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SCHEDULE oF EVENTS

DAY 1 — MONDAY, JUNE 24, 2013

7:00 BREAKFAST
8:30 Opening Remarks
) Bryn Martin, Lynne Bilston, Shaokoon Cheng
PLENARY TALK
Chair: Lynne Bilston
8:45 Fine Structure Of CSF And Interstitial Fluid Spaces And Their Drainage Pathways From The Human
. Central Nervous System
Roy Weller
SESSION A: EFFECT OF MICROANATOMY ON CSF
Chair: Lynne Bilston
9:45 Spinal Cord Nerve Roots And Denticulate Ligaments Alter CSF Dynamics In The Upper Cervical Spine
Bryn Martin
10:15 Effect Of Spinal Micro-anatomy On CSF Flow Patterns
) Andreas Linninger
10:45 MORNING COFFEE BREAK
SESSION B: MODELING
Chair: Shaokoon Cheng
11:15 CSF Dynamics Society
Vartan Kurtcuoglu
11:30 Quantitative Assessment Of The Differences In Spinal CSF Dynamics In Chiari Malformation
’ Frank Loth
12:00 The Spinal Cord And Meninges As A Fluid-filled Elastic Waveguide In Syringomyelia
) A. (Tony) Lucey
12:30 LUNCH
SESSION C: IMAGING
Chair: Mark Wagshul
13:30 4D MR Flow Imaging: Experiences In Hemodynamics And Potentials In CSF Hydrodynamics
) Oliver Wieben
14:00 Blood And CSF Flow: What We Can See And What We Would Like To See Soon!
’ Olivier Balédent
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14:30

15:00

15:30

16:00

16:30

19:00

Novel MRI-based Measurements Of CSF Flow Dynamics In Pediatric Patients With Chiari Malformation
John Oshinki

AFTERNOON COFFEE BREAK

SESSION D: CLINICAL
Chair: Frank Loth

What Role Does CSF Play In Vision Impairment In Astronauts
Michael Keith Sharp

Mathematical Models Of CSF Dynamics: Uses And Challenges
Harold Rekate

Dynamics And Solute Transport In CSF In Non-human Primates As Seen By Positron Emission

Tomography
Mikhail Papisov

SYMPOSIUM DINNER AT 7PM AT LIMANI

DAY 2 — TUESDAY, JUNE 25, 2013

7:30 BREAKFAST
2ND PLENARY TALK
Chair: Vartan Kurtcuoglu
8:30 Pathogenesis And Pathology Of Hydrocephalus
) Marc Del Bigio
SESSION E: IMAGING 2
9:30 What Can Animal Models Teach Us About CSF Flow Dynamics?
) Mark Wagshul
Biomechanics Of Demyelination Processes: How Shear Wave Propagation Can Reveal
10:00 Microarchitectural Changes
Ralph Sinkus
10:30 MORNING COFFEE BREAK
SESSION F: MODELING 2
Chair: Shaokoon Cheng
How To Use Experimental Data Effectively In Modeling
11:00 ;
Lynne Bilston
CONTINUED ON NEXT PAGE —
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SCHEDULE CONTINUED...

DAY 2 — TUESDAY, JUNE 25, 2013

Near-Wall Ventricular Cerebrospinal Fluid Dynamics

11:30
Vartan Kurtcuoglu
12:00 On The Assumption Of Laminar CSF Flow In The Spinal Canal
) Kent-Andre Mardal
12:30 LUNCH
SESSION G: SPINAL CORD
Chair: Bryn Martin
13:30 Potential Cerebrospinal Fluid Flow Pathways In The Development Of Syringomyelia
) Shaokoon Cheng
Cerebrospinal Fluid And Spinal Cord Morphology Changes In The Hours After Spinal Cord Injury: Results
14:00 From Novel Porcine Model
Peter Cripton
Dynamic Cerebrospinal Fluid Pressure During Experimental Contusion Spinal Cord Injury: Results From
14:30 Novel Porcine And Synthetic SCI Models
Claire Jones
15:00 AFTERNOON COFFEE BREAK
SESSION H: MODELING 3
Chair: Lynne Bilston
15:30 A Fractional Pressure-Volume Model Of Cerebrospinal Fluid Dynamics: Marmarou’s Model Revisited
) Corina S Drapaka
16:00 A Pilot, Multi-scale Numerical Framework For Brain Mechanics
) Diane Dezelicourt
16:30 Closing Bemarks .
Bryn Martin & Lynne Bilston
17:00 DISCRETIONARY PLENARY DISCUSSION AND CLOSING COFFEE
2nd International CSF Dynamics Symposium 7 June 24 & 25, 2013, Manhasset, NY, USA
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CONSENSUS STATEMENT

1. Ventral brainstem compression, medullary kinking and deformation of the upper spinal cord and/or
brainstem over the odontoid process are potentially deleterious to the brainstem and upper spinal cord.

2. Deformation of the brainstem may manifest clinically as the Cervical Medullary syndrome.
3. The clinical findings of Cervical Medullary Syndrome may include, but are not limited to, the following:
i) headaches, suboccipital pain and neck pain,

ii) Bulbar and related symptoms: altered vision, diplopia, nystagmus, decreased hearing, tinnitus,
imbalance, vertigo, dizziness, choking, dysarthria, dysphagia dysautonomia, postural orthostatic
tachycardia, pre-syncopal or syncopal episodes disordered sleep architecture, sleep apnea,

iii) Symptoms of myelopathy: weakness, clumsiness, spasticity, altered sensation, paresthesias,
dysesthesia, change in gait, constipation, urinary urgency and frequency

4. In assessing the potential for cranio-cervical instability, it is reasonable to measure the angle between
the clivus and the spine. This angle has been termed the clivus canal angle, the clivus vertebral angle,
the clivus spinal angle, the clivus cervical angle and the clivus-axial angle.

In keeping with the greater part of the literature, we recommend the uniform adoption of the term
clivo-axial angle .This angle may be abbreviated CXA.

5. The clivo-axial angle is the angle between the clivus line and the posterior axial line. The clivus line is
drawn along the lower third of the clivus -from the spheno-occipital synchondrosis to the basion, or in
the case of basilar invagination, the superior most aspect of the odontoid .

When assessing the CXA with sagittal CT scan or X-ray, the posterior axial line may be drawn along the
posterior edge of the odontoid .

When assessing the CXA with MRI, the posterior axial line should be drawn from the posterior edge of
the tectorial membrane to the inferior posterior edge of the posterior ligament of the C2 vertebra.

The CT and MRI measurements may differ in the same patient: the CXA determined by CT reflects the
more traditional means of measurement ; the CXA determined by MRI will necessarily include thickening
of the ligament due to pannus.

6. The literature suggests that a clivo-axial angle of 135 degrees or less is potentially pathological. That is
a CXA of135 degree, may in some circumstances, result in harmful deformative stress upon the
brainstem and upper spinal cord and, therefore, warrants consideration for further evaluation and
possible treatment.
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7.The CXA can be measured on sagittal CT or MRI, with the patient assuming moderate flexion of the
cranio-cervical junction. If a flexion view is not available, a neutral position will suffice in most
circumstances. An upright dynamic MRI may be desirable in some circumstances — but, such is often not
available.

8. In assessing the potential for cranio-cervical instability, it is reasonable and appropriate to measure
the BpC2 line, also known as the Grabb-Oakes measurement or line, or the Grabb Mapstone Oakes
Measurement, as one method to approximate the potential presence and magnitude of ventral
brainstem compression. We use the term Grabb-Oakes measurement herein. The Grabb-Oakes
measurement is the distance in millimeters from the dura to the line drawn from the basion to the
posterior inferior edge of the C2 vertebra. A Grabb Oakes measurement of 9mm represents the
diagnostic threshold for ventral brainstem deformity. Some clinicians may choose 8 mm as the
diagnostic threshold at which there may is potential ventral brainstem deformity.

9. The Harris measurement, also known as the Basion Axial Interval (BAl = distance from tip of basion to
posterior axial line), when drawn horizontally, should be less than 12 mm. The basion to dens interval
(BDI = distance from basion to tip of odontoid) drawn vertically, should be less than 12 mm. The
posterior axial line should be drawn along the posterior ligamentous surface of the C2 vertebra. In
keeping with the literature, a Harris measurement exceeding 12 mm is considered potentially
pathological, and reflects cranio-cervical instability.

10. In the presence of known ligamentous instability, such as a hereditary hypermobility connective
tissue disorder, the BAI (the Harris measurement) may be measured with the cervical spine in the flexion
and extension positions. This will assess and quantify translation of the basion with respect to the dens
(odontoid process). In keeping with the literature, any translation noted on dynamic imaging that
exceeds 2mm (the delta BAI > 2 mm), will be considered abnormal and potentially pathological.

11. Cranio-cervical hypermobility is common, and defined by the presence of hyper-extensibility of the
connective tissue, and in particular, hyper extensibility of the joints. While hypermobile joints occur
frequently in healthy children, such can also be severely disabling in others. Ehlers Danlos syndrome,
cleidocranial dysostosis, Down syndrome, Marfan syndrome, Morquio syndrome and several other less
well known connective tissue disorders are associated with ligamentous laxity. A pathological Lax
Ligament Syndrome may result in cranio-vertebral instability, kyphosis of the clivo-axial angle and
ventral brainstem compression.

The growing body of knowledge regarding the prevalence of hypermobility connective tissue disorders
should lead to more widespread recognition of the impact of ligamentous laxity on the health of
sufferers of hypermobility syndromes.
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