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Chiari Malformation

Chiari malformation is primarily a disorder 
of the craniovertebral junction 
characterized by displacement of hindbrain 
structures, especially the cerebellar tonsils, 
through the foramen magnum

Tubbs RS, Oakes WJ. “The Chiari malformations.”Journal of Neurosurgery. 2004;101(2 Suppl):179–187.



Chiari Malformation
Type Key Anatomical Feature Clinical Associations

Type 0 No tonsillar herniation Syringomyelia; symptoms 
may improve after 
decompression

Type I Tonsillar herniation ≥5 mm 
below foramen magnum

Headache, syringomyelia; 
adolescence/adults

Type 1.5 Tonsillar herniation + 
brainstem descent

More severe Chiari I 
variant; frequent syrinx

Type II Herniation of vermis, 
tonsils, brainstem

Myelomeningocele; 
hydrocephalus

Type III Hindbrain herniation into 
occipital/cervical 
encephalocele

Severe neurological deficits

Type IV Cerebellar hypoplasia or 
aplasia

Rare congenital cerebellar 
development anomaly

Milhorat TH et al., Journal of Neurosurgery, 1999; Tubbs RS & Oakes WJ, Journal of Neurosurgery, 2004; Greenberg MS, Handbook of Neurosurgery, 9th ed., 2020.



Etiologic Classification of Chiari Malformation
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Tubbs RS, Oakes WJ. “The Chiari malformations.”Journal of Neurosurgery. 2004;101(2 Suppl):179–187.



Chiari Malformation

Different

etiologies
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CSF flow 
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Suboccipital headache
Cranial nerves deficits
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Posterior Fossa Decompression

Standard surgical treatment:
• Suboccipital craniectomy
• C1 laminectomy
• Duraplasty

Goal: restore CSF flow

Attenello FJ et al. Suboccipital decompression for Chiari I malformation. Neurosurgical Focus. 2011;31(3):E1.



Limitations of Surgery

Symptoms may persist despite decompression:
• Headache
• Sensory disturbances
• Chronic /Neuropathic pain

Hoffman CE et al. Outcomes after posterior fossa decompression for Chiari I malformation. Journal of Neurosurgery: Spine. 2019;31:619-627.

Finnerup NB et al. Neuropathic pain: mechanisms and treatment. Lancet Neurology. 2015;14:162-173.



Mechanism of Neuropathic Pain in 
Chiari/Syringomyelia

Syrinx persistence
Arachnoiditis

Dorsal Horn Injury
Spinothalamic Tract 

Damage

Central Sensitization
Hyperexcitability of 

Pain Pathways

Todor DR, Mu HTM, Milhorat TH. Pain and syringomyelia: a review. Neurosurg Focus. 2000; 
Deer TR et al. Spinal cord stimulation for chronic neuropathic pain. Neuromodulation. 2014; 
Yamana S et al. Spinal cord stimulation for syringomyelia-related pain. BMC Neurology. 2024.
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Pain

• Pain is an unpleasant sensory and emotional experience associated with, or 
resembling that associated with, actual or potential tissue damage. Often, pain serves 
as a symptom warning of a medical condition or injury. In these cases, treatment of 
the underlying medical condition is crucial and may resolve the pain. 

• However, pain may persist despite successful management of the condition that 
initially caused it, or because the underlying medical condition cannot be treated 
successfully.

• Chronic pain is pain that persists or recurs for longer than 3 months. Such pain often 
becomes the sole or predominant clinical problem in some patients. As such it may 
warrant specific diagnostic evaluation, therapy and rehabilitation. 

• Chronic pain is a frequent condition, affecting an estimated 20% of people worldwide. 
It is multifactorial: biological, psychological and social factors contribute to the pain 
syndrome



Acute pain vs chronic pain



The burden of chronic pain

65.8 million persons had chronic 
non-cancer pain-associated 

conditions

$530.6 billion $192.2 billion



Score > 4 is indicative of neuropathic pain



Neuropathic pain medical treatment



Spinal cord stimulation

Spinal cord stimulation (SCS) is a 
neuromodulation technique that delivers 
therapeutic doses of electrical current to 
the spinal cord

• Adjustable 

• Nonlesional

• Reversible 



Common SCS indications

Failed back surgery 
syndrome

(PSPS type 1)

Complex regional 
pain syndrome 

(CRPS)

Diabetic 
neuropathy and 

other neuropathies

Angina pectoris 
and peripheral 

vascular disease

Chronic 
radiculopathy

virgin back

(PSPS type II)



Surgical technique

• Two steps

– SCS trial (1 month)

– SCS definitive implantation

• Both in local anesthesia and slight sedation





Intraoperative neurostimulation for paresthesia coverage



General principles of spinal cord stimulation

Gate control theory of pain (Melzack and Wall)

• In 1959 identification of 2 types of fibers for the transfer of sensory 
stimuli 

• new understanding of pain perception mechanisms 

• interaction between the large-diameter fibers that transport 
tactile, pressure and vibration signals, and the small-diameter 
fibers associated with pain
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Gate control theory of pain (Melzack and Wall)

Stimulation of large-diameter fibers inhibits the response to painful stimuli 
carried by small-diameter fibers of dorsal column neurons

Aβ-fibers

Aδ/C-fibers

SCS decreases the hyperactivity of the 
dorsal horn neurons, especially the 
wide dynamic range (WDR) neurons



Mechanisms of spinal cord stimulation

Spinal mechanisms of SCS
involvement of the neurotransmitter GABA and the 
inhibitory GABAergic interneurons

SCS induced GABA release into the extracellular space in the 
spinal dorsal horn
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Brain

Supraspinal mechanisms of SCS
The rostral ventromedial medulla (RVM) in the brainstem is 
involved in the descending modulation of pain via serotonergic 
input to the dorsal horn 

norepinephrine is involved in mediating tonic SCS induced 
antinociception as well

SCS was shown to increase the synthesis of norepinephrine in 
the locus coeruleus

Aβ-fibers

Aδ/C-fibers



Amplitude: mA

Frequency: Hz 

Pulse width: microsec

Stimulation parameters



SCS waveforms

Indirect neural stimulation 
trough dorsal columnTonic

(60-80Hz)

Burst
(500Hz)

Indirect neural stimulation 
trough dorsal column; 
modulation of medial and 
lateral pathways 

High frequency
(10KHz)

Direct action on dorsal horn 
neurons
• Direct activation of 

interneurons
• Direct inhibition of 

projection neurons 

https://youtu.be/Dm1ZOiBM498


SCS advances

• Rechargeable devices

• New stimulation paradigms

• MRI-compatible devices 

• Integration with AI

• Closed loop stimulation (Ecap)

•  new indications? 



SCS indications

 PSPS type 1

 PSPS type 2

 Complex regional pain syndrome
(CRPS)

 Diabetic neuropathy and other 
neuropathies

 Angina pectoris and peripheral 
vascular disease

 Chronic radiculopathy

 Parkinson’s disease 

 Spasticity

 Spinal trauma rehabilitation

 MS related symptoms 

 Cancer pain





Published Neuromodulation Cases in 
Chiari Malformation

From Yamana S et al. BMC Neurology, 2024
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Conclusions

• Central neuropathic pain can be a disabling complication of Chiari 
malformation/syringomyelia, often persisting despite adequate surgical 
decompression

• Always investigate the underlying cause of Chiari 
malformation/syringomyelia

• SCS represents a consolidated neuromodulation strategy for refractory
neuropathic pain and post-surgical pain syndromes

• Current evidence in Chiari malformation/syringomyelia is limited but 
reported outcomes show:
– significant pain reduction
– improvement in quality of life
– reduction in analgesic use
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