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Introduction

Anatomy: Brain lobes
Forebrain
- Mental deficits (contralateral)
- Seizures
- Circling (ipsi)
- Head turn (ipsi)
- Postural reaction and visual 

deficit (contra)

Brainstem
- Cranial nerve deficits
- Postural reaction deficits
- Paresis (ipsi)
- Cardiac/respiratory
- Sleep abnormalities

Cerebellum
- Ataxia
- Dysmetria
- Intention tremor
- Broad based stance

Vestibular
- Ataxia
- Falling, rolling, head tilt 

toward side of lesion
- Nystagmus



Introduction

Anatomy: Vessels



Introduction

Anatomy: Ventricles, meninges



Introduction

Monro-Kellie Doctrine

CPP = MAP – ICP
• CPP = cerebral perfusion pressure
• MAP = mean arterial pressure
• ICP = intracranial pressure 

The reference range for ICP in clinically 
normal dogs ranges from 0.67 to 1.60 kPa 
(5 to 12 mm Hg)



Introduction

Increased Intracranial Pressure (ICP)

Evidence of elevated ICP
- Vomiting

- Deteriorating neurological state

- Cushing's reflex 

: systemic hypertension and bradycardia

- Papilledema

 If left untreated, the animal can suffer detrimental effects such as 
brain herniation and death.

Causes



Contents

• Head trauma
- Depressed fractures
- Penetrating foreign bodies/projectiles
- Hematoma evacuation

• Intracranial and extracranial masses
- Neoplasia
- Abscesses

• Shunt placement and marsupialization
- Hydrocephalus
- Quadrigeminal diverticulum

• Chiari-like malformation

Intracranial Surgery in Dogs and Cats



I. Skull Tumor

Skull tumor
Classic presentations

• Young dog w/ slowly growing mass
• Geriatric dog w/ newly discovered mass
- Rarely, soft tissues & brain parenchymal invasion
- More commonly, act as a space-occupying lesions

Clinical signs

• Asymptomatic in most cases 
• Near the TMJ or orbit, or it invades the sinus
• If parenchymal compression occurs,

• Changes in mentation 
• Circling, ataxia, seizures etc. 

Tumor types
 Multilobular osteochondrosarcoma
 Osteoma
 Osteosarcoma
 Chondrosarcoma
 Squamous cell carcinoma
 Fibrosarcoma

Diagnostic work-up

• A full physical examination
• Health screening (CBC, S/C, U/A, X-ray, Abdominal U/S) 
• FNA & cytology 
• Incisional biopsy (after advanced imaging)

- Jamshidi needle or Michele Trephine instrument
- Biopsy tract need to be removed during surgery 



Preparation

I. Skull Tumor

Diagnosis
Radiographs • Mass size, cranial involvement, metastasis (thorax)

CT

MRI

• Anatomical localization & overview for surgical planning

• Parenchymal change & better delinate important vascular structures

• The feasibility of surgical excision is dependent on 

the location and extent of the tumor.

1. The dorsal sagittal & transvers venous sinuses

2. Contrast enhancement within the temporalis m.

3. Involvement of the frontal sinus or cribriform plate



I. Skull Tumor

Diagnosis

• The feasibility of surgical excision is dependent on 

the location and extent of the tumor.

1. The dorsal sagittal & transvers venous sinuses

2. Contrast enhancement within the temporalis m.

3. Involvement of the frontal sinus or cribriform plate
Temporalis m.

Orbital lig. & 
frontal crest

Dorsal 
nuchal line

Radiographs

CT

MRI

• Anatomical localization & overview for surgical planning

• Parenchymal change & better delinate important vascular structures

• Mass size, cranial involvement, metastasis (thorax)



Preparation

I. Skull Tumor

Surgical Treatment
Mass resection: Bone margins of 1–2 cm should be the goal of excision



Preparation

I. Skull Tumor

Surgical Treatment
• Closure will vary depending on the size and location of the resultant defect.

- In many cases  preserved temporalis fascia 

- Extensive resection  polymethylmethacrylate (PMMA) prosthesis or titanium mesh

 Advantages

 Improved cosmesis

 Increased protection of the exposed brain

 Disadvantages

 Cost, procedure time ↑

 Increased risk of infection; empyema or removal

PMMA prosthesis Titanium mesh 3D-printed titanium plate



Preparation

I. Skull Tumor

Surgical Treatment
Pre-OP Post-OP

Protection helmet



Preparation

I. Skull Tumor

Prognosis: Osteosarcoma (OSA)

• Dogs with completely excised tumors: MST > 1,500 days

• Dogs with incompletely excised tumors: approximately 250 days 

• MST for dogs w/ surgically excised OSA: 329 days 
in 183 dogs w/ mandible, maxilla, and skull OSA 

• The local recurrence rate: 51-80% 

• The distant metastatic rate: 40% 



Preparation

I. Skull Tumor

Prognosis: Multilobular osteochondrosarcoma (MLO)

• Low histologic grade and complete excision  better prognosis
• Grade I MLO: the local recurrence rate is 30%, metastatic rate is 30%, and MST > 897 days

> 50% of dogs are cured with surgery alone

• Grade II MLO: the local recurrence rate is 47%, metastatic rate is 60%, and MST 520 days. 

• Grade III MLO: the local recurrence rate is 78%, metastatic rate is 78%, and MST 405 days



Preparation

II. Brain tumor

• Extra-axial tumors 
- arise from tissues outside the neural axis. 

- most are peripherally located, cause inward displacement of brain parenchyma

- may be continuous with the falx or tentorium.

e.g. meningiomas, pituitary tumors, and intracranially invading nasal masses

• Intra-axial tumors 
- radiate outward from a source within the neural axis 

- even if peripherally located, cause a widening or spreading of brain parenchyma.

e.g. tumors of glial cell origin (astrocytoma, oligodendroglioma, ependymoma, 

choroid plexus papilloma, and medulloblastoma)



Preparation

II. Brain tumor

• Primary intracranial neoplasia represents 2~5% of all cancers, generally occurring in 

middle aged to older dogs and cats.

- Dogs) meningioma (50%), glioma(~35%), and choroid plexus tumors(~7%)

- Cats) meningioma (85%)

• MST in dogs with palliatively treated brain tumors is generally poor at 69 days.

 Dogs with infratentorial tumors have a significantly shorter MST than dogs with 

supratentorial tumors at 28 versus 178 days, respectively.



II. Brain tumor

Meningioma: Diagnosis

• Tumors typically have distinct and sharp margins

• isointense or hypointense and homogeneous on T1W, 

• hyperintense and heterogeneous on T2W

• moderate to marked post-contrast enhancement

• Some meningiomas have a dural tail sign, ring enhancement, and 

peritumoral edema, but these are nonspecific features and can be 

observed in other CNS lesions.

• Canine meningioma graded based on histological classification

• Benign (grade I), atypical (grade II), anaplastic or malignant (grade III)
33.3% 59.5% 7.2%



Preparation

II. Brain tumor

Treatment: Surgical goals

• By removing as much of the tumour as possible during surgery, the remaining cells may 
become more ‘sensitive’ to radiation. 

• The polytherapy approach (combination of medication, surgery and radiation) is the 
mainstay of treatment for most brain tumours in man. 

• As a rough guide, average remission time ranges from 1 to 6 months with corticosteroids 
alone, from 8 to 14 months with radiotherapy alone, and 12 to 20 months with surgery 
followed by radiotherapy.

 The aim of treatment is to remove the bulk of the tumour by surgery to give other therapies 
a better chance of success. Surgery also allows the vet to obtain a sample of the mass and 
identify its nature



Preparation

II. Brain tumor

Treatment: Surgical indication
• Clinical symptoms, locations, consistency, hyperostosis, invasion to nerves and vessels etc.



Preparation

II. Brain tumor

Treatment: Surgery

Transfrontal craniotomy Rostrotentorial craniotomy Suboccipital craniotomy



Preparation

II. Brain tumor

Treatment: Surgery

1. Skin & subcutaneous incision
※ Rostral: auriculopalpebral n.

2. Temporalis m. elevation
※ 2-4 mm to skull attachment

3. Temporalis m. reflection
※ Kept moistened



Preparation

II. Brain tumor

Treatment: Surgery

4. Making burr holes 6. Bone flap removal
• Perforator
• High-speed drill

5. Connecting burr holes
• Craniontome (+dura guard)
• High-speed drill

 Ventral groove & elevation



Preparation

II. Brain tumor

Treatment: Surgery

CUSA (Cavitron Ultrasonic Surgical Aspirator)Brain navigator

• 수술 중 기기의 끝부분에서 초음파로 인한 공명 현상(cavitation)
을 통해 수분 함유량이 많은 종양 조직만을 절편화하여 흡인 및 제
거가 가능한 기구

• 콜라겐이 풍부한 혈관, 신경(뇌 실질 및 척수), 요관 등은 손상시
키지 않아 종양 조직만을 선별적 제거함.

• 뇌 실질과 인접하게 존재하는 종양 및 깊숙한 위치에 존재하여 시
야가 불분명한 종양의 제거 시 뇌 실질의 보존에 용이함

• CT와 MRI 촬영 이미지를 동기화하여 두개골 및 뇌 실
질 내 병변부의 해부학적 위치를 표현해주는 장치로 뇌
신경 수술의 정확도와 안전성을 높임.

• 뇌종양 수술 시 정확한 위치와 깊이의 파악을 통해 최소
한의 절개, 정확한 접근 진행 가능하고, 뇌수두증 치료
에서 뇌실쪽으로의 VP shunt 삽입 위치 및 각도, 깊이
측정에 용이함. 



Preparation

II. Brain tumor

Treatment: Surgery

7. Dura exposure & incision
• Initial opening with # 12 blade
• Dural flap

8. Cortical tissue exposure
• Approach to lesion
• To visualize lesions (▼)

9. Mass removal/ debulking

CUSA (Cavitron Ultrasonic Surgical Aspirator)Brain navigator



Preparation

II. Brain tumor

Treatment: Surgery

10. Dural covering

• Dura: often torn, can contain neoplastic cells
• Dural substitute and sealing

: Temporalis m. fascia or commercial products

11. Bone defect covering
• Bone flap
• Polypropylene or titanium mesh
• Temporalis muscle



Preparation

II. Brain tumor

Prognosis – Canine Meningioma

• The MST for all dogs that underwent intracranial surgery for the resection of a 

meningioma was 353 days (218-485).

 The higher incidence of atypical (grade II) meningiomas + their more invasive nature might 

account for poorer therapeutic response in dogs when compared to humans and cats. 

 Because of this, additional adjunctive therapies are often used following the surgical 

excision of meningiomas in dogs in order to try and augment their survival time.

- Dogs w/ surgery alone : MST 7 months, 19% survived > 1 year

- Dogs w/ Surgery + RT: MST 16.5 months, 53% survived > 1 year



Preparation

II. Brain tumor

Prognosis – Canine Meningioma



Preparation

II. Brain tumor

Prognosis – Canine Meningioma

Transfrontal 
craniotomy

Rostrotentorial 
craniotomy

• MST associated with the surgical approach

- Transfrontal approach:184 days / rostrotentorial approach: 646 days



Preparation

II. Brain tumor

Prognosis – Feline Meningioma

• Cats have a MST of about 3 years with no additional intervention such as 

chemotherapy or radiation therapy.

 In cats, we often think of the surgical excision of an intracranial meningioma as 

curative, with a reported MST of 37 months and the majority of cats eventually 

dying of causes unrelated to the meningioma.

• Unlike dogs, meningiomas in cats are often better defined and less invasive, and 

hence further adjunctive therapy following their excision is not typically necessary.

• MST w/ RT: 339 days, MST w/ Surgery: 1345 days (Tichenor et al. 2023)



Preparation

II. Brain tumor

Glioma  

• Glioma continues to be a common brain tumor diagnosis in the dog, especially 

brachycephalic dogs (> 50%). Feline glioma is a less well-described condition.

• A large proportion of dogs present with an acute onset of seizures and almost half

present with cluster seizures or status epilepticus as the initial onset.

• Glioma can be challenging to distinguish from other neurologic lesions.

• MRI findings correlate better with tumor grade than tumor type, 

- with contrast enhancement, gradient echo signal voids, and T2W-heterogeneity all 

increasing with increasing grade.



Preparation

II. Brain tumor

Glioma - Prognosis

• MST for dogs with glioma treated palliatively: 26-60 days

• Surgical resection alone for treatment of glioma has the same MST as with palliative therapy, 
suggesting that definitive treatment of glioma requires multimodal therapy

• Despite marked variability in treatment modalities (surgery, radiotherapy, chemotherapy), 
MST for definitively treated cases (n = 23) was longer (84 days) than for palliative treatment 
cases (n = 22; 26 days)

• With surgery alone: MST 2-6 months. With RT used alone: with reported MST of 7-28 months
• No published data of post-OP RT MST 

• When SRT is incorporated into the management plan for dogs with confirmed or presumed 
intracranial glioma, a median survival time of approximately 12 months may be achievable.



Preparation

II. Brain tumor

Pituitary tumor – Surgical indication

 Pituitary-dependent dependent hyperdrenocorticism (PDH) in dogs and cats

 Hypersomatotropism (HST) in cats

 Clinical, non functional sellar tumors in dogs and cats

• Case selection for hypophysectomy is dependent on clinical signs, endocrine 

testing, tumor size, and concurrent co-morbidities in a given patient.

• Candidates for TSH 

- Dogs diagnosed with PDH, showing endocrine signs, and w/ or w/o a definable 

pituitary mass based on brain imaging who failed medical management.

- Cats diagnosed with HST w/o significant co-morbidities



Preparation

II. Brain tumor

Pituitary tumor – Surgical indication

종괴크기, 인접한조직, 혈관침습정도
Grade 1-3A: 수술적예후양호
Grade 3B-5: 수술단독으로는예후안좋을수있음

Tumor size does play a role in the successful outcome after surgery and potential long-term complications



Preparation

II. Brain tumor

Pituitary tumor – Surgical treatment



Preparation

II. Brain tumor

Pituitary tumor - Prognosis 



Preparation

II. Brain tumor

Pituitary tumor - Prognosis 

• MST: RT vs. Untreated
- RT: 1405 days (1053-1757)
- Untreated: 359 days (48-916)

• MST: Medical vs. Med+RT
- Medical: 143 days
- Med+RT: 973 days

• MST: Surgical debulking+RT
- Perioperative mortality: 33%

- MST: 232 days (0-1658)

- If discharged, MST 708 days



Preparation

II. Brain tumor

Post-OP Complications

• 21 (13.1%) dogs died (11 during hospitalization and 10 after discharge) and 
18.8%) developed major complications other than death during the first 30 
days after surgery. 

- Dogs with abnormal preoperative neurologic examination findings were more likely to 
develop complications or die.

• Seizures (n = 18 [11.3%]), worsening of neurologic status (6 [3.8%]), and 
aspiration pneumonia (6 [3.8%])



Preparation

III. Hydrocephalus

Medical therapy

• Active distension of the ventricular system of the brain caused by 
obstruction of flow of CSF from production ~ absorption site 

- Acetazolamide, furosemide, or omeprazole / Glucocorticoids (PDS)

- Used to delay surgery, to magage acute dterioration

- When surgery is not an option or not indicated

 Developmental abnormalities
 Acquired lesions e.g. neoplasia, inflammation

※ Hydrocephalus ex vacuo: not active
- infarction, necrosis  brain tissue loss 

Surgical treatment

- Surgical procedure to divert CSF

- Ventriculoperitoneal shunt, Endoscopic 3rd ventriculostomy



III. Hydrocephalus

Pediatric hydrocephalus 
• Caused by developmental abnormalities

 Obstruction at the level of the subarachnoid space or arachnoid villi

• Clinical signs are usually apparent by several months of age

 Blindness, ataxia, circling, strabismus

• May associated with other malformations
• Meningomyelocele, Chiari-like malformation, Dandy-Walker syndrome, arachnoid diverticula 

Acquired hydrocephalus • Can develop at any age due to tumors and inflammatory disease

• Malformation of the skull dose not develop if hydrocephalus develops later

• Neurological deficits are similar to those in young patients

Toy & brachycephalic dogs: risk ↑



Preparation

III. Hydrocephalus

Diagnosis

U/S

Follow-up of previously diagnosed patients and those with an existing shunt

MRI

Assesing ventricular size in patients with a persistent fontanelle

CT

The best modality to assess ventricular size and other lesions
 Obstructing masses such as tumors, granulomas, and diverticula

★ Evidence of increased intraventricular pressure

Acute, active hydrocephalus

 Indication for treatment

1) Periventricular edema

2) Enlargement of the temporal horns

3) Effacement of sulci

Periventricular edema

T2W FLAIR T2W

Effacement of sulci 2 months after shunting

Temporal horn enlargement



Preparation

III. Hydrocephalus

Diagnosis

• Ultrasound is helpful. 25G needle, inserted at the lateral aspect of the fontanelle

* Avoid the sagittal sinus on the midline 

CSF collection

CSF removal

• Imaging is performed first to identify any shifting of brain tissue e.g. caudal cerebellar herniation etc.

 Cerebellomedullary cistern 

 Enlarged lateral ventricle through a persistent fontanelle

Helpful in cases of suspected meningoencephalitis

Used as a temporary measure to decrease IVP & predict surgical shunting

 A young patient with clinical signs, ventriculomegaly
+ evidence of increased intraventricular pressure

 Progressive ventriculomegaly over time
Indications for surgery



Preparation

III. Hydrocephalus

Surgical Treatment

Ventriculoperitoneal shunt (VP shunt)

Ventricular catheter

ValvePeritoneal catheter



Preparation

III. Hydrocephalus

Surgical Treatment

Preparation



Preparation

III. Hydrocephalus

Surgical Treatment

Cranial incison & burring Abdominal incision

Connecting incision



Preparation

III. Hydrocephalus

Surgical Treatment

Shunt placement



Preparation

III. Hydrocephalus

Post-OP complications

 Complications are most likely to occur during the first 6 months after shunt placement.

<Complications>
 Obstruction (9.6%)

 Pain (5.6%)

 Infection (4.1%)

 Disconnection (4.1%)

 Overshunting (2.7%)

 Kinking (2.7%), Coiling

 Postoperative seizures

 Breakage (1.3%)

 Subdural hematoma (4.1%)

• Obstruction was the most common complication. (7/73; 9.6%)
• 10 animals died or were euthanized because of shunt-related 

complications (13.7%).
• The reasons for death or euthanasia were obstruction (4/7, 57%), 

infection (2/3; 66.7%), overshunting(2/2; 100%), disconnection (1/3; 
33.33%), and pain (1/4; 25%).



Preparation

III. Hydrocephalus

Post-OP care

• Post-OP clinical improvement rates: 72-100%. 
• 72% of animals with congenital hydrocephalus had clinical improvement after shunt 

placement and 25% had resolution of clinical signs. 
• Postoperative survival was 80% at 1 mo, 66% at 3 mo, and 55% at 18 mo.

• Pain control: injectable analgesics  oral medication

• Antibiotics: occasionally continued for several days

• Preoperative antiseizure medications are continued as needed.

• Two-view radiographs of the entire shunt

• Neurological deficits usually resolve quickly

• Reassesment within the first 2-3 months with U/S, CT or MRI

Prognosis



IV. COMS (Caudal Occipital Malformation Syndrome)

• Chiari-like malformation (CM)
: a complex developmental condition of the skull and craniocervical vertebrae
: a conformational change and overcrowding of the brain and cervical spinal cord, 
particularly at the craniospinal junction.

• Obstruction to cerebrospinal fluid (CSF) channels 
 pain, fluid cavitation of the spinal cord, called syringomyelia (SM)
 these fluid pockets can cause irreversible damage to the spinal
cord, resulting in clinical signs of pain and neurological deficits.



IV. COMS (Caudal Occipital Malformation Syndrome)

Diagnosis



IV. COMS (Caudal Occipital Malformation Syndrome)

Medical management



IV. COMS (Caudal Occipital Malformation Syndrome)

Surgical Indication
1) Patients that have severe clinical signs, have CM and syringomyelia (diameter >3 mm)

2) Patients that fail medical management, or when SM progresses despite medical management.

 In one study, 75% of patients with CMSM that were medically managed over 39 months had 

progression of clinical signs.

• The two primary goals of surgery for CMSM 
(1) improve patient comfort and (2) slow or stop the progression of syringomyelia. 

• Unfortunately, existing preoperative syringomyelia does not regress postoperatively; thus, it is 

unlikely that the preoperative level of NP (mainly in the form of phantom scratching) will 

completely resolve postoperatively without adjunctive medication.



IV. COMS (Caudal Occipital Malformation Syndrome)



IV. COMS (Caudal Occipital Malformation Syndrome)



IV. COMS (Caudal Occipital Malformation Syndrome)

Surgical treatment : Foramen magnum decompression (FMD)

Caution!

Suboccipital craniectomy + Dorsal laminectomy of the atlas (± axis) + Durotomy

https://avmajournals.avma.org/view/journals/ajvr/83/3/ajvr.21.11.0178.xml
https://avmajournals.avma.org/view/journals/ajvr/83/3/ajvr.21.11.0178.xml


IV. COMS (Caudal Occipital Malformation Syndrome)

Prognosis

• The surgical success rate of FMD in dogs with COMS: about 80%

• The relapse rate: approximately 25% to 47% 
 According to a study on FMD with titanium/PMMA cranioplasty, the short-term success 

rate is 81% and the recurrence rate is 0%-8%.

 Additionally, a recent analysis of more than 100 cases involving this surgical technique 

determined the re-operative rate to be 7%.

• 80% to 94% of patients exhibit early postoperative improvement following FMD

• Some patients show relapse of clinical signs approximately 1 year or more after surgery.

• Most patients experience little postoperative morbidity, and early surgical intervention has been 

recommended.



Summary

• Skull Tumors: Low-grade tumors can have a favorable prognosis if completely excised. 
However, the recurrence rate is relatively high.

• Brain Tumors: The decision for surgical intervention should be carefully considered. For 
patients with severe clinical signs, factors such as tumor location, size, and invasiveness 
should be evaluated. 

- Feline meningiomas generally have a good prognosis. 
- In cases of glioma or pituitary tumors, adjuvant chemotherapy and radiation therapy 

should be considered depending on the tumor’s location and size.
- Adverse effects are more likely to occur within a month.

• Hydrocephalus: A VP shunt may be indicated when there is no response to medical 
treatment and when symptoms arise due to increased intracranial pressure. 
Complication rates are high within the first 6 months post-OP.

• COMS (Caudal Occipital Malformation Syndrome): Foramen magnum decompression 
(FMD) may be indicated in patients with persistent pain or neurological symptoms that 
are not managed by medication.

- Although recurrence can occur after one year post-FMD, morbidity remains relatively low.
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