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Spinal Presentation
of Spontaneous Intracranial
Hypotension

K EIHLHRIASIe| M= X7 |5 E g4 A

Hye Jin Yoo, MD*

Department of Radiology, Seoul National University Hospital, Seoul, Korea

ORCID iD

Hye Jin Yoo (2 https://orcid.org/0000-0002-9704-7870

Spontaneous intracranial hypotension (SIH), which generally presents as orthostatic headache,
is increasingly being identified due to improved imaging technologies and heightened aware-
ness. Many prior studies have reported the characteristic brain MRI findings of SIH. However,
recently, focus has shifted to spinal MRI, as SIH is believed to be caused by leakage of cerebro-
spinal fluid from the spinal dural sac. Advanced techniques such as ultrafast CT myelography
and digital subtraction myelography have emerged as useful technique to identify the site of
cerebrospinal fluid leakage. In this review, we discuss the diagnosis, spinal MRI findings, imag-
ing techniques, and treatment of SIH.
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Table 1. Overview of the Diagnostic Criteria for Spontaneous Spinal Cerebrospinal Fluid Leak and Intracra-
nial Hypotension according to the International Classification of Headache Disorders

Diagnostic criteria

A. Any headache* fulfilling criterion C

B. Either or both of the following
1) Low opening pressure (60 mmH:0)
2) Evidence of CSF leakage on imaging*

C. Headache has developed in temporal relation to the low CSF pressure or CSF leakage, or led to its
discovery

D. Not better accounted for by another ICHD-3 diagnosis

*Headache attributed to low CSF pressure is usually but not invariably orthostatic. Headache that signifi-
cantly worsens soon after sitting upright or standing and/or improves after lying horizontally is likely to be
caused by low CSF pressure, but this cannot be relied upon as a diagnostic criterion.

"Brain imaging showing brain sagging or pachymeningeal enhancement, or spine imaging (spine MRI, or
MRI, CT or digital subtraction myelography).

CSF = cerebrospinal fluid, ICHD = International Classification of Headache Disorders
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Table 2. Different Types of Spinal Cerebrospinal Fluid Leaks

Typel Dural tear: SLEC positive
1A-ventral tear
1B-lateral tear
Type 2 Nerve root sleeve tear/meningeal diverticulum
2A-proximal tear: SLEC positive
2B-distal tear: SLEC negative
Type 3 CSF-venous fistula

CSF = cerebrospinal fluid, SLEC = spinal longitudinal epidural collection
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Fig. 1. Brain MR imaging results of a 53 year-old female with spontaneous intracranial hypotension.

A. Axial T1-weighted post-contrast image shows diffuse pachymeningeal thickening and enhancement (arrows).

B. Axial T2-weighted image shows bilateral cerebral convexity subdural collections (dotted arrows).

C. Sagittal T1-weighted image shows a reduction in the mamillopontine distance (arrow), flattened ventral pons (asterisk), and narrowing
of the prepontine cistern (dotted arrow).
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Table 3. Major and Minor Criteria of the Bern Spontaneous Intracranial Hypotension Scoring System

Major Criteria (2 Points Each) Minor Criteria (1 Point Each)
Venous sinus engorgement Subdural collection
Pachymeningeal enhancement Prepontine cistern of 5 mm or less
Suprasellar cistern of 4 mm or less Mammillopontine distance of 6.5 mm or less

ShpA)| 0171 8-11 mm7HA] S7Fe B 4= ok & ohE 583 A 412 FEdAR Qg
=] %] 7 (sagging of the brain)o|tt. oli= /574 s (mammillary body descent), &HHFepx
EtsHeffacement of basal cistern space), A3k A vf=o] 5173 Z4AL2 LERATHFig. 1). o]
FE 2RSS B APEFINUAA S 2 & Foll A4S 4= Ut} Bern scoring system (Ta-
ble 3)& o]-&sto] 4l =2 AP S B7loH ] E sh=tl, 58 o)/dolH 88%-89% R,
81%-88% SOl ¥4l rEg e 4 Jlrhal dejA UTh(2). 2ot HH 4o o]

FolE RS0 W 2p7] 3 g dol 4R1 97t :loiAl Bern score?t A& olgtal &

ofil

ot

o

FolA &3] Hols a2 49t 9 :6'—3_}9] A A7, A2t ﬂ-Poaj, FEF A
(meningeal diverticulum), 7=} 2| 74
A 40] Al o7 WS} 5o JUTH(1).

=)
kA
rlr

oY

o
o
oH
2
=
Ral
-
(2]
[
m
s}

g} 9 %{POH BH7} A FE]= 427 SLECo|2} oFH, 1 Bk = 67%-100%= HE 1=t
(12). 75} 9] Z7te] A A F= 571 2 A o) P YsHA Bxdhe 47t Btk 244 T2d=
GAJollAl et ] 7o b2t ek (dura)S & 2HR1E 4= QITHFig. 2).

39t & 7@”—. 2 67%-83%7 12 Sxfo A W THFig. 2). o] = &4 o] Ao
OF%

=0+
ufe} QEYAQI & RAI5H7] flo Ealgfo] F7sto] &, 2= 2| futol] BAMY Fit &
S zefsich= Monro-Kellie 0|20 & Awat 2= QItke, 12). T8 79} 9] Z7ko] Zui o]

e, 20 A} o] Frbe] HH) 417 (venous plexus)= 2= 0} 417 'd(dural sac)2] Y& el
o] 7}2}ek= 2 9k (festooned appearance)o] UERIA| Htk(Fig. 2) (12).

A9} ZHZZ(Dural Enhancement)
Monro-Kellie o] 2] wh2 ™ =} 29 Z7(dural enhancement)2 742}
4 Ao 66%-86%2] 2HAtollA] TR Ti7l Z9to] A4

o
S BORIE), T Ul 25 2570l Fulels 297t WA g 13 2e ohc,

2}

ke
r o)
ok
o}

=
o
el
fru

Ln‘i
2
=
it}
X
Y
o2

jksronline.org



JOURNAL of
THE KOREAN SOCIETY of
J Korean Soc Radiol 2024;85(1):24-35 RADIOLOGY

Fig. 2. Spine MR imaging results of a 40-year-old female with spontaneous intracranial hypotension.

A. Sagittal T2-weighted fat-suppressed image shows anterior and posterior extradural fluid collection (ar-
rows) and fluid signal intensity collection between the spinous processes of C1 and C2 (dotted arrow),
known as the “C1-2 sign.”

B. Sagittal T2-weighted fat-suppressed image demonstrates prominent flow voids (arrows) of the dilated
epidural veins behind the vertebral bodies on the parasagittal plane.

C. Axial T2-weighted fat-suppressed image shows posterior epidural fluid collection with dilated epidural
veins (dotted arrows) in the thoracic region.

D. Axial T2-weighted fat-suppressed image shows distension of the epidural veins (arrows) in the bilateral
anterolateral epidural space of the cervical spine (festooned appearance). A mass effect on the right thecal
sacis also evident.

Structural Abnormalities
A= U b S A7 d(nerve oot cysts), 7Hd 42FdE(pseudomeningocele),
7 €& (disc herniation) (Fig. 3), t]23 A]3]3k(discal calcification), 2t Z3H] =7
(transdural osteophytes)2}2] G¥H4do] EiE|of QITH(11, 13, 14). o]2dt 324 ol A1 S &
gkt ghzto] 7ol B X 5u Fute] @A eddanto 7 X 857 = 497 Bt
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Fig. 3. Spine MR imaging results of a 42-year-old male with spontaneous intracranial hypotension.
A, B. Sagittal and axial T2-weighted fat-suppressed images show ventral extradural fluid collection (short
arrows) and a herniated disc (long arrows).

735 197 2 ==71(C1-2 spinous process) AFe] &-7kol| ||} -2 MR A2 =7} Ho|A
1} CT #4%H < (myelogram)oll A A4 2GA|7} 10] 9l mokS Bl uf “C1-2 sign”o]2ka
StehFig. 2) (12, 15, 16). C1-2 sign2 2F 33%-67% Ao A Taw= Zlo2 Hig o] Qlct

(
(15, 16). C1-2 2|5 SRl M L H A= siig F-olollA 27 wE2Ed07| ks the 72
i

oM F=H HH4allo] 3 AHuf 9] Fo FR & X Y ez AmEo] %S 7t
57301 Brh(12).
2he A EHLHLA S| B A
APEANU DA SHE: 2| =5tA] bt Qe B-folls At o] slAlE|"o] &)= su-
perficial siderosis, 79} @] HH#F2 It 4= fato] Z|&E|HH A bibrachial amyotrophy,
2= Qlr}. 1 ool = =229 W ek Z (brain herniation)ol] 2]5t 51843
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Table 4. Comparison of Imaging Tests for the Detection and Characterization of Spinal Cerebrospinal Fluid
Leaks

Utility Approximate
Modality . Localizing Detecting Radiation Dose
Initial Study .

High-Flow Leaks  Low-Flow Leaks (mSv)
CT™ +H ++ ++ 10-30
Dynamic or ultrafast CTM - +++ + 20-200
Digital subtraction myelography - +++ + 3-35
MR myelography 4+ - + 0

CTM = CT myelography, + = occasionally useful, not typically preferred, ++ = often useful but other tests may
be more advantageous, +++ = preferred modality, - = not usually indicated

7| 2HHLZTHS(MR Myelography)

HE A7 3P golA HH el 222 Ao FARE Hro] nje =2 T2 AT EE Hel
O}, 2 eoliah 2 22 7k 2 &5 =0]7] fJsl| T2 Z2E =@k (heavily T2-weighted spi-
nal MRI imaging) sh= 3HH, =2 M =S A7) 9ol 33+ 7R 488 4= =t o]2gt

G711 A7) =2 4329 < (MR myelography)©]2hal SHCHFig. 4).

12 CT HeZHs(Ultrafast CT Myelography)
X} S A s 2t oif2o] HEA X5 A9f o FHEet&(epidural patch)= X &
7Hs517] wiZoll @AollA] x4 =5 Hol S HiEA] ERelgh I 9+ glth. =iy S4o] A
AU REEE] = 2| 50] ¥hE5HA] b olle & Ee A4 XS5 9o HH 4 =2 7

A& =Rlshof g 4= QlTk(12, 19).

|20l =2 Bl S SRl 9fsf 7 ] ARESh= W o] CT 2424 <(CT myelogra-

phy)olth. CT H42H42 A47 U2 20t g7 3t & CTE g5t 294 +=

o5 Feloh= FA7IRleltt. 22y (hlgh flow fast) h]iﬂ Y %%01 U= 4%, CTEY
]

= 915 4gs] Ttz old@rh(20). EE}E}H e+ %‘5} A ’\]Oﬂ CTE EJsk= M
A 0] 2114 CT #4ex2Y<(ultrafast CT myelography)©|th

(Fig. 5) (18, 20-22). 2114 CT A2 P w2 oA ks FEo] ofgiZol =2 HZiE tlal Sl =
& +=%/(prone) H2|7F Yol Het W2 fix|ofl | Fi= Trendelenburg AHAIE F3HH(Fig. 5).
o= AAAYHA 2GA7E 2] HFor Zejd 4~ =R 517] Yol o] AdHiollA Al A
Al stol BRs2 3 Fejol AFsto] 2GS U £ E Stk o] % CT 7|7 tellA 5 &=
+ A5 0= 52| Fefofl AlE H]-—- 3l 300 mg/mL of iodine %-%=2] 10 mL ZJA|S 2
I mL &= FAs 2G4 U1 A0l CT Y= E55H7] Alzsh=tl, #-goll= 294
£ we} dojjA m2] ¥eko e CT &Y< shal, F A== tA| vt Weko = Hod s gttt
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Fig. 4. MR myelography results of a 70-year-old male with spontaneous intracranial hypotension.

A. The midline sagittal plane of the 3D-heavily T2-weighted fat-suppressed MR myelography shows anterior epidural fluid collection at
the C6-7 level (arrows).

B. Axial 3D-heavily T2-weighted fat-suppressed MR myelography demonstrates meningeal diverticulum at the right C5 nerve root sleeve
(arrow).

C. Axial 3D-heavily T2-weighted fat-suppressed MR myelography demonstrates anterior fluid collection at the C6 level (dotted arrows).

\ L3

Fig. 5. Ultrafast CT myelography results of a 29-year-old female with spontaneous intracranial hypotension.

A. Lateral scout image was obtained during patient positioning for the ultrafast CTM confirming that contrast should flow downhill from the
tip of the spinal needle, unimpeded in the cephalad direction, without dependent pooling in the thoracic spine or upper lumbar spine.

B. Axial image of the ultrafast CTM shows a tiny leak site (arrow) with contrast accumulation in the left ventral extradural space (dotted ar-
row).

C. Reconstructed sagittal CT image demonstrates a contrast leak (arrow) at the T7/8 level with a focal disc calcification. Contrast accumula-
tion can be observed flowing in a craniocaudal direction within the anterior epidural space (dotted arrows) from the leak site (arrow).

CTM = CT myelography

32 jksronline.org



JOURNAL of
THE KOREAN SOCIETY of

J Korean Soc Radiol 2024;85(1):24-35 RADIOLOGY
Z114 CT Hap2de 7ol w2t oha Zpo|7} 9lovt tigk thgat 22 J/4d /452 o
-§-5to] &E3It Rotation time = 0.5 seconds, spiral pitch factor =0.992, tube voltage = 120 kV

(peak), automated exposure control, tube current (SmartmA) = 100-700 mA, noise index =
9, slice thickness = 0.625 mm, interval = 2.5 mm, reconstruction thickness = 2.5 mm,

matrix size = 512, convolution kernel = bone.

CIXIE 24t HeZH=(Digital Subtraction Myelography)
242 9g<(Digital subtraction myelography)2 <=7 Woll 2FAE U}
A BAGALS B3l AAZEO R 294 =58 Bolshs GA47|HolTh(18, 24, 25). 2114 CT
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