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1. Abbreviations

CM - Chiari Malformation/Chiari-like Malformation
SM — Syringomyelia
CSF — Cerebrospinal Fluid

CKCS — Cavalier King Charles Spaniel



2. Abstract:;

In this paper I will be collating the latest information and research on Chiari-like
malformation disease. CM is a developmental condition, characterised by a lack of
space in the caudal region of the cranial cavity causing overcrowding of the brain and
cranial cervical spinal cord. I will discuss the latest developments in the understanding
of the pathogenesis of CM. I will also talk about all the clinical signs linked with the
disease and how this can be used for diagnostic value. I will then study the diagnostic
methods currently in use and their efficacy. Finally I will look into the best forms of
therapy, both medical and surgical- and see what potential advancements could be
made in this field. This paper aims to summarise and collate the latest information and

theories for CM.

Dolgozatomban 0Osszefoglalom a legfrissebb informéciok a kutydk Chiari-szerii
malformécigjarél. A CM egy fejlodési rendellenesség, melynek jellegzetessége, hogy
illetve a gerinc cervicalis szakasza Osszenyomodik. Dolgozatomban leirom a CM
patogenezisének legujabb felfedezéseit. Ugyancsak megemlitem a betegség klinikai
tiineteit, és ezek diagnosztikai jelentdségeit. Utana jartam a lehetséges diagnosztikai
eszkozoknek is a betegségben. Végezetiil sorra veszem a terapias lehetdségek, mind a
konzervativ, mind a miitéti terapiat illetden, kiemelve az ezeken a teriileten
bekovetkezett fejlesztéseket. A dolgozat célja dsszegezni a legujabb ismereteket a

kutydk CM betegségérol.



3. Introduction

CM is a congenital neurological disorder characterized by abnormal development of
the skull and brain, particularly in the region of the craniocervical junction. In affected
animals, this malformation leads to compression of the brainstem and displacement of
the cerebellum through the foramen magnum, disrupting normal cerebrospinal fluid
(CSF) flow!. Chiari malformation is widely studied in humans, and it is also has

importance within veterinary medicine, particularly in small dog breeds.

Due to the increased availability and use of MRI machines, paired with the increased
popularity of brachycephalic toy breed dogs that are predisposed to CM, the incidence
rate of the disease has increased. This is another reason why furthering our knowledge
of the disease is so important. CM can be difficult to diagnose as the clinical signs are

often non-specific and MRI diagnosis is also not well defined or obvious to recognise?.

Cavalier King Charles Spaniels (CKCS) are most commonly affected. However, small
brachycephalic breeds such as Brussels Griffons, and Chihuahuas are becoming
increasingly frequently diagnosed with the disease. Dogs can exhibit clinical signs
including neck pain and behavioural changes like phantom scratching®. Syringomyelia
(SM)—a condition where fluid-filled cavities form within the spinal cord, lead to an
exacerbation of neurological dysfunction, this in turn can lead to an appearance or
worsening of clinical signs. Chiari malformation and its physiological relationship
with syringomyelia in dogs is similar to that seen in human medicine. There is a
prevalence of 0.24-3.6% in humans with the majority of these not ever showing
clinical symptoms, the prevalence in dogs is higher in some breeds but overall
prevalence is comparable. This makes the condition a valuable comparative model for

studying the disease across species®.

This thesis aims to explore the pathophysiology, clinical symptoms, diagnostic
approaches and potential for early detection and management, and treatment options
for Chiari malformation in dogs. This disease can have a severe effect on the quality

of life of any dog suffering from it and in severe cases medical management is no



longer possible and euthanasia becomes the most ethical option. For this reason, a
deeper understanding of the pathophysiology of CM is vital for improving both the
diagnosis and treatment of this disease. By collating and analysing all the latest

discoveries and advances in this field, I hope to further the understanding of CM.



4. Literature review

4.1 Pathophysiology

4.1.1 Anatomical Basis

Chiari malformation in dogs arises due to an imbalance between the size of the brain
and skull, specifically the caudal fossa, which houses the cerebellum and brainstem. A
major developmental anomaly that leads to CM is craniosynostosis, a condition where
the bones that make up the skull join together too early. This leads to an insufficiency
of the caudal bones of the skull and bones forming the base of the skull. There is also
a reduction in the tissues making up the frontal sinus, causing a more pronounced
angle between the nasal/maxilla bones and the frontal bones. This leads to crowding
of the brain tissue, particularly the cerebellum and brainstem, at the foramen magnum,

the opening at the base of the skull where the brain connects to the spinal cord.

The most characteristic abnormality that defines CM is the herniation of the
cerebellum through the foramen magnum. This leads to an obstruction of the flow of
CSF that flows between the brain and spinal cord. This patency is essential for the
regular neural functioning of the spinal cord. Due to the cerebellar tissue protruding
through the foramen magnum, there is a compression of the spinal cord at the cranial
cervical region. This can lead to irregularities in neural signalling and a variety of

clinical symptoms, most prevalently neuropathic pain®.

Studies reveal that limited development of the skull base, particularly shortened
occipital bone structures, contributes to the condition’. Disproportionate size between
the cerebellum and posterior cranial fossa volume is another key factor, although not
all cases involve a small posterior fossa it is a very frequent characteristic of the

pathogenesis of CM.



4.1.2 Disruption of Cerebrospinal Fluid Flow

The regular circulation of CSF is a vital protective mechanism that provides nutrients
for the spinal cord and brain. When working properly, the CSF moves throughout the

spinal canal and ventricles of the brain in accordance with the heartbeat and breathing.

Cranio-spinal pressure imbalances from CSF leaks or shunting, and posterior fossa
tumours, can also lead to cerebellar herniation. Notably, CM has been reversed after
successful surgical treatment of syringomyelia, suggesting an acquired component in

SOome Cascs.

When a dog suffers from CM, the cerebellar herniation and consequential brainstem
compression at the foramen magnum obstruct this natural CSF flow. This blockage
can lead to a rise in the intracranial pressure of CSF, and this can lead to improper
distribution of the CSF within the brain’s ventricles and the spinal cord. This disrupted
circulation can lead to pressure differentials between the two spaces, which plays a

significant role in the development of secondary conditions, such as SM8.

4.1.3 Compression of Neural Structures

Due to the displaced cerebellum, the brainstem and cranial nerves passing through the
foramen magnum are compressed. This can lead to neurological symptoms including
head tilting, cervical region pain and phantom scratching. Due to the fact that the brain
stem contains vital tissues responsible for autonomic functions, when these areas are
affected, dogs can present with serious systemic signs. Along with neurological
symptoms, compression of the neural structures can lead to motor issues such as ataxia

and paralysis’.



4.1.4 Development of Syringomyelia in Dogs with Chiari Malformation

SM is characterized by the formation of fluid-filled cavities called syrinxes that lie
within the spinal cord. SM often develops as a secondary consequence of CM and is

particularly prevalent in clinically significant dogs.

The exact mechanism leading to syrinx formation in dogs with Chiari malformation is
complex. Traditionally, theories like the water-hammer and piston theories suggested
that CSF dynamics where most responsible aspect for the pathogenesis, with abnormal
CSF flow creating pressure changes that contributed to the formation of the syrinxes.
However, these explanations could not fully account for all the existing clinical and
pathological features of SM. Unexplained findings include the source of the syrinx

fluid and why it differed in composition from CSF.

A newer, more comprehensive approach, the “intramedullary pulse pressure” theory,
is presented as an overarching explanation for syringomyelia. This theory, developed
through experiments on laboratory animals, proposes that syringomyelia results from
repeated spinal cord expansion caused by pressure pulses within the spinal cord itself,
rather than from CSF inflow. This pressure originates in the spinal cord’s
microcirculation and causes extracellular fluid to accumulate, forming cavities. The
theory aligns with principles of physics, suggesting that these pressure gradients drive

fluid accumulation along, rather than against, pressure differences in the tissue.

This novel perspective also incorporates the Venturi effect, explaining how narrowing
of the subarachnoid space leads to high-velocity CSF flow that further reduces
pressure in the subarachnoid space, contributing to spinal cord distension. The physics
that back up this theory could explain the formation and progression of syringomyelia
in regions that are distant from the original obstruction. This would support the fact
that there are often syrinxes that stretch far into the thoracic region of the spinal cord.
The above explanation serves in adding depth to our understanding of how mechanical

forces and fluid dynamics interact in this condition!®.



4.1.5 The glymphatic systems role on syrinx formation

The glymphatic system is a fluid clearance pathway in the CNS. It utilises perivascular
channels created by astrocytes to facilitate CSF movement and waste elimination. The
system is powered by arterial pulsations that are mediated by aquaporin-4 water
channels. By combining these two, it efficiently clears waste products, including

neurotoxic proteins. This system is particularly essential for maintaining fluid balance.

A connection between SM and the glymphatic system arises when we consider what
happens in the case of glymphatic impairment. This could lead to CSF build-up and
increased spinal cord pressure. In turn this would potentially lead to the formation or
progression of syrinx. It would also lead to a diminished capacity to regulate pressure
and fluid distribution, potentially fostering an environment conducive to syrinx

formation!!.



4.2 Clinical Signs

CM can present in many ways, with severity, location and nature of the symptoms all
being highly variable. It is of low prevalence in dogs generally, however it is highly
prevalent in brachycephalic breeds, particularly in Cavalier King Charles Spaniels. It
affects a significant portion due to hereditary cranial conformation abnormalities that
effect the breed. CKCS dogs have been shown to almost all be affected by CM,
however many of them will never present clinically. CM often coexists with SM, a
condition that occurs in up to 70% of CKCS with CM. SM prevalence increases with
age. This makes the early symptom identification and continuous regular monitoring

essential for managing this issue particularly in susceptible breeds!2.

4.2.1 Clinical Predictors

Clinical predictors of SM caused by CM in Cavalier King Charles Spaniels can serve
as a very important diagnostic tool. The most common clinical symptoms associated

with CM are in the table below (Table 1):

Unprovoked Scratching Especially of the neck and shoulder,
often without skin contact (Phantom
scratching)

Sensitivity to Touch Especially in the neck, head, or shoulder
region

Preferred Head Posture During Sleep Often elevated or to one side

Pain-Induced Behaviours Increased signs of discomfort, especially

when the dog is excited

Research has found that dogs with a large syrinx (>4 mm) showed a higher prevalence
of certain clinical signs compared to those with a small or no syrinx. Key symptoms
include phantom scratching, aversion to touch on the neck, head, or shoulder area, and

aggravated scratching during emotional arousal. The frequency and intensity of these



behaviours has been found to be significantly higher in dogs with a larger syrinx.
Overall, these results emphasize the importance of specific clinical signs as practical
tools for identifying SM. This would be particularly essential in settings where MRI

is inaccessible or unaffordable!3.

4.2.2 Clinically unaffected

Whilst there are a small proportion of dogs with the physical manifestation of Chiari
malformation, there is a significant percentage of these individuals that are yet or may

never show a clinical manifestation.

Research has found that 44% of non-CKCS dogs showed cerebellar indentation, and
22% showed impaction without any presence of cerebellar herniation in either. This
suggests that these features might be common anatomical variations rather than acting
as definitive signs of CM in unaffected dogs, therefore not be reliable for diagnosing

clinical CM!4,

4.2.3 Brachycephalic predisposition

The prevalence and clinical manifestation of Chiari malformation varies greatly
depending on the breed of dog. One of the largest predisposing factors for Chiari

malformation is brachycephaly.

Researchers have found that craniocervical junction abnormalities, such as occipital
hypoplasia, syringomyelia, and atlanto-occipital overlapping are more common in
small brachycephalic breeds like the Cavalier King Charles Spaniel, Pekingese, and
Shih Tzu, while large non-brachycephalic breeds exhibited minimal occurrences.
Occipital hypoplasia is a major anatomical deficit that presents with CM, whilst SM
is frequently caused by CM 3.

10



4.2.4 Head Conformation

A major predisposing factor for dogs having chiari malformation is the conformation
of the head. The prevalence of CM in CKCS has always been higher than other breeds
of dogs, however it has been increasing over the last century and research has been

done into possible reasons for this.

Research has been made into the changes in head conformation in CKCS over time
and has linked these changes to an increased risk of CM and SM. These developmental
abnormalities are associated with a broader, shorter skull and increased cranial
doming, which represent a more exaggerated, brachycephalic head type compared to
the traditional conformation outlined in the breed’s 1929 standard. The shift toward
this exaggerated conformation, often described as a “modern look,” has been driven
by aesthetic preferences in breeding but has also raised concerns about its impact on

canine health.

It has been confirmed that the more exaggerated features listed above are associated
with a higher likelihood of CM/SM. Significant correlations between objective cranial
measurements, like the hind skull ratio supported this. These findings stress the
importance of balancing aesthetic preferences in breeding with the health risks

associated with exaggerated conformation!¢.

Studies have also found that CKCS under the age of 2 with SM have increased
cerebellar volume compared to CKCS over the age of 5 without SM. Unlike in
humans, CKCS show no evidence of age-related cerebellar atrophy, as relative
cerebellar volume does not correlate with age. These findings suggest that increased
cerebellar volume is specifically associated with SM in CKCS, supporting the

hypothesis that cerebellar enlargement contributes to the condition!”.

Research has also been done that examines brain and skull volumes in mesaticephalic,
brachycephalic, and CKCSs to explore their role in CM and SM. It has been found
that brain and cranial cavity volumes are strongly influenced by body weight, with

CKCS and brachycephalic breeds have been found to have higher brain-to-body

11



weight ratios, this serves as further evidence for breed specific overcrowding of the

cranium!®,

4.2.5 Cardiovascular Risk Factors

On my first placement I worked alongside a brilliant German veterinarian that told me
he often found cardiovascular issues would occur alongside Chiari malformation
cases. He explained that he believed it was mainly because breeds that were
predisposed to CM where also predisposed to cardiovascular issues, however [ wanted
to see if there could be any other connections. Whilst I was unable to find any such

papers written about dogs, there was one medical paper written regarding human CM.

A study found that the prevalence of cardiovascular comorbidities, specifically arterial
hypertension (AH) and diabetes mellitus (DM), is higher in patients with CM
compared to the general population. Whilst it was not shown that CM in dogs is
directly linked to cardiac problems, it found that several indirect connections suggest

a potential association'®.

Alongside this, dogs with CM often experience chronic pain and stress, which can
activate the sympathetic nervous system, potentially increasing heart rate and blood
pressure. Reduced physical activity due to pain and mobility issues may further
contribute to cardiovascular strain. Additionally, many breeds predisposed to CM are
also prone to brachycephalic airway syndrome such as the CKCS. These can cause
hypoxia and pulmonary hypertension, as well as mitral valve disease, a common
cardiac condition in the CKCS breed?’. Although CM primarily affects the nervous
system, its systemic effects, including altered cerebrospinal fluid dynamics and
increased intracranial pressure, may indirectly influence cardiovascular health. Further
research is needed to elucidate the relationship between CM and cardiac conditions in

dogs, particularly in predisposed breeds.

12



4.3 Diagnosis

4.3.1 MRI

MRI is the gold standard for diagnosing CM and SM in dogs. MRI provides detailed
anatomical insights into both cranial and spinal abnormalities associated with these
conditions. Essential protocols include T1-weighted and T2-weighted imaging in
multiple orientations (sagittal and transverse) to assess the brain?!, craniocervical
junction, and spinal cord. These protocols help document anatomical changes, detect

CSF flow disruptions, and measure the extent of syrinx involvement.

Optimal MRI Protocols for Diagnosing Chiari-like Malformation in Dogs

Magnetic Resonance Imaging (MRI) is the gold standard for diagnosing CM and SM

in dogs. Early diagnosis can be achieved with MRI used following proper protocols.

Preparation and Patient Safety

Before any scan, proper anaesthesia must be used to achieve sedation and a state where
the animal will remain still for the scan. Propofol and isoflurane is the most popular
drug combination to achieve patient comfort and stability?2. Monitoring of all the
patients’ vital parameters is recommended throughout the sedation and scanning
process. The most ideal positioning is dorsal recumbency as it ensures symmetrical
imaging of the craniospinal junction, reducing artifacts and enhancing diagnostic

accuracy.?

13



MRI Protocols for Chiari-like Malformation

The best sequences for CM scanning include T1-weighted, T2-weighted, and FLAIR
(fluid-attenuated inversion recovery) imaging. The best aspects to use are sagittal,
transverse, and dorsal planes. T2-weighted imaging is most optimal for imaging
syrinxes within the spinal cord and for assessing cerebellar herniation and the extent

of cerebellar tonsillar descent below the foramen magnum?*.

FLAIR is essential for identifying minute alterations in the parenchyma of the
brainstem and spinal cord. Chronic SM can often lead to changes like this. The changes
that are caused by blood-brain barrier disruption can be visualised with gadolinium-
enhanced TI1-weighted imaging. This can also be used to differentiate between
inflammatory or neoplastic lesions in the CNS. These are disorders that can present
clinically in a very similar way to CM%. To determine CSF flow dynamics, cine-MRI
provides a functional view of pulsatile CSF movement. This can aid in the

identification of cerebellar herniation that leads to obstructions?®.

If a comprehensive and complete examination is to be completed, the entire cervical
and thoracic spine should be imaged, as syrinxes can stretch as far back as the caudal
thoracic region. To further improve visualization of small or complex lesions,
particularly in regions with intricate anatomy, high-resolution 3D volumetric imaging

can be used?’

Two of the most important anatomical anomalies with diagnostic value relating to CM
are atlanto-occipital overlapping and odontoid peg impingement?®. Atlanto-occipital
overlapping occurs when the atlas extends beyond its normal anatomical boundary
relative to the occipital bone, leading to reduced space at the craniospinal junction.
This crowding can compress neural structures and disrupt CSF flow, significantly
increasing the risk of SM development. A reduced atlas-to-occipital bone distance is a

primary indicator of craniospinal crowding in dogs with CM.

Odontoid peg impingement is where the dens of the axis abnormally projects into the

spinal canal, exerting pressure on the spinal cord or brainstem. This structural anomaly

14



further restricts the craniospinal junction and alters CSF dynamics, contributing to SM
formation. Both factors emphasize the importance of imaging-based evaluations of the
craniospinal junction, as these anatomical features are critical markers for diagnosing

and understanding the pathophysiology of CM and SM in affected breeds.

4.3.2 Genetical Profile Study

A study by Lemay et al (2014)*° investigates the genetic basis of Chiari-like
malformation (CM) in Griffon Bruxellois dogs. This study uses quantitative trait loci
(QTL) analysis to explore genetic factors contributing to CM in Griffon Bruxellois

dogs.

The QTL analysis identified significant associations on several Canis familiaris
autosomes (CFAs), including CFA2 and CFA14. CFA2 was associated with cranial

fossa height, while CFA 14 was linked to cranial and brain height measurements.

These findings highlight the complexity of CM’s genetic architecture, suggesting that
multiple quantitative traits and genetic loci contribute to its development. While the
CFA2 and CFA14 regions emerged as strong candidates, suggesting their role in the
pathogenesis of CM.

4.3.3 CSF Analysis

CSF analysis is used in a supportive role when it comes the diagnosis CM and SM. It
can help differentiate CM from other diseases presenting with similar clinical signs by
providing biochemical and cellular insights. Such diseases that can present clinically

in a similar fashion include meningitis, encephalitis, or neoplastic conditions°.

The process for collecting the CSF is performed through a cisternal or lumbar

puncture. It is vital to ensure the sample is obtained safely to minimize the risk of

15



complications. In regard to CM with SM, the CSF profile can present normally but, in
some cases, elevated protein levels can be present. This indicates a secondary
inflammation due to nerve compression or disrupted CSF flow3!. Pleocytosis is
uncommon if CM is occurring alone. However, if there is a concurrent inflammatory
or infectious disease, this can be seen. For the most accurate diagnosis, it is vital to
compare CSF findings with MRI results. The strongest diagnostic evidence of CM can
be shown via absence of inflammatory markers in CSF combined with imaging

evidence of cerebellar herniation and SM?32.

CSF analysis is not a definitive diagnostic tool for CM. However, it provides critical
information in cases where clinical or imaging findings are not clear on their own. It

helps rule out differential and provides a more complete image for the diagnosis.

16



4.4 Medical Management

The medical management of CM in dogs focuses on a multimodal problem-solving
approach. The issues it addresses are reducing pain, lowering CSF production, and
controlling inflammation in the CNS. Medical treatment does not solve the underlying
structural irregularities; however, it can provide symptomatic relief and improve the
quality of life. This is particularly evident for cases where surgery is not feasible or is

delayed?.

4.4.1 Medications to Reduce CSF Production

Intracranial pressure is increased by excess CSF production. This worsens symptoms
of CM. Medications targeting the reduction of CSF production aim to alleviate this

and minimize the associated neurological signs.

Omeprazole is a proton pump inhibitor. It works by inhibiting the hydrogen-potassium
ATPase enzyme. This in turn reduces the secretion of CSF. In turn it provides relief in
cases of elevated intracranial pressure. It is often well-tolerated and is administered
10mg/kg PO SID daily, however frequency and dosage can change depending on the

severity of the condition®*.

Cimetidine is a H2 receptor antagonist. Like omeprazole is also reduces CSF
production. It is not used very frequently due to variable efficacy and the availability

of better alternatives like omeprazole.

Acetazolamide is a carbonic anhydrase inhibitor. It reduces CSF production by
interfering with the enzyme that is critical for CSF secretion. However, it is also not
used very often due to its side effects, including issues such as gastrointestinal upset

and electrolyte imbalances, making it a less favourable long-term treatment?>.

17



4.4.2 Neuropathic Pain Modulators

Neuropathic pain is a hallmark of CM and syringomyelia (SM), often presenting as
scratching at the neck or shoulders, vocalizing, or discomfort during movement. The

following drugs are essential for managing pain associated with CM:

Gabapentin modulates calcium channels to reduce nerve signal transmission in
overactive neurons. It is highly effective for managing neuropathic pain and is
commonly dosed 2-3 times daily. While generally well-tolerated, sedation and mild

ataxia may occur as side effects’®.

Pregabalin works in a similar way to gabapentin. However, it offers a more potent
effect at lower doses due to the fact it has an enhanced bioavailability. It reduces
neuronal excitability which provides significant relief from CM associated pain.
Pregabalin is more expensive, however it is preferred in cases where gabapentin is

ineffective or causing side effects at its higher required dose.

Amitriptyline is a tricyclic antidepressant. It works by inhibiting serotonin and
norepinephrine reuptake which plays a role in modulating pain perception.
Amitriptyline has other effects, also possessing sedative and anti-anxiety properties.
It can be given 0.25-2 mg/kg PO SID/BID. Careful dosing is required to avoid
potential cardiovascular and gastrointestinal side effects and is not recommended in

dogs with liver or heart problems®’.

4.4.3 Anti-inflammatory Drugs

When there is inflammation at the craniocervical junction it can lead to pain and a
progression of pathological symptoms associated with CM. Anti-inflammatory

medications can be used to try and control this aspect of the disease.

18



Prednisolone is a corticosteroid that reduces inflammation by suppressing immune
activity and decreasing tissue swelling. Prednisolone is most commonly used to treat
acute bursts of CM symptoms. Use for an extended period is usually avoided due to
the fact that the long-term usage leads to higher risks of side effects. These include
immunosuppression, weight gain, and digestive tract issues such as gastrointestinal
ulcers. Alternate-day dosing or tapering is the recommended dosing method in order

to minimize adverse effects®.

NSAIDs such as meloxicam or carprofen are drugs that are used for their anti-
inflammatory and analgesic properties. They are less potent than other anti-
inflammatory drugs such as corticosteroids but they have a safer long-term profile,
making them more suitable for mild cases or to be used within adjunctive therapy.
Regular monitoring of renal and gastrointestinal function is essential during prolonged

use as they are not suitable for patients with kidney failure.
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4.5 Surgery

Surgical intervention is employed when medical management is unable to alleviate the
symptoms caused by CM or if the side effects of the drugs begin to cause

complications.

4.5.1 Foramen Magnum Decompression (FMD)

FMD is the most popular surgical treatment for CM. This procedure involves
removing bone from the foramen magnum and, depending on if it suits the patient,
also the dorsal arch of C1 vertebra. The goal is to relieve compression at the
craniocervical junction and restore CSF flow. Studies indicate an initial improvement
rate of approximately 81% in dogs treated with FMD, although long-term success may
be compromised by scar tissue formation, leading to reoperation in about 25% of

cases™’.

4.5.2 FMD with Cranioplasty

Cranioplasty is often performed alongside FMD to reduce the likelihood of scar tissue
formation at the surgical site. The surgical technique involves the use of a
polymethylmethacrylate (PMMA) or titanium mesh that allowed for more room than
the original skull shape to reconstruct the skull and protect the decompression site.
Research has suggested that this method is able to reduce postoperative complications

and helps maintain decompression*’ .

One surgical technique developed in a study by Dewey et al. involves securing the
cranioplasty materials with titanium screws around the decompression site. With this
method the titanium mesh was held in place securely and was able to provide structural
security to the surgical site postoperatively. Most dogs in the study demonstrated

clinical improvement, with postoperative complications being minimal*!.

20



Research has been done into if the cranioplasty provides any benefits to the patient’s
outcome. Scientists used rats as test subjects to compare the recoveries or surgery with
and without cranioplasty. The cranioplasty appeared to impede the full expansion of
the cisterna magna. This finding challenges the traditional assumption that
cranioplasty enhances surgical outcomes and emphasizes the need for a revaluation of

its routine use in treating CLM*2,

4.5.3 Additional Techniques and Considerations

In some cases, the dura mater is incised (durotomy) during FMD to further alleviate
compression. However, this can lead to complications, such as CSF leakage. Research
has reported that while durotomy improves immediate outcomes, its long-term

benefits are less clear, as syringomyelia often persists or recurs*.

Custom 3D-printed titanium prostheses are also being explored as a means to optimize
cranioplasty. The implants are measured and created to perfectly fit the optimal
dimensions for the patient’s skull. This method was shown to significantly improve
caudal cranial fossa volume and reduce syrinx size via maximum optimisation of CSF

flow, particularly in cases that were treated early**.

Less invasive surgical techniques focus on reducing the compression on the spinal
cord without opening the dura mater. In doing this it is hoped that there is a reduction
in risks such as CSF leakage and infection. These methods often lead to shorter
recovery times and fewer complications. However, their long-term efficacy is limited
in cases of severe cases of syringomyelia, as they may not fully normalize CSF
dynamics. For these reasons, approaches are best suited for mild cases. The reasons
mentioned above show that careful patient selection and thorough imaging evaluations

is vital before choosing a surgical treatment®.
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5. Conclusion

Chiari malformation is a fascinating disease. It is a relatively rare and also a very
complex disease that exists in the CNS; the most inaccessible part of a living animal.
This makes it understandable that our knowledge of the disease is still developing. I
think the obvious potential for massive advancements in our understanding of CM is
what makes it so exciting. The last couple of decades have been completely
transformational in terms of the research that has gone into the disease. Thanks to
fantastic scientists such a Clair Rusbridge and many others we are now at a stage where
the majority of dogs that present with CM can live a long and generally pain free life.
With the advancements in surgical treatment, I believe that CM will continue to
become a better managed disease in the future. Alongside this, I think our better grip
on breeding regulations will hopefully make strides into reducing the prevalence

amongst the most severely effected breeds.
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