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Clinical 


Epidemiology

1. Age (38.5 years)  QUOTE "(26,32)" 
(26,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

2. Sex: 

a. Male (37-50%) QUOTE "(26,32)" 
(26,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

b. Female (50-63%) QUOTE "(26,32)" 
(26,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

3. Duration of symptoms (18 months)  QUOTE "(26)" 
(26)

4. Classified by Saez et al (1976) into ‘syndromes’ of presentation  QUOTE "(32)" 
(32)

a. Foramen magnum syndrome (38%)  QUOTE "(32)" 
(32)

1. Headache

2. Ataxia

3. Nystagmus

4. Dysphagia

5. Weakness

6. Long tract signs

7. Sensory (all modalities)

b. Paroxysmal intracranial hypertension (22%)  QUOTE "(32)" 
(32)

1. Exertional headache prominent

2. Nausea & vomiting

3. Blurred vision

4. Dizziness

5. Exam normal or nearly normal with poor localization

c. Central cord syndrome (20%) QUOTE "(32)" 
(32)
 

1. Pain

2. Dissociated sensory loss

3. Segmental weakness

4. Long tract signs

d. Cerebellar dysfunction (10%) QUOTE "(32)" 
(32)
 

1. Ataxia (truncal, limb and gait)

2. Nystagmus, dysarthria

3. Corticospinal signs

e. Spasticity (7%) QUOTE "(32)" 
(32)
 

1. Stiffness

2. Spasticity

3. Bladder involvement

f. Bulbar (3%) QUOTE "(32)" 
(32)

1.  Lower cranial nerve involvement

5. Classified by Pillay et al (1991; smaller series than Saez QUOTE "(32)" 
(32)
)  QUOTE "(26)" 
(26)

a. Type A:  with syringomyelia

1. Central cord syndrome (80%)  QUOTE "(26)" 
(26)

2. Foramen magnum (10%)  QUOTE "(26)" 
(26)

3. Cerebellar dysfunction (10%)  QUOTE "(26)" 
(26)

b. Type B:  without syringomyelia—present as

1.   Foramen magnum syndrome (55%) QUOTE "(26)" 
(26)
, or 

2.   Cerebellar dysfunction (25%) QUOTE "(26)" 
(26)
, or

3. Paroxysmal intracranial hypertension (20%)  QUOTE "(26)" 
(26)

Symptoms


Pain (40-70%) QUOTE "(10,11,18,22,23,32)" 
(10,11,18,22,23,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\05 3309\00\05\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043313\043313\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 



 Axial



1.   Headache (2-75%)  QUOTE "(10,11,18,22,26,29,32)" 
(10,11,18,22,26,29,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\043309\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043313\043313\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043345\043345\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

a. Cough, strain or exertional (20%) QUOTE "(10,22,23,27,32)" 
(10,22,23,27,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043294\043294\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\05 3309\00\05\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

b. Suboccipital (60%) QUOTE "(10,22,23,27,32)" 
(10,22,23,27,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043294\043294\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\05 3309\00\05\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

c. Migraine QUOTE "(27,35)" 
(27,35)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043323\043323\00\04\00 

d. Muscle contraction/tension QUOTE "(27)" 
(27)

e. Atypical  QUOTE "(27)" 
(27)

2.   Facial (5%)  QUOTE "(18,32)" 
(18,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

3.   Neck pain (15-38%)  QUOTE "(10,11,18,23,26,27,29,32)" 
(10,11,18,23,26,27,29,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043294\043294\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043313\043313\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043345\043345\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

4.   Chest (10%)  QUOTE "(11)" 
(11)

5.   Back Pain (5-10%) QUOTE "(11,23,27,32)" 
(11, 23, 27, 32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043294\043294\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 



  Appendicular  QUOTE "(27)" 
(27)




1.  Upper extremity (32-62%)  QUOTE "(11,18,23,29)" 
(11,18,23,29)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043313\043313\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

a.   Shoulder  QUOTE "(23)" 
(23)

b.   Burning, dysesthetic pain  QUOTE "(10)" 
(10)

c. Formications  QUOTE "(10)" 
(10)




2.  Lower extremity (10-15%)  QUOTE "(11,18,23,29)" 
(11,18,23,29)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043313\043313\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 




       a.    Dysesthesiae, burning pain  QUOTE "(10)" 
(10)




       b.    Plantar pain 



Cranial Nerve (25%)  QUOTE "(26)" 
(26)



      
1.    Facial numbness  QUOTE "(22,23)" 
(22,23)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\05 3309\00\05\00 

2. Ocular

a. Sixth nerve paresis/diplopia (6%) QUOTE "(10,11,22)" 
(10,11,22)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\043309\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

b. Blurred vision (17-25%)  QUOTE "(10,26,32)" 
(10,26,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043345\043345\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

3. Otoneurological (frequently very early) QUOTE "(3,15,19)" 
(3,15,19)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\042010\042010\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\042041\042041\00\04\00 

a. Hearing loss (15%) QUOTE "(15,19,22,32)" 
(15,19,22,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\042041\042041\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\05 3309\00\05\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

b. Paracusis  QUOTE "(10)" 
(10)

c. Tinnitus (12-20%)  QUOTE "(11,22,32)" 
(11,22,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

d. Vertigo (50%) QUOTE "(10,11,22)" 
(10,11,22)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\05 3309\00\05\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

e. Dizziness (15%)  QUOTE "(32)" 
(32)

f. Dysequilibrium  QUOTE "(8,10,11)" 
(8,10,11)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

g. Blurred vision (17%)  QUOTE "(26)" 
(26)

4. IX-X 

a. Dysphagia (10-50%) QUOTE "(10,11,22,23,29,32)" 
(10,11,22,23,29,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\05 3309\00\05\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

b. Dysarthria (5-25%)  QUOTE "(10,11,22,23,29,32)" 
(10,11,22,23,29,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\043309\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

c. Hoarseness (5-40%) QUOTE "(22,24,32)" 
(22,24,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\043309\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

d. Singulpus (7%)  QUOTE "(17,23)" 
(17,23)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043304\043304\00\04\00 

e. Snoring (5%)  QUOTE "(23)" 
(23)

f. Nasal reflux  QUOTE "(10)" 
(10)

5. Other respiratory disturbance, apnea(10-15%)  QUOTE "(10,11,22-24,29)" 
(10,11,22-24,29)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043294\043294\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\043309\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 



Brainstem

1. Vertigo & dizziness (10-15%)(especially with neck extension)  QUOTE "(3,8,10,11,22,32)" 
(3,8,10,11,22,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\042049\042049\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\043309\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

2. Blurred vision (25%) QUOTE "(10,32)" 
(10,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

3. Nausea and/or vomiting (5%) QUOTE "(10,11)" 
(10,11)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

4. Vocal cord (40%) QUOTE "(22,24)" 
(22,24)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\05 3309\00\05\00 

5. Respiratory dysfunction  QUOTE "(24,29)" 
(24,29)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

6. Dysautonomia

a. Horner’s syndrome (20%)  QUOTE "(22)" 
(22)

b. Hyperhidrosis  QUOTE "(34)" 
(34)

7.   Lethargy  QUOTE "(10)" 
(10)

8.   Syncope  QUOTE "(10,20)" 
(10,20)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 



Spinal 

1. Motor (30-85%)  QUOTE "(10,11,18,25,27,32)" 
(10,11,18,25,27,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\042047\042047\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043313\043313\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

a. Upper extremity weakness (15-87%)  QUOTE "(10,11,18,23,26,29,32)" 
(10,11,18,23,26,29,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043313\043313\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043345\043345\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

b. Central cord syndrome (87%) QUOTE "(27,29)" 
(27,29)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

c. Lower extremity weakness (15-75%)  QUOTE "(10,11,18,23,26,29,32)" 
(10,11,18,23,26,29,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043313\043313\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043345\043345\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

d. Hemiparesis (12-20%)  QUOTE "(11,23)" 
(11,23)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

e. Quadriparesis (10-15%)  QUOTE "(11,23)" 
(11,23)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

f. Stiffness (6%)  QUOTE "(32)" 
(32)

2. Sensory (35-68%)  QUOTE "(11,18,23,26,32)" 
(11,18,23,26,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043313\043313\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043345\043345\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

a. Upper extremity numbness (15-87%)  QUOTE "(11,23,29,32)" 
(11,23,29,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

b. Arms only (15%)  QUOTE "(11)" 
(11)

c. Cervical (5%)  QUOTE "(11)" 
(11)

d. Trunk only (5%)  QUOTE "(11)" 
(11)

e. Lower extremity numbness (12-75%)  QUOTE "(11,23,29,32)" 
(11,23,29,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

f. Legs only (5%)  QUOTE "(11)" 
(11)

g. Hemisensory (8%)  QUOTE "(11)" 
(11)

h. Ulcers (12%)  QUOTE "(23)" 
(23)

i. Paresthesiae (15%)  QUOTE "(23)" 
(23)

3. Ataxia (25-62%)  QUOTE "(10,11,26,29,32)" 
(10,11,26,29,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043345\043345\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

4. Bowel dysfunction  QUOTE "(10,18)" 
(10,18)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043313\043313\00\04\00 

5.    Urinary  QUOTE "(10,18)" 
(10,18)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043313\043313\00\04\00 

a. Incontinence (5%) QUOTE "(11,23,32)" 
(11,23,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

b. Frequency

c. Hesitancy

5. Sexual dysfunction (5-33%)  QUOTE "(10,32)" 
(10,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

6. Irregular Menses (6%)  QUOTE "(10)" 
(10)

Drop attacks (5%)  QUOTE "(10,11,23)" 
(10, 11, 23)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

Symptoms precipitated by trauma  QUOTE "(7,14,21,25)" 
(7,14,21,25)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\042006\042006\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\042030\042030\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\042047\042047\00\04\00 


1.  Associated with SCIWORRA  QUOTE "(7)" 
(7)

Sudden death  QUOTE "(14)" 
(14)

Pattern

1. Central Cord Syndrome (45%)  QUOTE "(26)" 
(26)

a. Syringomyelia (80-87%)  QUOTE "(26,29)" 
(26,29)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

b. No syrinx (nil)  QUOTE "(26)" 
(26)
 

2. Foramen magnum compression (12-25%)  QUOTE "(26,29)" 
(26,29)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043345\043345\00\04\00 

a. Syringomyelia (10%)  QUOTE "(26)" 
(26)

b. No syrinx (55%)  QUOTE "(26)" 
(26)


Neurological Examination



Normal (10%) QUOTE "(32)" 
(32)



Cranial Nerve (44-56%)  QUOTE "(11,18)" 
(11,18)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

1. Ocular  QUOTE "(6,9)" 
(6,9)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\042956\042956\00\04\00 

a. Nystagmus (25-69%)  QUOTE "(10,11,18,22,23,29,32)" 
(10,11,18,22,23,29,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\05 3309\00\05\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043313\043313\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

1. Downbeat—about 1/3 due to Chiari

2. Vertical (15%)  QUOTE "(29)" 
(29)

3. Rotatory

b. Skew deviation  QUOTE "(9,13)" 
(9,13)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\042084\042084\00\04\00 

c. VI paresis (15%) QUOTE "(9,10)" 
(9,10)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

d. Ocular dysmetria  QUOTE "(9)" 
(9)

e. Ocular flutter  QUOTE "(9)" 
(9)

f. Anisocoria  QUOTE "(9)" 
(9)

g. Spasm of near reflex  QUOTE "(9)" 
(9)

h. Esotropia  QUOTE "(6)" 
(6)

i. Oscillopsia—10% developed post-op  QUOTE "(22)" 
(22)

j. Visual loss (12%)  QUOTE "(10)" 
(10)

k. Papilledema or optic atrophy (15%)  QUOTE "(10)" 
(10)

l. Horner’s syndrome or ptosis (8-20%)  QUOTE "(11,22)" 
(11,22)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

2. V

a.  Facial numbness (12-54%)  QUOTE "(10,22,23,32)" 
(10,22,23,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\05 3309\00\05\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

b. Abnormal corneal reflex (10%) QUOTE "(32)" 
(32)

3. Soft palate

a. Paresis (25-33%)  QUOTE "(10,22,32)" 
(10,22,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\043309\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

b. Reflex absent 60%)  QUOTE "(10)" 
(10)

4. VII (10-15%)  QUOTE "(10,22)" 
(10,22)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\043309\00\04\00 

5. Otoneurological  QUOTE "(3,15,19)" 
(3,15,19)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\042041\042041\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\042074\042074\00\04\00 

a. Hearing loss (10-15%)  QUOTE "(10,15,19,22,32)" 
(10,15,19,22,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\042041\05 2041\00\05\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\05 3309\00\05\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

b. Vertigo

c. Nystagmus

d. Dysequilibrium  QUOTE "(8)" 
(8)

e. Tinnitus (20%)  QUOTE "(22)" 
(22)

6. Absent gag (25-78%)  QUOTE "(10,23,29)" 
(10,23,29)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

7. XI paresis (2-27%)  QUOTE "(10,22)" 
(10,22)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\05 3309\00\05\00 

8. Vocal cord paralysis (10-20%)  QUOTE "(22-24,32)" 
(22-24,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\042025\042025\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\05 3309\00\05\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

9. Tongue weakness or atrophy (10-20%)  QUOTE "(10,22,23,32)" 
(10,22,23,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043306\043306\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\05 3309\00\05\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

a. Lingual myoclonus  QUOTE "(16)" 
(16)

10. Head Tilt (3%)  QUOTE "(32)" 
(32)



Motor     

1. General (30-90%)  QUOTE "(10,18,32)" 
(10,18,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043313\043313\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

2. Upper extremity  (25-87%)  QUOTE "(11,23,29,32)" 
(11,23,29,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

3. Lower extremity (15-87%)  QUOTE "(23,29,32)" 
(23,29,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043301\043301\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

4. Hemiparesis (10-16%)  QUOTE "(11,23)" 
(11,23)
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5. Quadriparesis (10%)  QUOTE "(11,23)" 
(11,23)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043344\043344\00\04\00 

6. Hypotonia (30%)  QUOTE "(10)" 
(10)

7. Hypertonia (45%)  QUOTE "(10)" 
(10)
 

8. Atrophy (12-38%)  QUOTE "(11,23,29)" 
(11,23,29)
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a. Hand (37%)  QUOTE "(29)" 
(29)

b. Shoulder girdle

9. Lower motor neuron:  85%  QUOTE "(18)" 
(18)

10. Upper Motor neuron:  75%  QUOTE "(18)" 
(18)



Sensory

1. Superficial abnormality (33%)  QUOTE "(10)" 
(10)

2. Deep abnormality (60%)  QUOTE "(10)" 
(10)

3. <three dermatomes (15%)  QUOTE "(23)" 
(23)

4. >three dermatomes (55%)  QUOTE "(23)" 
(23)

5. Dissociated sensory loss 87%  QUOTE "(29)" 
(29)

6. Posterior column (18-25%)  QUOTE "(11,23,32)" 
(11,23,32)
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a. Upper (7%) QUOTE "(32)" 
(32)

b. Lower (25%) QUOTE "(32)" 
(32)

7. Charcot joints (5%)  QUOTE "(23)" 
(23)

8. Modality

a. Pain and temperature (33-85%)  QUOTE "(11,18,32)" 
(11,18,32)
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1. Upper (27%) QUOTE "(32)" 
(32)

2. Lower (5%) QUOTE "(32)" 
(32)

b. Joint position 66%  QUOTE "(18)" 
(18)

c. Light touch 29%  QUOTE "(18)" 
(18)

d. Vibration 28%  QUOTE "(18)" 
(18)



Extrapyramidal

1. Gait ataxia (25-66%)  QUOTE "(10,11,23,29,32)" 
(10,11,23,29,32)
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2. Romberg sign (66%)  QUOTE "(10)" 
(10)

3. Upper extremity 

a. ataxia or clumsiness  QUOTE "(26,32)" 
(26,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

b. Dysdiadochokinesis (20%)  QUOTE "(32)" 
(32)

4. Lower Extremity

A. Dysdiadochokinesis (25%) QUOTE "(32)" 
(32)

5. Tremor  QUOTE "(8)" 
(8)



Reflex

1. Hyporeflexia (15-35%)  QUOTE "(10,23)" 
(10,23)
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a. Upper extremity (25-33%)  QUOTE "(11,23,32)" 
(11,23,32)
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b. Lower extremity (2-5%)  QUOTE "(11,23,32)" 
(11,23,32)
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2. Hyperreflexia (25-87%)  QUOTE "(10,23,29,32)" 
(10,23,29,32)
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a. Upper extremity (5%)  QUOTE "(11)" 
(11)

b. Lower extremity (25-87%)  QUOTE "(11,29,32)" 
(11,29,32)
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3. Normal (25%) QUOTE "(32)" 
(32)

a. Upper extremity (50%) QUOTE "(32)" 
(32)

b. Lower extremity (45%) QUOTE "(32)" 
(32)

4. Clonus (15%)  QUOTE "(23)" 
(23)

5. Babinski (25-72%)  QUOTE "(10,23,32)" 
(10,23,32)
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6. Abdominal reflex (63%)  QUOTE "(10)" 
(10)

Skeletal

1. Axial (50%)  QUOTE "(18)" 
(18)

a. Brachicephaly  (37%)  QUOTE "(10)" 
(10)

b. Brevis collis (7-78%)  QUOTE "(10,32)" 
(10,32)
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c. Scoliosis (27-60%)  QUOTE "(10,11,23,29,32,33)" 
(10,11,23,29,32,33)
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-may be limited to hydrosyringomyelia  QUOTE "(23)" 
(23)

2. Limbs

a. Charcot joints (5%)  QUOTE "(23)" 
(23)

b. Genu valgus (5%)  QUOTE "(10)" 
(10)

c. Pes cavus or equinus varus (15%)  QUOTE "(10,23)" 
(10,23)
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d. Flat feet (10%)  QUOTE "(10)" 
(10)

e. Hammer toes (5%)  QUOTE "(10)" 
(10)

Magnetic Resonance  QUOTE "(12)" 
(12)


Tonsillar Herniation

1. Sine qua non of radiological diagnosis (historical)  QUOTE "(2)" 
(2)

a. Normal tonsils 

1. 2.9 +/- 3.4 mm above foramen magnum (N=76)  QUOTE "(2)" 
(2)

2. 1.0 +/- 1.9 (N=200)  QUOTE "(4)" 
(4)

b. 3-5 mm below:  marginal  QUOTE "(2)" 
(2)

c. > 5 mm below:  abnormal  QUOTE "(2)" 
(2)

2 Degree of herniation linked to symptomatology

a. >12 mm virtually all are symptomatic

b. <3-5 mm marginal symptomatology 

c. Most studies have used tonsillar herniation criterion for entry into analysis of other correlates of diagnosis:  circular argument  QUOTE "(2)" 
(2)

    
      d.    Typically noted in mid-sagittal image  QUOTE "(2)" 
(2)

e.    With syringomyelia (Type A)  QUOTE "(26)" 
(26)

1.   FM to C1 (70%)  QUOTE "(26)" 
(26)

2.   C1-C2 (30%)  QUOTE "(26)" 
(26)

f.    Without Syringomyelia Type B  QUOTE "(26)" 
(26)

1. FM to C1 ((22%)  QUOTE "(26)" 
(26)

2. C1-C2 or below (70%)  QUOTE "(26)" 
(26)

3.   Shape of tonsils

a.    Peglike  QUOTE "(4)" 
(4)

b.    Pointed or triangular  QUOTE "(2,4)" 
(2,4)
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c.    Become rounded with decompression  QUOTE "(4)" 
(4)

4.   Parasagittal images may be better (Heffez et al)

a. Tonsil is parasagittal structure

b. Descent may be asymmetric

c. Foramen magnum morphology may be peculiar

d. Virtually never part of typical radiological exam

5.   Transaxial images better  QUOTE "(22,31,35)" 
(22,31,35)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043322\043322\00\04\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043309\043309\00\04\00 

a. Tonsils ‘wrap’ about upper cord and lower medulla  QUOTE "(22)" 
(22)

b. May demonstrate dilated central canal

c. Demonstrate relation of vertebral arteries to medulla (may invaginate)  QUOTE "(22)" 
(22)

6. Coronal images very helpful  QUOTE "(1,22,35)" 
(1,22,35)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043324\043324\00\04\00 
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a. Demonstrate tonsils molding into foramen magnum

b. But lower limit of foramen magnum can be difficult to identify  QUOTE "(4)" 
(4)
 

c. Virtually never part of routine exam  QUOTE "(4)" 
(4)

7. Tonsils may block foramen magnum, CSF outflow and compress lower medulla and upper spinal cord without herniating below the foramen magnum  QUOTE "(31)" 
(31)

8. Flaw of many radiological studies is the sample pool of ‘Normal’  QUOTE "(2)" 
(2)

a. They draw from film ‘library’ or those previously read as normal

b. Those considered to have ‘unrelated’ symptoms  QUOTE "(4)" 
(4)




Tonsillar motion  QUOTE "(27)" 
(27)

1. Tonsils become triangular or wedge shaped during systole

2. Descend to block CSF egress through the foramen magnum  QUOTE "(22)" 
(22)

3. Peak CSF egress velocity of descent occurs earlier in controls than Chiari (30.6+5% vs. 40+7.5% of cardiac cycle)  QUOTE "(27)" 
(27)

4. Tonsillar descent about three fold larger in Chiari  (46+ vs. 16+7 in controls)  QUOTE "(27)" 
(27)
 

Foramen magnum

1. Normal:  34-37 mm (SD + 3.1 mm)  QUOTE "(2,28)" 
(2,28)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043295\05 3295\00\05\00 

2. Chiari I:  40+/- 6.2  QUOTE "(2)" 
(2)

3. Chiari II:  43.5 +/- 2.5  QUOTE "(2)" 
(2)

CSF Space  QUOTE "(27)" 
(27)

1. Normal CSF space 111+21 mm2  QUOTE "(27)" 
(27)

2. Chiari CSF space 64+44 mm2  QUOTE "(27)" 
(27)

3. Syrinx presence associated with larger CSF space 82+ vs. 39+45 mm2,p=.07)  QUOTE "(27)" 
(27)

4. CSF flow usually preserve in anterior subarachnoid space QUOTE "(27)" 
(27)

5. CSF flow usually attenuated posterior to cord and in cisterna   QUOTE "(27)" 
(27)

6. Small cisterna magna and foramen magnum CSF spaces  QUOTE "(4)" 
(4)

Small Posterior Fossa

1. Data consistent with primary defect being posterior fossa volume insufficiency

a. “Small” posterior fossa

b. “Flat” posterior fossa

c. “Shallow” posterior fossa (57%)  QUOTE "(11)" 
(11)

2. Not primarily a parenchymal malformation

3. Consistent with neurulation theory of McClone

4. Type B patients have characteristics of small post fossa  QUOTE "(26)" 
(26)

Cervicomedullary “Kink”  QUOTE "(4)" 
(4)

1. 12-20 % of symptomatic patients  QUOTE "(4,26)" 
(4,26)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043345\043345\00\04\00 

a. 5% with Syringomyelia  QUOTE "(26)" 
(26)

b. 33% without syringomyelia  QUOTE "(26)" 
(26)

c. May not be ‘real’ difference between groups  QUOTE "(26)" 
(26)

2. Resolves with decompression (Carmel,1996)

Beaking of cervicomedullary junction  QUOTE "(26)" 
(26)

1. 20% of symptomatic patients QUOTE "(26)" 
(26)

a. 5% with syringomyelia  QUOTE "(26)" 
(26)

b. 22% without syringomyelia  QUOTE "(26)" 
(26)

c. May not be ‘real’ difference between groups  QUOTE "(26)" 
(26)

Low brainstem  QUOTE "(26)" 
(26)

1. Pontomesencephalic junction below Weinstein’s line (40%)  QUOTE "(26,36)" 
(26,36)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043346\043346\00\04\00 

a. 3% with syringomyelia  QUOTE "(26)" 
(26)

b. 40% without syringomyelia  QUOTE "(26)" 
(26)

2. Pontomedullary junction at or below MacRae’s line  QUOTE "(26)" 
(26)

a. 10% with syringomyelia  QUOTE "(26)" 
(26)

b. 67% without syringomyelia  QUOTE "(26)" 
(26)

Other Radiology

Plain skull x-ray findings  QUOTE "(5,32)" 
(5,32)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043349\043349\00\04\00 

1. Platybasia 

2. Basilar impression (25%) QUOTE "(5,10,32)" 
(5,10,32)
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3. Both 1 & 2  QUOTE "(10)" 
(10)

4. Atlanto-occipital fusion (10%)  QUOTE "(32)" 
(32)

5. C1 dysplasia (5%) QUOTE "(32)" 
(32)

6. Scoliosis  QUOTE "(23,33)" 
(23,33)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1BC:\5CProgram Files\5CWinRM8\5CICP\03\00\043294\043294\00\04\00 

7. Normal (60%)  QUOTE "(5,32)" 
(5,32)
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Plain cervical x-ray findings  QUOTE "(32)" 
(32)

1. Normal (67%) QUOTE "(32)" 
(32)

2. Spondylosis (10%) QUOTE "(32)" 
(32)

3. Klippel-Feil (8%) QUOTE "(32)" 
(32)

4. Cervical rib (8%) QUOTE "(32)" 
(32)

Positive contrast myelography  QUOTE "(5,32)" 
(5,32)
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1. Tonsillar herniation (Chiari) (3349}

2. Block at foramen magnum (40-100%) QUOTE "(32)" 
(32)

a.  Complete (25%) QUOTE "(32)" 
(32)

b.  Partial (75%) QUOTE "(32)" 
(32)

a.  Queckenstedt  QUOTE "(10)" 
(10)
 

3. No foramen magnum pathology, but cord dilated (2%) QUOTE "(5)" 
(5)

4. Widened cord (40%) QUOTE "(32)" 
(32)

5. Normal (0-10%) QUOTE "(32)" 
(32)

6. Diagnostic about 75% cases  QUOTE "(5)" 
(5)
  

Cerebrospinal fluid

1. Normal (75%) QUOTE "(32)" 
(32)

2. Pleocytosis (5%) QUOTE "(32)" 
(32)

3. Increase protein (28%) QUOTE "(32)" 
(32)

4. Cytological-albumin dissociation (25%)  QUOTE "(10,32)" 
(10,32)
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5. May have manometric block to Queckenstedt  QUOTE "(10)" 
(10)

Vascular compression


1.   Vertebral artery or branches may potentiate compression  QUOTE "(22)" 
(22)

Syringomyelia


General



80-90% accompanied by some form of Chiari  QUOTE "(2,18)" 
(2,18)
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40% Magendie is partially or totally occluded


Hydrocephalus


1.  10%  QUOTE "(18)" 
(18)


Pathology



Posterior Fossa

1. Simple Chiari ‘Malformation’ (Type A) QUOTE "(5,26)" 
(5,26)
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2. Occlusion of foramen of Magendie 
a.  Partial with thin membrane  QUOTE "(5,30)" 
(5,30)
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b.  Complete with thick membrane  QUOTE "(5,30)" 
(5,30)
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c.  Atresia of foramen of Magendie  QUOTE "(5)" 
(5)

3. Intertonsillar and medullary adhesions  QUOTE "(5)" 
(5)

4. No pathology (rare)  QUOTE "(5)" 
(5)

General Observations  QUOTE "(5,22)" 
(5,22)
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1. All lesions impair CSF egress from posterior fossa  QUOTE "(22)" 
(22)

2. About 75% have Chiari or tonsillar herniation of some degree

3. About 25% do not have tonsillar herniation but are considered to have functional CSF outflow block

4. May be post-traumatic  QUOTE "(25)" 
(25)
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Notes: The type I Chiari malformation consists of a caudal displacement of the cerebellar tonsils through the foramen magnum into the cervical spinal canal. The most common presenting symptoms, such as pain, weakness and headache, are frequently preceded by otoneurological symptoms. Sensorineural hearing loss, vertigo, nystagmus, dysequilibrium, tinnitus and other cranial nerve involvement have been reported in Chiari-I malformation. A case report is presented and the clinical features of the disease are discussed with emphasis on the otoneurological aspects
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Notes: concluded that MR might help demonstrate pathology missed by positive contrast myelography
Abstract: Out of 97 patients with syringomyelia treated surgically, in 63 of them suboccipital decompression was performed. Various kinds of congenital or early acquired abnormalities were found to be the possible cause of the disease. Simple Arnold-Chiari malformation was found in 29 patients. In next 16 cases the Arnold-Chiari malformation was accompanied by partial occlusion of the foramen of Magendie with tiny, translucid membrane, that covered lower 1/2 or 3/4 of the foramen. In another 9 cases of Arnold-Chiari malformation, foramen of Magendie was totally occluded with thick, grayish membrane. In 7 cases lowered cerebellar tonsils were firmly attached to the medulla and joined by adhesions between themselves. In 1 case total atresia of foramen of Magendie was present only. In 1 case no pathological changes were found. The above mentioned findings point out, that in practically all the cases of syringomyelia various kinds of gross pathology, that leads to difficulties in normal outflow of the CSF from the IVth ventricle to cisterns can be found. From that point of view the suboccipital decompression seems to be the most reasonable surgical procedure.
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Bixenman WW, Laguna JF: Acquired esotropia as initial manifestation of Arnold-Chiari malformation.  J Pediatr.Ophthalmol.Strabismus. 24:83-86, 1987
Reference ID: 2956
Abstract: A 13-year-old patient originally presented with a divergence palsy and gaze-evoked nystagmus. Over a short period of time, the esotropia became increasingly comitant and was successfully treated with strabismus surgery. Three years later, she developed downbeat nystagmus. An Arnold-Chiari Malformation could only be demonstrated using nuclear magnetic resonance imaging (MRI). Subsequent neurosurgical decompression resulted in resolution of the downbeat nystagmus with maintenance of single binocularity.
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Reference ID: 693
Notes: Report of a child with SCIWORA and Chiari--reviewed 3 other cases--obvious conclusion that Chiari narrows the canal etc--there was a flexion mechanism present in 3/4
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Cammalleri R, D'Amelio M, Gangitano M, Raimondo D, Rossetti M, Camarda R: Monosymptomatic presentation of type I Arnold-Chiari malformation: report of two cases.  Ital.J Neurol.Sci. 15:57-60, 1994
Reference ID: 2049
Notes: Two cases of type I ACM are described, one of which presented with dizziness in late childhood (case 1), the other with mild intention tremor in adulthood (case 2). Cerebellar ectopia should be considered in monosymptomatic patients even in the absence of other symptoms and signs of C.N.S. dysfunction. Magnetic resonance imaging of the craniocervical junction should be performed because it may be diagnostic for type I ACM
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Notes: Identified clinical symptom complex of 1)basilar impression which is primarily pyramidal dysfunction with proprioceptive disturbance vs 2) Chiari which is primarily cerebellar/vestibular/cranial nerve involvement--Basilar impression frequently accompany Chiari, and is relatively rare as an isolated syndrome--more common in whites (64/66)
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Notes: carotid and cervical subarachnoid space systole occur simultaneously--CSF systole and diastole were of the same duration and peak flows were about the same for systole and diastole also--peak CSF velocity preceded same in the aqueduct and foramen of Munro by 10-14% of cardiac cycle--most flow is synchronous in the dorsal and ventral SAS in the cervical canal
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Hamed LM, Maria BL, Quisling RG, Mickle JP: Alternating skew on lateral gaze. Neuroanatomic pathway and relationship to superior oblique overaction.  Ophthalmology. 100:281-286, 1993
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Notes: BACKGROUND: Previous studies of patients with heterogeneous, often diffuse neurologic disorders concluded that the neurologic substrate for alternating skew on lateral gaze may be localized at the level of the brain stem tegmentum or the cervico-medullary junction, or both. The localized nature of brain tumors offers an opportunity to further investigate the anatomic localization for this as well as other conditions. METHODS: To test the hypothesis that cervico-medullary and cerebellar lesions are responsible for alternating skew on lateral gaze, the authors investigated a series of 50 children with brain tumors, 39 of whom showed neuro- ophthalmologic abnormalities on clinical testing. Seven children had alternating skew on lateral gaze. RESULTS: All seven children with alternating skew on lateral gaze showed neoplastic involvement at the level of the cervico-medullary junction and/or the cerebellum on critical analysis of neuro-imaging studies. CONCLUSION: The authors conclude that the neuroanatomic substrate for alternating skew on lateral gaze is localized at the level of the cervico-medullary junction and/or the cerebellum. Knowing that (1) alternating skew on lateral gaze closely mimics superior oblique overaction clinically, (2) superior oblique overaction is frequently found in patients with myelomeningocele, and (3) myelomeningocele is uniformly associated with Arnold-Chiari type II which includes cerebellar and cervico-medullary region abnormalities, the authors propose that alternating skew on lateral gaze and superior oblique overaction associated with myelomeningocele have similar neuroanatomic pathways
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Notes: The Chiari I malformation is a congenital abnormality of the cerebellum strongly associated with syringomyelia and also associated with bony abnormalities of the base of the skull and the cervical spine. This review examines the case of a 25 year old man who collapsed and died following a blow to the face and was found at post mortem to have a Chiari I malformation and syringomyelia but no gross or microscopic evidence of fresh brain or spinal cord injury. The occurrence of sudden and unexpected deaths in this condition is discussed especially in the context of apparently minor coincident trauma
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Notes: Progressive sensorineural hearing loss has been associated with Chiari type I malformation. Retrocochlear features on auditory brainstem response testing have been reported; however, debate exists over the exact location of the defect. Surgical decompression may be beneficial if brainstem or vascular compression have played a significant role in the pathophysiology of the hearing loss. Lack of specific audiologic data before and after surgical decompression has kept surgical decision making theoretic. This report presents the case of a 10-year-old boy with a progressive, asymmetric sensorineural hearing loss without other neurologic abnormalities. He underwent a posterior fossa decompression that resulted in stable hearing over the 2 years he was followed postoperatively. Preoperative and postoperative audiologic and evoked response features are described, and the rationale for operating with symptoms limited to hearing loss is discussed
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Notes: good description of some symptoms, generally superficial, but series is 98 patients--described post-op oscillopsia in a number of patients, most of whom improved
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Matsuoka A, Shitara T, Okamoto M, Sano H: Transient deafness with iopamidol following angiography.  Acta Otolaryngol.Suppl.(Stockh) 514:78-80, 1994
Reference ID: 2041
Notes: A case of transient, severe sensorineural hearing loss with iopamidol following angiography is reported. The 26-year-old woman had previously been diagnosed with Arnold-Chiari malformation, and underwent vertebral angiography by a retrograde transfemoral catheterization. Immediately following the second injection of iopamidol she did not react on the nurse's call. An ABR revealed no response in either ear even when the click intensity was 105 dB. The patient was immediately treated with steroid and OHP. Fortunately, 24 h after the angiography she was able to communicate at a normal conversation level. Transient severe sensorineural hearing loss is thought to result from bilateral anoxia of the cochlea due to hypoplasia of the basilo- vertebral artery systems. Cochlea anoxia lasts 10-20 min after which the hearing loss is recovered
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Abstract: rn
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Milhorat TH, Capocelli AL, Jr., Anzil AP, Kotzen RM, Milhorat RH: Pathological basis of spinal cord cavitation in syringomyelia: analysis of 105 autopsy cases.  J Neurosurg. 82:802-812, 1995
Reference ID: 2030
Notes: This report summarizes neuropathological, clinical, and general autopsy findings in 105 individuals with nonneoplastic syringomyelia. On the basis of detailed histological findings, three types of cavities were distinguished: 1) dilations of the central canal that communicated directly with the fourth ventricle (47 cases); 2) noncommunicating (isolated) dilations of the central canal that arose below a syrinx-free segment of spinal cord (23 cases); and 3) extracanalicular syrinxes that originated in the spinal cord parenchyma and did not communicate with the central canal (35 cases). The incidence of communicating syrinxes in this study reflects an autopsy bias of morbid conditions such as severe birth defects. Communicating central canal syrinxes were found in association with hydrocephalus. The cavities were lined wholly or partially by ependyma and their overall length was influenced by age-related stenosis of the central canal. Non-communicating central canal syrinxes arose at a variable distance below the fourth ventricle and were associated with disorders that presumably affect cerebrospinal fluid dynamics in the spinal subarachnoid space, such as the Chiari I malformation, basilar impression, and arachnoiditis. These cavities were usually defined rostrally and caudally by stenosis of the central canal and were much more likely than communicating syrinxes to dissect paracentrally into the parenchymal tissues. The paracentral dissections of the central canal syrinxes occurred preferentially into the posterolateral quadrant of the spinal cord. Extracanalicular (parenchymal) syrinxes were found typically in the watershed area of the spinal cord and were associated with conditions that injure spinal cord tissue (for example, trauma, infarction, and hemorrhage). A distinguishing feature of this type of cavitation was its frequent association with myelomalacia. Extracanalicular syringes and the paracentral dissections of central canal syrinxes were lined by glial or fibroglial tissue, ruptured frequently into the spinal subarachnoid space, and were characterized by the presence of central chromatolysis, neuronophagia, and Wallerian degeneration. Some lesions extended rostrally into the medulla or pons (syringobulbia). Although clinical information was incomplete, simple dilations of the central canal tended to produce nonspecific neurological findings such as spastic paraparesis, whereas deficits associated with extracanalicular syrinxes and the paracentral dissections of central canal syrinxes included segmental signs that were referable to affected nuclei and tracts. It is concluded that syringomyelia has several distinct cavitary patterns with different mechanisms of pathogenesis that probably determine the clinical features of the condition
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Notes: Use 'syringobulbia' to refer to symptoms and signs referable to the brainstem--path analysis shows most sx/signs are due to pressure and traction, including branches of the vertebral/basilar system and not progression of the syrinx into the medulla and pons in the majority of patients--also use term 'ascending' syringobulbia' to refer to spinal syrinx extending upward--good description of symptoms and signs
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Nohria V, Oakes WJ: Chiari I malformation:  A review of 43 patients.  Pediatr Neurosurg 16:222-227, 1990
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Notes: Scoliosis related to hydrosyringomyelia and correction of Chiari may/may not improve scoliosis (Menezes has found that it does--Youmans, 1990)--surgery tended to improve symptoms more than signs in this group--Occipital and neck pain improved most--they did relate degree of improvement to improvement in the syrinx--
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Petersen MC, Wolraich M, Sherbondy A, Wagener J: Abnormalities in control of ventilation in newborn infants with myelomeningocele.  J Pediatr. 126:1011-1015, 1995
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Notes: OBJECTIVE: The objective of this study was to assess respiratory responses of newborn infants with myelomeningocele through pneumograms and carbon dioxide challenge, and to evaluate the possibility of predicting which patients with myelomeningocele acquired respiratory symptoms related to the Arnold-Chiari deformity and brain-stem dysfunction. METHODS: All surviving infants with spina bifida who were born at the University of Iowa Hospitals and Clinics (UIHC) or were transferred there on the first day of life between January 1987 and January 1991 were assessed with a pneumogram and CO2 challenge once they were medically stable, and were followed for a mean of 30 months (10 to 53 months). RESULTS: Thirty patients met the inclusion criteria for this study; four died before being studied. Of the 26 remaining patients, 12 were born at the UIHC and 14 were transferred to the UIHC on the first day of life. Of the 26 infants studied, 12 (46%) had abnormalities on the pneumogram, including 2 with significant periodic breathing and 10 with episodes of desaturation below 87%. Of the 26 infants studied, 4 had no detectable response to an increasing fraction of CO2 in inspired air on the CO2 challenge and 12 had an increase in exhaled minute ventilation per increase in the alveolar fraction of CO2 in exhaled air more than 2 SD below the mean. Only 10 patients (38.5%) had normal ventilatory responses to the increasing fraction of CO2 in inspired air. On follow-up, only one study patient had symptoms related to Arnold-Chiari deformity and brain stem dysfunction (bilateral vocal cord paralysis). His neonatal CO2 challenge results and his pneumogram were normal. CONCLUSION: We conclude that these two tests are not useful in predicting which patients will have symptoms related to Arnold- Chiari deformity. Specificity for the pneumogram and the CO2 challenge was 0.52 and 0.36, respectively. Sensitivity was zero for both tests, although this result is limited by the low incidence of symptomatic Arnold-Chiari deformity in this sample. As previous investigators have found, a significant number of patients with meningomyelocele had abnormal ventilatory patterns. These ventilatory abnormalities indicate that even in the absence of severe symptoms, the control of the ventilatory response is somewhat impaired in many patients with meningomyelocele. This alteration in ventilatory control is probably related to abnormalities in the development of the brain stem
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Pidcock FS, Sandel ME, Faro S: Late onset of syringomyelia after traumatic brain injury: association with Chiari 1 malformation.  Arch.Phys.Med Rehabil. 75:695-698, 1994
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Notes: Syringomyelia should be suspected when progressive weakness or sensory loss develops. It most commonly occurs as a congenital malformation but has also been associated with spinal cord injury and the Chiari malformation. Symptomatic Chiari malformation after head injury is rare and usually presents with signs of acutely increased intracranial pressure. This article describes syringomyelia as a late onset complication of head injury in the presence of an underlying Chiari malformation. A possible causal relationship between head injury, the brain malformation, and an extensive syrinx is postulated
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Pillay PK, Awad IA, Little JR, Hahn JF: Symptomatic Chiari malformation in adults:  A new classification based on magnetic resonance imaging with clinical and prognostic significance.  Neurosurgery 28:639-645, 1991
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Notes: also spoke about various adhesions, bands, upward deviation of nerve roots Magendie occlusion not being identified by radiology prior to surgery--noted that several cords appeared normal but had had syringes identified prior to surgery and suggested that the rate of syringomyelia might be underestimated from past studies of surgical material
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Pujol J, Roig C, Capdevila A, Pou A, Marti-Vilalta JL, Kulisevsky J, Escartin A, Zannoli G: Motion of the cerebellar tonsils in Chiari type I malformation studied by cine phase-contrast MRI.  Neurology 45:1746-1753, 1995
Reference ID: 2019
Notes: Tonsillar motion index in patients with Chiari was 46+/-25 vs. 16+/-7 in controls without headache.  Tonsillar motion related directly to degree of headache severity--area of subarachnoid space was 111+/-21 mm2 in controls and 64+/-44 in patients with headache--those with syrinx were statistically the same as those without (38+/-26 vs. 55+/-22) in terms of motion and area (82+/-35 vs. 39+/-45 mm2 in non-syrinx--p=.07)--the latter finding is consistent with the apparent lack of cervical stenosis in those with syrinx and the presence of small canals in those with--
Abstract: We studied the effects on CSF dynamics at the foramen magnum and the clinical significance of the abnormal tonsillar motion in 14 patients with Chiari type I malformation and 14 control subjects using cine phase-contrast MRI. Dynamic MRI consisted of axial and sagittal cine phase-contrast sequences. CSF and tonsillar motion were qualitatively and quantitatively evaluated, and the subarachnoid space at the foramen magnum measured. In Chiari patients, cine phase-contrast MRI detected the abnormal pulsatile motion of the cerebellar tonsils, which produced a selective obstruction of CSF flow from the cranial cavity to the spine. The amplitude of the tonsillar pulsation and the severity of the arachnoid space reduction were associated with the symptom of cough-strain headache, but not with the presence of syringomyelia. The finding of abnormal valve dynamics of the cerebellar hernia revealed by cine phase-contrast MRI conforms to the pathophysiologic mechanisms suggested in pressure register studies and opens a new possibility in the presurgical assessment of Chiari patients with exertional symptoms
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Quisling RG, Quisling SG, Mickle JP: Obex/nucleus gracilis position: its role as a marker for the cervicomedullary junction [see comments].  Pediatr.Neurosurg. 19:143-150, 1993
Reference ID: 2034
Notes: Traditionally, the decussation for the pyramids has been the designated marker for the cervicomedullary junction. With Chiari malformations abnormal caudal migration of posterior fossa structures occurs, resulting invariably in a low position of the caudal poles of the cerebellar tonsils (i.e. tonsillar heterotopia) and a low position of the cervicomedullary junction. Since there is considerable variability in normal caudal tonsillar position and because the pyramidal decussations are difficult to image, diagnostic confusion may exist when the cerebellar tonsils reside in an intermediately low position. This study utilized anatomic specimens to establish the normal morphologic relationship between the position of the obex/nucleus gracilis (O/NG) and the pyramidal decussations; the former consistently lies 5-6 mm rostral to the latter. Having established that anatomic relationship, the O/NG position was then used to assess the cervicomedullary junction position in a radioanatomic survey of normal brain MR examinations. This analysis established a mean O/NG position 10-12 mm above the plane of the foramen magnum. The O/NG position was then evaluated in patients with low tonsillar position. This analysis revealed, as expected, that patients with Chiari II malformation exhibited tonsillar and O/NG positions well below the plane of the foramen magnum. It also distinguished between two additional groups of patients with less florid MR findings. These include patients who exhibit minimally low cerebellar tonsils but essentially normal O/NG position; these patients should be considered normal expressing only minor variation of tonsillar position. The remaining patients exhibit evidence of both intermediately low tonsillar and low O/NG positions, suggesting an underlying anomaly of both tonsil and brainstem development.(ABSTRACT TRUNCATED AT 250 WORDS)
Abstract: Normal obex always > 8 mm above plane of foramen magnum--average about 11-12 mm--obex in normals always 4-7 mm rostral to pyramidal decussation--average 5.3 mm--1 to 25 yrs, 11.5 +/- 1.95; 26-50 10.5 +/- 2.3 mm; >51 yrs, 10.0 +/- 2.5 mm--AP diameter of FM was 35 +/- 4 mm--Clival length about 43 +/- 4 mm in normals--Felt that Chiari I patients had low obex position without Chiari II characteristics
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Abstract: A retrospective study of 60 adult patients with Arnold-Chiari malformation revealed that certain presenting clinical syndromes, although not pathognomonic, seemed to have definite prognostic significance. Surgical management by suboccipital decompression led to remarkable and enduring improvement in 65% of patients followed for as long as 14 years. In some patients, however, the initial postoperative benefit tended to fade into an insidious progression of neurological deficit. Despite operation, 18.6% of patients eventually experienced progressive neurological deterioration. Patients who presented with paroxysmal intracranial hypertension or cerebellar dysfunction had the best prognosis. Evidence of central cord involvement was the single most detrimental factor to neurological recovery.
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Samuelsson L, Lindell D: Scoliosis as the first sign of a cystic spinal cord lesion.  Eur.Spine.J 4:284-290, 1995
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Notes: We reviewed the cases of ten patients with scoliosis as the first sign of a cystic spinal cord lesion with the aim of identifying and studying early patient and curve characteristics. All patients were examined with magnetic resonance (MR) imaging of the brain and spinal cord and quantitative thermal testing (QTT). The mean Cobb angle was 22 degrees and the curves were right thoracic in seven patients, left thoracic in two, and left lumbar in one, when first seen for scoliosis. In six patients the cystic lesion was found in routine screening for syringomyelia, which is performed in all cases of congenital and juvenile scoliosis and in adolescent scoliosis before bracing. In four patients, it took up to 17 years following the initial diagnosis of scoliosis before neurologic deterioration warranted MR imaging, disclosing two Chiari I associated syrinxes and two cystic spinal cord tumors. QTT revealed a subclinically decreased sensation in two of the patients with no findings other than scoliosis. It also verified the decreased sensation in all patients in whom neurologic deterioration had complicated the clinical course of their scoliosis. More frequent spinal MR screening of patients with supposed juvenile or adolescent idiopathic scoliosis is indicated, regardless of curve type, to exclude a neurogenic cause. QTT documents subclinical as well as overt decreased sensation, and is valuable in the serial follow-up of these patients to monitor the progress or the response to treatment of the cystic lesion
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van Alphen HAM: Migraine, a result of increased CSF pressure: a new pathophysiological concept (preliminary report).  Neurosurg Rev. 9:121-124, 1986
Reference ID: 3323
Notes: noted spasm of the vertebral vessels at C1-C2 leading to ischemia (? basilar migraine)--has decompressed 25 patients with resolution of the HA--feels that CSF malabsorption or blockade of CSF outflow from the posterior fossa leads to local (Post Fossa) increase in CSF pressure with headache and potentiation of tonsillar herniation, further isolating the posterior fossa as a high pressure compartment, secondary vascular (he feels 'spasm') change in the vertebrals, and ischemia with focal signs and/or potential for complicated migraine--I would superimpose the vasodilatory cascade model on his theory with vascular engorgement of the cerebellum stimulated by regionally (infratentorial) low CPP potentiating the locally high compartment pressure and further reducing  CSF outflow with isolation of the infratentorial compartment--vertebral 'spasm' might be nothing more than very low local CPP  with partial vascular collapse and ischemia--might better explain why the "complicated" migraine would tend to favor the posterior circulation--resolution of migraines with age may represent progressive atrophy and an increase in the volume buffering of the CSF/infratentorial space--wonder about the hypertensive effect of many of the effective therapeutic agents (e.g., ergotomine--never any real control for this)--would predict that hypertensive agents or those which suppress metabolism would be most therapeutic--
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Abstract: The position of the pons, determined angiographically, can be related to the clivus and sella. In adult patients with the Chiari malformation, a caudal dislocation of the pons is frequently associated with the well-known anomalously low position of the cerebellar tonsils. This finding may aid in the angiographic diagnosis of the Chiari malformation.

