Our patient showed benefit in limb chorea, but no benefit in dystonia in 
low frequency DBS 6 months post-procedure. The lack of positive 
response in dystonia to DBS in this patient might be related to several 
factors including programming difficulties and rapid progression of clinical 
symptoms, especially spasticity. Programming was particularly difficult as 
she was unable to tolerate higher voltage due to ‘uncomfortable’ sensory 
effects at the IPG in the chest when stimulating in monopolar mode and to 
a smaller extent in a bipolar configuration. This effect has been noted in 
other extremely thin patients during DBS treatment for other movement 
disorders. This inability to optimize stimulation amplitude may have also 
been a factor in non-optimal therapy.

1) Neumann M, Adler S, Schluter O, et al. Alpha-synuclein accumulation in a case of neurodegeneration with brain iron accumulation type 1 (NBIA-1, formerly Hallervorden-Spatz syndrome) with widespread cortical and 
brainstem-type Lewy bodies. Acta Neuropathol (Berl).Nov2000;100(5):568-74;  2) Zhou B, Westaway SK, et al: A novel panthotenate kinase (PANK2) is defective in Hallervorden-Spatz syndrome. Nat Genet2001;28:350-
354;  3) Harting MB, Hortnagel K, Garavaglia B, et al: Genotypic and phenotypic spectrum of PANK2 mutations in patients with neurodegeneration with brain iron accumulation. Ann Neurol2006;59:248-256; 4) Jankovic J, 
Kirkpatrick JB, Blomquist KA et al: Late-onset Hallervorden-Spatz disease presenting as familial parkinsonism. Neurology. Feb1985;35(2):227-34.; 5) Antonini A, Goldwurm S, Benti R et al: Genetic, Clinical, and imaging 
characterization of one patient with late onset, slowly progress ive, Pantothenate Kinase-Associated Neurodegeneration. Mov Disord2006;21(3):417-425; 6) Tanfani G, Mascakchi M, Dal Pozzo GC, et al: MR imaging in a case 
of Hallervorden-Spatz disease. J Comput Assist Tomogr. 1987 Nov-Dec;11(6):1057-8; 7) S.J. Hyflick, M. Hartman, J. Coryell, J. Gitschier and H. Rowley. Brain MRI in Neurodegeneration with Brain Iron Accumulation with 
and without PANK2 Mutation. American Journal of Neuroradiology. 2006;27:1230-1233; 8) Hayfl ick S.J., Westaway S.K., Levinson B, et al: Genetic, Clinical and Radiographic delineation of Hallervorden-Spatz Syndrome. 
The New England Journal of Medicine. 2003; 348:33-40; 9) Gil-Robles S, Cif L, Biols i B, et al: Neurosurgical treatment in childhood dystonias and dyskinesias. Rev Neurol.2006 Oct 10;43 Suppl 1:S169-72; 10) Loher T.J., 
Capelle H-H., Kaelin-Lang A., Deep brain stimulation for dys tonia: outcome at long-term follow-up. J Neurol2008, 255:881-884.; 11) Castelnau P, Cif L, Valente E.M., et al: Pallidal stimulation improves Pantothenate 
Kinase-Associated Neurodegeneration. Ann Neurol2005;57:738-741.; 12) Mikat i MA, Yehya A, Darwish H, et al: Deep brain st imulat ion as  a mode of treatment of early onset pantothenate kinase-associated 
neurodegeneration. Eur J Paediatr Neurol.2009 Jan;13(1):61-4.; 13)  Detante O, Vercueil L, Krack P, et al: Off-period dystonia in Parkinson’s disease but not generalized dystonia is improved by high-frequency st imulation of 
the subthalamic nucleus. Adv Neurol. 2004;94:309-14.

• Pantothenate kinase-associated neurodegeneration 
(PKAN) is a form of neurodegeneration with brain 
iron accumulation, or NBIA (formerly called 
Hallervorden Spatz syndrome).1 The gene  currently 
known to be associated with this autosomal-recessive 
rare disease has been   identified as pantotenate kinase 
(PANK2). 2, 3

• PKAN is clinically characterized by progressive 
extrapyramidal dysfunction ( dystonia, dysarthria, 
choreoathetosis), cognitive decline, pigmentary retinal 
degeneration, and later spasticity. Onset typically 
occurs in late childhood or early adolescence, but 
cases with adult onset have been described. 4, 5 All 
patients with typical presentation have PANK2 
mutation.  This mutation is present only in 1/3 of cases 
with an atypical presentation with late onset and slow 
progression of the disease. 8

• Brain MRI is standard for diagnostic evaluation of all 
forms of NBIA. 6 The MRI features T2 weighted 
bilateral hyperintensities in anterior medial globus 
pallidus surrounded by hypointensity which correlates 
with the iron accumulation.  In one study all patients 
with PANK2 mutation had this specific pattern also 
known as the “eye-of-the-tiger” sign. 7 (Figure 1)

• Pharmacologic and surgical intervention have focused 
on palliation of symptoms. Treatment involving 
bilateral DBS of the GPi nuclei in childhood cases of 
generalized dystonias is highly effective, especially 
those related to DYT1 mutation and with lower 
degrees of improvement in secondary dystonia, 
including PKAN. 9, 10 One study reported the 
sustained efficacy of DBS in treating the generalized 
dystonia of six PKAN patients whose diagnosis was 
confirmed by imaging and molecular analysis.11 The 
motor improvement ranged from 46% to 91%. Their 
results were stable throughout the follow-up period 
(from 6 to 42 months).  In one case of PKAN (DBS-
GPi was placed at age of 11 years) the favorable 
response was proven by the inadvertent removal of the 
DBS device due to infection.12 DBS of the 
subthalamic nucleus is highly effective in off-period 
dystonia of idiopathic PD, whereas it does not improve 
generalized dystonia secondary to PKAN. 13

To report a case of a 16-year old female with 
pantothenate kinase deficiency who underwent right-
sided GPi deep brain stimulation surgery (DBS) with 
minimal post procedure benefit in chorea, but no benefit 
in dystonia. 

OBJECTIVEOBJECTIVE

BACKGROUND:BACKGROUND:

CASE REPORT:CASE REPORT:

CONCLUSION:CONCLUSION:

FIGURE 1.FIGURE 1.

REFERENCES:REFERENCES:

The “eye-of-the tiger” sign on 
T2 weighted imaging of a 16 
year old female with PANK2.

Dramatic improvement in parkinsonism after Sinemet therapy in a Dramatic improvement in parkinsonism after Sinemet therapy in a patient with severe patient with severe 
WilsonWilson’’ s Diseases Disease

Elena Bortan, MD and Diana Apetauerova, MD                      
Lahey Clinic Burlington, Massachusetts, USA

Wilson’s disease (WD) manifests commonly as parkinsonism and 
dystonia.  We report a case of a patient with severe parkinsonism who 
exhibited dramatic improvement after carbidopa-levodopa (Sinemet) 
therapy.  

We present a case report of a 53-year old man who was diagnosed presymptomatically with 
Wilson’s Disease (WD) at the age of 14 by blood work (increased urine excretion of copper, 
low ceruloplasmin) and liver biopsy.  The tests were indicated as a result of a positive family 
history of WD.  He was treated with Penicillamine for 4 years at that time.  

At the age of 49, behavioral changes were noted and Zinc and Penicillamine were restarted.  
Four months later he experienced imbalance and falls.  Liver function tests (LFTs) revealed 
elevated AST 42 (normal: 11-40IU/L) and ALT 52 (normal: 7-40IU/L). Examination showed 
nystagmus, mild upper motor neuron weakness on the left side and ataxic gait.  Brain MRI 
demonstrated T2 weighted sequences as hyperintense areas bilaterally in pons, midbrain and 
putamen (Sequence 1).

Eight months after initiation of Penicillamine, examination showed severe akinetic-rigid 
parkinsonism, bilateral flexion hand dystonia, irregular hand tremor, bulbar signs and severe 
dysarthria.  He was unable to communicate and mobility was severely limited, even in bed, and 
he was unable to sit or ambulate. He required PEG tube and  24-hour nursing help with all 
activities of daily living. Brain MRI revealed an increase of T2 hyperintensities at the striatum 
bilaterally, midbrain and pons (Sequence 2).  The LFTs at that time were AST 46 and ALT 54. 
Penicillamine was discontinued and Trientene and Zinc sulfate were started. Due to minimal 
improvement, 300 mg of levodopa was initiated three months later and increased to 450 mg 
daily shortly thereafter. Within several weeks after initiation of levodopa, substantial 
improvement in rigidity, tremor and dystonia was noted.  Four months later he showed dramatic 
improvement in parkinsonism, was able to ambulate without assistance and required minimal 
help with dressing.  His speech and swallowing also improved and PEG tube was discontinued. 
Repeat brain MRI showed significant reduction of T2 hyperintensities in striatum & pons 
(Sequence 3).  LFTs were within normal limits.

Patients with WD commonly show exacerbation of neurological symptoms after initiation of 
penicillamine and this can occur over a period of 2 weeks to 12 months. This occurrence is 
caused by the rapid mobilization of liver copper in the circulation, and can sometimes be 
permanent. 19   Our case of severe WD presented after initiation of penicillamine and showed 
severe akinetic-rigid syndrome, dystonia and bulbar signs. Dramatic improvement in all those 
signs was observed after initiation of carbidopa/ levodopa. In the past, this medication was 
shown to be effective especially for patients with rapid neurological deterioration despite 
adequate chelation treatment.20, 21The benefit of levodopa therapy might be due to presynaptic 
dopaminergic abnormalities in the nigrostriatal pathway, as seen in imaging studies.22

Carbidopa- levodopa should be tried in patients with WD presenting with severe parkinsonism.

• Wilson’s disease is an autosomal recessive inherited disorder of copper
accumulation. Parkinsonism & dystonia are assumed to    be due to 
presynaptic nigrostriatal dopaminergic injury. Abnormal cooper 
transport in WD results in accumulation of copper primarily in the 
liver, the brain and the cornea. 1

• The gene responsible for WD lies on chromosome 13q14.3 and encodes 
for a copper transporting P-type ATPase. 2

• Initial manifestations of the illness can be neurological in about 40% of 
patients and psychiatric in 15% of patients. 3 Neurological 
abnormalities present in patients in the second or third decade with a 
picture resembling parkinsonism, a generalized dystonic syndrome, or 
postural and intention tremor with ataxia, titubation and dysarthria. 

• The diagnosis of Wilson Disease includes low serum ceruloplasmin
level, Kayser-Fleischer ring, raised 24-hour urinary copper excretion, 
raised liver copper concentration, and genetic linkage studies to 
chromosome 13.  All siblings (who have a one to four chance of 
developing the illness) and cousins of known patients should be screen 
for Wilson’s Disease. 4

• Brain MRI is typically abnormal; in a series of eight patients with 
neurological manifestations, seven MRI were abnormal. 5  MRI reveals 
changes in the basal ganglia which are reversible with treatment. The 
caudate and putamen show increased T2 signal, and there may be 
similar changes in the substantia nigra pars compacta, pontine 
tegmentum, and thalamus. 6 Hyperintensity of the mesencephalon with 
sparing of red nuclei and lateral aspect of the substantia nigra led to the 
“face of giant panda” sign. 5

• The gold standard of treatment is Penicillamine. 7, 8 Unfortunately, 
20% to 40% of those with neurological disability will exhibit 
deterioration in the initial months of Penicillamine treatment believed 
to be caused by an overlay rapid release of copper into plasma that then 
gets into the brain. 9 In one case, a patient developed marked dystonia 
(status dystonicus) and died. 10

• Trientine is an alternative to D-Penicillamine, another chelator. 8, 9

Zinc and Tetrathiomolybdate prevents the absorption of copper.  Zinc is 
an excellent agent for chronic use for mild cases and  prevention. 11, 12

• Currently, orthotopic liver transplantation partially corrects the 
defective metabolism of copper in patients with WD13, 14,  providing an 
effective phenotypic cure.  

• The neurological manifestations can be reversed in about 80% of cases 
who undergo liver transplantation.15   The effect of liver transplant on 
neurological symptoms has not been clearly established.  Symptomatic 
treatment with antiparkinsonian and antidystonic drugs such as 
levodopa, dopamine agonist, and anticholinergics may be beneficial. 18

1) Wilson SAK: Progressive lenticular degeneration: A familial nervous disease associated with cirrhosis of the liver. BRAIN1912;34;295-507;  2) Petrukhin K, Fischer SG, Pirastu M, et al: Mapping, cloning and genetic characterization of the region containing the Wilson’s disease gene. Nat Genet1993;5:338-
343;  3) Brewer GJ: Recognition, diagnosis, and management of Wilson’s disease. Proc Soc Exp Biol Med2000;223:39-46;  4) Walshe JM: Diagnosis and treatment of presymptomatic Wilson’s Disease. Lancet 1988;2 (8608):435-437;  5) Giagheddu M, Tamburini G, Piga M, et al: Comparison of MRI, EEG, EPs, 
and ECD-SPECT in Wilson’s Disease. Acta Neurol Scad2001;103:71-81;  6) Saatci I, Topcu M, Baltaoglu FF, et al: Cranial MR findings in Wilson’s Disease. Acta Radiol1997;38:250-258;  7) Walshe JM: Penicillamine: The treatment of first choice for patients with Wilson’s disease. Mov Disord1999;14:545-
550;  8) Shimizu N, Yamaguchi Y, Aoki T: Treatment and management of Wilson’s disease. Pediatr Int1999;41:419-422; 9) Brewer GJ: Penicillamine should not be used as initial therapy in Wilson’s disease. Mov Disor 1999;14:551-554;  10) Svetel M, Sternic N, Pejovic S, Kostic VS: Penicillamine-induced 
lethal status dystonicus in a patient with Wilson’s disease. Mov Disord2001;16: 568-569;  11) Hoogenraad TU: Paradigm shift in treatment of Wilson’s disease: Zinc therapy now treatment of choice. Brain Dev2006;28:141-146;  12) Brewer GJ: Novel therapeutic approach to the treatment of Wilson’s disease. 
Expert Opin Pharmacother2006;7:317-324;  13) Podgaetz E, Chan C: Liver transplantation for Wilson’s Disease: Our experience with review of the literature. Ann Hepatol2003;2:131-134;  14) Schilsky ML, Scheinberg IH, Sternlieb I: Liver transplantation for Wilson’s disease: Indications and outcome. 
Hepatology 1994;19:583-587; 15) Stracciari A, Tempestini A, Borghi A, Guarino M: Effect of liver transplantation on neurological manifestations in Wilson disease. Arch Neurol2000;57:384-386;  16) Medici V, Mirante VG, Fassati LR, et al;Liver transplantation for Wilson’s Disease: the burden of neurological 
and psychiatric disorders. Liver Transpl2005;11:1056-1063;  17) Litwin T, Gromadzka G, Czlonkowska A,: Neurological Presentation of Wilson’s Disease in a patient after liver transplantation. Mov Disord2008;23: 743-745;  18) Fahn S, Jankovic J: Principles and Practice of Movement Disorder,Chapter 25, 
Wilson Disease, 589-595. 19) Shyamal KD,Kunal R: Wilson’s disease: An update. Nature Clinical Practice Neurology(2006): 2(6),482-493.   20) Barbeau A, Friesen H: Treatment of Wilson’s Disease with L-dopa after failure with penicillamine. Lancet (1970):May30;1(7657):1180-1. 21) Jeon B, Jeong J, Kim K 
et al: Dopamine transporter imaging with [123I]-beta-CIT demonstrates presynaptic nigrostriatal dopaminergic damage in Wilson’s disease. J Neurol Neurosurg Psychiatry, 1998 July; 65(1) 60-64.  22) Jeon B, Jeong J, Kim K et al: Dopamine transporter imaging with [123I]-beta-CIT demonstrates presynaptic 
nigrostriatal dopaminergic damage in Wilson’s disease. J Neurol Neurosurg Psychiatry, 1998 July; 65(1) 60-64.
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Sequence 1:         Sequence 1:         
4 months after 
Penicillamine 
initiation

Sequence 2:      Sequence 2:      
8 months after 
Penicillamine 
initiation

Sequence 3:          Sequence 3:          
5 months after 
Sinemet initiation 
(17 months since 
treatment of WD)
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Hepatic Encephalopathy (HE) frequently affects patients 
with liver failure causing a variety of neurobehavioral 
changes. The advent of magnetic resonance imaging (MRI) 
and spectroscopy has increased our understanding of 
underlying neuropathophysiologic changes associated with 
HE. Though chronic MRI changes are well described in the 
literature, little is described in acute HE.  Prior studies have 
investigated diffusion weighted imaging (DWI) in patients 
with HE and have shown decreased diffusion. Apparent 
Diffusion Coefficient (ADC) values are increased in 
patients with fulminant hepatic failure suggesting an 
increase in cytotoxic edema. To our knowledge, patterns of 
cortical restricted diffusion have not been described in 
association with liver failure and HE. Here, we present 
three patients with liver failure and neurobehavioral 
changes. Their MRI’s revealed areas of restricted diffusion 
that is confined primarily to cortical grey matter. In two 
patients, these diffusion changes were noted to reverse with 
follow-up serial imaging. The other patient passed away 
prior to obtaining further imaging. With no other 
explanation for these MRI changes, we postulate that 
cortical diffusion abnormalities can be seen with severe 
HE. 
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Introduction: Sickle cell disease (SCD) carries a high risk of stroke in children.  Based 
on the STOP trial, transcranial Doppler (TCD) is recommended to identify children with 
increased stroke risk, defined sonologically as mean middle cerebral artery velocity 
(MCAv) � 200cm/s. However, the rate of disease progression as measured by TCD and 
the effect of therapeutic interventions on its values has not been extensively studied.  

Patients (or Materials) and Methods: We performed a retrospective study of 79 
children with homozygous SCD (53.2%M; age at first TCD: 7.4±4.1 yrs; 86.1% African-
American) followed at Boston Medical Center's Pediatric Hematology program from 
2004-2008. Treatment with hydroxyurea and/or exchange transfusion was initiated as 
clinically indicated.  Serial TCDs were performed, and mean MCAv change over time 
was analyzed by linear regression.   

Results: All children had at least 2 TCD studies (53%: 3 studies; 32%: � 4 studies).  
The average MCAv on first study was 134.1±27 cm/sec (reference for unaffected 
children: 80±15 cm/sec).  Four children had MCAv � 200 cm/sec on first TCD, two of 
which improved with transfusions.  Three children (4%) with non-critical values initially, 
progressed to MCAv� 200 cm/sec.  Overall, there was a non-significant increase in 
MCAv to 153.2±39.9 cm/sec (p=0.22).  In treatment-stratified analyses, the rate of 
progression of MCAv also did not change significantly. 

Conclusions:  Although MCAvs  did not change significantly overall, 4% of children 
developed critical levels.  Determinants of this progression remain unclear. Further 
studies are required to better understand the natural history of the disease and the rate 
of MCAv change on TCD.

� We performed a retrospective study of 79 children under the age of 
16 years with homozygous SCD followed at Boston Medical Center's
Pediatric Hematology program between January, 2004 and 
December, 2008.  

� All children were evaluated by TCD imaging on more than one 
occasion to assess their stroke risk. The MCA, ACA, PCA, distal ICA 
and basilar artery were insonated. The MCA reference value for 
unaffected children was 80±15 cm/sec). 

� Mean TCD velocities were categorized according to the STOP 
classification:

- Normal: < 170 cm/s
- Conditional: 170 to <200 cm/s
- Critical: � 200 cm/s

� Treatment with hydroxyurea and/or exchange transfusion was 
initiated as clinically indicated.  In those children in which mean MCA 
velocities on TCD reached 200 cm/sec, serial exchange transfusions 
were initiated.

� Serial TCDs were performed, and mean MCA velocity change over 
time was analyzed by linear regression.

� Up to 9 studies were performed in < 5% of children.  To investigate 
the changes over time in mean MCA velocities, we limited the sample 
to the first 5 studies for each patient.  Mixed linear regression was 
used to estimate change over time, controlling for the correlation 
structure within each patient.

Table 1. Demographic characteristics of the study p opulation (n=79) 

� A total of seven (9.0%) patients had mean MCA velocities � 200 cm/s 
during the study period. Four (5.0%) had critical velocities on the first 
TCD, while the other three (4.0%) progressed over time.  

� Of note, one patient had critical mean MCA velocities on all nine TCD 
studies, despite treatment efforts. 

� The average MCA velocity on the first study was 134.1 ± 27 cm/sec. 
Overall, there was an increase in mean MCA velocity over time to153.2 
± 39.9 cm/sec (Figure 1), but this was not statistically significant 
(p=0.22).

� Treament did not significantly affect the change in MCA velocity over 
time (p=0.49, when comparing treatment vs. no treatment group.) 

� Of all children followed, seven (9.0%) had critical velocities at some 
point during the study period. 

� The mean MCA velocity on initial sonological evaluation was over 50% 
higher than the reference value for unaffected children. 

� Overall, there was a non-significant increase in mean MCA velocity 
over time. This occurred in both treated and untreated children,
supporting findings of the STOP trial that treatment temporarily reduces 
the risk of stroke but does not change the natural history and 
progression of the disease.  

� Determinants of this progression remain unclear. Further studies are 
required to better understand how the natural history of the disease 
correlates with the rate of MCA velocity change on TCD.  

� Whether the rate of progression was associated with abnormal 
magnetic resonance imaging findings and predicted the risk of stroke 
remains to be determined in a future study. 

The Progression of Middle Cerebral Artery Velocitie s on Transcranial Doppler in Children with Sickle C ell Disease
B. Voetsch, MD, PhD1; F. Koyfman, MD1; H. Artinian, BA1; P. Sprinz, MD2; K. Fuentes, MD2; A. Pikula, MD1; M. Winter, MPH3; C. Kelly1; M. Murray1; M. Ogrodnik1; V. Babikian, MD1

Departments of Neurology1 and Pediatrics2, Boston University School of Medicine
Boston University School of Public Health3

Gender
Girls
Boys

Race
African-American
Hispanic
Other

Age at first study (yrs)

Number of TCD studies 
2 studies
3 studies
� 4 studies

37 (46.8%)
42 (53.2%)

67 (85.9%)
9 (11.5%)
2 (2.6%)

7.4 ± 4.1

79 (100%)
53 (68.4%)
23 (32.0%) 

Results

None

Hydroxyurea or exchange transfusion

Patients and Methods ConclusionsAbstract

TCD study 

� Stroke is a common and potentially devastating complication of sickle 
cell disease (SCD) in children.1

� Based on the results of the Stroke Prevention in Sickle Cell Disease 
(STOP) Trial,2 transcranial doppler (TCD) imaging is now used in 
clinical practice to identify which children with SCD are at high risk for 
stroke. 

� In the STOP trial, investigators found that mean intracranial velocities �
200 cm/s are an independent risk factor for stroke.  The risk associated 
with this sonological finding was approximately 10% per year, about 15-
20 times that of unselected children with SCD. 2,3

� The study also showed that patients who receive chronic transfusions 
had a 91% reduced rate of stroke.  When transfusions were stopped, 
however, the risk of stroke returned to baseline.2

� For this reason, annual TCD testing is recommended for children with 
SCD starting at 2-3 years of age and continuing to age 16 years.4

� While the use of TCD is an accepted clinical practice for the initial 
screening of stroke risk, the natural history and rate of sonological 
disease progression, as well as the effect of long-term treatment has not 
been extensively studied. 

� Our goal was to review our TCD data for children with SCD and assess 
the degree of progression and the effect of treatment on mean middle 
cerebral artery (MCA) velocity, a marker of stroke risk.

Results

References

1. Rothman SM, et al. Sickle cell anemia and central nervous system
infarction: a neuropathological study. Ann Neurol. 1986; 20: 684-90. 

2. Adams RJ, McKie VC, Hsu L, et al. Prevention of a first stroke by 
transfusion in children with sickle cell anemia and abnormal results on 
transcranial Doppler ultrasonography. N Engl J Med. 1998; 339:5-11.

3. Adams RJ, Brambilla DJ, et al. Stroke and conversion to high risk in 
children screened with transcranial Doppler ultrasound during the STOP 
study. Blood. 2004; 103: 3689-94.

4. Armstrong-Wells J, Grimes B, et al. Utilization of TCD screening for 
primary stroke prevention in children with sickle cell disease. Neurology. 
2009; 71:1316-21. 

Study

1

2

3

4

5

< 170 cm/s

66 (83.5%)

75 (94.9%)

45 (84.9%)

14 (60.9%)

10 (71.4%)

170 - <200 cm/s

9 (11.4%)

2 (2.5%)

5 (9.4%)

6 (26.1%)

3 (13.0%)

� 200 cm/s

4 (5.0%)

2 (2.5%)

3 (5.7%)

3 (13.0%)

1 (7.0%)

n

79

79

53

23

14

Table 2. Mean MCA velocities in the first 5 TCD stu dies 

p=0.49

Figure 1.  Progression of mean MCA velocities in tr eated and 
untreated children with SCD
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Background: Waldenström Macroglobulinemia (WM) is a lymphoproliferative  
disorder that is characterized by elevated production of monoclonal IgM in serum.  
Hematologic complications (anemia, thrombocytopenia), and constitutional symptoms   
are most common, while up to 25% of patients have asymptomatic disease.  
Autoimmune neuropathy (anti-MAG or anti-GM1) is the most common neurological 
symptom,  occurring in up to 47% of patients with WM.1 Other neurological 
manifestations may       be seen (Table 1), but leptomeningeal disease (LMD) is rare, 
and tends to occur in  patients with advanced or treatment refractory disease.

Case: A 48 year-old woman presented for a routine exam and an adnexal mass was 
discovered.  Biopsy diagnosed a low-grade B-cell lymphoplasmacytic lymphoma.  A 
monoclonal profile showed elevated IgM kappa of 2310 mg/dL (normal 550-1250 
mg/dL).  Serum viscocity was normal at 1.72 cP (normal 1.1-1.8 cP), and beta-2 
microglobulin was elevated 7.8 mg/L (normal 1.1-2.4 mg/L).  She was asymptomatic, & 
in the low-risk group by International Staging System for Waldenström 
Macroglobulinemia (ISSWM) criteria2, and did not receive treatment.  Six months later, 
she developed involuntary focal motor spells consisting of brief right hand shaking and 
tightening of the right side of her jaw consistent with focal motor seizures.   The spells 
stopped after anticonvulsant therapy.  

Results: The patient received 4 doses of weekly intrathecal (IT) methotrexate and intravenous (IV) 
rituximab. Intrathecal treatment was complicated by arachnoidits which was treated with oral steroids. 
The patient had cytologic clearing of her CSF after the fourth dose, and treatment was then stopped.  
Repeat MR imaging six weeks after completion of treatment revealed a partial radiographic response 
(Figure 4).  The patient continues to be asymptomatic, and has had stable brain and spine imaging, more 
than nine months from her last treatment. 

Objective: To describe an unusual CNS manifestation of Waldenström 
Macroglobulinemia (WM), & report response & tolerability to a novel 
chemotherapeutic approach in this setting.

References:1)  Baehring JM, Hochberg E, Raje N, Ulrickson M, Hochberg FH. Neurologic Manifestations of Waldenström’s Macroglobulinemia. Nat Clin Pract Neurol 2008; 4(10): 547-56.   2)  Morel P, Duhamel A, Gobbi P, Dimpopulos MA, Dhodapkar MV, et.al. International Prognostic Scoring system for Waldenström 

Macroglobulinemia. Blood 2009; 113(18): 4163-70.   3)  Grewal JS, Brar PK, Sahijdak WM, Tworek JA, Chottiner EG. Bing-Neel Syndrome: a case report and systematic review of clinical manifestations, diagnosis, and treatment options. Clin Lymphoma Myeloma 2009; 9(6): 462-6.   4)  Kim HD, Shin KC, Cho HS,  Kim MK,  
Lee KH, Hyun MS. Therapeutic experience of Bing-Neel Syndrome associated with Waldenstrom’s Macroglobulinemia. J Korean Med Sci 2007; 22(6): 1079-81.

Conclusions/Relevance: LMD in WM is unusual, particularly early on in the course of the disease. 
CSF cytology and flow cytometry as well as leptomeningeal biopsy are important to exclude a 
transformation event or infectious cause in this disease.  Previous case reports of leptomeningeal WM 
have been treated with radiation, intrathecal chemotherapy3, or systemic chemotherapy4.  Combined 
intrathecal and systemic therapy in the treatment of leptomeningeal WM has not been previously 
reported.  IT methotrexate and IV rituximab appear to have some activity in leptomeningeal WM.  This 
approach has a potential advantage over other therapies, especially in patients with asymptomatic 
systemic disease, because cranial irradiation and systemic chemotherapy may be deferred or reserved   
for salvage therapy. 

Figure 3. 
Dural biopsy

CNS Diffuse large B-cell lymphoma Transformation 

Cranial neuropathies
Myelopathy
Seizures

Leptomeningeal Disease 

Perivascular infiltration Direct cellular infiltration 

Multifocal LeukoencephalopathyNonspecific IgM deposition

Venous/arterial occlusion events
Vision loss
Mucosal bleeding

Hyperviscosity

Sensory neuropathyAutoimmune neuropathy

RESULTMECHANISM

Table 1:
Mechanisms of 
neurological 
manifestations in 
Waldenström 
Macroglobulinemia 
and resultant  
clinical findings.

A brain MRI with gadolinium showed leptomeningeal enhancement along the surface       
of the left hemisphere (Figure 1). Spine imaging showed confluent nodular enhancement 
along the thoracic and lumbar spine from T2 to the conus, and involving the cauda 
equina (Figure 2).

CSF analysis revealed 13 WBC, an elevated protein (92 mg/dL), and a normal glucose (69 mg/dL). 
CSF cytology showed small lymphocytes with mild atypia. A dural biopsy confirmed infiltration of 
the leptomeninges with kappa restricted CD 20 and CD 38 positive B-cells consistent with 
plasmacytic differentiation. (Figure 3).

Figure 1.                                    
Brain Imaging Pre-Treatment

Axial T1                                       
post-Gd

Coronal T1           
post-Gd

Sagittal T1                             
pre-Gd

Sagittal T1                    
post-Gd

Figure 2.                                        
Spine imaging Pre-Treatment

Axial T post-Gd Coronal T1 post-Gd Sagittal T1 pre-Gd Sagittal T1 post-Gd

Figure 4. Brain and Spine Imaging 6 Weeks Post-Treatment
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DUAL ENERGY CT SCAN AND PATHOLOGICAL ANALYSIS OF EX -VIVO CAROTID PLAQUE
Venkata S. Dandamudi, M.D, Christine Thomas, M.D, I brahim Bechwati, Ph.D, Claudia Fitzgerald, MS

Kinan K Hreib, M.D, Ph.D
LAHEY CLINIC MEDICAL CENTER, BURLINGTON, MA

Current therapeutic guidelines for carotid artery disease 
are primarily driven by degree of carotid stenosis and 
symptomatology.  As more non invasive modalities 
become available the concept of “vulnerable plaque” is 
being entertained and explored.  Dual energy CT scan 
is an innovative non invasive technology that can help 
us identify the plaque morphology by using different x-
ray spectra and analyzing differences in attenuation of 
the contents of the plaque.  In this study we attempted 
to quantify degree of calcification in the ex vivo carotid 
plaque with dual energy CT scan and compare that to 
pathological grading

• Max Wintermark, M.D., Sandeep Arora, M.B.B.S, Elizabeth Tong, Ph.D., Eric Vittinghoff, 
Ph.D., Benison C. Lau, Jeffrey D. Chien, B.A., William P. Dillon, M.D., and David Saloner, 
Ph.D.  Carotid Plaque CT Imaging in Stroke and Non-Stroke Patients  Ann Neurol. 2008 
August ; 64(2): 149–157. doi:10.1002/ana.21424

• Miralles M, Merino J, Busto M, et al. Quantification and characterization of carotid 
calcium wi th multi-detector CT-angiography. Eur J Vasc Endovasc Surg 2006;32:561–
567 

• Naghavi M, Libby P, Falk E, et al. From vulnerable plaque to vulnerable patient: a call for 
new definitions and risk assessment strategies: Part I. Circulation 2003;108:1664–1672.

• Nandalur KR, Hardie AD, Raghavan P, et al. Composition of the stable carotid plaque: 
insights from a multidetector computed tomography study of plaque volume. Stroke 
2007;38:935–940.

• Lovett JK, Gallagher PJ, Hands LJ, et al. Histological correlates of carotid plaque surface 
morphology on lumen contrast imaging. Circulation 2004;110:2190–2197 

CONCLUSIONS

• Dual energy CT scan can accurately predict 
calcification in the carotid plaque

• Neither degree of calcification nor degree of 
stenosis predicted the history of Stroke/TIA in our 
study group

• Although subset number was low, interestingly 
our study showed Stroke/TIA in 100% of patients 
with moderate carotid disease in combination with 
low calcification

• We plan to do dual energy decomposition 
analysis and thereby quantify the amount of 
calcification in the plaque

• Multimodality approach in identifying “vulnerable 
plaques” may revolutionze the approach of 
treating carotid artery disease

IMAGES RESULTS

METHODS
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791423357Total

4551123680-99
18756070-80

5230050-70
300300-49

80431Stenosis

Total3210Frequency
Calicif icationINTRODUCTION

100%(3/3)4.Lo Sten / Low Calc 

20%(1/5)3.Lo Sten / Hi Calc 

29%(10/35)2.Hi Sten / Low Calc 

25%(7/28)1.Hi Sten /  Hi Calc 

P=.0780 
(Fisher Exact) 

(n=71)

% with Stroke or TIA

51
20
%11218%23522%62

33
%

80-99

73
43
%5120%6350%

70-80

21
50
%300%

50-70

33100%
0-49

4250%300%100%

Stenosis

Total
N

# 
stroke/ 

tia

% 
strok

e
/tia

Total
N

# 
stroke

/ 
Tia

% 
stroke

/tia

Total
N

# 
stroke/ 

tia

% 
stroke

/tia

Total
N

# 
stroke/ 

tia

% 
strok

e
/tia

3210

Calcification
63.4% ( 45)80-99 
25.4% ( 18)70-80 

7.0% ( 5)50-70

4.2% ( 3)0-49 

N=71Percent Stenosis Category, % (n)

12.7% (10/79)TIA

20.3% (16/79)Stroke

13.9% (11/79)PVD
3.8% (3/79)Prosthetic Heart Valve

1.3% (1/79)Migraine

5.1% (4/79)MI
73.4% (58/79)Hyperlipidemia

88.6% (70/79)HTN

21.5% (17/79)DM

98.7% (78/79)Carotid Disease

31.6% (25/79)CAD
12.7% (10/79)AFib 

25.3% (20/79)Smoke, % yes (n)
64.6% (51/79)Gender, % male  (n)

72.1 ± 7.8 ( 79)Age, mean ± SD
Result (n=79)Characteristic

We consented a total of 100 patinets for the study.  
Carotid plaques were collected after the CEA.  All 
specimens were then scanned using an 8-rows MSCT 
scanner (Ceretom mobile MSCT, Neurologica , Danvers  
USA) .  The following dual energy protocol was used, 
first 100 kV, 7 mA,   4 seconds, axial  scan followed by a 
140 kV, 7 mA,  4 seconds , axial scan.   The dual energy 
scans were done back-to-back and per slice for 
guaranteed registration of the dual energy images.  The 
images are reconstructed in 1.25 mm slices with a pixel 
size that ranges from 0.15mm×0.15 mm to 
0.12mm×0.12mm.   All the specimens were then cut and 
stained for pathological analysis.  Neuro-pathologist 
graded the calcification of the plaques grade 0 to 3 and 
also other components per AHA guidelines.  

a

b

c d

Figure c: showing an example of the source images from the dual energy 
scan with high calcification 

Figures a, b showing 3D reconstructions of the carotid plaque from the images obtained 
from the dual energy CT scan

Figure d shows grade 3 calcification on pathology (H&E stain, original 40x 
magnification.  A large plaque with near replacement with calcification

Figure c: showing an example of the source images from the dual energy 
scan with moderate calcification

Figures a, b showing 3D reconstructions of the carotid plaque from the images obtained 
from the dual energy CT scan

Figure d shows grade 2 calcification on pathology (H&E stain, original 40x 
magnification.  A fibrous plaque with numerous foci of calcification.  No dense 
calcification or foci of ossification were noted

Figure c: showing an example of the source images from the dual energy 
scan with mild calcification

Figures a, b showing 3D reconstructions of the carotid plaque from the images obtained 
from the dual energy CT scan

Figure d shows grade 1 calcification on pathology (H&E stain, original 40x 
magnification.  A fibrous and lipid plaque wit few foci of calcification in the deep part 
of the plaque

Figure c: showing an example of the source images from the dual energy 
scan with no calcification 

Figures a, b showing 3D reconstructions of the carotid plaque from the images obtained 
from the dual energy CT scan

Figure 3 shows grade 0 calcification on pathology (H&E stain, original 40x 
magnification.  This plaque is mostly fibrous and shows no detectable calcification

b

ca d

a

b

c d

a

b

c d

Above picture showing plotting and Pearson's correlation (r)  between the pathological grading of 
calcification and CT numbers from average and maximum densities at high and low energy scans

Above tables showing plotting of maximum and average CT values at high and low energy CT scan 
for a given pathological grading including mean, median and 95%confidence intervals

Table showing distribution of subjects against degree of calcification, degree of stenosis and history of TIA or Stroke
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!"#����$�% To determine the frequency of shoulder pain in our ALS 
population and to explore potential associations with demographic and clinical 
features. 

���&�����% Pain is a significant source of morbidity associated with ALS, 
but little is known about its common locations and causes. We postulated that the 
shoulder is particularly susceptible to injury and a frequent source of pain in ALS. 
We sought to determine whether age, gender, prior shoulder problems, manual 
labor, phenotype (i.e., upper motor neuron (UMN) vs. lower motor neuron (LMN) 
predominance) and region of involvement (i.e., bulbar vs. diffuse, arm vs. leg) 
correlated with the development of shoulder pain. 

�������% We retrospectively reviewed the medical records of 193 
consecutive motor neuron disease patients seen at Lahey Clinic between 2005-
2009. Patients with ALS were categorized by the predominance of UMN and LMN 
signs and the body regions involved. The frequency of shoulder pain (SP) or no 
shoulder pain (NSP) was identified in each of these subgroups, and in the 
demographic categories mentioned above, with differences in frequencies 
determined by Chi-squared and t tests.

'������% 45 (23%) of the 193 patients reported shoulder pain. There was no 
difference between the SP and NSP groups in age, gender, manual labor, and prior 
shoulder problems. Neither phenotype nor region of involvement correlated with 
development of shoulder pain. The SP group was more likely to develop proximal 
arm weakness and to report pain elsewhere.

�������� � Shoulder pain is an under recognized source of morbidity in patients with ALS. Despite the 
limitations posed by this retrospective study, it underscores the prevalence of shoulder pain in ALS patients. 
Further studies to identify risk factors for and types of shoulder injury, allowing for more successful prevention 
and treatment of this significant source of ALS morbidity, would greatly benefit this population. 

SP (n=45) NSP (n=148) P value
Mean Age (years) 62 +13 63 +13 0.46
Male Gender 24 73 0.64
Manual Labor 8 19 0.40

Prior Shoulder Problems 6 10 0.16
Proximal Arm Weakness 35 76 0.0017
Pain in Other Body Regions 27 40 0.0001

Full Cohort
(n=193)

SP
(n=45)

NSP
(n=148)

P value

Phenotype and Shoulder Pain

UMN/LMN 
Predominance

LMN
MIXED
UMN

N=192
33.9% (65)
44.8% (86)
21.4% (41)

N=45
26.7% (12)
46.7% (21)
26.7% (12)

N=147
36.1% (53)
44.2% (65)
19.7% (29)

0.4232

Region of Involvement and Shoulder Pain

Region of Involvement
BULBAR
DIFFUSE
LE
UE

N=191
23.6% (45)
17.8% (34)
32.5% (62)
26.2% (50)

N=44
27.3% (12)
13.6% (6)
22.7% (10)
36.4% (16)

N=147
22.4% (33)
19.0% (28)
35.4% (52)
23.1% (34)

0.1850

Table 1. Demographic Features and Shoulder Pain

Table 2. Clinical Features and Shoulder Pain

Frequency of Shoulder
Pain in ALS

Shoulder Pain
(45, 23%)

No Shoulder Pain
(148, 77%)

Title : Shoulder Pain in ALS 

Authors: Doreen T. Ho, MD; Robin Ruthazer, MPH; and James A. Russell , DO



Ischemic Stroke in the Young: Risk Factors and Stro ke Subtypes
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Stroke in the young is a growing public health concern. Stroke 
risk factors are numerous and not well established. We 
describe our experience in an inner city hospital providing care
to underserved populations. 

To determine the risk factors for stroke in young adults, we 
retrospectively reviewed the medical record of all patients 15-
49 years of age with ischemic stroke admitted to the Boston 
Medical Center between January, 2005 and May, 2009. 

We excluded patients with transient ischemic attack (TIA) or 
intracranial hemorrhage. 

We collected the following data:

• Demographics (age, sex, and race)

• Vascular risk factors, including:
- history of prior stroke/TIA
- history of cardiac disease
- atrial fibrillation 
- hypertension
- diabetes mellitus
- hyperlipidemia
- smoking and illicit drug use

• Blood tests

• Diagnostic results
- transthoracic and transesophageal echocardiograms
- MR imaging and angiography of head and neck

Our observational data suggest that young adults have 
high frequency of risk factors and consequently a higher 
stroke rate than previously reported. While the 
retrospective design carries certain limitations, our 
findings raise concerns about the magnitude of stroke as 
a public health problem in young adults among 
underserved populations.  

A total of 98 young patients (61 men) were diagnosed with 
ischemic stroke. They comprised 12.7% of 770 ischemic stroke 
patients of any age admitted during the same period. 

The mean age was 41.3 years (range: 15-49; 71% > 40 years). 

Of all patients, 54% were Black, 21% White, 16% Hispanic and 
9% of other ethnic groups. 

Risk factors (figure 1) on admission included prior stroke/TIA 
(21%), history of cardiac disease (18%), atrial fibrillation (2%), 
hypertension (49%), diabetes mellitus (32%), hyperlipidemia 
(33%), smoking (42%), and illicit drug use (23%). 

Cocaine test was positive in 8% of patients. 

Cardiac evaluation revealed the presence of patent foramen 
ovale (12%), left ventricular thrombus (1%), left ventricular 
hypokinesis (14%) and new onset atrial fibrillation (3%). 

Stroke subtypes (figure 2) were based on the TOAST 
classification: large-artery atherosclerosis (26%), small-vessel 
occlusion (26%), cardioembolic (20%), other determined 
etiology (16%), and undetermined etiology (12%). 

Figure 1: Risk Factors

Figure 2: Stroke Subtypes
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Chronic Parkinsonism Associated with Liver Cirrhosis            
Diana Apetauerova, MD; Peter Hildenbrand, MD; Janet Zani, NP & Stephanie Scala, MA

Cirrhosis-related parkinsonism represents a unique subset of acquired 
hepatocerebral degeneration.  Disorder prevalence & natural history 
after transplant remains largely uncertain. 

A prospective study of 81 patients with liver cirrhosis were recruited 
from the liver transplant list at Lahey Clinic, Burlington, MA  
(Table 1). 

We provide detailed analysis and characteristic signs of parkinsonism 
in secondary hepatocerebral degeneration. Our study demonstrates a 
high incidence of parkinsonism in patients with liver cirrhosis. No 
correlations were found between severity of liver cirrhosis, manganese 
levels and parkinsonism severity. Statistically significant improvement 
was found in UPDRS, gait and ADL post transplant. Significant 
differences were also seen in brain parameters- summarize.  This study 
remains ongoing until 120 patients are enrolled and all patients have 
been transplanted.

OBJECTIVE:

BACKGROUND:

METHODS:

RESULTS:

CONCLUSION:

026UTotal
96.782.11ADL

17.5117.16Manganese, UG/L 
Not Done66.5Ammonia, UMOL/L
Not Done93.5Copper, UG/DL

102.5117.5Iron, UG/DL
013.1UIII (Motor) Total

5.67.6Disease Duration, y

No 
Parkinsonism 

n=43

Parkinsonism 
n=38Table 1.Demographics

34 M    9 F23 M    15 FGender
53.355.3Mean Age, y

13.514.8Mean MELD  

8 Alcohol 
22 Mixed 

6 Viral 
7 Other 

10 Alcohol 
18 Mixed 

4 Viral 
6 Other 

Disease Category

Fig. 1 Change in UPDRS Section III: 
Questions 27-31: GAIT

Fig. 2  Change in UPDRS Section III: 
Total score: MOTOR

Fig. 3  Change in ADL

Change Score Section     Median  IQR  Mean   SD    p-value*
Baseline - Week 6 -0.5        2.5    -1.3     3.0     0.31
Baseline - Month 3 -3.0        5.0    -4.0     2.4     0.02
* P-values based on results from Wilcoxon signed-rank test

Change Score Section        Median   IQR   Mean   SD   p-value*
Baseline - Week 6 -3.0       12.0   -2.3     9.3    0.48
Baseline - Month 3 -11.0       7.0    -10.1    6.1    0.03
* P-values based on results from Wilcoxon signed-rank test

Change Score Section    Median   IQR   Mean   SD   p-value*
Baseline - Week 6 0.0       10.0    2.9     17.0    1.00
Baseline - Month 3 10.0       10.0  18.3     21.4    0.06
* P-values based on results from Wilcoxon signed-rank test

Acknowledgment: Thank you to Robin Ruthazer, Lori Lyn Price and Jason Nelson from the Design & Data Resource Center at Tufts Clinical & Translational Science Institute, Boston, MA.

Axial T1-weighted images of the brain at 1.5T were evaluated on a 
blinded matched cohort of Parkinson's disease (PD) & hepatocerebral 
degeneration patients (HCD). Symmetrically placed standardized (25 
mm2) regions of interest (ROIs) within the medial globus pallidus 
versus thalamus versus forceps minor white matter were acquired in 
effort to normalize for minor variations in the T1 pulse sequence, 
equipment/ coil enhancements & head positioning over the 5 year 
prospective time interval. 

To prospectively study parkinsonism prevalence in patients with 
liver cirrhosis of various causes & to establish correlations between 
cirrhosis severity & parkinsonism, neuroradiological & biological 
findings.

Thirty eight (46%) of 81 patients exhibited parkinsonism. In the
parkinsonian group, we found no correlation between severity of 
MELD & motor part UPDRS (p=0.74) and no correlations were     
found with copper, ammonia, manganese or iron levels. All 
parkinsonian patients had abnormal signal in the basal ganglia. 

Seven patients with parkinsonism underwent liver transplant at time of 
abstract. Statistically significant improvement was found in gait        
(p= 0.02), total motor UPDRS (p=0.03) & ADL (p=0.06) 3 months post  
transplantation. (Figs. 1-3: Change from Baseline to Week 6 & Mo 3).

The thalamic ROIs were placed symmetrically on the right and left 
within the inferomedial thalamus. Symmetric ROIs of the forceps 
minor were acquired within deep frontal white matter at the level of  
the corpus callosum genu. Ratios of right (R) and left (L) medial 
globus pallidus/thalamic (thal) and medial globus pallidus/white  
matter (WH) were calculated and subsequently correlated with   
clinical metrics. 

The ROIs for the medial globus pallidus were 
positioned symmetrically on the right and left, 
just posterior to the anterior commissure and 
10mm off midline (Figure 1).

Signal intensity within the 
adenohypophysis on sagittal 
T1 weighted imaging was 
considered elevated if its 
signal intensity was equal to 
or greater than that of the 
corpus callosum (figure 2).

Each patient underwent United Parkinson’s Disease Rating Scale 
(UPDRS) testing and videotaping, standard liver transplant evaluation   
and repeat testing at 6 weeks, 3 and 12 months post transplant. Patients 
with parkinsonism also underwent brain MRI and MMSE. Correlations 
were measured between MELD severity and motor part of UPDRS, 
copper, ammonia, manganese, iron levels and signal MRI changes. 

0.78311.003 ± 0.0911.017 ± 0.055ratio right to right WH

0.30571.094 ± 0.0921.147 ± 0.118ratio right to right thal 

0.00850.988 ± 0.0871.077 ± 0.139ratio left to left WH 

0.27300.988 ± 0.0871.040 ± 0.084ratio left to left WH 

0.09861.096 ± 0.078)1.171 ± 0.102ratio left to left thal

p-valuePD group (n=24)HCD-1 year post Tx (n=4)MRI parameter ratio

0.04031.003 ± 0.0911.082 ± 0.162 ratio right to right WH 
<.0001 1.096 ± 0.0781.368 ± 0.153 ratio left to left thal. 
<.0001 1.094 ± 0.0921.340 ± 0.177ratio right to right thal. 

p-valuePD group (n=24)HCD Group Pre-Tx (n=28)MRI parameter ratio
Table 2. Comparison of MRI Parameters between HCD & PD groups *

<.0001 315.3 ± 141.2484.8 ± 125.8left thalamus
<.0001 314.9 ± 140.5479.5 ± 131.0right thalamus

p-valuePD group (n=24)HCD Group Pre-Tx (n=28)MRI parameter ratio
Table 3. Comparison of right & left thalamus values between HCD & PD groups *

* Data are presented as mean ± standard deviation. P-values are from the 2-sample student t-test

The mean UIII results were significantly lower at 12 months compared 
to pre transplant (p=0.0031) in the pre vs. post transplant group (n=4). 
UPDRS III was not significantly correlated (p>0.05) with any of the 
four MRI parameters (R/L thalamus or R/L white matter) at the pre-
transplant time point (n=28) nor at 12 months post transplant (n=4). 

0.6776 4.2% (1/24) 0.0% (0/4) 1 yr post
<.00014.2% (1/24) 71.4% (20/28) Pre Tx

p-valuePD group (n=24)HCD Group Pre-Tx (n=28)Variable 
Table 4. Comparison of % with Pituitary between the HCD & PD groups*

There were no significant differences between the right (p=0.71) or left 
(p=0.64) thalamus in the post transplant HCD vs. PD groups. There were 
no significant differences between R & L Thalamus within the HCD
group pre (p=0.27) nor post transplant (p=0.15).

Results of statistically significant differences between the HCD vs. PD 
groups in imaging parameters are represented in tables 2, 3 and 4.

Title : Chronic Parkinsonism Associated with Liver Cirrhosis 

Authors : D. Apetauerova, P. Hildenbrand, J. Zani, S. Scala
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Title : Case Report: Brachial amyotrophic diplegia (BAD) - A 
slowly progressive motor neuron disorder
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Case Report: Brachial amyotrophic diplegia (BAD) - A slowly progressive motor neuron disorder
Diana Apetauerova, MD¹, Karel Bechyne, MD², Ivo Schenk, MD², James A. Russell, DO¹

¹Department of Neurology Lahey Clinic, Burlington, MA USA     ²Department of Neurology, Pisek Hospital, Pisek, Czech Republic

Figure 1.

REFERNCES: 1) Vucic S, Kiernan MC. Abnormalities in cortical peripheral excitability in flail arm vari ant of amyotrophic lateral s clerosis. J Neurol Neurosurg Psychiatry 2007; 78:849-852. 2)Wijesekera LC, Mathers S, Talman P, Galtrey C, Leigh PN et al. Natural history and cl inical features of the flail arm and flail leg ALS variants. Neurology 2009; 72:1087-1094.3)Visser J, de Jong JMBV, de Visser 
M. The history of progressive muscular atrophy. Neurology 2008;70:723-727 4) Brooks BR. El Escorial World Federation of Neurology criteria for the diagnosis of amyotrophic lateral sclerosis. J Neurol Sci 1994; 124(Suppl):96–107. 5) Brooks BR, Miller RG, Swash M, et al. El Escorial revisited: revised criteria for the diagnosis  of amyotrophic lateral  sclerosis. Amyotrophic Lateral Sclerosis and Other 
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DISCUSSION: In the absence of a disease defining biomarker(s), the diagnosis and classification of the sporadic motor neuron diseases during life remains dependent on clinical and electrodiagnostic assessment. 
Distinction between MND subcategories is currently defined by expert opinion. Understandably, MND nosology remains both confusing and to some extent, controversial (3). Current diagnostic criteria for amyotrophic 
lateral sclerosis were developed by consensus in El Escorial Spain in 1990 and modified at Airlie House in Virginia in 1998. (4,5).  In both instances, the diagnosis of ALS requires clinical, in some cases 
electrodiagnostic, demonstration of both upper and lower motor neuron dysfunction. The shortcomings of these criteria are highlighted by the recognition that rigid application of the El Escorial criteria excludes at least 
40% of ALS patients from enrollment in clinical trials at presentation, and up to 10% of patients at the time of death (6,7,8). The motor neuron diseases are considered to be progressive neurodegenerative disorders in 
which the pathology begins and preferentially resides in the anterior horn cells of the spinal cord, certain cranial nerve motor nuclei, corticospinal and corticobulbar tracts. Historically, the distinction between different 
motor neuron disease subtypes is based on site of onset, e.g. limb vs. bulbar, or alternatively on which types of motor neurons are preferentially affected, e.g. upper (UMN) and/or lower motor neurons (LMN). 
Regardless of these differences, the majority of these individuals will ultimately receive or deserve a diagnosis of ALS.

In 1850, Aran described a syndrome, referred to as progressive muscular atrophy (PMA), a form of motor neuron disease in which the clinical features were predominantly if not exclusively referable to LMN loss. The 
phenotypic boundaries of PMA were and remain imprecisely defined. Like ALS, PMA typically begins focally and asymmetrically and spreads inexorably in a regional pattern. Initial symptoms may reflect involvement 
of limb, bulbar or rarely ventilatory muscles. In the limbs, initial weakness is often in the distal limb. Deep tendon reflexes in involved regions are expected to be diminished or absent. Atrophy, cramps and fasciculations 
are the rule rather than the exception (9).  In 1886, Vulpian described a scapulohumeral variant of MND. It has been subsequently referred to as the Vulpian Bernhardt, hanging-arm, neurogenic man-in-a barrel, or flail 
arm syndromes, or as brachial amyotrophic diplegia (BAD) (2, 10, 11).  Many authors consider BAD to represent a more indolent, variant of PMA and ALS. None-the-less, it is often classified separately from PMA 
based upon the pattern of weakness and the increased lower extremity reflexes demonstrable in many cases (2). The BAD phenotype has been defined by weakness and wasting that begins in the shoulder girdles. It either 
begins or evolves into a symmetric or near-symmetric pattern, and remains confined to the upper extremities for a period of 12, 18, or 24 months depending on author (1,2,10). Weakness remains confined to the arms for 
18 months in 56%, 24 months in 46%, and 36 months in 27% of patients in one series (2).  In another series however, 70% of patients had weakness confined to the upper extremities after a mean follow up of over 5 
years (10).  Despite this LMN and upper extremity predominance initially, UMN signs are present in the lower extremities in up to 77% of patients at presentation in some series and develop in the upper extremities in 
42% of patients during the course of their illness (2,12).  UMN signs are reported far less frequently by others (10).  Additionally, bulbar signs develop in 27-77%. The majority of affected individuals develop EMG if 
not clinical evidence of lower motor neuron disease in the lower extremities as well (1,10,13,14).  LMN signs developed in 18% of patients in one series within 59 months (on average) from symptom onset (1). Despite 
the early and severe LMN involvement in cervical segments, diaphragmatic involvement is a late feature of the disorder (1, 2, 13). 

The PMA and BAD phenotypes, as currently described, have both similarities and differences, both in comparison to themselves and to ALS.  In total, LMN dominant presentations constitute 4-33% of acquired MND 
(10,13,15).  Of these individuals, PMA is estimated to comprise 2.5%-8% and BAD 0.01-11% depending on the series and diagnostic criteria used (2,9,10,13,16).  Bulbar and lower extremity syndromes represent the 
remaining LMN onset phenotypes (2,13,15). The majority of both PMA and BAD cases are sporadic although both phenotypes have been described in SOD mutants (17,18,19,20). Although both PMA and BAD are 
dominated by LMN signs, UMN features frequently become manifest as both diseases evolve. It is estimated that 20-60% of PMA patients and up to 77% of BAD patients will develop UMN signs before death 
(2,7,9,13,21).  Twenty two percent of BAD patients will evolve into El Escorial probable or definite disease before death (2). Both disorders may have post-mortem evidence of upper motor neuron degeneration or 
evidence of ubiquinated inclusions in motor neurons characteristic of ALS even if UMN signs are not clinically evident during life (6,7,14,22,,23,24). BAD patients demonstrate evidence of cortical hyperexcitability
further supporting the existence of upper motor neuron dysfunction (1).  As additional evidence that these disorders may be more similar than dissimilar, Airlie house categorization, i.e. suspected vs. definite ALS, does 
not allow separation different natural histories or median survival (15).  In consideration of these factors, many authorities would consider both PMA and BAD to represent ALS variants rather than separate diseases (1, 
2, 9).  

The differential diagnosis of PMA and BAD includes other LMN disorders affecting motor neurons or motor nerves. These disorders are usually distinctive from ALS, PMA, and BAD, either genetically or eventually by 
phenotype. Early in the course, the correct diagnosis may be elusive. These disorders include heritable, adult onset forms of MND which may result from mutations of the survival motor neuron, the androgen receptor, 
dynactin, senataxin, vesical-associated membrane protein and other genes. In younger patients whose disorder begins in one hand, the juvenile segmental form of spinal muscular atrophy known by the eponym Hirayama 
syndrome must be considered. This disorder may or may not be related to positional cervical spinal cord compression. Potentially treatable, immune-mediated motor neuropathies like multi-focal motor neuropathy 
should always be considered (25). The primary justifications for consideration of BAD and PMA as different disorders, in turn distinct from ALS have been their disparate natural histories and gender ratios (10). The 
median survival of PMA has been reported to be 40-48 months (2,9).  In contrast, the median survival of ALS has been reported to be 36-39 months, 27 months for bulbar onset and 31-34 months for limb onset disease 
(2,9,13,21). In keeping with these non-statistically significant differences, the survival curves for these two disorders are distinctly similar and are independent of the development of UMN signs. Individual patient 
prognosis appears to depend more on individual patient characteristics rather than on disease category (9).  In contrast, the median survival of BAD has been reported to be longer at 49, 57, 61, 66 and 66 months, 
recognizing that the shortest of these figures was obtained from the smallest sample size, not all of whom were followed to death (1, 2, 13, 21).   

The gender ratio varies for different forms of MND. Only bulbar onset disease has been more frequently reported in women. In classic ALS, the male to female ratio has been repeatedly reported as 1.5:1, being 0.9:1 for 
bulbar onset and 2:1 for limb onset cases (2, 13).  PMA has an even greater male predominance with a 3:1 ratio (9). The gender ratio in BAD patients is in all reported series the greatest, with ranges of 4:1 to 10:1. (1,2, 
13, 21). 

Despite the substantial clinical, natural history and pathological overlap between PMA, BAD and ALS, the El Escorial criteria for suspected ALS which incorporated both PMA and BAD was deleted by the Airlie House 
meeting. By doing so, the Airlie House criteria imply that PMA and BAD are not ALS variants. Thus, the Airlie House reclassification has effectively further distanced PMA and BAD patients, perhaps unfairly, from 
potential participation in ALS clinical trials. Ironically, the goal of the Airlie House meeting was to loosen the El Escorial “research criteria” for the diagnosis of ALS to facilitate earlier enrollment of patients into clinical 
trials.

SUMMARY: The current value of the BAD diagnosis lies in the relative prognostic benefit it provides. Hopefully, recognition of BAD as a potentially different disorder will eventually provide clinician scientists 
with clues needed to unravel the complex etiopathogenesis of the motor neuron diseases. Until such time, despite differing historical perspectives, it should be considered as an ALS variant, with BAD patients allowed 
improved access to clinical trials in MND.

OBJECTIVE: To discuss a case report, historical overview and current classification of Brachial amyotrophic diplegia (BAD).

CASE REPORT: A 70 year old retired secretary presented to the Neurology Department at Pisek Hospital with a 2 year history suggesting 
proximal upper extremity weakness. Her symptoms started and progressed insidiously. They were unaccompanied by sensory or genitourinary 
symptoms, neck or upper extremity pain, bulbar or lower extremity weakness. Her weakness rendered her unable to reach for objects above her 
shoulders. She denied difficulty with grip. Her weakness did not fluctuate.  Her past medical history was notable for hypertension and Lyme disease 
treated 3 years previously. She had no history of poliomyelitis. There was no family history suggestive of neuromuscular disease and no history of 
consanguinity. The patient had four healthy children. She was a non smoker, non drinker and denied toxic exposure. Medications include metoprolol 
and indapamine hydrochorothiazide. She had no known drug allergies. Review of systems revealed no cardiac, respiratory, gastrointestinal, or 
constitutional symptoms.  She denied cramps, memory or personality changes, gait problems or falls. 

Other than for her endomorphic body habitus, her general physical examination was unremarkable. On neurological examination, she had normal 
mental status and cranial nerve examinations. She had no tongue or facial fasciculations, atrophy or weakness of the face, jaw, and tongue. Motor 
exam showed atrophy of proximal muscles in the arm bilaterally without observed fasciculations (Figure 1, informed consent provided). Utilizing 
the MRC scale, her strength was symmetrically reduced being essentially absent in shoulder abduction and elbow flexion, 3 in elbow extension, and 
4 in wrist and hand muscles. She had full strength in neck flexion and extension as well as in the lower extremities. Her deep tendon reflexes were 0 
in the triceps, 1 in the biceps, brachioradialis and ankles, and 2 at the knees with flexor plantar responses. Her sensory and cerebellar examinations 
were normal with exception of mild age-appropriate loss of vibratory sense in the distal lower extremities.  Gait was notable for decreased arm 
swing bilaterally, normal base and stride length, and normal postural stability. Her laboratory evaluation included normal values for the basic 
metabolic profile, liver function, thyroid function, B12, folic acid, serum electrophoresis, sedimentation rate, c-reactive protein, complete blood 
count, rapid plasma reagin, and creatine kinase. Western blotting revealed Lyme IgG banding.  Anti GM-1 antibodies were absent. Cerebrospinal 
fluid examination demonstrated no cells, normal glucose and protein, and no oligoclonal bands or Lyme antibodies. Magnetic resonance imaging of 
the brain was unremarkable and demonstrated mild degenerative changes in the cervical spine. The compound muscle action potential amplitudes 
recorded from the left median and ulnar nerves were reduced without evidence of conduction slowing or conduction block. Needle 
electromyography revealed large motor unit potentials  in the deltoid bilaterally as well as biceps and abductor digiti minimi on the right side and 
active denervation in the left trapezius, left deltoid and right abductor policis brevis. Needle electromyography was normal in the lower extremities.

Unusual presentation of Pantothenate kinase associated neurodegeneration
(PANK) –Case report                                                     

¹Diana Apetauerova, MD and ²Pavel Houska, MD
¹Department of Neurology Lahey Clinic, Burlington, MA USA        

²Department of Neurology, Pisek Hospital, Pisek, Czech Republic

CASE REPORT:
A 31 year-old man with normal past medical history developed left foot 
pain at age 16 after prolonged walking. Exam was notable for tachylalia, 
brisker lower extremity reflexes without upper motor neuron signs and 
inversion left foot dystonic posturing while ambulating for a prolonged 
period of time. One brother reportedly has abnormal gait. Brain MRI 
showed “eye of the tiger sign” and genetic analysis confirmed homozygous 
mutation of exon 5 of the PANK2 gene.

SUMMARY:
Panthotenate-kinase deficiency 
is a rare autosomal recessive 
hereditary condition 
characterized by early onset of 
progressive movement alteration 
that includes dystonia, rigidity 
and choreoathetosis usually 
associated with pyramidal signs 
and mental deterioration. Adult 
onset with atypical presentation 
is rare.

BACKGROUND:
Mutations in the PANK2 gene account for the majority of neurodegeneration with brain 
iron accumulation (NBIA) cases and cause an autosomal recessive inborn error of 
coenzyme A metabolism called pantothenate kinase-associated neurodegeneration
(PKAN). 

PKAN is characterized by dystonia and pigmentary retinopathy in children or speech and 
neuropsychiatric disorders in adults. In addition, a specific pattern on brain MRI, called 
the eye-of-the-tiger sign, is virtually pathognomonic for the disease. We describe an 
unusual case of this disorder presenting in adulthood with gait abnormality and action 
foot dystonia.

OBJECTIVE:
We report a case of an adult onset form of Pantothenate kinase where diagnosis was missed  
until MRI showed classic imaging findings. The need for clinical recognition of this entity 
and differentiation of this form from other static and progressive neurological illnesses is  
emphasized.
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� PRES is a rare complication of hyperdynamic therapy that should be 
considered in the differential diagnosis of delayed neurological decline in 
patients with aneurysmal SAH-associated cerebral vasospasm.  

� Blood pressure reduction typically leads to rapid improvement of PRES 
symptoms, yet the risk/benefit of this approach must be carefully 
balanced with the need for increased cerebral perfusion in the setting of 
symptomatic cerebral vasospasm. 

� The pathophysiology of PRES is debated.  A possible mechanism is 
hyperperfusion due to sustained MAP exceeding the upper limit of
cerebral autoregulation with subsequent blood-brain barrier disruption 
and extravasation of fluid into the brain parenchyma.6

� Alternatively, the imaging appearance of PRES often suggests a 
watershed distribution and vasospasm has been demonstrated in these 
areas, leading some investigators to believe that hypoperfusion is the 
predominant mechanism. 6,7

� The markedly asymmetric distribution of PRES lesions in our patient 
with relative sparing of the area affected by vasospasm, as well as the 
temporal correlation with sustained MAP elevation, support the 
hypothesis that hyperperfusion underlies the pathophysiology of this 
disorder.

Asymmetric Posterior Reversible Encephalopathy Synd rome as a Complication of Hemodynamic 
Augmentation for Symptomatic Subarachnoid Hemorrhag e-Associated Cerebral Vasospasm

Barbara Voetsch, MD, PhD1; Nicholas Tarlov, MD1; Thanh N. Nguyen, MD1-3; Christina DeFusco, ANP1; 
Glenn D. Barest, MD3; Deborah M. Green, MD1,2; Joseph D. Burns, MD1,2

Departments of Neurology1, Neurosurgery2 and Radiology3; Boston University School of Medicine
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Figure 4

� Hemodynamic augmentation is the mainstay of therapy for cerebral
vasospasm secondary to aneurysmal subarachnoid hemorrhage (SAH).

� Posterior reversible encephalopathy syndrome (PRES) is a distinct 
neurological entity characterized clinically by headache, altered mental 
status, seizures and visual loss, and radiologically by white matter 
changes (edema) that are typically of parieto-occipital predominance, 
bilateral and symmetric.1,2

� This syndrome is associated with a variety of underlying medical
conditions, the most common of which include hypertensive crisis or any 
abrupt rise in blood pressure, eclampsia, immunosuppressive therapy, 
myeloproliferative disorders and exposure to contrast. 

� PRES in the setting of vasospasm treatment with hemodynamic 
augmentation has only rarely been reported in the literature.3-5 We 
describe a patient with asymmetric PRES, least prominent in the 
territory of vasospasm, as an unusual complication of this therapy.

� A 35 year-old woman with past medical history of migraines presented 
with a Hunt & Hess grade II SAH secondary to rupture of a 3 mm right 
middle cerebral artery (MCA) bifurcation aneurysm.  The initial head CT 
showed modified Fisher grade 4 SAH, predominantly 
perimesencephalic and in the right sylvian fissure (Fig. 1A and B).  

� Blood pressure on admission was 121/78 mmHg (MAP 92).  

� The aneurysm was surgically clipped on hospital day (HD) 2, and a 
lumbar drain was placed.  

� On HD 3 she developed left leg weakness.  CTA (Fig. 2A) and 
conventional angiography revealed moderate narrowing of the right 
MCA M1 and M2 segments, treated with intra-arterial nicardipine.  
Phenylephrine was started to maintain a systolic blood pressure (SBP) 
of 140-180 mmHg.  The leg weakness resolved.  

� One day later, she was less responsive with left hemiparesis. Repeat 
angiography revealed persistent vasospasm in the right MCA, treated 
with intra-arterial nicardipine and M1 segment angioplasty (Fig. 2B and 
C).  The SBP was elevated to 160-200 mmHg using phenylephrine and 
albumin, with improvement of the drowsiness and hemiparesis.  

� On HD 7 her level of arousal progressively declined, culminating in 
stupor and two generalized tonic-clonic seizures.  MRI showed 
widespread, yet markedly asymmetric changes consistent with PRES
largely sparing the right MCA territory (Fig. 3).  

� Phenytoin was initiated, phenylephrine discontinued and SBP goal
decreased to 110-130 mmHg.  She had no further seizures.  Two days 
later she was fully alert with mild left hemiparesis.

Disclosures: none

Admission non-contrast CT head (A) and CTA (B) demonstrating extensive 
SAH most prominent around the right MCA and 3 mm right MCA bifurcation 
aneurysm (arrow). 

A

Axial FLAIR (A and B) and diffusion-weighted (C and D) images from an 
MRI on HD 7 demonstrating asymmetric distribution of characteristic 
PRES lesions.  The bilateral PCA territories and the left MCA territory are 
affected, while the right MCA territory is largely spared.      

A

C

CTA head coronal view (A) from HD 3 showing vasospasm involving the 
right and sparing the left MCA.  Conventional angiogram, HD 5, 
demonstrating severe vasospasm of the right M1 and M2 segments before 
treatment (B) and significant improvement after infusion of nicardipine and 
balloon angioplasty (C).

A B

C D

Mean arterial pressures (mean and range) averaged over 12 hour time 
periods from admission to HD 10.  Timing of angiographies for vasospasm 
treatment is indicated.  A dramatic and sustained increase in MAP over 
baseline values is temporally associated with the development of PRES.
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Pulmonary Management in ALS Centers

Stacy Rudnicki, MD 1 and James Russell, DO 2

1UAMS, Little Rock, AR and 2Lahey Clinic, Burlington, MA

BACKGROUND

Non-invasive positive pressure ventilation (NIPPV) 
is routinely prescribed in ALS patients.  Guideline s 
regarding the optimal means to monitor and 
manage NIPPV long term in the ALS population are 
not available.  We hypothesized that there may be 
significant variation in NIPPV management 
practices in ALS Clinics.  

OBJECTIVES

To survey NEALS ALS centers to determine how they 
monitor their patients’ pulmonary status, make refer rals 
regarding NIPPV, and manage NIPPV settings after 
initiation. 

METHODS

An email was sent to NEALS members with a link to 
a survey that consisted of 10 questions, with the 
request to have it filled out by the person most 
involved in the pulmonary management of the 
patients followed in clinic .

RESULTS
Forty nine clinics responded (out of 92 NEALS 
clinics) 

RESULTS RESULTS RESULTS

Dr. Rudnicki and Dr. Russell have nothing to disclo se

This work was supported in part by the J Thomas May  ALS Fund

Other than erect vital capacity and the ALS-FRS-R w ith 
its respiratory subscore, there is great variabilit y in 
what tests are performed at clinic visits to follow  a 
patient’s pulmonary status.  Similarly, a variety o f 
different NIPPV brands are used by ALS patients, an d 
there is no standard approach to adjusting NIPPV 
settings over time.  Even when asked the question o f 
what they thought was the single best way of making  
adjustments in NIPPV, no single response was chosen  
by more than 15% of respondents.  While this survey  
did not include questions pertaining to the use of cough 
assist devices,  several respondents advocated star ting 
them at the same time NIPPV is initiated.  With a v ariety 
of brands on the market but not necessarily availab le in 
all areas, it is unknown if there are differences i n 
compliance or survival as a function of the type of  
machine.  

The heterogeneity of practice regarding NIPPV found  in 
our survey suggests the need for further study to 
determine how to optimize NIPPV use in order to 
improve both the quality and duration of patient’s lives.  

Is information from NIPPV available to you via down loads?
(multiple responses allowed)

Answer Options Number

Yes, we have the patient bring in the card from
the machine to read at a clinic visit. 9

Yes, the home care company downloads the
card for us and faxes/mails the information
prior to the clinic visit.

19

Yes, we can download via the internet the
information from the machine when the
patient is in the clinic. 16

No, this capability is not available for the
types of NIV machines carried locally. 12

Other 14

Not answered 8

CONCLUSIONS

Title : Pulmonary management in ALS Centers. 

Authors: Rudnicki S, Russell JA : 
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SUBTLE CORTICAL GYRAL ABNORMALITY 
PREDICTS CORTICAL DYSPLASIA : A REVIEW OF 
3 CASES

RATIONALE: 

IDENTIFYING NEUROIMAGING ABNORMALITIES MAY LEAD TO FOCAL 
SURGICAL RESECTIONS AND POSSIBLE CURES FOR MEDICALL Y 
INTRACTABLE AND DISABLING EPILEPSY.  THIS ARTICLE H IGHLIGHTS 3 
SUCH CASES AND CHARACTERIZES THE CLINICAL AND NEURO IMAGING 
FINDINGS IN THESE CASES.

METHODS: 

A RETROSPECTIVE DESCRIPTIVE STUDY OF 3 CASES WITH SUBTLE 
GYRAL ABNORMALITIES WHO UNDERWENT FOCAL  SURGICAL 
RESECTIONS OF THESE REGIONS AFTER INVASIVE EEG MONI TORING 
OR ELECTROCORTICOGRAPHY WHO WERE CURED OF THEIR EPI LEPSY 
WILL BE PRESENTED

RESULTS:

FOCAL CORTICAL DYSPLASIAS MAY PRESENT WITH SUBTLE G YRAL 
ABNORMALITIES.  THESE GYRAL ABNORMALITIES MAY GUIDE  
INVASIVE EEG OR ELECTROCORTICOGRAPHY AND MAY DELINE ATE 
SEIZURE ONSETS WITH PRECISION.

RESECTION OF THESE AREAS RESULTS IN EXCELLENT SURGI CAL 
OUTCOMES.

CONCLUSIONS:

SUBTLE CORTICAL GYRAL ABNORMALITIES MAY BE ASSOCIAT ED 
WITH INTRACTABLE EPILEPSY AND SEIZURE ONSETS. FOCAL  
RESECTION AFTER APPROPRIATE EVALUATION IN SELECTED PATIENTS 
MAY BE CURATIVE.

Joel M. Oster, MD1 Eme Igbokwe, MD1 G. Rees Cosgrove MD, FRCP(C)1,2 Andrew J. Cole MD MRCP(C)3

1[Tufts University and Lahey Clinic, Boston, MA] 2[Brown University, Providence RI] 3[Harvard Medical School and MassachusettsGeneral Hospital, Boston, MA]

.

CLINICAL HISTORIES

• CASE A : A 16 year old right handed woman with five years history of 
medically refractory epilepsy presented with focal epilepsy characterized by 
numbness and paresthesia of her left hand and left side of face which would 
progress to  tonic and then clonic contractions of the left hand and arm with the 
more prolonged spells. 1.5 Tesla brain MRI scans were reported “normal.” We 
identified a small area of abnormality in the right postcentral gyrus consistent 
with a clinical suspicion of focal cortical dysplasia.  Video EEG monitoring 
revealed electrographic seizures over the right frontocentral region. PET scan 
suggested an area of hypometabolism in the right frontocentral region. 
Intracranial grid monitoring demonstrated that her seizures were coming from 
the superior parietal region. She underwent a small right parietal topectomy.  
The histology revealed cortical dysplasia.

• CASE B : A 49 year old right handed woman with medically refractory 
epilepsy presented with nine years history of focal epilepsy characterized by 
numbness on the right side of the tongue, tonic twitching on the right side of the 
tongue and inability to get words out and sensation of choking and difficulty with 
swallowing.  1.5 Tesla brain magnetic resonance imaging (MRI) done at another 
hospital was reported “normal.” We identified subtle gyral abnormalities in the 
left inferior post central gyrus. Video EEG telemetry monitoring revealed a left 
frontal ictal onset focus. Invasive grid electrode electrocorticography revealed 
seizure onset arising from the anterior portion of the left inferior rolandic cortex 
Resection of the sensory and motor cortex of the tongue, lip and face with 
sparing of the hand area resulted in cure of her epilepsy. This was guided by 
fMRI preoperative data. The histology of the resected area revealed focal cortical 
dysplasia.

• CASE C : A 44 year old ambidextrous carpenter presented with 22 years of
medically refractory epilepsy. His ictus occurred mostly at night and consisted of 
episodes of sudden panic with speech arrest and bilateral thrusting movements 
of the upper and lower extremities with retention of consciousness. He had failed 
multiple anti epileptic medications consisting of phenytoin, carbamazepine, 
lamotrigine, oxcarbazepine, topiramate and leviteracetam. Video EEG 
monitoring revealed five events but no electrographic localization before during 
or after seizures. 1.5 Tesla MRI of the brain revealed a subtle focal area of 
cortical thickening in the medial aspect of the right superior frontal gyrus. 
Invasive depth electrode monitoring into the noted region demonstrated frequent 
epileptiform discharges. He underwent excision of the lesion in the right superior 
frontal gyrus resulting in seizure control on one anti epileptic medication 
(carbamazepine) six years after surgery.

DISCUSSION : FOCAL CORTICAL DYSPLASIA(FCD), MRI, AN D EPILEPSY
About 30% of epilepsy patients are refractory to medical therapy. For such patients surgery 
offers their best option to either cure their epilepsy or significantly reduce the frequency of 
their seizures as these cases collectively indicate. Magnetic resonance imaging(MRI) is the 
diagnostic technique of choice in the presurgical evaluation of patients with refractory      
epilepsy.

• Focal cortical dysplasia(FCD) was found in up to 24% of surgically resected specimens from 
patients with medically refractory epilepsy. In 33%-50% of histologically confirmed focal cortical 
dysplasia, the MRI retrospectively was unrevealing. It has been suggested that the diagnostic 
yield of MRI in FCD depends on the specific histopathology and the location of the lesion. Simple 
partial motor, partial complex, or secondarily generalized seizures are associated with FCD and 
the location of the FCD dictates the clinical semiology. Most patients have extratemporal 
localization and in these cases the frontal lobes and the precentral and postcentral gyri are 
involved most often. Seizures are often quite refractory. MRI findings include gyral thickening. 
Interictal EEG and ictal EEG might show focal discharges. 

• The MRI features of FCD can be subtle and requires a high index of suspicion based on ictal 
semiology and clinical presentation. We present cases of focal cortical dysplasia that were 
unrecognized for many years though the patients were seen by various neurologists and received 
the appropriate neuroimaging studies. Recognition of the FCD was possible only when the 
clinical semiology and neuroimaging findings were evaluated by experienced epileptologists and 
it is this clinical aspect this paper wishes to highlight.
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CLINICAL SEMIOLOGY AND CLINICAL ASSESSMENT

SURFACE EEG

INVASIVE EEGMETABOLIC IMAGING

HIGH QUALITY MRI

• THE CLINICAL ANALYSIS AT SPECIALIZED EPILEPSY 
CENTERS INVOLVES OBTAINING ACCURATE DATA AND 
THEN WEIGHTING THEIR RELATIVE IMPORTANCE TO 
GUIDE SURGICAL APPROACHES

Surface EEG of 
Seizure onsets 
without any  
notable findings 
other than muscle 
and artifact 
activation

T2 Coronal and T2 Axial

MRI imaging. 

Do you see the lesion?

Multiple other centers 
failed 

To appreciate this finding.

Flair Coronal and Axial 
Flair MRI Imaging.

Do you see the lesion 
now?

Invasive 

Electrocorticography

Identifying recurrent 

Epileptiform discharges.

A single depth 

Electrode with multiple

Contacts was used to 

Generate the recording.

DATA SET CASE C

Pathology : Top panel

Showing abnormal neuropil 

With both abnormal neurons 

And abnormal glial elements.

Nuclei (blue) of neurons are

Irregular and polymorphic.

Note bilobed giant astrocyte 

In the right upper  region.

Hematoxylin and Eosin stain.

Pathology- Bottom left – Dysplastic neurons noted/stained for neurofilaments

Pathology- Bottom right-Neu-N immunohistochemistry stained field showing loss of        l

lamination

DATA SET FOR CASES A AND B

Case A: 

Surface EEG Monitoring

Of seizure onsets 

Showing relatively

Mild subtle R

Parasagittal slowing

Case A : Invasive EEG 

Via 64 contact grid

Note the focal

Onset of seizure

Activity.  This 
corresponded 
to lesion 
location on 
MRI see below.

Top panels : Coronal Flair and 
Coronal T1 weighted MRI

Note the subtle thickened cortical 

Gyrus.  This patient’s MRI was 

Deemed normal by outside

evaluators.

.

•Axial T1 MRI image showing subtle and 
thickened cortical gyral pattern- see arrow.

•CASE B – see below

•Axial Flair, Axial Gradient Echo, and Sagittal Gradient echo  Brain MRI identifying subtle cortical 

Abnormality ultimately consistent with FCD and cure post resection(see arrows).  

•Surface (Left) and Invasive grid EEG monitoring.  Note the lack of ictal signature on 

•Surface monitoring and the recurrent volleys of spikes in a regional area on the 
invasive grid corresponding to the location of the noted lesion on neuroimaging.

Contact Joel M. Oster MD Assistant Clinical Professor Neurology at Tufts and Lahey Clinic 
Joel.M.Oster@lahey.org

Title: Subtle cortical gyral 
abnormalities predict focal cortical 
dysplasia: A review of 3 cases. 
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Temporal Evolution of Imaging Findings of Extracran ial CranioCervical Arterial Dissection 
with Clinical Correlation: Mid-term Follow-Up

Mona M. Mohsen, Fawaz Al-Mufti*, Barbara Hum, Kinan  Hreib, Mathew E. Tilem, Edward Jewell, Nicholas Ts apatsaris, Seon-Kyu Lee
Lahey Clinic Medical Ctr, Burlington, MA, *MetroWes t Medical Ctr / Framingham Union Hosp, Framingham, MA

Introduction
Extracranial cervical arterial dissection (CAD) is an 
important cause of ischemic stroke in relatively young age 
group.1,2 Pathological definition of the CAD is the formation 
of an intramural hematoma in the arterial wall and the 
development of intramural hematoma can be explained by 
either from intimal tear or could develop primarily. 3,4 

Clinical course after extracranial CAD is known to be 
benign with either anticoagulation or anti-platelet therapy. 
5,6,7 The duration of anti-coagulation or anti-platelet therapy 
is most likely about or more than 3 months after the 
diagnosis but could be based on follow up imaging 
findings. The purpose of this study is to analyze the 
temporal evolution of vascular imaging findings in 
extracranial CAD patients. 

Patients and Methods
The study was approved by the institutional review board.
- 32 patients (M:F=23:9, mean age=49), 2002 – 2009
-both clinical evidence of craniocervical arterial dissection 
and at least one of the following suggestive imaging 
findings:1) arterial stenosis, 2) arterial occlusion, 3) ectatic
change of lumen, 4) pseudoaneurysm, and 5) dissection 
flap.

CT angiography technique:
From aortic arch to the vertex, FOV 19-20 x 23-24cm, 
Matrix size 512 x 512, Slice thickness = 1.25mm ~ 
0.63mm. 

MR angiography technique:
From carotid bifurcation to the skull base, standard head 
and neck surface coil, FOV 28cm, Matrix 320 x 190, Slice 
thickness 1.4mm, Space 0.7mm. 

Results
Clinical presentations and Managements:
- Spontaneous dissection = 25 pts (25/32, 78%)
- History of trauma in 7 (21.8%). 
- TIA/stroke=14 pts. (14/32, 43.7%), Neck pain = 9 (28.1%) 
Horner’s syndrome=5 pts. (15.6%). 
- All patients (n=32) were managed with antithrombotic 
therapy [anticoagulation (n=28), antiplatelet (n=4)].

Significant portion of completely occluded artery may also 
recanalize on follow up imaging study. Pseudoaneurysm
and intimal flap tend to stay as is once developed. 
However, new pseudoaneurysm can develop as wall 
hematoma resolves..
The temporal improvement of arterial stenosis including 
complete occlusion might be related to the degree and 
speed of wall hematoma resorption. As far as authors 
know, there is no report showing identifiable differences of 
speed and effectiveness of arterial wall hematoma 
resorption between anti-platelet and anti-coagulation 
therapy. Since our majority of patients were treated with 
anticoagulation, we could not show the difference either. 
However, considering similar clinical outcomes especially 
regarding recurrent neurological symptoms on both 
treatment groups 5,7, the speed and completeness of wall 
hematoma resorption might not be affected by anti-
thrombotic therapy.  
Therefore, since neither anticoagulation nor antiplatelet
therapy seem to alter natural course of wall hematoma 
resorption process, if there is hemodynamically significant 
stenosis with clinical symptom, active revascularization 
should be considered instead of relying on anti-thrombotic 
therapy. However, if a patient is asymptomatic regardless 
of stenosis degree, it is recommended continuing anti-
thrombotic therapy since the recurrence rate of 
neurological symptom from CAD appears to be very low 
with appropriate anti-thrombotic therapy and most of 
luminal stenosis will get better on follow up. 
In conclusion, post-dissection vascular imaging findings 
are dynamic. With medical management, more than half of 
the arterial stenoses after craniocervical dissection 
improved within a relatively short period of time (about 2.5 
months) and the risk of repeated neurological event 
appears to be very low. 

No change
Worse

Resolved

Partial recanalization

Complete recanalization
Remained occluded

No change 

Larger in size
Smaller in size

No change

Improved 

No change
Worse

Imaging Findings

5
1

1

2

1
1

7

3
1

7

14 

8
2

N %FU#%N

71.4%(5/7)
14.3%(1/7)

14.3%(1/7)

50%(2/4)

25%(1/4)
25%(1/4)

63.6%(7/11)

27.3%(3/11)
9%(1/11)

100%(7/7)

58%(14/24)

33.3%(8/24)
8.3%(2/24)

Follow Up

7

6

12

12

29

721.9%(7/32)Ectatic change

419%(6/32)Arterial occlusion

1138%(12/32)Pseudoaneurysm

738%(12/32)Dissection flap

2491%(29/32) Arterial Stenosis

Initial 

Imaging Findings

A B

Initial 3 mo. FU Fig. 1: Improvement of Stenosis
on Follow Up Imaging (42 y-o
male with sudden development of 
left side visual loss.)

Initial CTA (A) showed about 50-
60% left ICA stenosis (arrows). 3 
month follow up Gd enhanced MRA 
showed near total recanalization of 
previously stenotic segment.   

Clinical Follow up:
During the follow up period, all patients were stable, 
without any additional neurological episode except one 
patient who developed a TIA (3.7%, n=1/27). Five 
patients who presented with Horner’s syndrome showed 
complete improvement in 3 (3/5, 60%) and partial 
improvement in 2 (2/5, 40%). 

A B C D

Fig. 2: Pseudoaneurysm Formation (62 y-o male with su dden 
development of right arm and leg weakness) 

Axial CTA (A) showed pseudoaneurysm (arrow head) with stenotic right 
ICA (arrow). Oblique coronal MPR image (B) and corresponding 
catheter angiography (C) showed about >90% stenosis. The patient was 
treated with stent assisted angioplasty due to hemodynamic 
compromization. 1 year follow up angiography (D) demonstrates 
complete recanalization. 

Anatomical locations:
- Internal carotid artery (ICA) dissections in 19 (59.3%),
- Vertebral artery (VA) dissections in 9 (28.1%)
- Common carotid artery (CCA) in 2 (6.3%) & 2 bilateral 
carotid dissections (6.3%). 
- All common carotid artery dissections and bilateral 
dissections had history of trauma. 

A B

� � �

�

� �

�

Initial 1 mo. FU

Initial CTA (A) shows significant wall thickening of distal right ICA (white 
arrow heads) with luminal stenosis (arrow). On 1 month follow up CTA 
(B), the wall thickening has been resolved and development of 
pseudoaneurysm (yellow arrow heads) with stenotic parent artery 
(arrow).

Initial imaging findings: 
In 27 patients (84%), at least one follow up vascular 
imaging study was available (mean=1.5 years). On 
presentation, arterial stenosis, arterial occlusion, ectatic
change of the lumen, pseudoaneurysm, and dissection 
flap were identified in 29 (91%), 6 (19%), 6 (19%), 12 
(38%) and 16 (50%) respectively. 

Follow up imaging findings: 
On follow up, arterial stenosis improved in 58% (14/24), 
worse in 8.3% (2/24) and showed no interval change in 
33.3% (8/24). The mean follow up period which 
demonstrated luminal narrowing improvement was 77 
days (median=87.5 days) (Fig.1). Regarding 
pseudoaneurysm, there was no change in shape and 
size of the lesion in 63.6% (7/11), larger in size in 27.3% 
(3/11), smaller in size in 9% (1/11) (Fig.2). Two among 
13 patients who did not have pseudoaneurysm on initial 
imaging study developed a new pseudoaneurysm at the 
dissection site on follow up imaging (2/13, 15.4%) 
(Fig.3). There were 6 patients who had complete 
occlusion of affected artery on presentation. Among 
them, there were 1 complete (1/4, 25%) (Fig.4) and 2 
partial recanalizations (2/4, 50%) and 1 remained 
occluded on follow up scan. 

A B C D E

F G1yr 6mo FU

Fig. 4: Complete recanalization of 
occluded segment (49 y-o male 
presented with sudden onset of right arm 
and leg weakness)

Initial CTA (A to F) showed complete 
occlusion of the left ICA. There is subtle 

visualization of intimal flap (balck arrow on A) and nonopacification of left 
ICA (white arrows on D). Axial (E) and Coronal MPR (F) images show 
occlusion of left ICA (arrow). One and half year follow up Gad enhanced 
MRA (G) showed complete recanalization of the left ICA (black arrow).

Fig. 3: Development 
of Pseudoaneurysm
from Wall 
Thickening (57 y-o
male presented with 
right side Horner’s 
syndrome and right 
neck pain)

Discussions 
In our series, about 60% of arterial stenosis improved

(14/28, 58%), 50% of completely 
occluded segment also have recanalized
at least partially (3/6, 50%) but about 
60% of arterial pseudoaneurysm did not 
show significant interval change (7/12, 
58%) on follow up imaging, 15.4% of 
patient developed a new 
pseudoaneurysm on the dissected 
segment. The improvement of stenosis
has been reported about 40% to 80% of 
patients 6,8,9 thus, our results also 
supports that initial presentation of 
arterial stenosis will likely to improve with 
appropriate medical management. 

Table 1: Initial & Follow up imaging findings
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Background: The preponderance of published data provide phenotypic (1), pathologic (2-5), imaging (7-8), physiologic (9), natural history (1, 10-12), and 
expert opinion (1) support for the concept that progressive muscular atrophy (PMA) is a form of ALS. This belief is further supported by the recognition that 
SOD1 mutations may result in both PMA and ALS phenotypes (13-14).  Nonetheless, PMA patients are not considered to have ALS by revised El-Escorial 
(Airlie House) criteria.  As a result, PMA patients have been historically excluded from virtually all ALS therapeutic trials.  Ironically, the ALS Research Group 
(ALSRG) is currently formulating strategies to increase enrollment in clinical trials from which PMA patients are currently excluded.

Should progressive muscular atrophy be considered as a form of ALS?                                                             
Survey Results from the ALS Research Group

James A. Russell, DO
Director-Curt and Shonda Schilling ALS Clinic, Lahey Clinic, Burlington, MA

Hypothesis: In view of recent insights gained from genetic and natural history data, the 
majority of ALS clinicians may now be more receptive to consider PMA as a form of ALS.

Methods: The ALS research group is an international consortium of clinicians and 
researchers with an interest in ALS and those afflicted with it. As such, they provide a 
representative source of current opinion regarding issues pertaining to ALS.  A 3 question 
survey was sent electronically to the approximately 150 members. These questions 
explored members beliefs pertaining to the overlap of PMA and ALS and whether 
afflicted PMA patients should be eligibile for ALS clinical trials (survey). 

Survey

Instructions: Please provide what you feel to be the response to the 
following 3 questions that best reflects your opinion.

1. Progressive muscular atrophy is defined as an adult onset, 
predominantly sporadic, progressive disorder affecting more that one 
limb or body region, occurring in a segmental rather than nerve 
distribution pattern of weakness, in which phenotypic, imaging and 
physiological data implicate exclusive involvement of anterior horn 
cells, motor cranial nerve nuclei, or their respective axons.

Strongly disagree      Disagree Uncertain                         
Agree           Strongly agree                

2. The vast preponderance of available natural history, imaging,
physiological and post mortem data suggest that progressive 
muscular atrophy and amyotrophic lateral sclerosis are two 
overlapping phenotypes of the same disorder.

Strongly disagree           Disagree Uncertain                                          
Agree           Strongly agree

3. PMA patients should be considered for inclusion in future ALS
therapeutic trials as a matter of course until such time as PMA is 
identified by a legitimate biomarker as a disorder distinct from ALS.

Strongly disagree           Disagree Uncertain                                            
Agree           Strongly agree

Results: Thirty four of approximately 
150 members responded.  Seventy six 
percent agreed or strongly agreed that 
PMA was a motor neuron disorder 
that overlapped with ALS, yet only 
47% agreed or strongly agreed that 
PMA patients should be included in 
ALS clinical trials (Fig 1). 

Conclusions:Although ¾’s of survey respondents agree that PMA and ALS are 
overlapping disorders that may be indistinguishable early in their clinical course, less than 
half of responding ALSRG members feel PMA patients should be included in ALS clinical 
trials. The reasons for this disparity are not identified.  Until such time valid biomarkers 
clarify the biological relationship between these disorders, PMA patients are unlikely to be 
accepted into ALS clinical trials.

Bibliography:   Kim W-K, Liu X, Sandner J, Pasmantier M, Andrews J, Rowland LP and Mitsumoto H. Study of 962 patients indicates progressive muscular atroply is a form of ALS.  Neurology 209; 73; 1686-1692.  2) Brownell B, Oppenheimer DR, Hughes JR. Central nervous system in motor neuron disease. J Neurol Neurosurg Psychiatry
1970;33:338–357. 3) Ince PG, Evans J, Knopp M, et al. Corticospinal tract degeneration in the progressive muscular atrophy variant of ALS. Neurology 2003;60:1252–1258. 4.)  Iwanaga K, Hayashi S, Oyake M, et al. Neuropathology of sporadic amyotrophic lateral sclerosis of long duration. J Neurol Sci1997;146:139–143.  5.)  Lawyer T, Netsky 
MG. ALS, clinico-anatomic study of 53 cases. Arch Neurol Psychiatry1953;69:171–192. 6)  Leung D, Hays AP, Karlikaya G, Del Bene ML, Rowland LP. Diagnosis of ALS: clinicopathologic analysis of 76 autopsies. Neurology1999;52(suppl 2):A164.  7)  Kaufmann P, Pullman SL, Shungu DC, et al. Objective tests for upper motor neuron 
involvement in amyotrophic lateral sclerosis (ALS). Neurology 2004;62:1753–1757. 8)  Mitsumoto H, Ulug AM, Pullman SL, et al. Quantitative objective markers for upper and lower neuron dysfunction in amyotrophic lateral sclerosis. Neurology 2007;17:1402–1410. 9)  Floyd AG, Yu QP, Piboolnurak P, et al. Transcranial magnetic stimulation in 
ALS: utility of central motor conduction tests. Neurology2009;72:498-504. 10)  de Carvalho M, Scotto M, Swash M. Clinical patterns in progressive muscular atrophy (PMA): a prospective study. Amyotroph Lateral Scler2007;8:296 –299 11)  Meyer T, Munch C, van Landeghem FK, Borisow N, Dullinger J, Linke P. [Progressive muscle atrophy: 
a rarely diagnosed variant of amyotrophic lateral sclerosis.] Nervenarzt2007;78:1383–1388. 12)  Visser J, van den Berg-Vos RM, Franssen H, et al. Disease course and prognostic factors of progressive muscular atrophy. Arch Neurol2007;64:522–528. 13)  Cervenakova L, Protas II, Hirano A, et al. Progressive muscular atrophy variant of familial 
amyotrophic lateral sclerosis (PMA/ALS). J Neurol Sci2000;177:124 –130.  14)  Cudkowicz ME, McKenna-Yasek D, Chen C, Hedley-Whyte ET, Brown RH, Jr. Limited corticospinal tract involvement in amyotrophic lateral sclerosis subjects with the A4V mutation in the copper/zinc superoxide dismutasegene. Ann Neurol1998;43:703–710.

Fig. 1 Survey Results (n=34)
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Background: With the availability of genetic testing for five familial ALS (fALS) gene mutations identifying 30% of individuals with suspected familial ALS, 
and the knowledge that 0.7 to 7% of apparently sporadic ALS (sALS) patients will be found to have SOD1 gene mutations (1-3), routine genetic testing of 
apparent sporadic ALS patients has been commercially recommended (4).  With its 92 sites, NEALS represents the largest ALS clinical trials group in the North 
American continent. As such, majority opinion of its members would likely represent the current diagnostic standard in the United States and Canada for the 
evaluation of ALS patients. 

Genetic testing in apparent sporadic ALS patients:              
Surveyed opinions of the Northeastern ALS Consortium (NEALS) membership

James A. Russell, DO¹ and Breen Power ²
¹Director – Curt and Shonda Schilling ALS Clinic, Lahey Clinic, Burlington, MA

²The Northeast ALS Consortium (NEALS), Charlestown MA

Survey
Instructions: Please provide what you feel to be the 

responses to the following questions that best reflects your 
opinions.                                           

1. Commercially available genetic testing provides a 
valuable resource for the suspected sporadic ALS patient 
early in their course, where the diagnosis remains in doubt.

Strongly disagree        Disagree Uncertain          
Agree          Strongly agree

2. Commercially available fALS genetic testing should be 
routinely performed as the standard of care, in the diagnostic 
evaluation of all apparent sALS patients.

Strongly disagree          Disagree Uncertain          
Agree          Strongly agree

3. Commercially available fALS genetic testing should be 
considered and potentially obtained, in the diagnostic 
evaluation of apparent sALS only when it does not produce 
financial hardship to the patient and their family.

Strongly disagree          Disagree Uncertain          
Agree          Strongly agree

4. Commercially available fALS genetic testing should be 
considered & potentially obtained in symptomatic patients in 
specific circumstances, eg. when other family members have 
or are likely to have been affected by ALS or when an 
adequate family history can’t be obtained.  

Strongly disagree        Disagree Uncertain          
Agree          Strongly agree

Bibliography: 1) Andersen PM, Curr Neurol Neurosci Rep2006;6:37-46  2) Chiò A, Traynor BJ, Lombardo DF, Fimognari M,  Calvo A, Ghiglione P,  Mutani, Restagno G. Prevalence of SOD1 mutations in the Italian ALS population. Neurology2008;70:533-537  3)Jones CT, Swingler RJ, 
Simpson SA, Brock DJH. Superoxide dismutase mutations in an unselected cohort of Scottish amyotrophic lateral sclerosis patients. Journal of Medical Genetics1995;32(4);290-292 4) Dawn of a New Era. Athena Diagnostics, October 2009. 

Hypothesis:The majority of NEALS members will favor judicious rather than routine       
utilization   of mutational analysis for fALS genes in patients with apparent sporadic disease.

Methods: Four vignettes relevant to genetic testing in apparent sALS were distributed to 149 
NEALS principal investigators. Seventy eight individuals responded (52%) utilizing a 5 point 
Likert scale providing for their level of agreement or disagreement regarding the statements 
contained within the 4 vignettes (survey). 

Results:82-88% of respondents disagreed or strongly 
disagreed that genetic testing for fALS represented a 
valuable resource in the evaluation of a suspected     
sALS patient early in the course when the diagnosis 
remained   in doubt or should represent the standard       
of care in the evaluation of all suspected sALS patients.  
87% of respondents agreed or strongly agreed that  
genetic testing for fALS should only be considered in 
symptomatic patients when other family members       
have or are likely to have been affected by ALS, or    
when adequate family history can’t be obtained (Fig. 1). 

Discussion:In 2005, EFNA guidelines recommended that DNA analysis for SOD1 mutations be 
performed only in cases with a known family history of ALS or in sALS cases with a phenotype 
characteristic of a D90A mutation. To the best of our knowledge, there is no analogous published 
statement revealing the attitudes of North American Neurologists pertaining to the utilization of 
genetic testing in the evaluation of apparent sALS patients. Although representing the opinion of 
only half of NEALS principal investigators, this survey suggests that genetic testing should not be 
included in the routine evaluation of suspected sALS patients.

Fig 1. Survey Results (n=78)
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Table 1 Demographics
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Note:  Higher scores on Tinetti Gait and Balance and Berg Balance scales indicate improvement in 
symptoms.  Higher scores on GFQ and UPDRS scales indicate worsening of symptoms.
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CHRONIC PARKINSONISM ASSOCIATED WITH LIVER CIRRHOSI S
Diana Apetauerova, MD¹,  Peter Hildenbrand, MD²,  Janet Zani, NP¹, and Stephanie Scala, MA, CCRP¹¹

¹Neurology, Lahey Clinic, Burlington, MA USA        ²Diagnostic Radiology, Lahey Clinic, Burlington, MA USA

OBJECTIVE: To prospectively study parkinsonism prevalence in patients with liver cirrhosis of various 
causes and establish correlations between cirrhosis severity and parkinsonism, neuroradiological and 
biological findings.

BACKGROUND: Cirrhosis-related parkinsonism represents a unique subset of acquired hepatocerebral 
degeneration. Disorder prevalence and natural history after transplant remains largely uncertain. 

METHODS: A prospective study of 120 patients with liver cirrhosis recruited from the liver transplant list     
at Lahey Clinic, Burlington, MA (Table 1).  

RESULTS: 
BIOLOGICAL : Out of 120 patients, 62 (52%) exhibited parkinsonism. In the parkinsonian group (HCD), 
we found no correlation between severity of MELD and motor part UPDRS (p=0.71) and no correlations 
were found with copper (p=0.36), ammonia (p=0.86), manganese (p=0.90) or iron levels (p=0.30). There was 
also no correlation with type of cirrhosis and total motor UPDRS (UIII). No differences were seen between 
the 2 groups (HCD vs. non-parkinsonism) in mean manganese (18.55 vs. 16.98; p=0.39).  Mean iron level 
was found to be higher in the group with parkinsonism, representing a slight trend (118.4 vs. 103.2, p=0.10). 

CONCLUSIONS: Our study demonstrates a high incidence of parkinsonism in patients with liver cirrhosis. 
No correlations were found between type or severity of liver cirrhosis (MELD), manganese, ammonia, 
copper or iron levels and parkinsonism severity measured by UPDRS. Statistically significant improvement 
was found in motor and total UPDRS scores, gait, tremor, rigidity, and bradykinesia 1 year post transplant. 
Patients with cirrhosis and parkinsonism had statistically significant MRI biomarkers as compared to the PD 
which resolved post transplant. There was a trend that severity of parkinsonism was related to the left 
thalamic ratio. Our study remains ongoing until all patients have been transplanted but so far is suggestive 
that parkinsonism severity in liver cirrhosis may improve after transplantation.

Table 1.
Demographics 

Parkinsonism 
n=62

No Parkinsonism 
n=58

Gender 37 M    25 F 46 M    12 F
Mean Age, y 55.5 (range38-68) 54.2 (range20-69)

Disease Category 27 Mixed
15 Alcohol 

10Viral 
10 Other 

26 Mixed 
12 Other
11 Viral 

9 Alcohol
Disease Duration, y 8.4 (range0.6-30) 6.0 (range0.1-20)

Mean MELD  14.4 14.0
Manganese, UG/L 18.55 16.98

Ammonia, UMOL/L 59.7 Not Done
Copper, UG/DL 95.7 Not Done

Iron, UG/DL 118.4 103.2
UIII (Motor) Total 15.2 0
UPDRS (U) Total 28.6 10

PARKINSONISM: Thirteen patients with 
parkinsonism underwent liver transplant at 
time of abstract and were re-evaluated at  
week 6 and month 3 post transplant.               
At 6 weekspost transplant, statistically 
significant improvement was seen in 
bradykinesia (p=0.05) but no differences   
were noted in tremor (p=0.25), rigidity 
(p=0.54), gait (p=0.28), UIII (p=0.78) or   
total UPDRS (p=0.68).   
At 3 monthspost transplant, statistical 
significant improvement was seen in 
bradykinesia (p=0.02), gait (p=0.001),       
UIII (p=0.02) and total UPDRS (p=0.03).  

ACKNOWLEDGEMENT : Thank you to Yuxiu Lei, PhD (Lahey Clinic, Department of Research, Burlington, 
MA) for statistical analysis.

NEURORADIOLOGICAL: Basal ganglia 
hyperintensity was seen in all pre-transplant     
images, resolving 1 year post transplant (n=5)   
(Figure 4). Increased pituitary T1 signal was seen      
in 59% of cirrhosis patients with parkinsonism pre 
transplant compared to only 10% in the PD group 
(p<0.0001) and resolved post transplant (Figure 5). 

We also performed a sub study in which brain MRI of the patients with hepatocerebral degeneration (HCD) 
were blindly evaluated with a matched cohort of patients with Parkinson's Disease (PD).  T1 weighted brain 
MR ratios were obtained from symmetrically placed standardized (25 mm²) regions of interest (ROIs) within 
the medial globus pallidus versus thalamus versus forceps minor white matter in effort to normalize for minor 
variations in the T1 pulse sequence, equipment/ coil enhancements & head positioning over the 5 year 
prospective time interval. Ratios of right (R) and left (L) medial globus pallidus/thalamic (thal) and medial 
globus pallidus/white matter (WH) were calculated and subsequently correlated with clinical metrics. 

The ROIs for the medial 
globus pallidus were 
positioned symmetrically 
on the right and left, just 
posterior to the anterior 
commissure and 10mm   
off midline (Figure 1).

Signal intensity within the 
adenohypophysis on sagittal 
T1 weighted imaging was 
considered elevated if its 
signal intensity was equal to 
or greater than that of the 
corpus callosum (Figure 2).

Each patient underwent Unified 
Parkinson's Disease Rating Scale 
(UPDRS) testing and videotaping, 
standard liver transplant 
evaluation and repeat testing    
pre-transplant and at 6 weeks,      
3 and 12 months post transplant. 
Patients with parkinsonism also 
underwent brain MRI. Correlation 
was measured between MELD 
severity and motor part UPDRS, 
copper, ammonia, manganese, and 
iron levels and signal MRI 
changes. 

Figure 2Figure 1

There were statistical differences seen between the pre transplant HCD group (n=47) and PD group (n=31) in 
the following: R/Thal (p<0.0001); L/Thal (p<0.001); R/WH (p=0.06) and L/WH (p=0.01). A difference was 
found in transplanted patients 1 year post transplantation (n=5) vs. the PD group (n=31) in the L/Thal (p=0.01).
Significant improvements were also seen in the MRI ratios from pre-transplant to 1 year post transplant in the    
5 transplanted patients (R/Thal p=0.05; L/Thal p=0.04; R/WH p=0.01; L/WH p=0.09). There were no 
differences seen in the R/Thal vs. L/Thal between the 2 groups pre transplant (p=0.35). 

Motor UPDRS was not correlated (p>0.05) with any of the four MRI parameters (R/L Thal or R/L WH) at 
pre-transplant (n=47) or 12 months post transplant (n=5); however, there was a slight trend that UIII total 
and L/Thal are correlated (p=0.09) post transplant (as the UIII total increases, the L/Thal ratio increases).

Figure 4 Figure 5
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No statistical differences were noted in tremor (p=0.46) or rigidity (p=0.86) but mean scores did show slight 
clinical improvement.  At 1 yearpost transplant 6/13 patients were re-evaluated.  Statistically significant 
improvement was found in tremor (p=0.02), rigidity (p=0.05), bradykinesia (p=0.06), gait (p=0.002), UIII 
(p=0.001), and total UPDRS (p=0.01) (Figure 3).

Figure 3. Mean motor UPDRS scores from each evaluation time 
point of patients with parkinsonism (HCD) pre & post transplant 

Brain MRI Pituitary Signal Abnormality in Patients with Liver Cirrhosis Before and After Liver Transpl ant
Jaclyn Shameklis, BA¹,  Stephanie Scala, MA, CCRP¹,  Peter Hildenbrand, MD²,  Janet Zani, NP¹ and Diana Apetauerova, MD¹

¹Neurology, Lahey Clinic, Burlington, MA, USA       ²Diagnostic Radiology, Lahey Clinic, Burlington, MA, USA

OBJECTIVE: To retrospectively study the prevalence of brain MRI pituitary  
signal abnormalities in patients with liver cirrhosis of various causes and 
parkinsonism before and after liver transplant.

BACKGROUND: Patients with liver cirrhosis often have brain magnetic 
resonance imaging (MRI) signal abnormalities in the basal ganglia. Studies have 
also demonstrated hyperintense signaling on T1-weighted brain MRI images in the 
pituitary gland. The incidence of pituitary abnormalities in patients with liver 
cirrhosis is poorly studied. Theories of why these abnormalities exist include an 
excess of manganese or ammonia in the blood of patients with liver cirrhosis due 
to portosystemic shunting. 

METHODS: We retrospectively studied pituitary abnormalities in brain MRI's        
of 47 patients with liver cirrhosis who also exhibited extrapyramidal clinical signs 
suggestive of hepatocerebral degeneration (HCD).  Brain MRI's of patients with 
Parkinson’s Disease (PD) and no history of liver cirrhosis were used as a control as 
these patients experienced similar motor and neurological symptoms (Table 1). 

RESULTS: 26 (55%) of 47 patients with liver cirrhosis of various causes had 
pituitary abnormalities compared to only 3 (12%) of 26 patients with PD.  There 
was a statistically significant resolution of abnormal pituitary signal (p=0.008) in 
the 5 patients who underwent liver transplantation one year post transplant (Figure 
1) as well as a dramatic improvement or resolution of their movement disorder 
(p=0.001). We also saw increased T1 signal in the basal ganglia in patients with 
cirrhosis pre transplant who also had the abnormal pituitary signal (Figure 2).

CONCLUSIONS: We show high prevalence (55%) of pituitary signal MRI 
abnormalities in patients with liver cirrhosis and parkinsonism. All patients who 
underwent liver transplant had resolution of signal pituitary abnormalities on MRI 
imaging.   Even though   a significance was seen in patients with liver cirrhosis pre 
transplant between pituitary signal and manganese levels,  no difference was noted  
between pituitary signal and shunting or pituitary signal and ammonia, copper, iron or 
TSH levels.  

n=3 (12%)n=26 (55%)Pituitary Abnormalities
1714.3UPDRS III (Motor) Total

5.3 (range 1-16)9.4 (range 1-38)Disease Duration, y

PD group                              
n=26

HCD group                     
n=47

17 M    9 F25 M    22 FGender
66 (range 43-78)56 (range 38-68)Mean Age, y
26 idiopathic PD 20 mixed

11 alcoholic cirrhosis
9 viral cirrhosis

7 other 

Disease Category

We also looked at manganese, ammonia, copper, iron and TSH levels as well as 
portosystemic shunting in the patients with cirrhosis.  Five of these 47 patients 
(4 M, 1 F;  mean age of 65) underwent liver transplantation with brain imaging   
pre & post transplant. MRI analysis was performed by a blinded neuroradiologist. 

28 of 46 patients with liver cirrhosis had a presence of shunting in the liver as defined  
by presence of 1 or more of the following: varices (41%); recanalized umbilical vein 
(26%); splenorenal shunt (15%); reversal of blood flow (11%); collaterals (9%); and 
vascular   shunt (4%).  No evidence of total occlusion or partial thrombosis was seen. 
There was a statistically significant resolution of shunting in 4 of the 5 patients post 
transplant who had imaging (p=0.048).  One of these 5 patients did not have a post 
transplant brain image available but resolution was seen in the other 4 available images.  

No relationship was noted between the incidence of pituitary signal and shunting in the     
46 patients pre transplant.  Of the 4 transplant images, all showed resolution of pituitary 
signal and resolution of shunting after transplantation. 

Even though no difference was seen between pituitary signal and shunting pre 
transplant, a trend was seen between abnormal pituitary signal and high manganese 
levels compared to those with normal pituitary signal (19.9 vs 14.2,  p=0.09).   No 
statistically significant correlations or trends were seen between pituitary signal and 
ammonia (55.2 vs 67.5, p=0.24), copper (96.0 vs. 93.0, p=0.66), iron (121.1 vs. 122.6, 
p=0.93) or TSH (2.9 vs. 3.5, p=0.45) levels pre transplant.  In addition, there was no 
differences in TSH levels pre and post transplant (p=0.22). 

ACKNOWLEDGEMENT: Thank you to Yuxiu Lei, PhD ( Lahey Clinic, Department of Research, 
Burlington, MA) for statistical analysis.

Figure 1.Resolution of increased pituitary 
signal in a patient with cirrhosis pre & post 
transplant.

Table 1.Demographics

Figure 2. Increased pituitary signal and 
T1 signal in the basal ganglia in a patient 
with cirrhosis pre transplant. 



Image 2. High power H&E showing the atypical 
lymphoid cells of lymphoma

Rapidly Progressive Proximal Median Neuropathy Due to Isolated NRapidly Progressive Proximal Median Neuropathy Due to Isolated Neurolymphomatosiseurolymphomatosis
H. Royden Jones, MD;  James A. Russell, DO;  David Bryan, MD; AlH. Royden Jones, MD;  James A. Russell, DO;  David Bryan, MD; Al ain Pollock, MD and Christine Thomas, MDain Pollock, MD and Christine Thomas, MD

OBJECTIVES:OBJECTIVES:To expand the differential diagnosis of progressive 
mononeuropathies by presenting a case of infiltrative metastatic NK/T cell 
lymphoma (neurolymphomatosis) involving the proximal median nerve.

CASE REPORTCASE REPORT: : Ann 82-year-old woman developed a sensation of left nasal 
fullness in the late summer of 2010.  Otolaryngologic evaluation
demonstrated a totally obstructed left nostril. Examination of the biopsied 
specimen demonstrated NK/T-cell lymphoma. She received radiation therapy 
(3500 cGy) & chemotherapy with rituxan, cyclophosphamide, 
hydroxydaunorubicin, vincristine & prednisone. Subsequently a bronchial 
alveolar cell carcinoma was diagnosed & treated in turn with 5,000 cGy 
stereotactic radiosurgery.  Shortly thereafter, she awoke with a vague 
discomfort over her distal upper arm with a cold feeling in her first three 
digits.  She experienced dexterity problems with her left hand such as 
manipulating zipper pulls & soon became dependent on her husband for 
dressing. 

original magnification 100x original magnification 400x 

REFERENCESREFERENCES: 1) Guberman A, Rosenbaum H, Braciale T, Schlaepfer WW.  Human neurolymphomatosis. J Neurol Sci1978; 36:1-12.  2) Diaz-Arrastia R, Younger DS, Hair L, et al. Neurolymphomatosis: a clinicopathologic syndrome re-emerges. Neurology1992;42:1136-1141. 3) Baehring JM, Damek D, Martin EC, et al. Neurolymphomatosis. Neuro-Oncology 5, 104–115, 2003  4) Desta K, O’Shaughnessy M, Milling MA. Non-Hodgkin's 
lymphoma presenting as median nerve compression in the arm. J Hand Surg Br.1994 Jun;19(3):289-91.  5) van den Bent MJ, de Bruin HG, Beun GD, Vecht CJ. Neurolymphomatosis of the median nerve.Neurology.1995 Jul;45:1403-1405. 6) McMillan H, Srinivasan J, Darras BT, et al, Jones HR. Paediatric Sciatic neuropathy associated with neoplasms. Muscle Nerve2011; 43:183-188. 7) Rahmani M, Birouk N, Amarti A, et al. T-cell 
lymphoma revealed by a mononeuritis multiplex: case report and review of literature. Rev Neurol(Paris) 2007;163:462-70. 8) Pérez-López C, Gutiérrez M, Isla A. Inflammatory pseudotumor of the median nerve. Case report and review of the literature. J Neurosurg.2001 Jul;95:124-8. 9) Hoshikawa Y, Oguri T, Hattori M, et al. A case of neurolymphomatosis diagnosed with FDG-PET. Rinsho Shinkeigaku.2007 Jul;47(7):437-40.  10) Grisariu S, 
Avni B, Batchelor TT, et al, Neurolymphomatosis: an International Primary CNS Lymphoma Collaborative Group report.Blood. 2010 Jun 17; 115:5005-5011. 

Images: MRI  Left Upper Extremity w + wo contrast

Table 1

Image 1. Medium power H&E showing 
replacement of normal nerve by lymphoma cells

Neurologic examination demonstrated moderate weakness of DIP flexion of 
the first three digits & possible thumb abduction weakness of the left hand. 
Two-point discrimination was diminished in the 2nd -3rd digits of the 
affected hand.

An electrodiagnostic evaluation revealed normal nerve conduction parameters 
for the sensory and motor fibers of both the left median & ulnar nerves.  
Needle EMG demonstrated findings indicating active and chronic denervation 
in the left flexor pollicis longus & chronic denervation in the pronator teres, 
pronator quadratus, flexor digitorum superficialis, & left abductor pollicis 
brevis sparing other left upper extremity muscles (Table 1).  

This mass was 14 cm in length & 13mm in cross sectional diameter
extending from the level of the proximal humerus to just above the 
antecubital fossa. The mass enhanced without periosteal involvement. 

DISCUSSION:DISCUSSION: Neurolymphomatosis (NL) is defined as     
lymphomatous infiltration of peripheral nerve.  This uncommon   
nervous system complication of lymphoma usually presents as a  
painful subacute or chronic asymmetric sensorimotor neuropathy (1). 
Other phenotypes include polyradiculopathy with or without cranial 
nerve involvement, plexopathy, singular or multiple mononeuropathies. 
Uncommonly, there are concomitant CNS lesions. Diaz-Arrastia et al. 
in 1992 reported 1 case of neurolymphomatosis & reviewed 39 similar 
cases, noting a subacute progressive neuropathy in 28 patients with a 
Guillain–Barré syndrome in 5, focal peroneal or sciatic neuropathy in 4, 
relapsing neuropathy in 1, & a cauda equina syndrome in 1(2). In seven 
instances the lymphoma was confined to the nervous system (2). A
review of 25 cases with peripheral nervous system lymphoma seen at 
Massachusetts General Hospital between 1972 & 2002 blended with 47 
individual patient reports in the literature described four different 
clinical presentations including 1) involvement of a single peripheral 
nerve, 2) involvement of multiple peripheral nerves, 3) involvement of 
nerve roots, & 4) cranial neuropathies (3). 

In order of frequency the nerve roots were most commonly involved, 
cranial nerves next, peripheral nerves a close third & the plexus least 
commonly. The sciatic nerve is the most common peripheral nerve to 
be affected by neurolymphomatosis (NL) being reported in at least 7 
instances (3,6).  The radial nerve has also been infiltrated by NL 
(3,6).  On other occasions a median nerve lesion may be the 
presentation of lymphoma in the form of a multifocal neuropathy (7).  
There are two previous case reports of isolated median nerve 
involvement by lymphoma. A 70-year-old woman presented with 
median nerve compression secondary to enlarged supratrochlear
lymph nodes that were infiltrated with malignant non-Hodgkin's 
lymphoma (4). A 47-year-old woman with stage IV B-cell non-
Hodgkin lymphoma developed a progressive & painful distal median
neuropathy (5).  MRI showed a diffusely enlarged median nerve in
the right forearm presumed secondary to lymphomatous invasion of
the nerve & a few enlarged perineural lymph modes. Biopsy of 1 
node demonstrated B-cell lymphoma. Chemotherapy led to a 
dramatic decrease in pain & improved strength within 4 months.

Diagnosis of NL is primarily based on direct biopsy, particularly 
aided by initial MRI, or PET scanning (9). Prior to the introduction 
of these imaging methodology many patients were not diagnosed 
until autopsy (1,2,3,10).  In the Diaz-Arrastia series, a nerve biopsy 
was diagnostic in 15 cases; in the other 25 cases the diagnosis was 
made at autopsy (2). Almost 50% of the cases in another series 
(37/72) with neurolymphomatosis were not diagnosed until autopsy
(3). Spinal fluid cytology was frequently abnormal in 33/72 (3). NL 
occurred as the first manifestation of malignancy (primary NL) in 14 
(28%) of these cases. Of these, 11 patients had systemic non-
Hodgkins lymphoma (NHL), 2 had primary CNS lymphoma 
(PCNSL) & 1 had an associated leukemia. The remaining 36 
occurred as a relapse or progression of  previously treated disease.  
Of these, 23 patients had systemic NHL, 9 had PCNSL, & 4 had 
associated leukemia (10). NL occurs in immunocompetent 
individuals as well as those infected with HIV or human T-cell 
lymphotropic virus type 1. The prognosis for NL following chemo-
and radiation therapy & stereotactic radiosurgery is quite variable & 
depends on tumor type & tumor burden (10).

CONCLUSION:CONCLUSION:1) Neurolymphomatosis should be considered as an 
uncommon but potential cause of a progressive mononeuropathy. 2)
Early follow up to monitor for potential progression is recommended 
in any mononeuropathy occurring in an atypical site for compression 
or entrapment or in absence of an apparent cause. 3) MRI of the 
relevant limb segment with gadolinium enhancement is 
recommended when there is rapid and unexplained worsening of any
focal neuropathy. 

Surgical exploration revealed a nerve estimated to be three times its 
normal diameter. External decompression was carried out at the 
ligament of Struthers & lacertus fibrosis where the nerve appeared to  
be compressed due to its enlargement. Pathological exam 
demonstrated extensive NK/T-cell lymphoma infiltration, with 
immunostaining identical to the original nasal lymphoma, throughout 
the proximal median nerve. 3000 cGy of radiation was delivered to 
the lesion over a two-week period.  Two months later her 
examination revealed minimal improvement in PIP flexion.

A diagnosis of a proximal median neuropathy primarily affecting the left 
anterior interosseous nerve was made. In view of the brief period of  
antecubital pain at onset, a diagnosis of Parsonage-Turner was considered. 
Five-weeks later her deficits had worsened. She developed mild edema near 
her antecubital fossa without change in skin temperature or color. There was 
new, severe weakness of forearm pronation & thumb abduction, paralysis       
of DIP flexion of digits 1-3 & PIP flexion of digits 2-5. She retained normal 
strength & bulk in all ulnar & radial innervated muscles. She declined a   
follow up EMG.

An MRI of her left upper arm demonstrated fusiform enlargement of the 
median nerve extending from the upper humerus to the elbow.

Title : Rapidly Progressive Very Proximal Median 
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• Sleep disordered breathing (SDB) can lead to 
excessive daytime sleepiness, neuropsychological 
slowing, lapses of consciousness and accidents that 
can be misinterpreted as epileptic phenomena. 

• Also, patients with epilepsy commonly exhibit similar 
symptomatology due to undiagnosed sleep apnea. 

• Thus, a large proportion of patients referred to the 
EEG lab primarily to confirm or refute the diagnosis of 
epilepsy could suffer from latent sleep apnea and the 
routine EEG has the potential to divulge it. 

• We retrospectively evaluated the reporting of sleep 
apnea symptomatology in routine inpatient and 
outpatient adult EEG studies performed in our 
institution over the past 12 years. 

• Review of medical records was performed to 
ascertain the co-existence of objectively diagnosed 
SDB with polysomnography before or after the     
EEG study and the importance of EEG reporting 
variations in assisting with the diagnosis. 
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Age of patients (mean, range)    64 (30-89)  

Inpatients (n, %)                  44 (64%)  

Gender (n, %)  
M  
F  

 
55 (80%)  
14 (20%)  

Symptoms reported (n, %)  
Apnea  

Snoring  
Gasping/deep breath  

Arousal  
Excessive drowsiness  

Desaturation  

 
16 (23%)  
48 (70%)  
9 (13%)  

29 (42%)  
13 (19%)  
7 (10%)  

Sleep disordered breathingsuggested   
Yes  
No  

 
25 (36%)  
44 (64%)  

Sleep study recommended  
Yes  
No  

 
22 (32%)  
47 (68%)  

Location of reporting   
Impression  

Detail 
Both  

 
21 (30%)  
20 (30%)  
28 (40%)  

Sleep study performed   
Yes  
No  

 
14 (20%)  
55 (80%)  

Timing of sleep study relative to EEG  
After  

Before  
Before and after  

 
9 (64%)  
4 (29%)  
1 (7%)  

Time lapse between EEG and sleep study (mean, range )  4.2 months (1 d-22 m)  

Diagnosis of sleep disordered breathing  
Total  

Obstructive sleep apnea  
Central sleep apnea  
Mixed sleep apnea  

Upper airways resistance syndrome  
Primary snoring  

 
14  

7 (50%)  
2 (14%)  
3 (21%)  
1 (7%)  
1 (7%)  

Diagnosis of epilepsy   
Yes  
No  

Unknown  

 
25 (36%)  
42 (61%)  

2 (3%)  
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Sleep study performed 

(9)

Sleep study not performed 

(54)

p-value

Age (mean ±±±± SD) 53.77 ± 9.55 66.72 ± 14.27 0.0035

Gender (% female, n) 11.11% (1) 20.37% (11) 0.513

Known diagnosis of epilepsy (% yes, n) 22.22% (2) 39.62% (21) 0.540

Apnea (%yes, n) 11.11% (1) 24.07% (13) 0.670

Snoring (%yes,n) 55.56% (5) 70.37% (38) 0.518

Gasping (%yes,n) 0% (0) 14.81% (8) 0.588

Arousal (%yes,n) 77.78% (7) 37.04% (20) 0.031

Drowsiness (%yes,n) 11.11% (1) 22.22% (12) 0.671

Desaturation (%yes,n) 33.33% (2) 5.56% (3) 0.033

Sleep disordered breathing suggested 

in the EEG report (%yes, n)

22.22% (2) 38.89% (21) 0.467

Sleep study recommended in the EEG   

report (%yes, n)

55.56% (5) 29.63% (16) 0.146

Interpretation

Impression

Details 

Both

33.33% (3)

33.33% (3)

33.33% (3)

29.63% (16)

29.63% (16)

40.74% (22)

0.915

• Routine EEG offers a unique opportunity for direct clinical observation along with electrophysiologic and cardio-respiratory monitoring. 
• When sleep is recorded, it can help identify clinical and electrographic features of sleep apnea and prompt confirmation with a 

polysomnogram.
• It can therefore serve as a valuable, adjunctive screening tool for the diagnosis of sleep disordered breathing. 
• Our data highlight that potential but unveil its decreased utilization. 
• Increased awareness is required by the EEG technologists, interpreting neurologists and referring physicians, regarding reporting and 

utilizing sleep apnea features on the EEG.
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• In the adjusted analysis, arousals were associated (p=0.033) with an OR=4.63 (95%CI 1.13-19.00) of having a sleep study.
• The remainder of SDB symptoms and the reporting of suspicion for SDB were not associated with the completion of a sleep study. 

Title: The Utility of  Routie EEG in the Diagnosis of Sleep Disordered Breathing.
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