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Abstract: A cavernous malformation is relatively rare in the brain. The dilated capillaries conglomerate together
to form a nidus and the cavernoma (CM) within the brain. Usually, a cavernoma is silent, but it can present with
bleeding and a seizure. It can occur in any area of the brain, but it has a higher tendency in the brainstem, deep
structure of the brain and temporal lobe. MRI GRE and SW images are diagnostic for a CM. A symptomatic
or ruptured CM demands surgical removal. In this chapter, the pathology, distribution and management of
cavernomas are mentioned.

Abbreviations

CCM cerebral cavernous malformation CM cavernous malformation
CT computed tomography DT diffusion tensor
DSA digital subtraction angiogram DVA dural venous anomaly
fMRI functional magnetic resonance imaging GRE gradient recall echo
MRI magnetic resonance MVM mixed vascular malformation
SEZ safe entry zone SW susceptibility-weighted

1. Introduction

A cerebral cavernous malformations is one variety of an arteriovenous malformation where the dilated
capillaries conglomerate together to form a nidus and the cavernoma (CM) within the brain. Usually, a cavernoma
is silent, but it can manifest when there is bleeding or when present with a seizure. It can occur in any area of the
brain but has a higher tendency in the brainstem, deep structure of the brain and temporal lobe (Greenberg 2010).

2. Natural History of Cavernoma

The incidence of a CCM varies from 0.17 to 0.56 per 100,000 per population per year (Al-Shahi et al. 2003). A
CCM frequently presents in the fourth and fifth decade, and there is small female preponderance (58%). Roughly
50% of CCM patients remain asymptomatic, whereas about 25% present with single or multiple attacks of seizure.
Additionally, patients can present with either hemorrhage (Figure 1A) (~12%) or focal neurological deficits (~15%)
(Salman et al. 2012). Overall, the annual risk of a first-time cavernoma-related hemorrhage is low (0.4–0.6% per
year) and the risk of subsequent hemorrhage is much higher (3.8–23% per year). The risk gradually decreases
over time. It can present as multiple cavernoma (cavernomatosis) (Figure 1B) and can be familial.
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Figure 1. (A) CT scan showing bleeding in the pontine cavernoma. (B) CT scan showing 
multiple cavernoma. Source: Figure by authors. 

3. Location 

The distribution (locations) of CMs in a published series is shown in Table 1. 

Table 1. Locations of cavernomas. 

Location Cavernoma Percentage % 
Cerebrum 84 69.4 
Occipital 4  
Frontal 36  
Parietal 16  

Temporal 28  
Brainstem 17 14.0 
Medulla 1  
Midbrain 2  

Pontomesencephalon 4  
Pons 8  

Pontomedullary 2  
Cerebellum 8 6.6 

Cranial nerves 4 3.3 
Spinal cord 8 6.6 

Cervical 3  
Cervicomedullary 2  

Lumbar 1  
Thoracic 2  

Total CMs 121 99.9 
Source: Authors’ compilation based on data from Kirollos et al. (2019). 

  

Figure 1. (A) CT scan showing bleeding in the pontine cavernoma. (B) CT scan showing multiple
cavernoma. Source: Figure by authors.

3. Location

The distribution (locations) of CMs in a published series is shown in Table 1.
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Table 1. Locations of cavernomas.

Location Cavernoma Percentage %

Cerebrum 84 69.4
Occipital 4
Frontal 36
Parietal 16

Temporal 28
Brainstem 17 14.0
Medulla 1
Midbrain 2

Pontomesencephalon 4
Pons 8

Pontomedullary 2
Cerebellum 8 6.6

Cranial nerves 4 3.3
Spinal cord 8 6.6

Cervical 3
Cervicomedullary 2

Lumbar 1
Thoracic 2

Total CMs 121 99.9

Source: Authors’ compilation based on data from Kirollos et al. (2019).

4. Developmental Venous Anomaly (DVA)

Developmental venous abnormalities (DVAs), also called venous malformations or venous angiomas, are
frequently related to cavernomas. A DVA is a vascular abnormality that does not create any clinical signs on its
own. In the proximity of a DVA, at least 40% of isolated cavernomas can occur.

The caput medusae indication of veins emptying into a solitary bigger collecting vein that then drains
into either a dural venous sinus or a deep ependymal vein characterizes a DVA (Figure 2). The image has been
compared to that of a palm tree. DVAs, on the other hand, can be found in any place, draining either superficially
or deeply.

3 
 

4. Developmental Venous Anomaly (DVA) 

Developmental venous abnormalities (DVAs), also called venous malformations or 
venous angiomas, are frequently related to cavernomas. A DVA is a vascular 
abnormality that does not create any clinical signs on its own. In the proximity of a 
DVA, at least 40% of isolated cavernomas can occur. 

The caput medusae indication of veins emptying into a solitary bigger collecting 
vein that then drains into either a dural venous sinus or a deep ependymal vein 
characterizes a DVA (Figure 2). The image has been compared to that of a palm tree. 
DVAs, on the other hand, can be found in any place, draining either superficially or 
deeply. 

 
Figure 2. CT scan showing deep venous anomalies (DVAs), along with a cavernoma. Source: 
Figure by authors. 

4.1. Associations 

With the exception of the blue rubber bleb nevus syndrome, lesions are generally 
isolated (75%); 

Mixed vascular malformations are found in 20% of cases (range: 8–33%) and are 
related to cavernous malformations (MVM)s; 

Malformations of the venous system in the neck and head. 

4.2. Classification Based on the Location 

The most common locations (Figure 3) are as follows: 
Fronto-parietal CM (36–64%), generally draining toward the lateral ventricle’s 

frontal horn (Figure 3A,B); 
Cerebellar hemispheric CM (14–27%), draining toward the 4th ventricle (Figure 

3C); 
Brainstem cavernoma (Figure 3D); 
Spinal cavernoma (Figure 4). 

Figure 2. CT scan showing deep venous anomalies (DVAs), along with a cavernoma. Source: Figure
by authors.

4.1. Associations

With the exception of the blue rubber bleb nevus syndrome, lesions are generally isolated (75%);
Mixed vascular malformations are found in 20% of cases (range: 8–33%) and are related to cavernous

malformations (MVM)s;
Malformations of the venous system in the neck and head.

4.2. Classification Based on the Location

The most common locations (Figure 3) are as follows:
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Fronto-parietal CM (36–64%), generally draining toward the lateral ventricle’s frontal horn (Figure 3A,B);
Cerebellar hemispheric CM (14–27%), draining toward the 4th ventricle (Figure 3C);
Brainstem cavernoma (Figure 3D);
Spinal cavernoma (Figure 4).
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Figure 3. (A) CT scan showing a parietal cavernoma. (B) MRI showing a left basal frontal 
cavernoma. (C) MRI showing an rt cerebellar cavernoma. (D) MRI showing a pontine 
cavernoma. Source: Figure by authors. 

 
Figure 4. MRI showing a cervical spinal cord cavernoma. Source: Figure by authors. 

5. Radiological Features of Cavernomas 

Figure 3. (A) CT scan showing a parietal cavernoma. (B) MRI showing a left basal frontal cavernoma.
(C) MRI showing an rt cerebellar cavernoma. (D) MRI showing a pontine cavernoma. Source: Figure
by authors.
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Figure 3. (A) CT scan showing a parietal cavernoma. (B) MRI showing a left basal frontal 
cavernoma. (C) MRI showing an rt cerebellar cavernoma. (D) MRI showing a pontine 
cavernoma. Source: Figure by authors. 

 
Figure 4. MRI showing a cervical spinal cord cavernoma. Source: Figure by authors. 

5. Radiological Features of Cavernomas 

Figure 4. MRI showing a cervical spinal cord cavernoma. Source: Figure by authors.

5. Radiological Features of Cavernomas

State-of-the-art brain neuro-imaging techniques (called diffusion tensor tractography (DTI), gradient echo
(GRE), as well as susceptibility-weighted (SW) sequences are used to permit for computational and noninvasive
management planning (Table 2, Figure 5). Most cavernomas solely warrant observation with routine brain imaging
to look for changes, recent bleeding (“hemorrhage”) or new cavernoma/s.
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Table 2. Imaging appearance of CMs.

CT MRI Angiography

Hyperdense
T2 bright areas with the susceptibility effect

OccultT1 can have bright areas, no appreciable enhancement,
small adjacent DVA, if present strengthens the diagnosis

Source: Table by authors.
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State-of-the-art brain neuro-imaging techniques (called diffusion tensor 
tractography (DTI), gradient echo (GRE), as well as susceptibility-weighted (SW) 
sequences are used to permit for computational and noninvasive management 
planning (Table 2, Figure 5). Most cavernomas solely warrant observation with routine 
brain imaging to look for changes, recent bleeding (“hemorrhage”) or new 
cavernoma/s. 
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T2 bright areas with the susceptibility effect 

Occult 
T1 can have bright areas, no appreciable 

enhancement, small adjacent DVA, if present 
strengthens the diagnosis 

Source: Table by authors. 

 
Figure 5. MRI of brain axial (A) and sagital (B) view showing a CM in the posterolateral pons 
with a halo sign. Source: Figure by authors. 

A “popcorn” lesion is characterized by a center with a mixed signal in T1- and T2-
weighted scans, that is bordered by a full hemosiderin ring with decreased signal 
intensity in T2W images. The severity of the hemorrhage affects the appearance of a 
CM. CMs have a tendency to expand with time. The common coexistence of a CM and 
DVA is thought to be the result of repetitive minor hemorrhages (D’Souza and Vadera 
2022). 

a. Zabramski classification of cerebral cavernous malformations (Zabramski et al. 
1994): 

Type I: Subacute hemorrhage. T1—hyperintense. T2—hyper- or hypointense. 

Figure 5. MRI of brain axial (A) and sagital (B) view showing a CM in the posterolateral pons with a
halo sign. Source: Figure by authors.

A “popcorn” lesion is characterized by a center with a mixed signal in T1- and T2-weighted scans, that
is bordered by a full hemosiderin ring with decreased signal intensity in T2W images. The severity of the
hemorrhage affects the appearance of a CM. CMs have a tendency to expand with time. The common coexistence
of a CM and DVA is thought to be the result of repetitive minor hemorrhages (D’Souza and Vadera 2022).

a. Zabramski classification of cerebral cavernous malformations (Zabramski et al. 1994):

Type I: Subacute hemorrhage. T1—hyperintense. T2—hyper- or hypointense.
Type II: The most common type—classic “popcorn” appearance. T1—heterogenous signal intensity at

the center.
Type III: Chronic hemorrhage. T1—isointense to hypointense at the center.
Type IV: Numerous punctate micro-hemorrhages. T1—Hard to identify.

b. T 1 (Figure 6A): Variable signal based on the duration of the hemorrhage; Minimum fluid–fluid levels
may be seen.

c. T 2 (Figure 6B):

• Rim is hypointense;
• Variable internal signal based on the duration of the blood products;
• In a recent hemorrhage, an adjacent edema may be observed.

d. Gradient Recalled Echo (GRE) MRI:
GRE T2/SWI (Figure 6C)

- Blooming is prominent;
- Helpful for finding tiny lesions that would otherwise go undetected by traditional spin echo

sequences, particularly in individuals with familial or multiple cavernous malformations.
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Type III: Chronic hemorrhage. T1—isointense to hypointense at the center. 
Type IV: Numerous punctate micro-hemorrhages. T1—Hard to identify. 

b. T 1 (Figure 6A): Variable signal based on the duration of the hemorrhage; Minimum 
fluid–fluid levels may be seen. 

c. T 2 (Figure 6B): 

• Rim is hypointense; 
• Variable internal signal based on the duration of the blood products; 
• In a recent hemorrhage, an adjacent edema may be observed. 

 
Figure 6. (A) MRI T1W image showing a high-signal hemosiderin ring. (B) MRI T2W image 
showing a hypointense lesion. (C) SW MRI showing an rt frontal cavernoma. (D) MRI showing 
multiple cavernomas. Source: Figure by authors. 

d. Gradient Recalled Echo (GRE) MRI: 
GRE T2/SWI (Figure 6C) 
- Blooming is prominent; 
- Helpful for finding tiny lesions that would otherwise go undetected by 

traditional spin echo sequences, particularly in individuals with familial or 
multiple cavernous malformations. 

Figure 6. (A) MRI T1W image showing a high-signal hemosiderin ring. (B) MRI T2W image showing
a hypointense lesion. (C) SW MRI showing an rt frontal cavernoma. (D) MRI showing multiple
cavernomas. Source: Figure by authors.

With its capacity to show hemosiderin-filled cerebral parenchyma with a highly identifiable low intensity, a
GRE MRI scan is a significant tool for diagnosing CMs. Traditional MRIs reveal an average of five lesions per
patient in studies on familial CMs, whereas a T2W GRE MRI discovers a mean of sixteen pathologies per person.
A GRE MRI is capable of not only identifying all existing lesions, but also delineating them more accurately. While
a GRE MRI provides various advantages, it is vital to keep in mind that it increases the relative size of the CM.
GRE MR imaging may also reveal multifocal CMs in older persons with hypertension, as well as a history of
stroke, but these should not be confused with familial CMs; hypertensive angiopathy causes them.

e. Susceptibility-Weighted MR Imaging (Figure 6D): Since it reliably distinguishes deoxyhemoglobin and
hemosiderin, susceptibility-weighted (SW) scanning is highly useful for identifying CMs. SW imaging
is also the only approach for differentiating CMs and telangiectasias that do not bleed. It has been
demonstrated to outline CMs more precisely, as well as discover additional CMs that are not seen with
traditional imaging modalities.

f. Diffusion Tensor (DT) Imaging (Figure 7): Even though CMs are deeply placed in certain areas, DTI
and fMRI are utilized preoperatively for better visualization of the lesions and nearby parenchyma in
terms of improving the surgical success. The surgeon can see the white matter tracts that regularly pass
over the hemosiderin rim of the CM using DT tractography. When removing CMs in the brain, an fMRI
captures activity-dependent variations in cerebral blood flow, which is highly beneficial.
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Figure 7. MR showing tractography in a cavernoma patient. Source: Figure by authors. 

g. Angiography (DSA): CMs are angiographically occult and they do not have 
arteriovenous shunting. 

h. CT scan of brain (Figure 8) 

Figure 7. MR showing tractography in a cavernoma patient. Source: Figure by authors.
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g. Angiography (DSA): CMs are angiographically occult and they do not have arteriovenous shunting.
h. CT scan of brain (Figure 8)
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Figure 8. CT scan showing a calcified cavernoma. Source: Figure by authors. 

6. Clinical Presentation 

Seizures, headaches, neurologic deficits and asymptomatic presence are the four 
major kinds of clinical presentation. The most common presenting symptom is seizure, 
which affects 35–55% of patients. Several symptoms are found in many people. A bleed 
into the neighboring brain parenchyma occurs in some patients in each of the clinical 
groups. The hemorrhages are normally tiny, but they might be significant on rare 
occasions, causing the patient to rapidly deteriorate (Greenberg 2010). 

7. Treatment 

7.1. Microsurgery 

Indications of surgery include a ruptured CM, CM with a mass affect, cranial nerve 
palsy and epilepsy. For a ruptured and symptomatic CM, it is the standard treatment 
(Greenberg 2010; D’Souza and Vadera 2022; Spetzler et al. 2020; Spetzler et al. 2017; 
Macdonald 2008; Mouchtouris et al. 2015). 

7.1.1. Microsurgical Treatment of a Brainstem CM: Surgical Approaches 

a. Brainstem anatomy: The diencephalon, midbrain, pons and medulla oblongata are 
the four components of the brainstem, which have an ectodermal origin. The 
brainstem links the cerebral hemispheres well with the spinal cord as well as the 
cerebellum. It is responsible for mandatory vital functions like respiration, cardiac 
pulsation, blood pressure, consciousness control and sleep. White and gray matter 
coexist in the brainstem. 

Although complex, the internal anatomy of the brainstem is structured in three 
laminae (tectum, tegmentum and basis) that run the length of the brainstem (Spetzler 
et al. 2020). 

b. Approaches to CMs in the brainstem 

Figure 8. CT scan showing a calcified cavernoma. Source: Figure by authors.

6. Clinical Presentation

Seizures, headaches, neurologic deficits and asymptomatic presence are the four major kinds of clinical
presentation. The most common presenting symptom is seizure, which affects 35–55% of patients. Several
symptoms are found in many people. A bleed into the neighboring brain parenchyma occurs in some patients in
each of the clinical groups. The hemorrhages are normally tiny, but they might be significant on rare occasions,
causing the patient to rapidly deteriorate (Greenberg 2010).

7. Treatment

7.1. Microsurgery

Indications of surgery include a ruptured CM, CM with a mass affect, cranial nerve palsy and epilepsy. For a
ruptured and symptomatic CM, it is the standard treatment (Greenberg 2010; D’Souza and Vadera 2022; Spetzler
et al. 2020; Spetzler et al. 2017; Macdonald 2008; Mouchtouris et al. 2015).

7.1.1. Microsurgical Treatment of a Brainstem CM: Surgical Approaches

a. Brainstem anatomy: The diencephalon, midbrain, pons and medulla oblongata are the four components
of the brainstem, which have an ectodermal origin. The brainstem links the cerebral hemispheres well
with the spinal cord as well as the cerebellum. It is responsible for mandatory vital functions like
respiration, cardiac pulsation, blood pressure, consciousness control and sleep. White and gray matter
coexist in the brainstem.

Although complex, the internal anatomy of the brainstem is structured in three laminae (tectum, tegmentum
and basis) that run the length of the brainstem (Spetzler et al. 2020).

b. Approaches to CMs in the brainstem

Microsurgical approaches to brain stem CMs are shown in Table 3.

c. Approaches to the midbrain
Supra cerebellar infratentorial approaches:

1. Midline;
2. Lateral;
3. Far lateral:

- Supracerebellar transtentorial approach;
- Occipital transtentorial approach.

The dorsal midbrain, pineal region and upper pons can also be approached by the occipital transtentorial
approach:

d. Ventral midbrain approaches (shown Table 4);
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e. For lateral midbrain and upper pons (shown Table 4).

Table 3. Surgical approaches to CMs in the brainstem.

Lesion location Anterior Lateral Posterior

Midbrain
Pterional,
orbitozygomatic (OZ)
subtemporal

Lateral infratentorial
supracerebellar (LIS) LIS

Pons Pterional, OZ
subtemporal

Far lateral suboccipital
retrosigmoid

Median suboccipital/4th
ventricular

Medulla
Subtemporal, far lateral
suboccipital
transcondylar

Lateral suboccipital
retrosigmoid

Median suboccipital/4th
ventricular

Source: Authors’ compilation based on data from Spetzler et al. (2017).

7.1.2. Safe Entry Zone (SEZ) to the Brainstem

A. Pons

Safe entry zones (SEZ) to the Brainstem are shown in Figure 9, and in pons are shown in Table 4.
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Figure 9. Principles of SEZs to the brainstem. The colored ellipses represent areas where petit 
neurotomies can be carried out to avoid minuscule perforators, prime nerve tracts and nuclei. 
(Left) Antero-lateral surface of the brainstem demonstrating some anterior and anterolateral 
SEZs. (Right) View of the dorsal surface of the brainstem demonstrating SEZs on the surface of 
the quadrigeminal plate, floor of the fourth ventricle. (ALS—anterolateral sulcus; AMZ—
anterior mesencephalic zone; CN—cranial nerve; IBTZ—inferior brachium triangular zone; 
ICR—intercollicular region; ICZ—infracollicular zone; LMS—lateral mesencephalic sulcus; 
LMZ—lateral medullary zone; LPZ—lateral pontine zone; MS—median sulcus of fourth 
ventricle; OZ—olivary zone; PIC—paramedian infracollicular; PIS—posterior 
intermediatesulcus; PLS—posterior lateral sulcus; PMS—posterior median sulcus; PSC—
paramedian supracollicular; PTZ—peritrieminal zone; SCZ—supracollicular zone; SFT—
superior fovea triangle; STZ—supratigeminal zone). Source: Figure by authors. 

Table 4. Pontine SEZ. 

Approach SEZ 
Subtemporal transtentorial Supratrigeminal 

Anterior petrosectomy Supratrigeminal, peritrigeminal 

Suboccipital telovelar 
Median sulcus of the 4th ventricle, paramedian 

infracollicular, superior fovea triangular 
Retrosigmoid Supratrigeminal, peritrigeminal lateral pontine 

Retrolabrynthine Supratrigeminal, peritrigeminal lateral pontine 
Source: Authors’ compilation based on data from Spetzler et al. (2017). 

Figure 9. Principles of SEZs to the brainstem. The colored ellipses represent areas where petit
neurotomies can be carried out to avoid minuscule perforators, prime nerve tracts and nuclei.
(Left) Antero-lateral surface of the brainstem demonstrating some anterior and anterolateral SEZs.
(Right) View of the dorsal surface of the brainstem demonstrating SEZs on the surface of the
quadrigeminal plate, floor of the fourth ventricle. (ALS—anterolateral sulcus; AMZ—anterior
mesencephalic zone; CN—cranial nerve; IBTZ—inferior brachium triangular zone; ICR—intercollicular
region; ICZ—infracollicular zone; LMS—lateral mesencephalic sulcus; LMZ—lateral medullary
zone; LPZ—lateral pontine zone; MS—median sulcus of fourth ventricle; OZ—olivary zone;
PIC—paramedian infracollicular; PIS—posterior intermediatesulcus; PLS—posterior lateral sulcus;
PMS—posterior median sulcus; PSC—paramedian supracollicular; PTZ—peritrieminal zone;
SCZ—supracollicular zone; SFT—superior fovea triangle; STZ—supratigeminal zone). Source: Figure
by authors.
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Table 4. Pontine SEZ.

Approach SEZ

Subtemporal transtentorial Supratrigeminal

Anterior petrosectomy Supratrigeminal, peritrigeminal

Suboccipital telovelar Median sulcus of the 4th ventricle, paramedian infracollicular,
superior fovea triangular

Retrosigmoid Supratrigeminal, peritrigeminal lateral pontine

Retrolabrynthine Supratrigeminal, peritrigeminal lateral pontine

Source: Authors’ compilation based on data from Spetzler et al. (2017).

In the posterior pons/floor of the 4th ventricle, safe areas are the suprafacial triangle and infrafacial triangle
(Spetzler et al. 2017). These areas are approached by a suboccipital teloveloar approach.

In the lateral pons, the safe areas are as follows:

• Supratrigeminal area;
• Peritrigeminal area;
• Infratrigeminal area (between 5th and 7th nerve);

The lateral pontine zone can be reached by a retrosigmoid approach.
To reach betel, more wide exposure is required and then we need to utilize a presigmoid approach.

B. Medulla Oblongata

Medullary safe entry zone: In the anterior medulla, the safe zone is the olivary area. The olive is a small
elevation formed by the location of the inferior olivary nucleus.

Olivary zone: The olivary zone can be reached by the far lateral approach.
Dorsal medullary safe zone: The dorsal lateral medullary zone is a posterior midline sulcus and laterally

medullary zone, respectively. This area is approached by midline suboccipital craniotomy.

7.2. Conservative Treatment

Conservative treatment is utilized for incidental CMs.

7.3. Stereotactic Radiosurgery

Stereotactic radiosurgery is usually not recommended.

Author Contributions: Conceptualization, methodology, validation, formal analysis, investigation, resources, data curation,
S.A., F.H.C. and N.A.; writing—original draft preparation, S.A. and F.H.C.; writing—review and editing, F.H.C.,
visualization, supervision, M.H.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

Al-Shahi, Rustam, Jo J. Bhattacharya, David G. Currie, Vakis Papanastassiou, Vaughn Ritchie, Richard C. Roberts,
Robin J. Sellar, and Charles P. Warlow. 2003. Prospective, population- based detection of intracranial vascular
malformations in adults: The Scottish Intracranial Vascular Malformation Study (SIVMS). Stroke 34: 1163–69.
[CrossRef] [PubMed]

D’Souza, D., and S. Vadera. 2022. Cerebral Cavernous Venous Malformation. Reference Article, Radiopaedia.org.
Available online: https://doi.org/10.53347/rID-1064 (accessed on 4 April 2022).

Greenberg, Mark S. 2010. Handbook of Neurosurgery. New York: Thieme.
Kirollos, Ramez, Adel Helmy, Simon Thomson, and Peter Hutchinson. 2019. Oxford Textbook of Neurological Surgery.

Oxford: Oxford University Press.
Macdonald, R. Loch. 2008. Neurosurgical Operative Atlas: Vascular Neurosurgery. New York: Thieme.
Mouchtouris, Nikolaos, Nohra Chalouhi, Ameet Chitale, Robert M. Starke, Stavropoula I. Tjoumakaris, Robert

H. Rosenwasser, and Pascal M. Jabbour. 2015. Management of cerebral cavernous malformations: From
diagnosis to treatment. Scientific World Journal 2015: 808314. [CrossRef] [PubMed]

290

https://doi.org/10.1161/01.STR.0000069018.90456.C9
https://www.ncbi.nlm.nih.gov/pubmed/12702837
https://doi.org/10.53347/rID-1064
https://doi.org/10.1155/2015/808314
https://www.ncbi.nlm.nih.gov/pubmed/25629087


Salman, Rustam Al-Shahi, Julie M. Hall, Margaret A. Horne, Fiona Moultrie, Colin B. Josephson, Jo J. Bhattacharya,
Carl E. Counsell, Gordon D. Murray, Vakis Papanastassiou, Vaughn Ritchie, and et al. 2012. Untreated clinical
course of cerebral cavernous malformations: A prospective, population-based cohort study. The Lancet Neurology
11: 217–24. [CrossRef] [PubMed]

Spetzler, Robert F., M. Yashar S. Kalani, and Michael T. Lawton. 2020. Surgery of the Brainstem. New York: Thieme.
Spetzler, Robert F., M. Yashar S. Kalani, and Peter Nakaji. 2017. Color Atlas of Brainstem Surgery. New York:

Thieme.
Zabramski, Joseph M., Thomas M. Wascher, Robert F. Spetzler, Blake Johnson, John Golfinos, Burton P. Drayer,

Ben Brown, Daniel Rigamonti, and Geraldine Brown. 1994. The natural history of familial cavernous
malformations: Results of an ongoing study. Journal of Neurosurgery 80: 422–32. [CrossRef] [PubMed]

© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/).

291

https://doi.org/10.1016/S1474-4422(12)70004-2
https://www.ncbi.nlm.nih.gov/pubmed/22297119
https://doi.org/10.3171/jns.1994.80.3.0422
https://www.ncbi.nlm.nih.gov/pubmed/8113854
http://creativecommons.org/licenses/by/4.0/.

	About the Editiors
	Contributors
	Preface
	Acknowledgements
	Section I: The History of Neurosurgery, Branches of Neurosurgery, and Clinical Evaluation
	History of Neurosurgery: Around the World and in Bangladesh
	History of Neurosurgery—Worldwide 
	Introduction 
	Historical Ages 

	History of Neurosurgery in Bangladesh 
	Introduction 
	Beginning of Neurosurgery in Bangladesh 
	Development of Neurosurgical Centers 
	Evolution of Neurosurgical Investigations in Bangladesh 
	The Making of Neurosurgeons 
	Improving the Skills of Our Neurosurgeons 
	Neurosurgical Societies 
	The Bangladesh Journal of Neurosurgery (BJNS) 

	Conclusions 
	References


	Clinical Evaluation of the Nervous System: Neurosurgery and Its Branches
	Clinical History Taking for the Nervous System 
	Nervous System—Examination 
	Clinical Examination 
	Examination of an Unconscious Patient 
	Examination of Pediatric Patients 
	Examination for Dementia 

	Neurosurgery and Its Branches 
	References
	Section II: Neuroanesthesia
	Neuroanesthesia and Related Aspects
	Neuro-Anesthesia 
	Introduction 
	Disorders of ICP 
	Pharmacology Related to Neuroanesthesia 
	Practical Conduct Regarding Anesthesia for Neurosurgical Patients 
	Special Issues 
	References
	Section III: Investigations
	Neuro-Imaging, Neuromonitoring, and Other Special Investigations
	Neuro-Imaging 
	X-Ray 
	CT Scan 
	Magnetic Resonance Imaging (MRI) 
	USG of the Head 

	Neuromonitoring (Perioperative Neuromonitoring, EEG, ECoG, and Neuronavigation) and Other Special Investigations (NCS, EMG, and CSF Studies and Immunohistochemistry) 
	Nerve Conduction Study (NCS)/Nerve Conduction Velocity (NCV) Analysis and Electromyography (EMG) 
	Electroencephalography (EEG) 
	Magnetoencephalogram (MEG) 
	Perioperative Neuromonitoring 
	References
	Section IV: Congenital Disorders
	Congenital Abnormalities of CNS
	Introduction 
	Cranial Congenital Anomaly 
	Cerebral Aqueductal Stenosis with Hydrocephalus 
	Congenital Hydrocephalus 
	Craniosynostosis (Craniostenosis) 
	Encephalocele 
	Other Cranial Congenital Abnormalities 

	Spinal Congenital Anomalies 
	Spinal Dysraphism (Spina Bifida) 
	Other Spinal Anomalies 

	Cranio-Spinal and Other Anomalies 
	Chiari Malformation 
	References
	Section V: CSF Disorders
	Hydrocephalus
	Introduction 
	Etiology 
	Categories of HCP 
	Specific Etiologies of HCP in Pediatric Population 
	Congenital 
	Acquired 

	Classifications of HCP 
	Noncommunicating Hydrocephalus (Obstructive) 
	Communicating Hydrocephalus 

	Clinical Features of HCP 
	The Various Symptoms of Hydrocephalus 

	Radiological Features 
	Specific Imaging Criteria for HCP 
	Other Features Alluding to Hydrocephalus 
	Radiological Features in ‘Chronic HCP’ 

	Management of HCP 
	Endoscopic 3RD Ventriculostomy (ETV) 
	Choroid Plexus Cauterization 
	EVD 
	Shunting 

	Normal-Pressure Hydrocephalus (NPH) 
	Epidemiology 
	Pathology 
	Radiological Features 
	Morphological Changes in MRI 
	Differential Diagnosis of NPH 
	Treatment of NPH 

	Pineal Cyst and Posterior Fossa Cyst with HCP 
	Trapped Fourth Ventricle 
	Etiology 
	Clinical Presentation 
	Surgical Technique 

	Double-Compartment Hydrocephalus 
	HCP in Dandy–Walker Malformation 
	Radiological Diagnosis 
	Treatment Options 

	Long Standing Overt Ventriculomegaly 
	References


	Idiopathic Intracranial Hypertension (IIH)
	Introduction 
	Epidemiology 
	Pathogenesis 
	Symptoms of IIH 
	Signs of IIH 
	Diagnostic Approach 
	Neuroimaging Characteristics of Raised ICP 

	Management Principles of IIH 
	To Protect Vision 
	CSF Diversion 
	Optic Nerve Sheath Fenestration 
	Venous Stenting 
	Management of Headache 

	Definitions 
	References


	CSF Fistula
	Introduction 
	CSF Rhinorrhea 
	Etiology 
	Presentation 
	Physical Examination 
	Laboratory Tests 
	Neuro-Imaging Methods 
	Perioperative Intrathecal Fluorescein 
	Treatment Options for CSF Rhinorrhea 

	CSF Otorrhea 
	Congenital Cerebrospinal Fluid Leak 
	Acquired Cerebrospinal Fluid Leak 
	Clinical Presentation 
	Management 

	Spinal CSF Leaks 
	Traumatic Spinal CSF Leaks 
	Spontaneous Spinal CSF Leaks 
	Treatment of Spinal CSF Leaks 

	Conclusions 
	References
	Section VI: Head Trauma
	Head Injury
	Introduction 
	Pathophysiology of Head Injury 
	Incidence and Prevalence of Head Injury 
	Etiology of Head Injury 
	Risk Factors of Head Injuries 
	NICE Guidelines for Applying CT to Assess Head Injury 
	Principles of Management of Head Injury 
	Role of Imaging in Diagnosis and Treatment of Head Injury 
	Management of Head Injury/TBI Including ATLS 
	Management of Increased ICP 
	Seizure Control 
	Other Critical Care Measures 
	Tetanus Prophylaxis 

	Skull and Skull Base Fractures 
	Classification of Skull and Skull Base Fractures 
	Surgical Treatment 
	Complications of Depressed Fracture 
	Pond Fracture/Ping Pong Fracture 
	Growing Fracture 
	Skull Base Fracture 

	Cerebral Injury/Brain Injury 
	Classification of Head (Brain) Injuries 

	EDH (Extradural Hematoma) 
	Presentation 
	CT Appearances of EDH 
	Indications for EDH Surgery 

	Acute Subdural Hematoma (ASDH) 
	Etiologies 
	Management 
	Risk Factors for Worse Outcome 
	Comparison Between EDH and ASDH 

	Chronic Subdural Hematoma (CSDH) 
	Sign and Symptoms of CSDH 
	Neuroimaging 
	Etiology 
	Pathology 
	Management 

	Subdural Hygroma 
	Traumatic Intracerebral Hematoma (ICH) 
	Surgical Management of Traumatic ICH 

	Decompressive Craniotomy (DC) in Head Injury 
	DC Techniques 
	Cranioplasty 

	Cerebellar Injury 
	Brain Stem Injury 
	Death 
	Causes of Death via Head Injury 
	Brain Death 

	Burst Lobe Syndrome 
	Kluver–Bucy Syndrome 
	Amnesia Following Head Injury 

	Penetrating Injury of the Brain 
	Management of Penetrating Injuries 
	Gunshot Injury to the Head 

	Pneumocephalus and Tension Pneumocephalus 
	Pneumocephalus 
	Tension Pneumocephalus (TP) 

	Vascular Injury to the Cranium 
	Diagnosis 
	Medical Examination 
	Treatment 
	Dissection of Arteries and Pseudoaneurysm 
	Carotid-Cavernous Fistula (CCF) and AV Fistula 
	Traumatic Scalp AV Fistula 

	Cranial Nerves Injury 
	Facial Nerve Injury 
	Olfactory Nerve Injury 
	Other Cranial Nerves Injuries 
	Medicolegal Aspects of Cranial Nerve Injury 

	Traumatic CSF Rhinorrhea and Otorrhea 
	Post-Head-Injury Syndromes 
	Symptoms of Concussion 
	Management of Concussion 
	References







	Section VII: Neurovascular Diseases and Stroke
	Ischemic Stroke, Arterio-Occlusive Diseases and Cerebral Venous Sinus Thrombosis (CVST)
	Ischemic Stroke 
	Cerebral Blood Flow and Its Relation to Ischemia 
	Suddenly Developed Focal Neurological Deficit 
	Risk Factors for Stroke 
	Pathophysiology of TIA and Infarction 
	Cerebrovascular Reserve (CRV) and Reactivity 
	Penumbra and Treatment Rationale of Cerebral Infarction 
	Transient Ischemic Attacks (TIA) 
	Clinical Presentation of an Ischemic Stroke 
	Evaluation and Investigations 
	Management 
	Cerebellar Infarction 
	Malignant Middle Cerebral Artery (MCA) Territory Infarction 
	TIA and Minor Infarction—Management 

	Atherosclerotic Cerebrovascular Disease 
	Carotid Artery 
	Vertebrobasilar Insufficiency (VBI) 

	Cerebral Arterial Dissections (CADs) 
	Introduction 
	Pathophysiology 
	Etiology of “Spontaneous” Dissections 
	Clinical Presentation 
	Evaluation 
	Treatment 
	Outcome 

	Cerebrovascular Bypasses 
	Introduction 
	Classification 
	Indications 
	EC–IC Bypass for Cerebrovascular Ischemia 

	Cerebral Vein and Dural Sinus Thrombosis (CVST) 
	Introduction 
	Etiologies 
	Frequency of Involvement of Dural Sinuses and Other Veins 
	Pathophysiology 
	Clinical Features 
	Diagnosis 
	Prognosis 
	Treatment 
	References


	Spontaneous Intracerebral Hematoma
	Introduction 
	Intracerebral Hemorrhage in Adults 
	Risk Factors 
	Major Risk Factors 
	Weak Risk Factor 
	Ganglio-Thalamic ICH: Etiologies 
	Lobar Hemorrhage 

	Clinical Presentation of an ICH 
	Diagnostic Imaging 
	CT Scan 
	CTA 
	MRI Scan 
	MRV 

	Herniation Syndrome 
	Management 
	Medical Management 
	Surgical Management 
	Rehabilitation 
	References


	Subarachnoid Hemorrhage and Intracranial Aneurysm
	Introduction 
	Etiologies, Types and Frequencies of SAHs 
	Natural History of Disease 
	Morphology of a Saccular Aneurysm 
	Risk Factors for an SAH 
	Clinical Features 
	Symptoms and Signs 
	Meningismus 
	Coma Following an SAH 
	Mortality in Aneurysmal SAH 

	Intracranial Aneurysm 
	Presentation of a Ruptured Aneurysm 
	Presentation of an Unruptured Aneurysm 
	Diagnosis 
	Gradings 
	Treatments of an Intracranial Aneurysm 

	Anterior Communicating Artery (ACOM) Aneurysm 
	Types of ACOM Arteries 
	Surgical Technique 
	Complications of ACOM Aneurysms 

	Posterior Communicating (PCOM) Artery Aneurysm 
	Middle Cerebral Artery (MCA) Aneurysm 
	MCA Aneurysm Dome Projection 
	Surgical Technique 
	Complications 
	Giant MCA Aneurysm 

	Basilar Top Aneurysm 
	Types of Basilar Top Aneurysms 
	Microsurgical Approaches 

	ICA Bifurcation Aneurysm 
	Surgical Technique 

	Blood Blister Aneurysm 
	Surgical Technique 

	IC Dorsal Wall Aneurysm 
	Surgical Technique 

	Ophthalmic Segment Aneurysm 
	Surgical Technique 

	Paraclinoid Aneurysm 
	Surgical Treatment 

	Cavernous Carotid Aneurysm 
	Surgical Technique 

	DACA (Distal Anterior Cerebral Artery) Aneurysm 
	Surgical Technique 

	PICA Aneurysm 
	Surgical Technique 

	Dissecting Aneurysm 
	Surgical Technique 

	Mycotic Aneurysm 
	Surgical Management 

	Anterior Choroidal Artery (AChA) Aneurysm 
	Surgical Technique 

	Multiple Aneurysms 
	Management of Giant Aneurysms 
	BTO (Balloon Test Occlusion) of the Carotid and Vertebral Artery 
	Bypasses for Giant Aneurysms 
	How to Manage Giant MCA Aneurysms 
	How to Manage Giant ACOM Aneurysms 
	How to Manage Giant Basilar Top Aneurysms 

	Angio Negative SAH 
	SCA Aneurysm 
	Posterior Cerebral Artery (PCA) Aneurysm 
	Vertebral Artery (VA) Aneurysm 
	References


	Cerebral Arteriovenous Malformation (AVM)
	Introduction 
	Types Vascular Malformations 
	Components of an AVM 
	Classification of AVMs 
	Clinical Presentation 
	Natural History of Diseases 
	Radiological Assessment and Classification 
	Treatment 
	Microneurosurgical Treatment 

	Conclusions 
	References


	Cerebral Arteriovenous (AV) Fistula
	Introduction 
	Dural AV Fistula (DAVF) 
	Epidemiology 
	Distribution of Dural Supply 
	Classification of DAVFs 
	Signs and Symptoms 
	Risk Factors 
	Treatment of Arteriovenous Fistulas (DAVFs) 
	Types of AV Fistulas (According to the Location) and Their Surgical Approach 

	Vein of Galen Malformation 
	Introduction 
	Clinical Features 
	Classifications 
	Treatment: Options 
	Outcomes 

	Pial AV Fistula 
	References


	Caroticocavernous Fistula (CCF)
	Introduction 
	Anatomy of the Cavernous Sinus 
	Classification of the CCF 
	Pathophysiology 
	Natural History of CCFs 
	Etiology 
	Clinical Presentation 
	Symptoms 
	Signs 

	Radiological Assessment 
	Treatment of CCFs 
	Carotid Compression 
	Endovascular Management Is the Main Stay of Management 
	Surgical Trapping with or Without an STA–MCA Bypass 
	Gama-Knife Radiosurgery 
	References


	Cerebral Cavernous Malformation (CCM)
	Introduction 
	Natural History of Cavernoma 
	Location 
	Developmental Venous Anomaly (DVA) 
	Associations 
	Classification Based on the Location 

	Radiological Features of Cavernomas 
	Clinical Presentation 
	Treatment 
	Microsurgery 
	Conservative Treatment 
	Stereotactic Radiosurgery 
	References


	Moyamoya Disease (MMD)
	Introduction 
	Moyamoya Syndrome-Associated Diseases 
	Epidemiology 
	Types 
	The Suzuki Stages 

	Treatment 
	Surgical Revascularization 
	Conservative Treatment 
	References


	Endovascular Neurosurgery
	History of Endovascular Neurosurgery 
	SAH and Intracranial Aneurysms 
	Endovascular Coiling 
	Balloon-Assisted Coiling 
	Stent-Assisted Coiling 
	Flow Diversion 
	Flow Disruption 
	Embolization with Liquid Embolic Agents 

	Carotid Atherosclerotic Stenosis and Stenting 
	Endovascular Techniques 
	Post-Procedural Outcomes 

	Intracranial Arterial Stenosis and Stenting 
	Vertebral Artery (VA) Stenosis and Stenting 
	Carotid–Cavernous Fistula (CCF) 
	Classification 
	Etiopathology with Mode of Presentation 
	Investigations: Evaluation 
	Treatment 

	Cranial Dural Arteriovenous Fistulas (DAVFs) 
	Introduction 
	Common Locations 
	Epidemiology 
	Clinical Features 
	Natural History and Risk of Hemorrhage 
	Investigation: Evaluation 
	Treatments 

	Cranial Arterio-Venous Malformation (AVM) 
	Introduction 
	Anatomy 
	Etiopathogenesis 
	Epidemiology 
	Pathology 
	Physiopathology and Biology 
	Natural History 
	Clinical Features 
	AVMs and Aneurysms 
	Investigations and Evaluation 
	Grading of Cranial AVM 
	Treatments 

	Spinal Vascular Malformation (SVM) 
	Classification 
	Pathophysiology 
	Clinical Manifestation 
	Spinal DSA and ITS Techniques 
	Endovascular Therapy for SVMs 
	References



	Section VIII: Cranial Infection
	Cerebral Infection and Parasitic Infestation
	Introduction 
	Acute Bacterial Meningitis 
	Epidemiology 
	Etiology and Pathophysiology 
	Clinical Features 
	Laboratory Investigations 
	Treatment 
	Complications and Treatment 

	Viral Meningitis 
	Fungal Infections 
	Brain Abscess 
	Etiology and Pathogenesis 
	Clinical Features and Diagnosis 
	Imaging 
	Treatment 

	Subdural Empyema 
	Presentation 
	Evaluation 
	Treatment 

	Tuberculosis 
	Epidemiology 
	Pathogenesis 
	Pathology 
	Clinical Features 
	Diagnosis 
	Complications 
	Treatment 

	Parasitic Infestations 
	Neurocysticercosis 
	Hydatidosis 
	Cerebral Malaria 

	Shunt Infection 
	Etiology and Pathogenesis 
	Clinical Manifestations 
	Laboratory Data 
	Treatment 
	References



















	Section IX: Cranial Neoplasms
	Brain Tumours
	Incidence/Epidemiology 
	Classification 
	Intrinsic Brain Tumours 
	Gliomas 
	Ependymomas 
	Medulloblastoma 
	Intracranial Metastasis 

	Extrinsic Tumours and Tumour-like Conditions 
	Meningioma 
	Solitary Fibrous Tumour (Haemangiopericytomas) 
	Dermoids and Epidermoids 

	Sellar, Suprasellar, and Parasellar Tumours 
	Pituitary Tumours 
	Craniopharyngioma 
	Rathke’s Cleft Cyst 

	Pineal Tumours 
	Clinical Considerations 
	Investigative Considerations 
	Treatment Considerations 

	Intraventricular Tumours 
	Clinical Considerations 
	Treatment Considerations 
	References


	Skull Base Tumours
	Abbreviations
	Introduction 
	Esthesioneuroblastoma 
	Clinical Considerations 
	Investigative Considerations 
	Treatment Considerations 

	Juvenile Nasopharyngeal Angiofibroma 
	Clinical Considerations 
	Investigative Considerations 
	Treatment Considerations 

	Clival Chordoma 
	Clinical Considerations 
	Investigative Considerations 
	Treatment Considerations 

	Trigeminal Schwannoma 
	Clinical Considerations 
	Investigative Considerations 
	Treatment Considerations 

	Tumours of the Cerebellopontine Angle (CPA) and Vestibular Schwannoma 
	Clinical Considerations 
	Investigative Considerations 
	Treatment Considerations 

	Glomus Tumour 
	Clinical Considerations 
	Investigative Considerations 
	Treatment Considerations 

	Cavernous Sinus Lesion 
	Clinical Considerations 
	Investigative Considerations 
	Treatment Considerations 

	Orbital Tumour 
	Clinical Considerations 
	Investigative Considerations 
	Treatment Considerations 

	Surgical Approaches to the Skull Base 
	Pterional Craniotomy 
	Orbito-zygomatic Craniotomy 
	Subtemporal Approach 
	Kawase Approach 
	Transpetrosal Approaches to the Posterior Fossa 
	Retrosigmoid Approach 
	Suboccipital Craniotomy 
	References



	Section X: Spinal Neurosurgery
	Spinal Anatomy, Mobility, Balance, and Deformity
	Abbreviations
	Anatomy of the Spine 
	History 
	Basic Concepts 

	Concept of Balances 
	Spine Sagittal Balance 

	Kyphosis 
	Aetiology of Kyphosis 
	Scheuermann Kyphosis 
	Postlaminectomy Kyphosis 

	Scoliosis 
	Introduction and Classification 
	Management 
	References


	Spinal Injuries
	Abbreviations
	Introduction 
	Epidemiology and History 
	Three-Column Concept of the Spine 
	Clinical Evaluation of SCI 
	Neurological Evaluation 
	Radiographic Evaluation 
	Types of Spinal Cord Injury 
	General Types of Spinal Cord Injury 
	Specific Types of Spinal Cord Injuries 

	Medical Complications of Spinal Injuries 
	Cardiovascular Complications 
	Orthostatic Hypotension 
	Thermoregulation 
	Autonomic Dysreflexia 
	Deep Vein Thrombosis 
	Respiratory Complications 

	Prognosis for Recovery and Prediction of Outcome 
	Pharmacological and Surgical Procedures to Increase Recovery and Regeneration 
	Conclusions 
	References


	Degenerative Spinal Disease
	Abbreviations
	Introduction 
	Degenerative Disc Disease 
	Anatomy and Physiology of the Disc 
	Biomechanics of the Spine 
	Changes Caused by Ageing 

	Lumbar Disc Herniation 
	Introduction 
	Causes 
	Risk Factors 
	Pathophysiology 
	Clinical Features 
	Differential Diagnosis 
	Investigations 
	Management 
	Cauda Equina Syndrome 

	Spondylolisthesis 
	Introduction 
	Classification and Aetiology 
	Presentation 
	Investigations 
	Management 

	Dorsal Disc Prolapses 
	Introduction 
	Clinical Features 
	Neuroimaging 
	Treatment 

	Cervical Spondylosis and Myeloradiculopathy 
	Cervical Disc Herniation 

	Ossification of the Posterior Longitudinal Ligament (OPLL) 
	Introduction 
	Stages of Spinal Cord Damage Due to OPLL 
	Pathologic Classification 
	Treatment Decisions Based on Clinical Grade 

	Degenerative and Inflammatory Craniovertebral Junction (CVJ) Instability: Atlantoaxial Dislocation (AAD) 
	Introduction 
	Craniocervical Junction: Anatomy 
	Aetiology 
	Clinical Presentation 
	Differential Diagnosis 
	Investigations and Diagnosis 
	Classification of Atlantoaxial Dislocations 
	Treatment 

	Atlanto-Occipital Dislocation (AOD) 
	Ligamentum Flavum Hypertrophy (LFH) 
	References


	Spinal Tumours
	Abbreviations
	Epidemiology of Spinal Tumours 
	Classification of Spinal Tumours 
	Intradural–Extramedullary Tumours 
	Intradural–Intramedullary Tumours 

	Extradural Tumours 
	Chordoma 
	Epidural Tumours 
	Metastasis 

	Sacral Spinal Tumours 
	Lymphoma 
	PCNSL 

	Rare Spinal Cord Tumours 
	Epidemiology 
	Diagnostics 

	Dumbbell Tumours of the Spine 
	Spinal Arachnoid Cysts 
	Cysts and Tumour-like Lesions 
	Diagnostics and Differential Diagnostics of Spinal Cord Tumours 
	Benign Tumours of the Spinal Column 
	Spinal Osteosarcoma 
	References


	Spinal Infections and Parasitic Infestation
	Abbreviations
	Introduction 
	Incidence 
	Types of Spinal Infection 
	According to Anatomical Site 
	According to Aetiology 

	Predisposing Factors 
	Post-Procedure Spinal Infection 
	Post-Procedure Spinal Infection 

	Aetiopathogenesis 
	Clinical Presentation 
	Diagnosis 
	Management 
	Nonsurgical Management 
	Surgical Management 

	Follow-Up 
	Outcome 
	Recurrence 
	Spinal Tuberculosis/Pott’s Disease 
	Introduction 
	Incidence 
	Pathophysiology of Spinal TB 
	Clinical Presentation of Spinal TB 
	Diagnosis 
	Management 
	Cold Abscess 

	Spinal Epidural Abscess 
	Introduction 
	Aetiopathogenesis 
	Clinical Features and Diagnosis 
	Treatment 
	Outcome 

	Pyogenic Spondylodiscitis 
	Introduction and Aetiopathogenesis 
	Clinical Presentation 
	Investigations 

	Postoperative and Iatrogenic Spondylodiscitis 
	Introduction 
	Predisposing Factors and Aetiology 
	Treatment 

	Fungal Spinal Infection 
	Parasitic Spinal Infestation 
	Neurocysticercosis 
	Neuroschistosomiasis 
	Toxoplasmosis 
	Echinococcal (Hydatid) Disease 

	Conclusions 
	References


	Spinal Vascular Lesions
	Abbreviations
	Spinal Vascular Anatomy 
	Spinal Cord Ischaemic Conditions 
	Anterior Spinal Artery (ASA) Syndrome 
	Posterior Spinal Artery Syndrome (PSAS) 
	Venous Infarction (Total Cord Syndrome) 

	Spinal Vascular Malformations (SVMs) 
	Classification 
	Presentation 
	Evaluation 
	Treatment 

	Spinal Cavernous Malformation 
	Spinal Epidural and Subdural Haematomas 
	Vertebral Haemangioma (VH) 
	Introduction 
	Clinical Presentation 
	Evaluation 
	Treatment 
	References



	Section XI: Endoscopic Neurosurgery
	Endoscopy and MIS in Neurosurgery
	Abbreviations
	Introduction 
	Neuroendoscopic Instruments 
	Endoscopic Third Ventriculostomy (ETV) 
	History and Background 
	Important Operative Landmarks 
	Precautions 
	Success Rate of ETV 

	Complex Hydrocephalus Simplifications and Intracranial Cysts 
	Multiloculated Hydrocephalus 
	Intracranial Cysts 

	Endoscopic Applications in Neuro-Oncology 
	Endoscope-Assisted Microsurgery 
	Endoscopy for Base of the Skull Lesions 
	Endoscopic Transsphenoidal Surgery 
	Introduction 
	Operative Procedural Techniques 
	Advantages of Endoscopic Transsphenoidal Surgery 
	Complications of Endoscopic Transsphenoidal Surgery 

	Endoscopy in Intracranial Aneurysm Surgery 
	General Roles of Endoscope
	General Roles of Endoscope 

	Microvascular Decompression 
	Surgery for Craniosynostosis 
	Endoscopic and Endoscope-Assisted ICH Evacuation 
	Spinal Endoscopy 
	Introduction 
	History of Endoscopic Spine Surgery 
	Endoscopic Lumbar Spinal Surgery 
	Endoscopic Cervical Spine Surgery 
	Thoracic Spinal Endoscopy 

	Endoscopy in Peripheral Nerve Surgery 
	Future Directions 
	References



	Section XII: Functional Neurosurgery
	Dementia
	Abbreviations
	Introduction 
	Dementia and Causes 
	Diagnosing Dementia 
	Molecular Neuroimaging of the Dementias 
	Memory Dysfunction in Dementia 
	The Neuropathology of the Dementing Disorders 
	References


	Movement Disorders and Other Functional Neurosurgery
	Abbreviations
	Movement Disorder Surgery 
	Introduction 
	Definition of Movement Disorders 
	Parkinson’s Disease 
	Tremor 
	Dystonia 
	Stereotactic Neurosurgery 
	Surgery for Movement Disorders 

	Surgery for Spasticity 
	Etiologies 
	Clinical Features 
	Grading Spasticity (The Ashworth Scale) 
	Treatment 

	Torticollis (Wry Neck) 
	Etiology 
	Investigations 
	Treatment 

	Trigeminal Neuralgia (TN) 
	Introduction 
	Diagnostic Criteria 
	Classification of TN 
	Incidence and Pathophysiology 
	Causes 
	Clinical Features 
	Diagnosis 
	Treatment 

	Hemifacial Spasm (HFS) 
	Introduction 
	Etiopathophysiology 
	Investigations 
	Treatment 

	Glossopharyngeal Neuralgia (GN) 
	Pathophysiology 
	Clinical Features 
	Investigations 
	Treatment 

	Psychosurgery 
	Introduction 
	Prerequisites for NPM 
	Surgical Procedures 

	Intractable Pain Surgery 
	Introduction 
	Options of Pain Surgeries 
	References


	Epilepsy and Epilepsy Surgery
	Abbreviations
	Introduction 
	ILAE (International League against Epilepsy) Classification of Seizure Types, Expanded Version 
	Classification of Epilepsy 
	Epilepsy Syndrome 

	Etiology of Epilepsy 
	Etiology Genetic 
	Structural Etiology 
	Metabolic Etiology 
	Immune Etiology 
	Infectious Etiology 
	Unknown Etiology 

	Epilepsy Imitators 
	Drug-Resistant Epilepsy 
	Epilepsy Surgery 
	Introduction 
	Principle of Presurgical Evaluation 

	Conclusions 
	References



	Section XIII: Peripheral Nerve
	Peripheral Nerve Surgery
	Abbreviations
	Peripheral Nerve Injury (PNI) 
	Introduction and History 
	Peripheral Nerve Anatomy 
	Peripheral Nerve Physiology and Trauma Responses 
	Classification of PNI 
	Nerve Conduction Studies (NCSs), Electromyograms (EMGs) and MRI 
	Mechanism of PNI and Neuropathology 
	Recovery Time Frame for PNI 
	Treatment Approaches 
	Conclusions 

	Peripheral Nerve Tumor Surgery 
	Introduction 
	Clinical Presentation and Diagnostic Approach 
	Imaging 
	Benign Neoplasms of Nerve Sheaths or Nerve Sheath Tumors 
	Malignant Peripheral Nerve Sheath Tumors (MPNSTs) 

	Peripheral Nerve Entrapment 
	Introduction 
	Pathological Mechanisms of EN 
	Epidemiology of EN 
	Causes and Risk Factors of EN 
	Clinical Features of EN 
	Investigations 
	Treatment Options 
	Outcomes of EN 
	Carpal Tunnel Syndrome 
	References



	Section XIV: Future Directions
	Future Directions in Neurosurgery
	Abbreviations
	Introduction 
	Robotics in Neurosurgery 
	Introduction 
	Types of Neuro-Robots 
	Advantages of Neuro-Robotics 
	Applications in Neurosurgery 
	Conclusions 

	Neuro Stem Cell Therapy 
	Introduction 
	Applications in Neurosurgery 
	Conclusions 

	Gene Therapy in Neurosurgery 
	Introduction 
	Applications in Neurosurgery 
	Conclusions 

	Drug Addiction Surgery 
	Introduction 
	Application 
	Conclusions 

	Hydrocephalus Research 
	Introduction 
	Medical Research 
	Surgical Research 
	Conclusions 

	Culminating Remark 
	References



	Section XV: Neurology
	Neurological Medical Diseases for Neurosurgeons
	Abbreviations
	Encephalitis 
	Introduction 
	Signs and Symptoms 
	Causes 
	Investigations 
	Treatment 
	Prognosis 

	Demyelinating CNS Diseases 
	Acute Disseminated Encephalomyelitis (ADEM)/Post-Infectious Encephalomyelitis 
	Multiple Sclerosis 
	Acute Transverse Myelitis 
	Leukodystrophies 

	Motor Neuron Disease (Amyotrophic Lateral Sclerosis) 
	Introduction 
	Etiology 
	Clinical Presentation 
	Investigations 
	El Escorial Criteria for Diagnosis of MND/ALS 
	Treatment 

	Inherited Motor Neuron Disorders 
	Spinal Muscular Atrophies (SMAs) 

	Peripheral Neuropathies 
	Introduction 
	Etiology 
	Clinical Features 
	Evaluation 
	Treatment 

	Guillain–Barré Syndrome (GBS) 
	Introduction 
	Incidence and Etiopathogenesis 
	Clinical Features 
	Clinical Types of GBS 
	Investigations 
	Treatment 
	Outcome 

	Chronic Inflammatory Demyelinating Polyneuropathy (CIDP) 
	Outcome with Therapy 

	Neuromuscular Junction Disorder: Myasthenia Gravis (MG) 
	Introduction 
	Etiology 
	Pathology 
	Clinical Features 
	Differential Diagnosis 
	Natural History 
	Investigation 

	Inherited Myopathies 
	Inherited Muscle Disorders 
	Muscular Dystrophies 
	Dystrophies: General Principles and Investigation 

	Neurometabolic Diseases: Wilson Disease 
	Introduction 
	Pathology 
	Clinical Presentations 
	Diagnosis 
	Treatment 
	References



	Section XVI: Rehabilitation
	Neurorehabilitation in Neurosurgery
	Abbreviations
	Introduction and Concepts 
	Spinal Cord Injury (SCI) 
	Spinal Canal Stenosis and Disc Surgery 
	Traumatic Brain Injury (TBI) 
	Rehabilitation of Stroke Patients 
	Rehabilitation of Patients with Brain Tumor 
	Conclusions 
	References



	Blank Page



