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Chiari malformation refers to a decreased caudal fossa volume and caudal displacement 
of the cerebellar vermis into or through the foramen magnum (Fig.1). Debate as to the accuracy 
of the use of this human term in the canine has resulted in alternative terms in the veterinary 
literature, namely caudal occipital malformation syndrome (COMS), and occipital hypoplasia. 
Affected dogs have a small caudal fossa with a normal sized cerebellum and medulla, resulting 
in overcrowding of the caudal fossa. Indentation and protrusion/herniation of the cerebellum, a 
kinked appearance to the medulla, and development of fibrous tissue through the craniocervical 
region, contributes to attenuation of the dorsal subarachnoid space and alteration of cerebrospinal 
(CSF) flow.  

Syringomyelia describes a fluid-filled cavitation within the spinal cord (Fig. 1). Various 
terms have been used, including hydromyelia (dilatation of the central canal), and 
syringohydromyelia (dilation of the central canal combined with cavity/syrinx formation). 
Chiari-like Malformation (CLM) and Syringomyelia (SM) nomenclature was adopted by the 
International Conference on Syringomyelia in 2006. 

Although there are a number of theories, current understanding of the pathogenesis of SM 
in dogs with CM is related to the caudal displacement of the cerebellum into the foramen 
magnum, resulting in altered normal laminar CSF flow from the cranial cavity through the 
craniocervical junction into the cervical subarachnoid and the central canal. As a result of the 
obstructed CSF flow, turbulence and high pressure fluid jets alters the dynamics of CSF flow, 
resulting in pressure changes to the spinal subarachnoid space and coalescence of extracellular 
fluid pockets within the spinal cord parenchyma, creating a syrinx. Craniocervical junction 
abnormalities (CJA’s) including atlantooccipital overlapping (AOO), occipitoatlantoaxial 
malformation, and dorsal compression of the C1-C2 spinal cord secondary to dorsal arch 
impingement on the cord (C1 caudal tipping), have been recognized as components of the 
syndrome. Cavalier King Charles Spaniels (CKCS), in which autosomal recessive inheritance is 
reported, over represent the small and toy breed dogs wherein CLM and SM most commonly 
occur.  

Clinical signs are variable but are most commonly associated with pain and abnormal 
sensation around the neck and flank. Stress, excitement and even barometric changes can 
exacerbate signs. Most manifest pain on movement or palpation of the neck or reveal the so-
called “phantom-scratching” episodes where scratching occurs but without skin contact. Often 
these patients will have paroxysms of scratching when the neck is tickled or palpated. Some 
patients may cry out without apparent contact, often when moving in their sleep. Reclusiveness, 
excessive facial rubbing on carpets or furniture, and exacerbation of signs when collars or 
harnesses are applied are also described. Signs do appear to be correlated to the size of the 
syrinx, however, CLM patients without SM may show similar signs to those with SM, in 
addition to seizures, deafness, cranial nerve deficits including vestibular signs and facial 
paralysis. Tetraparesis, proprioceptive deficits, and scoliosis are noted in patients with 
progressive spinal cord damage.   
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Diagnosis relies on Magnetic Resonance Imaging (MRI). Indentation of the cerebellum 
by the supraoccipital bone, crowding of the foramen magnum by the cerebellum with vermal 
herniation, attenuation of the craniocervical subarachnoid space, and a kinked appearance to the 
medulla, are findings consistent with CM. Syringomyelia is best noted on sagittal and transverse 
T2-weighted sequences. On sagittal sequences SM appears as a T2W hyperintense and T1W 
hypointense linear structure of variable dimensions and extent of the cervical cord, usually 
starting at the level of the C1-C2 junction. Extension into the cervicothoracic cord is not 
uncommon, with extensive cases involving the thoracolumbar spine. Transverse sequences often 
show central and dorsal grey matter involvement.  
 
Treatment  

Medical treatment is directed at slowing the progression of pathology by reducing CSF 
production, and providing pain relief. Reducing the production of CSF reduces the CSF pressure 
during systole and reduces the degree of turbulent flow through the subarachnoid, central canal 
and syrinx.  

Omeprazole (0.5 mg/kg q24h) is the most commonly used drug for reducing CSF 
production. Although the precise mechanism of action is unknown, it reduces CSF production by 
as much as 26 % in dogs. Most CKCS are well managed with 2.5 to 5 mg omeprazole daily for 
years with minimal side effects – the most common being diarrhea. Carbonic anhydrase 
inhibitors (acetazolamide 5 mg/kg q12h, methazolamide 4-5 mg/kg q8-12h) are more commonly 
used for medical management of hydrocephalus but may play a role in treatment of SM. The 
loop diuretic furosemide has also been reportedly used, however, causing diuresis to reduce 
blood volume appears to be a questionable means of decreasing CSF production.    

Gabapentin (5-10 mg/kg q8-12h) is used to alleviate neuropathic pain by modulating the 
nociceptive synaptic activity at the level of the dorsal horn, the site of dysesthetic (pins and 
needles, burning sensation) pain. Pregabalin has reportedly been used as an alternative. 

Glucocorticoids are the third group of drugs commonly used in medical management for 
their anti-inflammatory, pain modulating and CSF production effects. Methylprednisolone (0.2-
0.4 mg/kg q12h) is used initially, reducing to once daily dosing and eventual weaning if possible. 
Most CKCS will tolerate 2-4 mg daily or alternate day therapy. Prednisone (0.25-0.5 mg/kg 
q12h) is used as an alternative (2.5-5 mg total daily or alternate day therapy). This is the first of 
the triad therapy to be reduced and preferably discontinued. Should long-term anti-inflammatory 
therapy be required and side effects of steroids are not tolerable, meloxicam is usually the non-
steroidal anti-inflammatory prescribed (0.1 mg/kg q24h). 

Anxiolytic therapy is useful in reducing stress, one of the multifactorial components of 
this disease that often exacerbates signs. Alprazolam (0.1-0.2 mg/kg q12h) is used at a higher 
dosage than normal, with most CKCS requiring a 1 mg (q12-24h) oral dosage to be effective. It 
is unknown whether the agonistic effects of GABA play a role in modulating the neuropathic 
pain.  
 
Surgery 

The objective of surgical treatment is to create more space for the crowded cerebellum 
and cervicomedullary junction, thereby improving the dynamics of CSF flow from the fourth 
ventricle to the spinal subarachnoid. Symptomatic humans with Chiari malformation usually 
undergo foramen magnum decompression (FMD) as a procedure of first choice and FMD has 
provided human patients with significant improvement in their symptoms. However, excess scar 
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tissue formation at the surgery site in approximately 25% of human and canine patients required 
re-operation to remove the fibrotic tissue. Cranioplasty with titanium mesh and 
polymethylmethacrylate cement has significantly reduced this complication. 

Position the patient in ventral recumbency with the body supported in a vacuum beanbag 
with the head flexed ventrally in relation to the cervical spine. A mouth gag is necessary to 
prevent tongue compression and an additional beanbag placed ventral to the head and neck to 
maintain stability. This positioning is important to allow access to the cervico-occipital region. 
Perform a midline skin incision from 20 mm cranial to the external occipital protuberance 
extending caudally to the level of the 4th cervical vertebra. Separate the superficial cervical 
muscles through the median raphe to expose the underlying cervical biventer muscles, which are 
also separated via midline to expose the dorsal rectus capitus muscles. Dissect through the 
midline of the dorsal rectus muscles and with a combination of periosteal elevation and sharp 
dissection remove the cranial insertions off the occiput and the caudal insertions off the cranial 
aspects of C2. This exposes the occiput, dorsal arch of C1 and the cranial aspects of C2. Take 
care when performing periosteal elevation over the occiput since many patients have thinned or 
absent cortex in the dorsal foramen magnum region because of occipital dysplasia. Should the 
titanium mesh be extended over the dorsal lamina of C2 (see Complications), further periosteal 
elevation of these muscles is required off the C2 lamina.  

Perform a suboccipital craniectomy with a high-speed air drill using a 3 or 4 mm round 
burr, taking care over the foramen magnum because of the thin cortex. The rostral limit of the 
craniotomy is 5-8 mm caudal to the external occipital protuberance (to allow for the most rostral 
screw) and the lateral limit is level with the medial aspect of the occipital condyle. Use a 1 or 2 
mm Kerrison rongeur to remove the thinned occipital bone, placing the footplate between the 
bone and the dura, so as not to disrupt the dura. Perform a dorsal laminectomy through C1 
removing the cranial projection of C2 spinous process. Create a midline incision with a #11 
blade and micro-dural scissors through the atlantooccipital membrane and dura. This membrane 
is often thickened due to the presence of a tight constricting band of fibrous tissue across the 
foramen magnum – do not attempt to dissect the fibrous tissue off the dura but incise it 
longitudinally with the dura. Perform a durectomy or marsupialize the dura to the adjacent 
periosteum or adjacent fascia with 5-0 absorbable suture (polyglactin) at each corner and at the 
center (Fig 2).  

Create 3 to 6 guide holes in the occipital bone using a 1.1 mm drill bit with a 3 mm depth 
stop, with the most rostral hole being just ventral to the external occipital protuberance and either 
1 or 2 holes on both sides (lateral) to the FMD defect. Place self-tapping titanium screws 5 mm 
length (1.5 mm) to a depth of 2 to 3 mm. These screws are used as anchorage for the 
polymethylmethacrylate (PMMA). Release the head from the ventroflexed to a neutral position 
prior to creating a plate using titanium mesh. Using the sterile cardboard insert from the suture 
packaging, cut out a template for the mesh – the mesh will need to be affixed to the previously 
placed titanium screws and extend over the dorsal laminectomy of C1 and the caudal aspect of 
the mesh needs a slight dorsal curve to avoid impinging on the spinal cord. A modification of 
this technique is to extend the titanium mesh along the lamina of C2. Once the mesh is cut, 
molded to size, and tested for correct placement, sandwich the mesh within PMMA and place the 
implant over the FMD defect to incorporate the preplaced titanium screws. Ensure that the 
implant is secured to the screws, lavage as the PMMA cures and close in a routine multilayer 
fashion. Postoperative radiographs are standard. Hydromorphone (0.05 -0.1 mg/kg q4h) or 
fentanyl (2-6 mcg/kg/h CRI) is administered for analgesia within the first 24h while the applied 
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fentanyl patch (2 mcg/h) becomes effective. Omeprazole and gabapentin are continued orally or 
if oral medication is not possible, pantoprazole (1 mg/kg q24h IV) can be administered over 2 
minutes. Postoperative steroids are administered (prednisone 0.5 mg/kg q12h or 
methylprednisolone 2-4 mg q12h) for 5 days and then tapered over 3 weeks as determined by 
patient response. Most patients are maintained on omeprazole long-term and the steroid therapy 
is weaned and preferably discontinued.  
 
Complications 

In a number of patients with CML/SM, abnormal articulation of the C1 vertebra with 
either the occipital condyles or C2 or both has been recognized (CJA’s). In some patients, the 
dorsal lamina (arch) of C1 appears to be tipped caudally, resulting in dorsal compression of the 
spinal cord (Fig 1). In some of these patients, follow-up MR studies have determined 
exacerbation of this “tipping-effect”, where the TM/PMMA implant has fibrosed to the dorsal 
arch of C1. On elevation of the head, the implant causes C1 to rotate caudally through its axis, 
resulting in dorsal compression of the spinal cord (Fig. 3). To reduce the risk of this 
complication, the dorsal laminectomy is extended through the entire dorsal lamina of C1. This 
necessitates removal of the cranial projection of the spinous process of C2. The TM/PMMA 
implant is fashioned such that it extends onto the lamina of the C2 vertebra (Fig 4). An 
infrequent complication of this modification is C2-C3 disc extrusion, suspected to be secondary 
to alteration of the fulcrum at C1-C2 by the bridging implant, placing increased stress on the C2-
C3 disc.  

There are wide differences in reports of postoperative outcome and it would appear that 
earlier surgical intervention could improve postoperative results. The titanium mesh 
(TM/PMMA) cranioplasty technique has resulted in a better outcome but it appears that the 
majority of patients undergoing FMD and TM/PMMA cranioplasty, still require some degree of 
medical management. Omeprazole is maintained as long-term therapy to reduce the production 
of CSF, with only diarrhea noted as an occasional side effect. Steroid therapy is the first to be 
weaned and should chronic anti-inflammatory therapy be required, meloxicam is used and the 
dosage titrated downward according to patient requirement. Gabapentin can also be used long-
term without undue side effects – most CKCS require between 50 and 100 mg q12-24h to 
provide relief. Alprazolam is an adjunctive therapy in reducing anxiety. 
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Figure	 1:	 MRI	 sagittal	 T2W	 sequence.	
Chiari‐like	 malformation	 (black	 arrow),	
C1	 dorsal	 lamina	 (white),	 cerebellar	
protrusion	 (grey),	 syringomyelia	 (thin	
black).	
	

	

Figure 3: MRI sagittal T2 STIR. Implant 
(black arrow) tipping C1 (gray arrow) 
caudally with dorsal compression of the 
spinal cord. 

	

Figure 2: Marsupialized dura revealing the 
indented vermis at the level of the foramen 
magnum (arrows; rostral is to the right). 

 

 

Figure 4: Post-operative lateral radiograph 
showing the TM/PMMA implant extending 
over the lamina of C2 (arrow). 
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