CSF hydradynamlcs in craniocervical
]ung;«ﬂon anomalies




Craniocervicab junction anomalies

* Congenital
— Isolated dlsnr@e}s
. F]dwh@i‘d
g Edg&ldr Invagination
@‘ft]dh assimilation

N Atlas hypoplasia

&
&
\@é@@ + Klippel-Feil
» malformation
@vg) Bl S 5 ! .y
A * Chiari malformations

* s odontoideum
— General disorders
* Achondroplasia
* Osteogenesis
imperfecta

* Acquired
— Isolated disorder
 Traumatic dislocation

— Type Il odontoid f}(ox\

\9

— General disorders Qé‘
« Rheumatoid dlthg:ffh
= Al]dl’llﬂ%&idl
dnlng&ﬁmn

. nget d&eaae of bone
. Atmmegdh



Craniocervical junction anomalies
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@
Symptoms &

. Qo
— Non-neurological
O

» Neck pdlll S
. Dcclplwf headache

- E@nrac with coughing and Valsalva
— Neug@lnglcal
Q- " Neural compression
NG — Brainstem
» Impaired swallowing,
central sleep apnea

— Cranial nerves &
S
! Q
— Cerebellum A
o
— Medulla o
.} W $\é
* CSF pathway compression e
— Spinal cord: Syringomyelia «©\>
N
o

* Vascular compression
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Hydrodynamics



CSF hydrodynan;ucs in craniocervical
]uncm‘im anomalies

\

* Hydrodynamics &
" ) o ) . . )
— A branch of physics gfat deals with the motion of fluids and the
forces acting on spdid bodies immersed in fluids and in motion
& <
relative to thmg&\

- fhPrcaamcdy?ﬂpmunndl to & Flow (Hagen-Poiseuille)

- ﬁPrcw\uﬁ: between Intracranial and cervical subarachnoid
wpdcrg«ﬁm es CSF flow (QQ) across the foramen magnum

- %@duccd radius of flow pathway drastically reduces CSF flow
+  Hyffaulics
o= The use of a liquid flowing under pressure to transmit power

)
i from one location to another

©
<

Q .
Vs« Hydrostatics
<
— A branch of physics that deals with the characteristics of ﬁmd&:@
at rest and especially with the pressure in a fluid or u:\:u:m:d @}

a fluid on an immersed body: &\o

(%)
—  APressure without 2A Flow: \Q

— Fluid 1s pressurized: CSF pressure S
— Force and energy transmitted by pressure

Merriam-Webster.com



Intracranial CSF Circulation: Hydrodynamic

&

 Slow one-way CSF
flow of 20 ml/h from
choroid plexus to
arachnoid villi
* CSF replaced every $h
e Small pressure ,@Q‘é\
differential dngéé\s How
between vg\n\ﬁ'icles and
arachnnoiﬁ‘\ovilli
. Elnc(igﬁ%e of flow/
algggrptinn pathway
9@F‘f’"jtr{:udw:es; hydrostatic/
v\\@{\ hydraulic pressure
& effects on ventricular
and brain surface. and
hydrocephalus

Figure from Strazielle N. Mol Pharm 2013; 1[}:14{5@@)1491



Cardiac Systole: Intracranial Pressure Pulse Dampened by
CSF 0utﬂm:g<e°me Cranium to Spine

Intracranial Cavity

Skull,

Dura and Endoperiosteun Fused

except at Dural Sinuses (No Epidural Space!)
Subzrachnoid Space, >

Brain

2
CEF 1N @ FALX CEREBRI
EUEARACRROID

Modified from Strazielle N. &&“
Mol Pharm 2013; <& Monro-Kellie doctrine
10:1473-1491 O@

.



Fixed Volume Intracranial Cavity: Non-Compliant
& Vs,

Expandable }églume Spinal Dura: Compliant

&060
Intracranial Cavity of’Q
Skull, <l
Dura and Endﬂpergaﬁeum Fused
except at Dural Sj‘ﬂu'_aEE (Mo Epidural Space!),
Subarach nmql«gpace

«.
Brain &

DURS MATER - taugh
cannective tesus layer

- 2) OUTER ENDOSTEAL
LAYER - periosbeurm on
nnEr sids of calvariam

DURAL REFLECTICONS

CEF IN FAaLX CEREERI
EUEARACHNOHID

ERACE

camp :-acd of taro layvers

T lanyers = Tusad in most
nlacas - separata to form

Spinal Canal
Vertebral Components, Ligamentum Fla‘w?n.
Dura and Endoperiosteurn Separate, ﬁé“

Epidural Space with Fat and Veins, <;\9Q
s o

Subarachnoid Space, o8

Spinal Cord o




Cardiac Systole: Il;;»fracramal Pulse Pressure
Dampened by CSE‘Teavmg the Intracranial Cavity

Diastole » Rapid superior-
inferior CSF ﬂm@
across the @Q@
foramen ng{ignum
durmg gfe cardiac
C}"C]bﬁ}\

. B\{e&m pulsation

> Hdriven

¥ Blockage of flow
pathway at FM
leads to increased
brain pulsation,
hydraulic effects
on the spinal cord.
& syringomyelia



Cramoc@rwcal Junction
Anomaheﬁ and their Relation to

< Syringomyelia



Syrmgomyeha .Develops from an
Unde,rlymg Disease

e Structure Cﬂm!;n‘tassmg the
SubarachnmdeSpace at the Foramen
Magnum 5

—~ Chm‘i“l I Malformation 70%
£351lar Invagination 10%

®o ﬂiesmn Within the Subarachnoid
* space 12%

— Arachnoiditis, Spinal Deformity @.V\\@
e Lesion of the Spinal Cord 4% @gf
— Tumors, Inflammatory Mg@@ﬁtis



Classt Theories of
ynngomyeha Formation

Gardner's William%}%raninspinal Dissociation
Hydrodynamic @



Chiari I—Syringgmyelia Observations

‘b

* Smaller than nnrmal posterior fossa
* Absent c15tel;ﬁa magna

* Ectopic tm‘lsﬂs narrow CSF passages
at the @ramen magnum

® Cf_,mml canal 1s rarely (5% of adults)

patent between 4 ventricle and
©?“

<% Syrinx
2) -

e Syrinx fluid 1s chemically 1dentical
to CSF .of

* Myelogram dye enters the syrlgﬁ
(delayed) =
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Observation: Most syrmges resolve following
craniocervical de@fﬁmpressmn and duraplasty

(\
<
Year pﬁ%ﬂmpmssiﬂn Decompression | Syrinx Shunt YTs.
Series <:'~‘°°® Plus Shunt Alone Follow-Up
&060 .
" \\KQQ 1 g
Bidzinski @6'?01938 22/28 N/A 2/4 6.8 @
Hida & 1995 3033 N/A 37/37 B
Yy (\\
chkampf&ﬁ’t\%dﬂﬂ' 1996 | 72/88 (82%)*™ N/A 322 R
Lngucfﬁﬁi&*amq 1981 | 42/51 (82%)* 4/7 N/A \oo‘”& 3-7
Maﬁumnm Symon | 1989 | 35/60 16/28 NM@Q«O 3.9
£ 7e | "= & R | A 4 g ol
©‘§ gouros/ Williams 1995 | 203/242 N/A cDﬁ\ 3
(83%)*F &
<
Van Calenbergh 1990 | 4/7 N/A \55@« 9/16 1.1-4
o i7"\ | Ny & ¢
Vaquero 1990 | 10415 N/A é\&v\ 12/15 1-3
Total 418/524 (80%) | 20/35 (3F%) 653/97 (67%) 1-6.8

N
Ratios represent number of stable or improved \gatmntq “total number of patients
* Extra-Arachnoidal
** Intra-Arachnoidal

&©
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Craniocervical Decompression
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Clinical Smdy to Test a Theory
of the Aﬁatomlc and Physu)loglc
Effeg@s of Chiari I Malformatlon &
#onDevelopment of .
& | Syringomyelia and of «
Craniocervical Decompﬁessmn

on Resolution of Symﬁgomyeha



CSF Normally Moves Agross Foramen Magnum During
Systole to Cﬂmpensg&t‘ for Increase in Brain Volume

 Rapid

superior-
mtenm&

CSFéﬂnw
agﬂl‘oss the

b.

e>°° TDI' dITCNn

magnum
during the
cardiac
cycle
Brain
pulsation
driven



Oldfield Theory of Chiari I & Syringomyelia

Small Chiari I narrows the
posterior subarachnoid space at the
fossa creates foramen magnum preventing
Chiari 1 normal CSF flow
l ‘/ 'I’ ..\@b'
| Compliance Brain expansion egé?}r
(pressure heart beat is nngﬁ\i‘fﬁet
response to a by CSF efﬂ%fs
change in wlo\°°

11, L
volume) \ | Tonsil}ar pulsation
Pl &
I Cervical suharan:hleﬁibd pulse pressure
§ o
; A I
CSF moves in§o spinal cord
&
=
CSF cqa&%sces into a syrinx & pulsates

X +

?~

©
&
S#rinx extends and progresses



Clmlcal Trial

. Groups Studled
&
- bearl I and Syringomyelia 20 &
0(\\
VNDI‘I‘HE[] Subjects 18 &
ef(\ .\000
& &
,@@
e
o.?’é
K'?\\
@0{&&
té\é
<27()
@



Testmgﬁhe Theory

« 1. Partial ﬂhatruqﬁm at the Foramen Magnum

— Anatomic M‘ﬁl
« 2.Block uf' @‘;F Flow at the Foramen Magnum

— ng@bMRI and Queckenstedt’s test &°

« 3. Llﬂ'ﬂhﬂl]d[‘ Tonsil Motion on a Partially Enclosed Spinal &
Sla?hdl'dth[]{l]d Space Creates Elevated Cervical Sllhdl‘dth]lﬂl&f

40

@‘f'rea.aure Waves and Syrinx Compression &°
O,\@A — Cardiac-Gated Intraoperative Ultrasound and CSF Plg@.b‘,:lrc
Testing o*
« 4, Systolic Caudal Movement of the Syrinx Fluigl«“
— Cine-MRI \\&@‘9
« 5. Extra-arachnoidal Craniocervical DEL(m;prEhblun and

Durdp]dhtv Corrects Pdthuphum]ugl(\;ﬁ%nurmdhtle.':. and
Resolves Syringomyelia o

R
?
— 3-6 mos. after Surgery: Anm{({gﬁ?{: and Cine-MRI, CSF Pressure



Anatomy of CSF Pathways
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Chiari 1 Normal \:\Ot’et)cr surgery

* p < 0.0001 Compared to Normal {unegﬂrfd t-test)
** p < 0.0001 Compared to Before %ﬂtﬂll‘\ (paired t-test)
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Dorsal CSF Space
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Physiologic Obstruction of CSF Pathways
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Physiologic Obstruutmn of CSF Pathways

GSE‘WEIDEFW at Foramen Magnum

R
10 RS
& Patients with Chiari 1
@6‘) And Syringomyelia
——o— Normal Subjects
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Queckenstedt’s Test
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Normal Q,,gi"Q Chiari [ Syrinsomyelia Patient
Subject Q
(\e&o Before [ntraoperative After
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Chiari I & Syringomyelia
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Jugular Compression
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o Spinal Subarachnoid Space

Cerebellar Tonsillar Motion
On a Paftlally Enclosed
SpmgFSubarachnmd Space

& ¢ Reduced Compliance of

RS
«06
Q

e Elevated Cervical o
Subarachnoid Pressure Waves

Q

e Syrinx Compressed Durmg
Cardiac Systole S

A
N
,19



Cerebellar Tonsillar Motion
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Syrinx Diameter@!&”@creases In Cardiac Systole

Syrinx
Diameter &
()

&
Cewic@@fC SF
Pre§\sﬁre

N

P> :
Syrinx

Pressure

EKG




creases In Cardiac Systole
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Syrinx Diameter
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Compliance

Wagshul et al. Fluids and Bar rug% of the CNS 2011, 8:5
http:/fwww. Huidsbar rlerﬁn::nv&nmcmltmltaﬂa 1/5
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" b.
Cervical Mean Pressys€
&

"
%)
5 ) 9@
&@
X9
S
?3\
(é.
=T RS
=] &
E
=\$\
\§)o
©
K\
r19
M
Chiari 1

&
Q(b{\
&
(%)
(\@4
C’;\\O
b\)
°
-
?S\
L

Mormal

After Sargery

* p < DM Compared to Normal (unpaired t-test)
= p < 02 Compared to Before Surgery (paired t-test)

Cervical Pulse Pressure

s b % %
T
E
E
§; Chiari | Normal After Surgery
,\©
,1/0'\ *op < 2 Compared to Normal (unpaired t-test)
= p <= 0. Compared to Before Surgery (paired t-test)
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PC-MRIESF Flow Studies

Vertebral 2
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Extra-arachnoidal Cranmcengal Decompression & Duraplasty
Corrects Pat}mphysmlnglc @Bnnrmahtles & Resolves Syringomyelia

After Surgery &




Hindbrain Deformity & Syrinx Resolve After Extra-arachnoidal
Craniocervical D@L‘Dmpmﬁmn & Duraplasty

\'0

Before Surgm:;.{\“ After Surgery

1)Tonsillar Shape
2)Tonsillar
Ectopia (mm)
3) Medullary
deformity




MRI:Results

oY

\
Q‘OQ
&
poy
Parameter R Chiari | and Syringomyelia (N=20) Mormal (N=18)
©
-o°0 Before & Months
&
\:9\\’ Surgery After Surpery
&
Y
&
Syrinx dlﬂmete;b{mm} gH=x15 I5x1.7,p*<0001 |  ——— \‘5\@6‘
Syrinx l:nﬁ@‘gmna] levels) Q98 x47 24229 p*<DD0D1 | 0 ——— Q@Q
@
Syrinx Igﬁth {cm) 173 = 10.5 36247, p*< D001 e oq,(‘
.\Q‘
Tnnxﬂar herniation below foramen 11.1 =54 35 =239, p*<000] 0310, 0\\0‘\
&
[ﬁﬁ’gnum {mm) p* "-::.‘.'IWQ
N
Pointed tonsils 15 (75%) 1 (5%), p*<.0001 0 (0%), 35\9-4: 0001
Small cerebellar sulci 17 (B5%) 0 (05%), p*<.0001 0 {ﬂ%@ ¥, pEE< (01
>
Foramen magnum CS5F pathway o,ée'
0@
Yentral AP diameter (mm) 1.3 x0.7 3.2x 1.6, p=<.0001 ~.%J\h_2:|: 1.8, p**<00x)1
N
Dorsal AP diameter {mm ) 0+ 0.1 13.416_9.|:|*-|:.D[§I 5.2 x 2.6, p**<.0001
(é.
Syrinx to 4th ventricle connection 1 (5%) ) e
6@
Ventriculomegaly 4 (20%) 4 (@%) 0 (0%)
<bC)

Significant when compared to Chiari 1 Before Surgerj,‘,gh/\lred t-test® and unpaired t-test**



Effective Degdmpressive Surgery




Conclusions
* The Studgéof“’oe@sults were consistent with the
theory, of pathophysiology of the Chiari I-
type ©f syringomyelia

¢ Pﬁrtlal block at the foramen magnum 0@“

<remains the principle cause of syrmx o
progression b,@‘

* Treatment should be directed aworreutmg
the partial block at the foram,,e‘h magnum



MRI Resolutlon of
Syrmgomyeha 1s a Slow Process
bafter Craniocervical
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Response of Cervical Syrinx to
Crdmocer\fiml Decompression

_ . : S :
Betore | Week after & 3 Months after
¢
Surgery Surgery o Surgery
(9»6

Modified from Wetjen NI, Heiss D, Oldfield EH: I Neurosurg, 2008



Cisterna Magnum-Present after Surgery--
Tonsils ASCt—mﬂ and Become Rounded

: ., S .
Betore 3 Months | Yeagtatter 3 Years
, ? :

Surgery after Jrgery after
Surgery & Surgery

L= w v L= w

©
Q
W

Modified from Wetjen NI, Heiss JD, Oldtield EH: J Neurosurg, 2008



Resolution of Elﬁi@dbrain Deformity after
Surgery

&2

& )
S i
Before 1 Week 3 Months I Year 3 Years 5 Years
Surgery after after after @0";\' after after
(%)
Surgery Surgery Surg\&\ﬂ? Surgery Surgery
»
v
©
Q
P

Modified from Wetjen NJ, Heiss JD, Oldfield EH: T Neurosurg, 2008



Period Before Syrinx Diameter
Nam)wed by 50%
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So-Called lﬂlopathlc Chiari I
Malfor,matlon Results from
Decreaﬁed Size of the Posterior
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Response of Syrinx to
Cramocemical Decompression

Before Surgery 6 Months after Surgery



Successtul Decampresqmn Relieves the CSF Obstruction
and Hindbrain Cﬂmm‘e%mn and Reduces Syrinx Size




Anatomic Changes After Successtul Decompression

_ . %Q*OQ Preop TwkPostopt  3-6 mosPostop  Control Group
Feature Q,b@ [N =48] (N=42) (N =448 (N =18}
tonsillar ectopia (mm) @6‘0 12.3+31 9.0 £4.1 5.0+3.3 03+1.0
&\oo"’ {p<0.0001)% (p <0.0001)%
tonsillar shape N
round & g 16 48 18
pointed & 39 26 0 0
presence of cerwmmeg&fﬂary protuberance o@o ¥
yes \6@ 34 22 0 <
no & 14 20 48 o“m
bulbopontin %ﬁﬁlcus distance superior to basion (mm) 83126 99125 M.7+2.3 &ow‘”a 6+2.8
S (p<0.0001)§ (p<0.02)f (p<0.0001)1
@é {p < 0.0001)§ {p=<0. Dﬂ[]?o@»
%awmm of CSF pathway (mm) @Q
«@Wentral 1.7+0.8 1.9+08 TV‘HJB 6.2+18
S (p<0.0001)§ ({p<0.0001)§ e? 0.0001)
@ﬁ%} <0.0001)§
dorsal 0.08 £0.3 6.1+4.3 o}“ 12.0 £4.5 5.2126
(p<0.0001)§ (p=<0. Gﬂﬂ?ﬁ {p <0.0001)%
@6‘ {p <0.0001)§
clivus length (mm) 38.6+34 e‘o A MA 43.2+3.5
{p<0.0001 ]§
basiocciput length (mm) 19.7 £ 3. %v A MNA 263+44
(p <0.0081)§

supraocciput length (mm) 40.1£4.0 NA NA 415+44
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Lack of. MRI Resolution of
Sylgmgomyeha Indicates
Perslgtent Obstruction of the CSF
Pathways at the Foramen -
Magnum that Can Usually’ Be
Corrected with Cramo&érwcal
Decompresgrt)n
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Persistent Syrmgom;eha in 16 patients After
Cramt}cer\é«ical Decompression

: R\4
Symptom or sign &
S
&O
&
S
B
Headache &£
B &QI
D‘-f'scsthcn;ﬁ'am

v
Sub L%& ¢ Weakness

Smﬁﬂrw Loss Reported
Qf’mpalrcd Ambulation
Weakness By Examination
Atrophy

Spasticity

Ataxia

Sensory Loss By Examination

Absent
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After 19 Surgery—Syrinx Persisted
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Persistent Syringomyelia gﬂer Craniocervical Decompression
Usually Resulves >after Re- -Exploration Surgery

©
Before 1st Surgery  After 1st S\ffrgcry After 2nd Surgery



Persistent cgﬁri I & Syringomyelia

N

Betore st 1 Year
Surgery After 1st
Surgery &




Failure to<Open CSF
Pathways at the Foramen

EJMagnum
@ Pseydﬁmenlngﬂcele and Adhesions &
® Eﬁ%rudurul Band and Adhesions @5“2
e Tntradural Adhesions Alone &ﬁs 4
@*l Not enough bone removed & 6



Fallure to Open CSF Pathways at the FIVI

Pseudo- Extradural vﬁdherent Small
meningocele Band * Graft Craniectomy



Second Craniocervigal Decompression Surgery
Resolves Cl;na:rl I and Syringomyelia




Chiari I Syrinx Development




Primary Spinal Syringomyelia

56 }gq"?'. ith ascending sensory-motor deficit and syringomyelia

Associated with spinal lesions
and trauma

Arachnoid scarring o
Arachnoid cysts &
Epidural cmnpr::kéblﬁn
Disc hcrm‘ﬁtmn
Tumr{(@
Epmdl deformity

Aaccndu@ﬁcvcl of spinal cord
mgl; Ifinction

Prewilence 1:50,000
Standard Rx

Laminectomy and
duraplasty to restore
flow across site of
blockage

Syrinx shunt placement as
a last resort



Hypothesized-Pathophysiology

O

Syrinx furmatnm

N
Ae

(\
,\30

SAS block obstructs !@ﬂadtlle CSF flow
¥
Shmtga‘ed spinal canal
@’@ l
ﬁeuﬂdaed compliance
@
l

fm.reaaed cervical pulse pressure

o l

CSF enters spinal cord
l

Cord fluid coalesces into syrinx

l

Pulsation extends syrinx

¥ Obstructed CSF flow leading to syrinx formation



Study Population

&
J
8

* Primary Spln@k‘Synngnm}fella 36 patients
. Pmkﬁaumatlc 18
&
Bﬁqt meningitic: 2 &
&
. &
V}\«@% Pnstsurglcal scarring: | &
& &
- * Pantopaque: I &
$\é u 0606\
& * No previous event: 14 *@Q‘
v
© : a
S — Previous spinal surgery: 226epat1cnt~1

* Previous syringomyelia surgery &&l‘ |
.\&*'v 43.3 £ 9.1 years

S

. )
— Follow-up time: ~

— Age at surgery:
4.3 + 3.2 years



Patient presentation before surgery

@
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Clinical 51gnsb¢ﬁnd symptoms before surgery

4
Symptom/Sign 6,V°

sensory defi Lllo@
subjective !.g&"akn-.u.
dyuﬂathu@ﬁ pain
spastig

dmﬁ at mn

ﬁm‘m] (0)

aluw and unsteady gait (1)

wnlklng with aid (2)
nonambulatory (3)
ASIA score

75-100

50-74

<50

No. of patients % >
.a\\@
36 100 S
2 A
29 81 N
24 67 N
22 61 &
&
c}}
19 53 &
&
8 22
| égo
b &“’@ F ¥
X9
o)
b ®
28 & 78
2 & 5
2 o :
i '\@é 17
O
o
X



MRI findings before surgery

®)
@
Svyrinx Size K
-
i gﬁ\é@ [ Measurement
Al ENET
ST &
cliam eteemim ) 7.1+2.8
lengte (cim) 173+122
lexteth (levels) 91=+5.2

N
)

Syringomyelia as a late sequela of
thoracic fracture-dislocation

Post-infectious syringomyelia










Intraoperatiy¢ Ultrasonography




MRI ﬁnd%u_gs after surgery

< &.@%cfnrc Surgery | After Surgery p Value

SYTinx &
diameter (mm) ,;\000 7.1x2.8 J6x£38 =<0.0001
length (cm) 0@6\)& N3+ 12.2 11.2+ 124 <0.0002
length (leyefs) 9.1+5.2 6.1+54 <0.0001

Before Surgery After Surgery
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Clinical outcomé after surgery (n = 36)

Symptom/Sign

No. of patients (%) c\"

sensory defi I‘Lll o
hthLLIWL W&dknuh

dyacalhqj& pain
hpaatwity
amﬁulat 1on
mnnnal (0)

O S]ﬂw unsteady gait (1)
walking with aid (2)
nonambulatory (3)

ASIA score
75-100
50-74

<50

‘b

[nitial

6 (100%)

(

29 (81%)
4 (67%)
2 (61%)

19 (53%)

8 (22%)

1 (3%)

8 (22%)

28 (78%)
2 (5%)
6 (17%)

3 months

33 (92%)
22 (61%)
21 (58%)
19 (53%)

17 (47%)

9 (25%)

3 (8%)

7(20%) &

fb'?\\

28 (FR%)

aﬁﬁ 1%)
@4 (11%)

<\
P

060

g

43 yr. u

33(92%) &
22(61%) &
"2[6[‘5’@
13[5@%

JQﬁ [36%
6 (17%)
3 (8%)
14 (39%)

25 (69%)
6 (17%)
5(14%)



Clinical results+vs. radiographic and
physefologlc findings

c°°
\O

* Good Long-Term E]llgﬁdl Outcome (n = 28)
Decrease in sy rmgp%lzc
—  Diameter ( Wﬁ‘ﬂ]
: eqfﬁc surgery: 7.1 +£29
aﬁrtcr surgery: 2019
—~ gﬁfﬁ\f{'{h (cm)

o'\@ * Betfore surgery: 144+ 114
©\§’ *  After surgery: 6580
,19"« Normal pressure transmission (mmHg/sec)
* Before surgery: 3.4 k35
» After surgery: 3539+28

* Normal:6.3+ 2.0

Poor Long-Term Clinical Outcome (n = 8)
Syrinx size unchanged or larger @
— Diameter (mm) 3
» Before surgery: 7.1+ 2@“
« After surgery: 7.3 @ﬁ 6

— Length (cm) \\o°
= Before surgeri.:r «02’23 f+119
* After surgery,e 22.1+13.9

Impaired pressur%et’ransmlssmn (mmHg/
sec) &‘o

. Eefng@surgery 1.8+1.7

. A;t@r surgery: 2.4 +2.6
+ sNormal: 6.3 +2.0
\@é
o
o



Surgical relief of the obstruction of the

spinal subarachnmd space
Phase-Contrast MRI

B%fnre- Surgery  After Surgery



Opening the CSF obstruction resolves syringomyelia by
reversing its giechanism of formation

=l s
. &Y

Before After
Surgery Surgery



Primary Spinal Syringomyelia

&
40
o
O
c*)(}\

* Focal Arachn‘hldltﬁ or Trauma

— Lamlgaecmm}r and duroplasty usually opens the spinal
%ubgai’achnmd space and resolves syringomyelia e

— &t:ollcf of myelographic block 1s the best dctcrmlnant Gq’f
5 long-term clinical outcome after laminectomy and e
& duroplasty s

b.

« Extensive Arachnoiditis e,«*"’

— Laminectomy and duroplasty often 1ncI§Fcctnc In opening
the spinal subarachnoid space and trgﬁtlng syringomyelia;
syrinx shunting 1s usually ncc-::ﬁagey to drain the syrinx



Unifying Theory %ﬁ‘ﬁyringomyelia Development

<
04

N
&
O

Chiari I & Primary Spinal
As




Syringomyelia Research Team

&

\0“ 7
c"‘c}
»  Surgical chmlnﬂyﬁrdnch NINDS « Kazan State Medical
— Edward H. Qldhcld (Univ. of Virginia) University--Enver Bngddnnz\ >
~ John D I@I’cnﬂ, « CC Radiology \@Q«é\
= Kcn@"ﬁ’l Snyder (George Washington Univ.) — Nicholas Pﬂ“'ﬂﬂi’!ng
S
- Pﬁihnlaa] Wetjen (Mayo Clinic) — John Butman )
\eHdnh Nnuvcu — Thﬂ]nd'ﬁ- Slm k'l:['
@§’O— Hetty DeVroom « CC Ancathgﬁh
& René Smith - WI!J@FEUH Kammerer
— Gretchen Scott d Elﬂw%lﬂccrlnﬂ
— Jessica Mack JS Robert Ennis
— Charles Sansur (Univ. of Virginia) @e@o — Alec Eidsath
N3
— Ernc Eskioglu (Vanderbilt Univ.) o'\$
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