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DSM technique
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Unsere Icono Foto

Angiography suite Digital subtraction angiography (DSA)



DSM technique
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Native xray (mask) Xray + contrast Subtraction

Cons

• Sensitive to moving/breathing

• Plane images (mono-/biplane)

• Usually only one try

• Limited coverage

Pros

• High temporal resolution

• „live leak observation“

• Fluoroscopy, Conebeam CT

• Moderate radiation1

1Nicholson et al., Clin. Neuroradiol. 2021



Fluoroscopy
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• Low image quality

• Usually 4-30 fps



Cone-beam CT (following DSM)
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• Cross sectional images

• Limited coverage



Side-effects
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• Headache

• Nausea

• Vomiting

• Seizure

• (Contrast allergy)

Keep contrast out of head
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Classification of spinal CSF leaks

Type 1

(ventral tear)

MRI: Fluid +

Type 2

(lateral tear)

MRI: Fluid +

Type 3

(CSF-venous fistula)

MRI: Fluid -

Sacral dural tears

MRI: Fluid +

1Lützen et al., Clin. Neuroradiol. 2023

1
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Type 1 (ventral tear)

• Prone position

• High-flow leaks 

• 1 fps (or more)

• Breath-hold technique
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Type 1 (ventral tear)
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Type 1 (ventral tear)

1 fps 4 fps



04.12.202413

C6 – T3

DSM Type 1 leakType 1 (ventral tear)
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DSM Type 1 leakType 1 (ventral tear)
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Type 1 (ventral tear)
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Type 1 (ventral tear)
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Type 2 (lateral tear)

• Lateral decubitus position

• High to low flow leaks

• 60-90sec run at 1fps

• Keep breathing (shallow)

• (Supplement Cone-beam CT)
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Type 2 (lateral tear)
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Type 2 (lateral tear)

Lützen et al., AJNR 2023
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Type 3 (CSF-venous fistula)

• Lateral decubitus position

• Most appear within first min.1, 2

• 60-90sec run at 1fps

• Keep breathing (shallow)

• (Supplement Cone-beam CT)

1Mark et al., AJNR 2023
2 Callen et al., AJNR 2023
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DSM versus CTM
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DSM versus Conebeam CT
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Type 3 (CSF-venous fistula)

0.14mm

Ultrahigh-Resolution Conebeam CT

Lützen et al., JAMA Neurology 2023

• Lateral decubitus position

• 14sec run

• Breath-hold technique
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Type 3 (CSF-venous fistula)

0.14mm 0.3mm

DSMUHR_CBCT

0.6mm

CTM
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Sacral dural tears

• Lateral decubitus position 
     (rev. Trendelenburg)

• Slow flow leaks

• 60-90sec run at 1fps

• Keep breathing (shallow)



Take-home message
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• DSM: „live observation“ of the leak

• DSM is challenging: planning, positioning and communication with patients

• Particularly suitable for type 1 and 2 leaks

• Hold breath in type 1 

• Keep breathing in type 2 and 3

• Cone-beam CT can be a valuable tool (type 2 and 3)



International Collaborations
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Thank you!

niklas.luetzen@uniklinik-freiburg.de
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