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I. General information

Traumatic brain injury involves an injury to the skull and brain
parenchyma caused by mechanical force, most common in the case of
falls, car accidents or assaults. Brain injury can be caused primary at
time of trauma or secondary by the effect of intracranial hypertension
triggered by trauma. More than half of the patients with coma in the
emergency department still have more other organs injured. (2)

2. Clinical evaluation
Examination of the patient with craniocerebral trauma begins at the
site of its occurrence. Includes: assessment of consciousness, blood
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pressure, heart rate, aiming at ensuring the freedom of the airways,
assessment of associated injuries. (12)

Associated with brain injury may be found lesions of the scalp or
skull. Scalp injuries are important in providing information about the
nature of the trauma. Skull lesions are classified as: linear fractures,
comminuted fractures, basal fractures. Linear fractures are often produced
in the neurocranium and are a sign of severe head injury. Comminuted
fractures are of 2 types: inclusive and extrusive. May be associated with
injuries of the dura mater. Basal fractures represent a danger through
the possibility of creating a communication between the internal and
external environment that can lead to posttraumatic meningitis. (19)

Posttraumatic brain injuries are also of several forms: cerebral
contusion, cerebral edema, shear axonal injuries, haemorrhage, ischemia,
posttraumatic hydrocephalus.

Cerebral contusions interest the nerve substance and vessels.
Depending on the production mechanism can be direct or indirect.
Direct contusions are produced by hitting the skull by an object which
can lead to an adjacent lesion of the parenchyma. Indirect contusions
are produced by deceleration mechanisms that lead to the collision of
the parenchyma of bone structures on the opposite side of the trauma.
Contusions can be single or multiple, focal or diffuse and can evolve if
not treated correctly. There may be a correlation between the location
of the contusions and the symptoms. (15)

Figure 1. CT aspect of cerebral contusions
(Personal collection of dr. Vicentiu Saceleanu)
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Cerebral edema is a way of responding to the parenchyma in case of
trauma. It can be adjacent to a contusion or generalized to the entire
surface of the brain.

Shear axonal injuries are very severe injuries with a poor prognosis.
They are followed by sequelae, usually permanent. They are produced
by the rotational movement of the cerebral hemispheres in the opposite
direction, one to the other or both to the brainstem resulting in axonal
damage.

Posttraumatic haemorrhage can take several forms: epidural,
subdural, or intraparenchymal with or without ventricular burst.

Ischemia can be caused by the compressive effect of hematoma or
cerebral edema.

Posttraumatic hydrocephalus is the accumulation of excess
cerebrospinal fluid. It can occur acutely by obstructing the aqueduct
with blood clots or later by hypersecretion of cerebrospinal fluid. (8)

Cranial nerve injuries are clinical features that can occur in the
event of a brain injury. The mechanism of production can be a bone
fracture that usually leads to acute and irreversible clinical signs or the
compressive effect of cerebral edema, and the clinical signs appear later
and are often reversible. (7)

Clinical signs that may occur in case of a brain trauma can be:
headache, vertigo, vomiting, loss of consciousness. (6)

The most widely used consciousness assessment scale is the
Glasgow Coma Scale which assesses the response to 3 samples resulting
in the GCS score: (5)

1. Best eye opening:

- Spontaneous 4 points
- To speech 3 points
- To pain 2 points
- None I point
2. Best verbal:

- Oriented 5 points
- Confused 4 points
- Inappropriate 3 points
- Incomprehensible 2 points
- None I point



3. Best motor:

- Obeys 6 points
- Localizes pain 5 points
- Withdraws to pain 4 points

- Flexion (decorticate) 3 points
- Extensor (decerebrate) 2 points
- None I point

The MILLER classification divides brain injuries into 3 groups
according to severity:

I.  Minor traumatic brain injury - GCS: 13-15 p. Depending on the
severity, it is subdivided into: grade o - without losing consciousness,
the patient can go home; grade o with risk - (alcoholism, drugs,
anticoagulant therapy, age, epilepsy), a CT scan should be performed
and hospitalized is needed for 24 hours; grade 1 - loss of consciousness
for up to 5 minutes, retrograde amnesia, persistent headache; grade
2 - loss of consciousness for 30 minutes.

1. Medium traumatic brain injury - GCS: 9-12 p. These
patients require special attention, because they can worsen
neurologically at any time.

111. Sever traumatic brain injury - GCS < 8 p., state of coma. (18)

In about 10-15% of cases of brain injuries are associated with injuries
of other organs. (1)

3. Imaging evaluation

Skull radiography lost its importance with the use of brain CT as a
routine examination as well as the usual use of bone window
examination. May show cranial fractures, pneumocephalus, fluid level
in the air sinuses, penetrating foreign bodies.

Cervical spine radiograph is performed in the case of patients with:
GCS < 15, paresthesia in the upper limbs, focal neurological deficit, neck
pain, failure to test neck movements, comatose patients, alcohol
intoxication.

Cranial CT scan is indicated: in case of patients with GCS <14 p.,
state of coma, damage and / or neurological deficits, associated
anticoagulant treatment, posttraumatic seizures, complex or
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penetrating head wounds, suspected or confirmed CSF fistula. (4)

Patients with major brain trauma can perform cranial CT after
stabilization of vital functions, and transportation will be performed
under the supervision of the medical team. (11)

Signs that may appear on CT cranial scan:

- haemorrhage: epidural hematoma, subdural hematoma,
subarachnoid  haemorrhage, intraparenchymal  haemorrhage,
hemorrhagic contusion, ventricular haemorrhage

- hydrocephalus

- cerebral edema

- cranial fractures

- cerebral ischemia

- pneumocephalus

- midline shift

4. Pre-hospital treatment and patient transportation

The treatment of the patient with cerebral trauma begins with the
first aid given at the scene of the incident. The main objectives are:
ensuring vital functions, cervical rachis stabilization, evaluation of the
level of consciousness, evaluation of associated injuries. (15)

The transport of the patient with minor cerebral trauma can be
performed with any type of ambulance, while the patient with major
cerebral trauma must be transported by ambulance with resuscitation
equipment and emergency doctor to monitor vital functions. (1)

Treatment of wounds associated with brain trauma involves:
shaving the hair around the wound about 2 cm, asepsis with betadine,
anesthesia with lidocaine, debridement, suturing and again asepsis,
application of a bandage that will be changed daily, tetanus prophylaxis,
suppression of sutures after 6 -7 days. (10)

Minor traumatic brain injuries require: bed rest with the head raised
to 30 degrees, symptomatic treatment for headache, vertigo, vomiting.

(9)

Criteria for hospitalization:
- GCS14p.orless
- associated anticoagulant treatment or other risks
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- amnesia over 5 minutes, vomiting, seizures, focal signs, positive
CT (20)

Medium traumatic brain injuries require the same therapeutic
recommendations as minor ones, with the addition of Mannitol for
brain depletion in the case of anisocoria or focal motor deficits. (13)

It is necessary to monitor the neurological status and repeat the CT
scan of the brain if the patient worsens neurologically. If GCS falls
below 8 points, intubation is required. (20)

Patients with major brain trauma are in a coma and generally
associate lesions of the facial mass, cervical spine, abdominal organs,
etc. (3)

Increased attention will be paid to the prevention of cerebral side
effects of deteriorated systemic factors (hypoxia, hypercarbia, anemia,
hypotension). Stabilization of hemodynamics and respiration is
mandatory. If an intracranial hematoma is detected by CT scan and has
surgery indications, emergency surgery is performed. (17)

5. Extradural hematoma

Extradural hematoma is a collection of blood formed between the
inner table and the dura mater. The cause of extradural hematoma is
most commonly a post-traumatic arterial injury, in most cases of the
middle meningeal artery. The most common location of the extradural
hematoma is in the temporal region where the dura mater has minimal
adhesion. The etiology of the hematoma can also be venous through the
rupture of a venous sinus or in other cases can be due to skull fracture.
(14)

Extradural hematoma mainly affects males and young people. Dura
mater is more difficult to detach in infants and the elderly, which is why
it is rare in these age groups. (20)

Symptomatology

The clinical course of extradural hematoma is staged. Initially there
is a loss of consciousness, then there is a return to normal
consciousness, then there are disorders of consciousness that progress
to coma. In the absence of diagnosis and treatment, a contralateral
motor deficit appears that progressively worsens, ipsilateral mydriasis
and signs of decerebration. (9)



Paraclinical explorations

The cerebral CT examination is the examination of choice,
highlighting the appearance of a spontaneously hyperdense biconvex
lens, arranged immediately below the internal plate. Cerebral CT scan
specifies the location which can be: temporal, frontal, parietal, occipital,
bilateral or posterior fossa. (20)

~ e -
Figure 2. CT aspect of left convexital extradural hematoma
(Personal collection of dr. Vicentiu Sdceleanu)

Treatment

The treatment is surgical, the extradural hematoma representing a
major neurosurgical emergency. The surgery treatment involves
performing a bone flap centered on the hematoma, evacuating the
hematoma, identifying the source of bleeding and hemostasis. (12)

Patients can be managed nonsurgically through serial CT scans if:
volume < 3oml, thickness < 1smm, midline shift < smm, GCS >8p and
no focal neurologic deficit.(9)

Overall mortality is about 5%. If the neurological signs are minor,
postoperative healing is obtained in most cases. If there are signs of
decerebration or peeling before the intervention, the mortality is 6o-

75%. (7)



Figure 3. Postoperative CT aspect of right convexital epidural hematoma
(Personal collection of dr. Vicentiu Sdceleanu)

Figure 4. CT aspect of left fronto-temporal extradural hematoma
associated with fracture skull fracture
(Personal collection of dr. Vicentiu Saceleanu)
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6. Acute Subdural hematoma

Acute subdural hematoma is a collection of blood between the dura
mater and the brain. (14)

The cause is generally traumatic, the etiological substrate being the
rupture of a vein, an artery or a cerebral dilaceration. (14)

Symptomatology

Clinical manifestations occur immediately post-traumatic. Most
often, acute subdural hematoma is manifested by a brutally installed
coma. Sometimes it copies the evolution of the extradural hematoma,
with free interval, followed by disturbances of consciousness,
contralateral deficit, ipsilateral mydriasis, coma and finally
decerebration. Sometimes, acute subdural hematoma is relatively well
tolerated, with the patient showing minimal signs of intracranial
hypertension and minor disturbances of consciousness. (9)

Paraclinical explorations

Acute subdural hematoma appears in the form of a spontaneously
hyperdense, hemispherically arranged collection, with poorly defined
contours, located adjacent to the bone. Cranial CT examination detects
hematoma volume, location, mass effect, and associated lesions. (20)

Figure 5. CT aspect of acute right subdural hematoma
(Personal collection of dr. Vicentiu Saceleanu)
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Treatment

Surgical treatment is performed urgently with the objectives of
evacuating the hematoma, eliminating the compressive effect on the
brain and hemostasis. (15)

Surgical indications is based on CT appearance and clinical signs:

- Thickness of hematoma > 10 mm, or midline shift > 5 mm - surgery
is indicated irrespective of GCS

- Thickness < 10 mm, shift < 5 mm - surgery is performed if: GCS
decreases by 2 points, anisocoria, intracranial pressure>2ommHg.

The surgery involves performing a bone flap centered on the lesion,
large enough to allow cerebral decompression or for a possible
decompressive craniectomy if necessary.

The prognosis is reserved, mortality being 50-75%, and healing with
postoperative sequelae 60%. (14)

Figure 6. Postoperative aspect of acute subdural convexital right
hematoma
(Personal collection of dr. Vicentiu Saceleanu)
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Figure 7. CT aspect of subacute left convexital subdural hematoma
(Personal collection of dr. Vicentiu Saceleanu)

=. Chronic subdural hematoma

Chronic subdural hematoma is a blood collection between the dura
mater and the brain.

Chronic subdural hematoma develops slowly over several weeks,
sometimes months, as a result of an unnoticed minor brain trauma.
Affects extreme ages: newborn, toddler and the elderly.

The source of blood may be the rupture of a corticodural vessel.
They are in tension in case of a cortical atrophy which increases the
predisposition to rupture of the vessel. (14)

Symptomatology

Symptoms appear progressively over the course of weeks. The
patient may have: headache, motor deficit, speech disorders, behavioral
disorders. (9)

Paraclinical explorations

The cranial CT scan is the quick, elective investigation that allows
the assessment of the location, volume and mass effect produced by the
hematoma. The imaging aspect is of isodense collection at the
beginning, which later becomes hypodense. A heterogeneous
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hyperdensity in this collection indicates a recent bleeding. Contrast
injection loads the contours of the hematoma membrane. (12)

Figure 8. CT aspect of chronic subdural convexital left hematoma
(Personal collection of dr. Vicentiu Saceleanu)

Treatment

In chronic subdural hematomas, the therapeutic attitude is
correlated with the clinical picture and the appearance of the brain CT.
Chronic low volume subdural hematomas are generally poor in
symptoms. Surgical abstinence, clinical surveillance and CT re-
examination are preferred.

Surgical treatment is indicated when the hematoma is over 1 cm
thick and produces symptoms.

The most commonly used surgical technique is craniectomy
through a drill hole and draining the hematoma for 48 hours to prevent
bleeding and accumulation of air in the remaining cavity.

The prognosis is generally good with improving the patient's
neurological condition. (10)

14



Figure 9. Postoperative CT aspect of chronic convexital left hematoma
(Personal collection of dr. Vicentiu Saceleanu)

8. Posttraumatic intraparenchymal hematoma

It is a blood collection in the brain parenchyma acquired post-
traumatic due to a contusion or a laceration. They occur mainly in the
frontal and temporal lobes. During evolution, it can grow and open the
subdural space or ventricles or it can resorb on its own. (16)

Symptomatology

Symptoms include: signs of intracranial hypertension, altered
consciousness.

Paraclinical explorations

Cranial CT detects an intraparenchymal hyperdensity, possibly
corticalized. Perilesional appears as a hypodense halo that represents
edema. It has a mass effect on the brain parenchyma. Subdural or
epidural hemorrhages may also occur in other regions. (5)
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Figure 10. CT aspect of cerebral frontal right intraparenchymal hematoma
(Personal collection of dr. Vicentiu Sdceleanu)

Treatment

Surgical treatment is performed if the volume of the hematoma is
large and aggravates the neurological condition of the patient or if no
clinical response is obtained by drug treatment. If the hematoma
increases in size, imaging and neurological reassessment in dynamics is
recommended. (18)

Figure 11. Postoperative CT aspect of cerebral frontal right
intraparenchymal hematoma
(Personal collection of dr. Vicentiu Saceleanu)
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9. Skull fractures

Skull fractures can be classified into simple or compound fractures.
Linear fractures of convexity rarely require surgery. Surgery is indicated
in cranial fractures in which the depression of a bone fragment is
greater than the thickness of the bone in that region. (10)

The purpose of the intervention is to perform hemostasis in the
fracture site that can lead to an extradural hematoma, to remove the
bone fragment migrated to the parenchyma and any foreign bodies. (4)

Nonsurgical treatment is applied if the depression of the bone
fragment is less than 1 cm, there are no clinical or imagistic signs of
dural penetration, no sinus is involved, no infected wounds are
associated. Closed skull fractures and base skull fractures have no
surgery indication. (15)

In the case of craniocerebral trauma, the so-called traumatic
approach must be considered. The principles of this approach are:

- the patient positioned in supine position with the head rotated
contralateral to the lesion and elevated to 15-30 degrees;

- the skin incision is made in the form of a question mark (or a
question mark turned over in the right-side approach). It starts at the
level of the zygomatic arch, 1 cm anterior to the tragus continues
superiorly and then posteriorly enveloping the auricular pavilion. After
reaching the back of the auricular pavilion, it follows a higher path to
the paramedian level, after which it curves forward and ends at the
hairline;

- aburr hole is made in the sphenoid bone depression, the rest of
burr holes are made along the edge of the incision;

- the dura mater is then incised and suspended;

- if a decompressive craniectomy is considered, the flap will not
be repositioned. 1t will attach in a second operator time. (12)
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Figure 12. CT aspect of left frontal skull fracture
(Personal collection of dr. Vicentiu Sdceleanu)
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(Personal collection of dr. Vicentiu Saceleanu)
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Figure 14. Skull fracture caused by foreign body penetration
(Personal collection of dr. Vicentiu Sdceleanu)

10. Scalp lesions

Scalp lesions can be represented by: swelling, bruising or even
wounds. All this represents the traumatic mark. It is important in
providing information about how the brain trauma occurred.

Depending on their appearance, they can be linear, stellate or with
lack of substance.

Depending on the production mechanism they can be: wounds by
cutting, wounds by concussion (produced by crushing a solid plane),
wounds by shooting. (12)
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Figure 15. Occipital linear wound
(Personal collection of dr. Vicentiu Saceleanu)

Figure 16. Deep paramedian frontal wound
(Personal collection of dr. Vicentiu Sdceleanu)
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Wound treatment should follow the steps:

- shaving the hair 2 cm around the wound;

- wound inspection for any foreign bodies or bone fragments;

- cleaning and asepsis of the wound with hydrogen peroxide, saline,
betadine solution;

- excision of devitalized areas;

- wound suture;

- a new asepsis of the wound and the application of a sterile
dressing;

- tetanus prophylaxis and antibiotic therapy;

- wound dressing and asepsis will be performed once every 2 days;
and at 8-10 days the sutures will be suppressed. (15)

Disclaimer: The authors have no conflicts of interest to declare.
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I. Definitions

The ischemic stroke pathology resides on three distinguishable
concepts: the transient ischaemic attack, the stroke and the watershed
infarct.

Stroke or cerebral infarction is an irreversible death of brain tissue
due to inadequate or absence blood flow perfusion in a region of the
brain or brainstem.

Transient ischaemic attack is a temporary dysfunction that occurs
secondary to a focal ischaemia without acute infarction or permanent
stroke.

Watershed infarction is an ischaemic infarction that occurs in a
peripheral region served by two isolated arterial branches caused by a
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disturbance in blood perfusion in one or both arteries.

In all cases, decrease of cerebral blood flow may occur through an
occlusion or an arterial spasm. Arterial occlusion may be thrombotic or
embolic.

2. Epidemiology

Ischemic and hemorrhagic strokes represent together the third
cause of death after heart diseases and neoplasms. The annual mortality
from this condition varies in Europe between 64-274/100.000
inhabitants.

Cl represents the largest proportion (70-80%) of total strokes.
Around 50% of ClI are due to the atherosclerotic disease of the large
vessels. Another 20% are produced by lacunar infarctions due to the
occlusion of the penetrating deep arteries with low diameter. Embolic
events are the source of 30% of Cl, the most frequent starting point
being the cardiac source.

3. Etiology

By far, the first cause of ischaemic and hemorrhagic stroke is
atherosclerosis of arteries occurring especially in the elder population.

The second cause of ischaemic stroke is embolia. This condition
occurs especially in the population with cardiac comorbidities such as
atrial fibrillation, cardiomyopathy, myocardial infarction, rheumatic
heart disease, mitral valve prolapse or endocarditis and in the
population of patients with aorta arch conditions such as
atherosclerosis with a wall thickness greater than 4 mm.

Other causes consists of clotting disorders such as protein
deficiencies of C, S, AT 111 or thrombophilia, autoimmune or infectious
vasculitis, administration of oral contraceptives, cerebral
thrombophlebitis, radiotherapy, non-inflammatory vasculopathies
such as carotid or vertebral artery dissections, moyamoya disease,
pseudoxanthoma elasticum, homocystinuria or fibromuscular
dysplasia, vasculopathies such as Takayasu’s, infectious: TB, syphilis,
ophthalmic zoster, amphetamine abuse and miscellaneous causes such
as idiopathic, cerebral venous thrombosis, migraine, cocaine abuse or
posterior reversible encephalopathy syndrome.
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4. Risk factors

The most important factors of ischaemic stroke that facilitate also
the apparition of atherosclerosis are modifiable risk factors in relation
to lifestyle such as smoking, animal fat enriched diet, excessive intake
of alcohol and/or coffee, stress and sedentarism and modifiable risk
factors in relation to some pathologies, such as arterial hypertension,
type 2 diabetes, hiperlipidemias, obesity and oral contraceptives
administration. The non modifiable factors that increase the risk of
ischaemic stroke are the age of patients, the gender and personality.

Smoking. A smoker’s risk of suffering cardiovascular disease is twice
more frequently than in nonsmokers. Nicotine infusion in blood causes
arteriolar vasoconstriction, tachycardia, intensifies myocardial activity
consequently increasing the arterial blood pressure.

Alcohol. High intake leads to obesity and dyslipidemia, in addition
to the occurrence of chronic gastritis, peptic ulcers, liver disease,
pancreatic and polyneuropathy.

Coffee. Increasing the amount of more than two cups of coffee / day
causes tachycardia, hypertension and favours the occurrence of heart
rhythm disorders.

Blood pressure. The guidelines developed by the World Health
Organization and the International Society of Hypertension (1999)
defines hypertension as a systolic pressure of 140 mm Hg or higher and
/ or diastolic blood pressure of 9o mm Hg or greater, in the people who
receive no kind of antihypertensive medication. The values apply to
people over 18 years old.

Diabetes accelerates the accumulation of cholesterol deposits in
vascular walls, favouring the emergence and progression of
atherosclerosis.

Dyslipidemia is the appearance of an imbalance in the normal
concentrations of serum lipids. Hypercholesterolemia occurs either due
to a cholesterol-rich diet or by its excessive production in the liver due
to hereditary abnormalities.

Obesity is the increased body mass index (BMI) over 30.
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5. Pathogenesis

In the stroke pathogenesis the following mechanisms are implied
such as the intrinsic processes to the atrial wall that comprise
atherosclerotic formation of atheroma plaque, lipohyalinosis,
inflammatory lesions and arterial dissection.

The occurrence of a laceration in the intima of the arterial wall (in
particular, at the level of the atheroma plaque with anfractuous edges)
causes blood to come into contact with the subintimal tissue (especially
with the collagen) consequently occurring the phenomenon of platelet
adhesion. The platelets adhesion to the vascular wall undergo a series
of biochemical reactions that result in the release of coagulation factors
which produce the phenomenon of platelet aggregation. In their turn,
the aggregated platelets release substances that are the origin of other
platelet aggregation, causing a chain reaction. The result of this chain
reaction is the formation of the white thrombus (platelet). It may break,
resulting in the appearance of platelet emboli. To this white thrombus,
a number of substances contained in the blood and especially in fibrin
filaments adhere. They form a network (like a net) of red blood cells
resulting over time in the red thrombus because of the inward wall
stagnation. The red thrombus can evolve in three ways, it may gradually
increase and cause vessel occlusion, it can detach partially or totally
within bloodstream and thereby constitute an embolism or it may
undergo alocal transformation that will result in its local coverage from
the intimate and inclusion into the atrial wall. This phenomenon results
in the appearance of a non-evolving stenosed scar at wall level and the
production of blood hemodynamic changes.

Another pathogenic mechanism is the cardiac embolism from a high
caliber extracranial vessel (aortic arch, carotid and vertebral arteries) to
low caliber intracranial vessel and by far, the most important
mechanism is reduction of perfusion pressure that can occur through
hypotension in patients with atherosclerosis. Another mechanism is
rupture of a cerebral vessel with secondary spasm and subsequent
ischemia (e.g. in subarachnoid hemorrhage SAH) and the last
mechanism consists in the hemodynamic mechanism. Blood steal
syndrome occurs more frequently in the subclavian steal syndrome, that
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consists in the subclavian artery occlusion proximally to the origin of
the vertebral artery.

Whatever the mechanism be incriminated in the production of
ischaemic stroke, after the removal of blood supply due to obstruction
or the brain blood vessels hypoperfusion, within a few minutes, in that
region will occur the death of the nerve cells.

The area around this centre is called ischemic penumbra and
contains functionally damaged brain tissue but still viable due to the
blood supply through the collateral vessels. 1f ischemia remains in this
reversible damaged area, the central area can be included soon, which is
already infarcted, leading to the progressive increase of brain
damage. The therapeutic strategies aimed are limiting the area of
ischemic penumbra.

6. Clinical picture

Clinical picture severity in cerebral ischemia depends on the size
and location of the embolus, on the alternative possibilities of collateral
circulation. This collateral circulation may be localized between the
territories of ICA and ECA through branches of the middle cerebral
artery (MCA) with facial artery and internal maxillary artery or between
the internal carotid artery (ICA) and the posterior cerebral artery,
through the circle of Willis at the base of the brain.

A very important diagnostic tool in recognizing the symptoms of a
stroke consists in the clinical observation of the medical practitioner of
the clinical findings on the patient that presents in the emergency
department, like the rapidly instalment of hemi or monoparesis,
sometimes impaired consciousness, brutal or mild headache, the
sudden loss of vision in one eye (amaurosis fugax), both eyes, or half of
the visual field (hemianopsie), or the occurrence of double vision,
aphasia, dysarthria, ataxia, balance disorders, muscular fatigability in
the extremities and or loss of sensitivity on a limb or limbs.

7. Vascular syndromes

The most important vascular syndromes consists of the symptomes
given by the occlusion of the arteries that perfuse that respective area.
There are five major syndromes: the anterior choroidal artery syndrome
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that has clinically sensoriomotor hemiparesis, the anterior cerebral
artery syndrome that gives hemiparesis with predominance of crural
motor deficit, urinary incontinence and frontal lobe syndrome in
bilateral obstruction, middle cerebral artery that gives contralateral
sensorimotor deficits, hemianopsie, lateral deviation of the head and
eyes towards the brain injury, in the damaged dominant hemisphere-
aphasia, posterior cerebral artery syndrome that gives hemianopsie and
sometimes smooth-receptive aphasia when the dominant hemisphere
is damaged and the basilar or vertebral artery syndrome that traduces in
visual field disorders, ataxia, vertigo, dysarthria, dysphagia, ocular
motility impairment, loss of consciousness, hemihypoesthesia and
equilibrium impairment.

8. Evaluation

First of all, the patient must be assessed on the history and physical
exam that will elude the clinician in discovering the systemic disease
and the modifiable or non-modifiable factors that contributed to the
apparition of the pathology. So, in order to assess the risk factors first
as a clinician you must maintain a good knowledge of cardiology work-
up including the ECG and echocardiography. The bloodwork
assessment must include routine electrolytes, CBC, platelet count,
coagulation parameters and VDRL and for unexplained stroke: ANA,
AT 111, protein C, protein S, homocysteine, Leiden factor, toxicology
screening.

Other miscellaneous tests include U/A, CXR or when indicated, CSF
exam.

As for the imagistic assessment you can perform a CT-scan for rapid
evaluation or the not so necessary investigation of angiography (this
investigation may occasionally assess cerebral embolism if performed
within 48 hours of onset).
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Figure 1. These images are showing two different patients that had an
ischaemic stroke (total sylvian stroke) which should undergo surgery.
(Personal collection of dr. Vicentiu Sdceleanu)

9. Medicamentous treatment

There are several pillars that you need to assess in order to treat
efficiently a patient that presents a stroke.

The first one is stabilizing the arterial blood pressure by
administering antihypertensive medication. The next step is assessing
the temperature by stabilizing it at a value lower than 38 degrees Celsius
and controlling the level of blood glucose.

Another very important pylon in assessing a proper treatment is
inducing a normal thrombolysis based on the tissue plasminogen
activator that is administered within 3 hours from the onset of stroke,
after the CT scan, which will exclude a cerebral hemorrhage.
Thrombolysis is contraindicated when blood pressure is higher than
185/110 mmHg or if the patient has suffered from a cerebral,
gastrointestinal or urological hemorrhage in the last 3 weeks. The dose
is 0,9 mg/kg body intravenous, 10% in bolus and the rest of it after 1
hour, maximum 9o mg.
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In order to maintain a good hemodinamic state the clinician needs
to assess an INR of 2.3 to 3.5 in a cardiac embolism, carotid, vertebral
dissection by inducing heparinization and anticoagulant therapy. In
transient ischaemic attack or atherosclerotic thrombotic infarction
antiplatelet therapy must be administered, like aspirin, ticlopidine or
clopidogrel.

If cerebral edema is present, then specific treatment is mandatory
with Mannitol 20 % in the first 3-5 days (pev).

Secondary prophylaxis is assessed with antiplatelet agents like
aspirin, clopidogrel or ticagrelor, anticoagulants like warfarin
maintaining an INR at 2-3, statins for the stabilization of the atheroma
plaques and vascular endothelial remodelling, endovascular surgery in
symptomatic carotid stenosis with a lumen narrowing greater than 70
%, treatment for risk factors like hypertension, type 1l diabetes,
dyslipidemia, smoking or alcohol, neuroprotectors and physical therapy
for early mobilization of patients.

10. Surgical treatment

One should distinguish between primary hemorrhage in which the
initial event is the vascular rupture, from the hemorrhagic
transformation, the latter appearing as a complication of the ischemic
stroke, being developed inside the ischemic area, being produced
through vascular occlusion, produced spontaneously or induced by the
thrombotic or anticoagulant therapy. The differentiation is necessary in
order to establish etiology and treatment, which are totally
different. This is a common complication in infarctions consecutive to
cerebral embolism (50-70%) compared with post-thrombotic infarction
(2-20%). The time-window for the conversion to hemorrhagic stroke
from an ischaemic one is about 3-7 days. Hemorrhagic transformation
is conditioned by the reperfusion of the infarcted area. There are two
types of hemorrhagic transformation: hemorrhagic transformation in
the periphery, mostly interesting the gray matter, the most frequent
situation and rupture of an artery in the central infarcted area, the
incident taking the appearance of a hematoma (at the CT examination).
The last one occurs very rarely.
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Figure 2. The left image shows a preoperatory sylvian ischaemic stroke and
the right image exemplifies the postoperatory management of the stroke.
(Personal collection of dr. Vicentiu Sdceleanu)

The hemorrhagic transformation can be assessed both clinically and
radiologically comprising a large spectrum of secondary bleeding
ranging from small areas of spot hemorrhage to intraparenchymal
hematoma. More than half of all cerebral infarcts develop at some point
a hemorrhagic component, although most (89%) are petechial
hemorrhages, and the minority (11%) are forming hematomas.

From a clinical point of view, the hemorrhagic transformation of the
ischemic stroke may be symptomatic and asymptomatic, manifested by
a rapid deterioration of the patient normal state resulting in signs of
intracranial hypertension with marked headache, nausea and vomiting
and altered consciousness up to coma.

The surgical intervention should be performed before the
occurrence of brainstem lesions and as early as possible, taking
advantage of the “window” offered by the administration of cerebral
antiedematous medication. Another decisive factor in deciding upon
the surgical intervention is the biological status of the patient before the
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onset of stroke. Patients under 60 are the ideal candidates, as well as
those with minimal associated conditions. Surgical intervention can be
performed even when TPA is administered. The operative technique
consists in performing a decompressive hemicraniectomy in order to
get as much functional independence of the patient. Cranioplasty can
be made after three months if there are no signs of local infection.

Figure 3. These images are showing the same two patients that had
undergone the surgery (decompressive craniectomy).
(Personal collection of dr. Vicentiu Sdceleanu).

Follow-up

Medical rehabilitation is very important and aims to enable people
with neurological sequelae to achieve and maintain optimal physical,
intellectual, psychological, social functions. Recovery begins in the first
days after the onset. The recommended methods are physiotherapy,
occupational therapy, speech therapy.

Disclaimer: The authors have no conflicts of interest to declare.

32



References:

1. Adam D. Compendiu de neurotraumatologie, Editura didactica si
pedagogica, Bucuresti. 2009.

2. Adams HP, Brott TG, Crowell RM, Furlan AJ, Gomez CR. Guidelines for the
Management of Patients with Acute Ischemic Stroke, 1994.

3. Arseni C. Boli vasculare ale creierului, vol 2, partea a ll-a, Ed. Academiei
Romane, Bucuresti, 1984.

4. Arseni C. Tratat de Neurologie, Edit. Medicalg, 1982.

5. Arseni C, Popoviciu L. Semiologie neurologica, Edit.Didactica si Pedagogica,
Bucuresti, 1983.

6. Bijenaru O. Ghid de diagnostic si tratement in neurologie, 2010.

7. Bor-Seng-Shu E, Figueiredo EG, Amorim RLO, Teixeira MJ, Valbuza ]S, de
Oliveira MM, et al. Decompressive craniectomy: a meta-analysis
of influences on intracranial pressure and cerebral perfusion
pressure in the treatment of traumatic brain injury. A review. ]
Neurosurg 117:589-596, 2012.

8. Borstein NM, Chemmanam T, Davis S. Stroke, Basel, Karger, 2009; 174-175.

9. Bulboacd A. Patogeneza accidentului vascular cerebral ischemic, Ed.
Echinox, 2003

10. Ciurea AV, Constantinovici A. Ghid practic de Neurochirurgie,
Edit.Medicala, 1988.

11. Ciurea AV. Patologia neurochirurgicala. Tratat de patologie chirurgicala,
sub red.N. Angelescu, Vol. 11, Edit. Medicald, Craiova, 2001.

12. Ciurea AV, lacob G. Tehnici neurochirurgicale, Edit. Cartea Universitard,
Bucuresti, 2006.

13. Ciurea AV. Tratat de Neurochirurgie, vol. 1, Edit. Medicald, Bucuresti, 2010.

14. Ciurea AV. Tratat de Neurochirurgie, vol.2, Edit. Medicald, Bucuresti, 2011.

15. Chalela JA, Kidwell CS, Nentwich LM, Luby M, Butman JA, Demchuk AM,
Hill MD, Patronas N, Latour L, Warach S. Magnetic resonance
imaging and computed tomography in emergency assessment of
patients with suspected acute stroke: a prospective comparison.
Lancet 2007; 369: 293-298.

16. Florian 1 St. Neurochirurgie. Curs pentru studenti, Cluj-Napoca, Edit.Srima,
2003.

17. Goldstein LB, Bushnell CD, Adams R], Appel L], Braun LT, Chaturvedi S, et
al. Guidelines for the primary prevention of stroke: a guideline
for health care professionals from the American Heart
Association/American Stroke Association. Stroke. Feb 20171; 42(2):

517-84.

33



18. Goldstein LB, Simel DL. Is this patient having a stroke? JAMA 2005; 293:
239I-2402.

19. Gorgan RM. Ghid in patologia neurochirurgicala, Editura didactica si
pedagogica, Bucuresti, 2008.

20. Greenberg MS. Handbook of Neurosurgery, Thieme, Medical Publishers,
New York, 2020.

21. Gupta R, Connolly ES, Mayer S, Elkind MSV. Hemicraniectomy for massive
middle cerebral artery territory infarction: a systematic review.
Stroke 35:539-543, 2004.

22. Hachinsky VC. Advances in Stroke 2002: introduction, Stroke, 2003, 34:323.

23. lenceanu StM. Actual state in intracranial hipertension, Edit. Gh.Asachi,
lasi, 2003.

24. lenceanu StM, Ciurea AV. Hipertensiunea intracraniand. In: Popescu
Irinel(ed), Ciurea AV (ed. Vol. Neurochirurgie), Tratat de
Chirurgie, Vol.1l, Neurochirurgie, Edit.Academiei Roméine, 2007.

25. Youmans JR. Neurosurgical Surgery, WB. Saunders Company, 4th ed, 1997.

26. Kay AH. Esential Neurosurgery, second ed, Churchil Livingstone, 1997.

27. Latchaw RE, Kucharczyk ], Moseley ME. Imaging of the Nervous System.
Diagnostic and Therapetic Applications, Vol.1l, 200s.

28. Licrimioara Perju- Dumbravi, Stefania Kory Calomfirescu, loan Florian
Stefan: Neurologie curs pentru studenti, Ed. Medicala
Universitara ,,luliu Hatieganu” Cluj- Napoca, 2002

29. Leira R, Dévalos A, Silva Y, Gil-Peralta A, Tejada ], Garcia M, Castillo J.
Stroke Project, Cerebrovascular Diseases Group of the Spanish
Neurological Society. Early neurologic deterioration in
intracerebral hemorrhage: predictors and associated factors.
Neurology 2004; 03: 461-467.

30. Lloyd-Jones D, Adams R, Carnethon M, De Simone G, Ferguson TB, Flegal
K, et al. Heart disease and stroke statistics-2009 update: a report
from the American Heart Association Statistics Committee and
Stroke Statistics Subcommittee. Circulation. Jan 27, 2009; 119(3):
480-6.

31. Mdrginean 1, Muresan D. Patologie neurologica. Vol. 1. Edit. Casa cartii de
stiinta. Cluj-Napoca. 1997.

32. Marginean 1. Patologie neurologica. Vol. 2. Edit. Casa cartii de stiinta. Cluj-
Napoca. 1997.

33. Pais V, Danidila L. Atlas de patologie cerebro-vasculard, Edit.Cartea
Universitard, Bucharest, 200s.

34



34. Popa C. Preventia in accidentele vasculare cerebrale. Edit. Medicala
Amaltea. Bucuresti. 2000:7-92.

35. Popoviciu L, Asgian B. Bazele semiologice ale practicii neurologice si
neurochirurgicale, Edit. Medicald, Bucuresti, 1991.

36. Rusu M. Explorarea clinica in neurochirurgie, Edit.Junimea, lasi, 1980.

37. Scmideck H.H., Sweet W.H.: Operative Neurosurgical Techniques, Grune
and Straton 4th ed, New York, 1997.

38. Sekhar LN, Fessler RG. Atlas of neurosurgical techniques, brain 2006; 523.

39. Sindou M. Curs de Neurochirurgie, Edit. Gh.Asachi, lasi, 2001.

40. Singer OC, Sitzer M, du Mesnil de Rochemont R, Neumann-Haefelin T.
Practical limitations of acute stroke MRI due to patient-related
problems. Neurology 2004; 62: 1848-1849.

41. Szatmari Szabolcs, Szasz Jozsef Atila,Urgente neurologice,2007.

42. Teasdale GM, Jennett B. Assessment of coma and impaired consciousness.
Lancet., 1974;ii:1031-4.

43. Teasdale GM, Murray G, Parker L, Jennett WB. ading up the Glasgow coma
score. Acta Neurochir (Paris), 1979.

44. Wilkins RH, Rengachary SS. Principles of Neurosurgery, Edit. Wolfe, 1992.

35



HEMORRHAGIC STROKE

Assist. Prof. Dr. Mircea Vicentiu Saceleanu**
Dr. Joseph Gherman?

! Department of Neurosurgery, Faculty of Medicine, “Lucian Blaga”
University, Sibiu

> Department of Neurosurgery, County Clinical Emergency Hospital of
Sibiu, Romania

Contents
1. Definition
2. Epidemiology..
3. BLIOIOGY coovenvenvevteeteeevtevieve ettt sisesinesanesinesinesines
G PAEROGEIY oot s s sisssson
5. CLINECAL PICEUTE .ottt ssssssssssssines
0. Differential diQGNOSIS ......c.vvvvevevereviserirserirserirsevsssiisssissssissssissssissssissssisssssssssssssissssinnes
7. Paraclinical investigations
8. Treatment.......cecevceveuvervinciannes

8.1. Medical treatment................

8.2. SUTGICAL LTCALMENL ..o sisesisssinesines
REfOIEIICES ..ottt st s sssin

I. Definition

The brutal outflow of blood into the brain tissue, caused by a
vascular rupture or erythro diapedesis is known by cerebral
hemorrhage. The most frequent cause that is incriminated in the
apparition of cerebral hemorrhage is arterial blood hypertension.

This form of stroke is the second most common form , but also is
the most deadly because unlike the ischemic one, the onset is smooth
within minutes to hours and the major symptoms are severe headache,
altered level of consciousness and vomiting. The gold standard
diagnostic tool in assessing an intracerebral stroke is unenhanced
cerebral CT-scan. The size of the hematoma is proportionally with
morbidity and mortality and usually the ICH enlargement in most cases
is in the first 3 hours of onset.
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2. Epidemiology

Cerebral hemorrhage is between 15-30% of the total strokes, being
the most common form of stroke. Their frequency of occurrence has
increased in the recent years due to the improved diagnostic methods
(primarily, the unenhanced cerebral CT scan). The peak incidence on
age is between 50-60 years old.

3. Etiology

As written before, arterial blood pressure is the most common cause
incriminated in producing this kind of pathology, although is debatable
because most of the elder patients already have hypertension but the
risk of an intracerebral hemorrhage to occur in a patient with high
blood pressure is 4-5 times higher than in a patient without
hypertension, so there is a strong correlation between hypertension and
intracerebral hemorrhage onset especially at high blood pressure values
(above 200 mmHg). In many highly developed countries, in order to
prevent the apparition of intracerebral hemorrhage a rigorous
treatment of hypertension is initiated and consequently lowering the
risk of stroke onset.

Other etiologies incriminated for producing this pathology are
atherosclerosis (the hemorrhage produced is because the laceration of a
vascular wall), hemopathies and other clotting disorders like leukemia,
thrombotic thrombocytopenic purpura, aplastic anemia, patients on
treatment like heparin or coumadin, patients receiving thrombolytic
therapy, aspirin therapy, vitamin E supplements, CNS infections
(fungal, granulomas, herpes simplex encephalitis), venous or dural dural
sinus thrombosis, posttraumatic, peripartum and puerperium, drug
related substance abuse (alcohol, cocaine, amphetamine) or drugs that
raise blood pressure like phenylephrine, ephedrine or ephedra alkaloids
and at least but not last, genetic factors present in the form of arterial-
venous malformations or cerebral amyloid angiopathy.

The triggering factors of cerebral hemorrhage are: efforts and
physical fatigue, positive or negative emotions, states of mental tension,
prolonged exposure to the sun, the effort of defecation, sexual
intercourse, menstruation, alcohol consumption etc.
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4. Pathogeny

In the pathology of intracerebral hemorrhage onset, there are three
mechanisms that can cause it:

The first one describes Hemorrhages by arterial vascular rupture,
which are usually secondary to hypertension. The production of
vascular rupture is conditioned by two factors, that are the
conformation of cerebral arterial walls (cerebral arteries have muscular
and adventiceal walls thinner than the systemic arteries and do not have
external elastic membrane) and the localization of arteries in the basal
ganglia and the pontine ones that are ramified directly and
perpendicularly to the vessel of origin, so that they transmit high blood
pressure in their terminal branches. In large vessels, cerebral
hemorrhage is produced as a consequence of the decrease in vascular
walls strength through the process of atherosclerosis. In the small
arterial vessels, vascular rupture occurs due to the fibrinoid
degeneration process of the vascular walls. This process, as well as the
accumulation of amyloid in the brain, leads to a decrease of vascular
resistance. In congenital malformations (saccular aneurysms like
Charcot Bouchard aneurysms, arteriovenous malformations), the
existence of some thin wall favours their breaking, usually during an
hypertensive episode.

The second mechanism describes hemorrhages by capillary rupture.
It is favoured by a sudden increase in the arterial blood pressure in a
hypertensive patient. It is preferentially located in a watershed region,
corresponding to the boundary between the territories vascularised of
two major cerebral arteries, especially at the level of basal ganglia.

And the third mechanism describes hemorrhages by erythrocyte
diapedesis. The essential factor of production is encephalomalacia
subsequent to an arterial obstruction “hemorrhagic fully transformed
infarction”. Erythrocyte effusion may be due to a circulatory
dysfunction caused by a vascular spasm. The second cause is the return
of the arterial blood flow in the capillary bed altered either from the
main flow or from the sideline. Their frequency is higher in the basal
ganglia and white matter of the different lobes of the brain.
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5. Clinical picture

Onset symptoms may be absent but often they precede a few hours
from the apparition of the intracerebral hemorrhage. They consist of
severe headache, vomiting, dizziness, transient focal symptoms and
altered state of consciousness.

There several regions in the brain where a hemorrhage can occur
and for that there are several symptoms that can be assessed.

If the hemorrhage is localized in the putaminal region, which is the
most common region, the major symptom is a gradual contralateral
hemiparesis that can progress to hemiplegia or even coma or exitus.

If the hemorrhage is localized in the thalamic region, classically it
will be assessed contralateral hemisensory loss, and if the internal
capsule is involved it will appear to have contralateral hemiparesis. If
the intra parenchymatous hematoma extends to the upper brainstem
then it will appear to have vertical gaze palsy, retraction nystagmus,
skew deviation, loss of convergence, palpebral ptosis, anisocoria with or
without unreactive pupils.

If the hemorrhage is localized in the cerebellum the
symptomatology may include any combination of the following
symptoms: lethargy, photophobia, headache, nausea, vomiting, facial
palsy if the facial colliculus is compressed due to brainstem
compression.

If the hemorrhage is localized in the lobar regions then the
symptoms are prominently included in that lobe, like for the frontal
lobe- contralateral hemiparesis (in the arm with mild leg and facial
weakness) and frontal syndrome, for the parietal lobe - contralateral
hemisensory deficit and mild hemiparesis, for the occipital lobe -
ipsilateral eye pain and contralateral homonymous hemianopia and for
the temporal lobe - on the dominant side, will produce fluent dysphasia
with a lack of auditory comprehension and some good repetition.

If the hemorrhage is localized deep into the brain parenchyma and
inundating the ventricles then there are some signs that appear, like
deep non reactive coma, positive findings at Kernig and Bruzinski signs,
rigidity by decerebration with upper limbs in extension and pronation,
Babinski sign present bilaterally, early hyperthermia, seizures onset,
high effusion of CSF with hemorrhagic spots especially when lumbar
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puncture is performed and severe vegetative cardiac and respiratory
disorders.

As for the prognosis and evolution, the mortality is at its highest for
super acute hemorrhagic stroke and very high for patients being in deep
coma or in stuporous state but at 6o + years.

There are some factors that give an unfavorable prognostic to the
patient that has intracerebral hemorrhage and they are a concomitant
myocardial infarction, decerebrate rigidity, malignant hypertension
with elevated arterial blood pressure higher than 250 mmHg and retinal
hemorrhages, ventricular flood, cerebro meningeal bleeding,
installation of high intracranial pressure syndrome (headache,
papilledema, vomiting) with the occurrence of unilateral or bilateral
mydriasis and ictus through rigidity decerebration and concomitant
presence of gastrointestinal bleeding.

In the diagnosing process of an intracerebral hemorrhage there are
some criteria which we should consider that will help a clinician to have
a conclusion on the pathology and there are an elevated arterial blood
pressure above the 200 mmHg value, sudden onset with rapid entry in
deep coma, fast installation of hemiplegia or other focal signs, onset of
ictus in full activity, in terms of physical or psychological stress, strong
headache followed by vomiting and bloody or hemorrhagic CSF at
lumbar puncture.

6. Differential diagnosis

There are several pathologies that differentiate from cerebral
hemorrhage and which is good to consider when the patient is assessed.

First of all there is cerebral ischemia, against which cerebral
hemorrhage is differentiated through the following criteria: age
(cerebral hemorrhage occurs at younger ages, around 50 years old,
cerebral ischemia at younger age); risk factors (elevated hypertension,
chronic alcoholism pleads for cerebral hemorrhage, while normal blood
pressure, coexistence of chronic ischemic heart disease, AF, Chronic
Occlusive Arterial Disease of the Extremities, history of transient
ischaemic attack all of them suggesting for cerebral ischaemia); clinical
signs (sudden onset of headache accompanied by nausea and vomiting,
followed by rapid onset of coma advocate for cerebral hemorrhage,
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while the slow and progressive installation of a motor deficit directs us
to a cerebral ischaemia); cerebral hemorrhage occurs more frequently
during the day, while cerebral ischaemia at night; vegetative disorders
and fever are more common in cerebral hemorrhage; anisocoria and
unilateral mydriasis occur more often in cerebral hemorrhage; the
presence of meningeal and ventricular flood signs are incriminating in
cerebral hemorrhage and the presence of retinal hemorrhages at the
ophthalmologic exam calls for a cerebral hemorrhage.

Figure 1. In the left aspect there is an image showing a cerebral CT-scan of
an intra parenchymatous hematoma in contrast with the right aspect
where it shows an ischaemic stroke.

(Personal collection of dr. Vicentiu Sdceleanu)

Second pathology is the subarachnoid hemorrhage that occurs in
the normotensive young people with intracranial vascular
malformations. Focal signs are less expressed as in cerebral hemorrhage.
Laboratory examinations (angiography, brain CT scan) complete the
diagnosis.

In the third case, hypertensive encephalopathy occurs in the
patients with chronic hypertension in whom an ICP syndrome is rapidly
installed. Cranial CT scan does not show typical signs of cerebral
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hemorrhage. Lumbar puncture (pay attention to ICP syndrome!) reveals
a clear CSF, slightly hypertensive.

On the fourth hand, subdural and extradural hematoma for whose
diagnosis, history matters (history of TBI), more rapid installation of the
clinical symptoms, cranial CT scan.

On the fifth point there are extensive intracranial processes in
which the specific symptoms are focal signs that occur regionally
dependent, and the evolution slower, progressive. The lesion on the
enhanced CT-scan is characteristic. As for brain abscesses, usually the
infectious syndrome is incriminated together with focal signs and the
specific cranial CT.

The last pathological entity is the postcritical epileptic coma in
which anamnesis is of great importance. Clinical signs reversibility is
characteristic (especially after the specific treatment administration).
Cranial CT scan is normal and the EEG is characteristic.

7. Paraclinical investigations

The most representative paraclinical investigations are the lumbar
punctures that reveal a hemorrhagic CSF (it should be performed after
the ophthalmologic exam, because of the risk of high intracranial
pressure syndrome). The presence of cerebral hemorrhage is found
when the smear shows more than 50 red blood cells per mmc.

The eye examination may reveal retinal hemorrhages or
papilledema, if the intracranial pressure is high.

In a comatose it is contraindicated to perform an arteriography. On
the other hand in a normal state set up, this investigation can give
information about the existence of an aneurysm, AVM or about an
intracranial expansive process.

The gold standard investigation in assessing a cerebral hemorrhage
is the unenhanced cranial CT scan, which establishes the location and
the extent of the injury with the blood entering the subarachnoid space
or the ventricular system. Hematoma volume calculation is done by the
ellipsoid formula, measured on the computer image, where A is the
largest diameter of the hematoma, B is the maximum anterior-posterior
diameter and C is the number of images at 1 cm, on which the
hematoma appears.
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Figure 2. Two cerebral CT-scans showing a small intparenchymal
hematoma (left) and after 7 hours a gigantic hematoma at the same
patient (right). (Personal collection of dr. Vicentiu Saceleanu).

The MRI examination is a noninvasive method which shows foci of
lower size petechial hemorrhages than those observed by cranial CT
scan.

At last but not least is angio-CT scan that is now used in case of
suspicion of a ruptured aneurysm, an AVM, abnormal calcifications,
blood present in the interhemispheric fissure, Sylvian valley or isolated
bleeding in cerebral ventricles. The value of cerebral angio-CT is
inversely proportional with the age of the patient especially for those
who are over 45 years old and who have a history of hypertension, or
putaminal, thalamic or posterior fossa hemorrhage. This investigation
can assess the presence of moyamoya, cerebral venous thrombosis,
brain tumors or arteriovenous malformations.

8. Treatment

8.1. Medical treatment

Before surgery is performed or before thinking of surgery in the case
of a patient with a intracerebral hemorrhage, first the respiratory
function must be monitored (oxygen intake, bronchial secretions
aspiration, controlling the partial pressure of the carbon dioxide and
maintaining it at 25-30 mmHg) and the cardiovascular system by
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lowering the arterial blood pressure with anti hypertensive medication
like beta-blockers and angiotensin-converting-enzyme inhibitors and
the treatment of heart rhythm disorders and cardiac ischaemia.
Attention at calcium channel blockers because they have a higher risk
to produce intracranial pressure.

Another aspect in the prodromal treatment is treating the cerebral
edema with mannitol, diuretics and glycerol. Controlling the use of cell
dehydrators, such as mannitol with an osmolarity that should be
preserved between 295-305 mosmol/l and between 145-150 mEq
natrium. The electrolyte and acid-base disorders should be treated
intravenously or by nasogastric tube limiting the administration of
fluids to 1200 ml/day intravenously under the form of saline perfusion.

As for the adjuvant treatment there can be used hemostatic
treatment (epsilon-aminocaproic acid, adrenostazin or venosta),
neuroprotectors like nimodipine or piracetam intravenously, treatment
of psychomotor agitation and seizures like phenobarbital intramuscular
or diazepam slowly intravenous, because it can suppress the breathing
centers, vomiting treatment with metoclopramide or osetron
intravenously, hyperthermia treatment by administering paracetamol
intravenously and if necessary antibiotics and treatment of sphincter
disorders of urine retention type.

The patient rehabilitation after cerebral hemorrhage consists of a
set of methods aimed to maintain and restore patients to a satisfactory
physical and neuropsychological status, followed by the motor recovery
whose goal is family and, if possible, the socio-professional reinsertion.
As a first step, a patient's position in bed will be changed periodically at
an interval of 2 hours for the prevention of bedsores. Later, one can
proceed to massage (to preserve muscle tone and prevention of pressure
sores), passive and active kinesiotherapy and finally, physiotherapy
treatment.

8.2. Surgical treatment

In a neurosurgery practice, there are known four procedures that
can drain an intraparenchymal hematoma by simple aspiration; by
performing a craniotomy or a craniectomy (open surgery); by
endoscopic approach or by stereotactic approach.
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The main objectives in a surgical approach to the intraparenchymal
hematoma are by importance reducing the blood volume of the
hematoma, reducing the mass effect of the hemorrhagic collection,
increasing the blood perfusion to the damaged hemisphere, seize the
opportunity in stopping the bleeding and eliminating the thrombin and
blood degradation products consequently reducing the chance in
forming a neurotoxic edema.

There are several clinical criteria that plead for performing a surgical
intervention and those are as soon as possible from the onset surgery,
CT-scan observation of a intraparenchymal blood collection that can
endanger patient’s life (usually assessing by the GCS deterioration), the
instalment of any of these symptoms: hemiparesis, hemiplegia, aphasia,
confusion (although signs of increased intracranial pressure), drug
treatment failure evidentiated by intracranial pressure increase and the
age of a patient higher than 50 years.

Beside the clinical criteria, a clinician must take in consideration the
imagistic criteria that can advocate for a surgical intervention and they
are according to the calculated volume between 10-30 cubic centimeters
and midline shift greater than 5 mm. An intraparenchymal hematoma
volume higher than 30 cubic centimeters is associated with reserved
prognosis.

Figure 3. These images are two cerebral CT scans that show an intra
parenchymal hematoma before surgery (left) and after surgery (right).
(Personal collection of dr. Vicentiu Sdceleanu).
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For a conservative treatment procedure there are some clinical
criteria and there are: a good neurological status with a GCS higher than
10, low motor deficit, a good therapeutic response to cerebral depletion
treatment, severe bleeding disorders or organic diseases in which the
neurological status can rapidly worsen, patients with an age higher than
74 years who do not tolerate a surgical intervention and
intraparenchymal treatment at the basal nuclei level in which case can
have a better outcome with conservative treatment.

For those cases that have poor prognosis, in which a potential
benefit of an intervention is null there are some criteria that should be
considered: severe coma, installation of major respiratory disorders,
significant hemorrhage with massive destructions and major bleeding
in the dominant hemisphere.

There are some cases in which the surgical treatment is not
recommended and there is a hematoma volume greater than 85 ml with
no survival chances, excessive bleeding with bilateral extension and
midline structures shifted contralaterally and massive hemorrhage with
brain stem seriously damaged.

Figure 4. These images show a cerebral CT scan performed for a comatose
patient (GCS=3 pct) with mydriatic non reactive pupils with a gigantic
intra parenchymal supratentorial hematoma - transversal aspect (left),

coronal (center), sagittal (right).
(Personal collection of dr. Vicentiu Saceleanu).

Disclaimer: The authors have no conflicts of interest to declare.
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I. Introduction. Anatomy basics

The cerebrospinal fluid fills up the cerebral ventricles and the
subarachnoid space.

The subarachnoid space in the encephalus has dilations named
cisterns which are crossed mainly by critical vessels of the cerebral
circulation.
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The lateral cerebral ventricles are connected to the third ventricle
through the foramina of Monroe, the third ventricles is continued by
the sylvian aqueduct which connects it to the fourth ventricle.

The fourth ventricle is connected to the subarachnoid space
through the foramina of Lushka (cerebello-pontine angle cistern) and
though the foramen of Magendie (cisterna magna or the cerebello-
medullary cistern) and is continued in the spinal cord by the ependymal
canal.

Subarachnoid hemorrhage occurs as a consequence of a blood vessel
rupture in the subarachnoid space or near it. Following this rupture,
blood will invade the space between the pia mater and the arachnoid,

the subarachnoid space, which normally contains just cerebrospinal
fluid.

2. Epidemiology

Etiologically, which is considering the reason that led to the event,
following types of SAH stand out - traumatic SAH or spontaneous. The
spontaneous form of SAH occurs in cases of high arterial blood pressure
(hypertensive SAH) or is the direct consequence of an aneurysmal
rupture, a cerebral or spinal arterial-venous malformation rupture or
secondary to cervical-cerebral arteries dissection. Actually about 85% of
all SAH forms are due to the rupture of a cerebral aneurysm. Brain
aneurysm typically occurs during spring and autumn and is considered
directly linked to temperature changes, similar to CVAs. (2,4,0)

A rare form of spontaneous SAH is the idiopathic subarachnoid
hemorrhage, in the presence of risk factors considered non-traditional
and modifiable - alcoholism, smoking, cocaine or amphetamine abuse.
Besides these forms, literature provides a series of traditional risk
factors, which are not subject to medical or lifestyle intervention and thus
called non-modifiable, frequently linked to SAH occurrence: family
history of SAH, soft tissue disease (polycystic kidney disease,
neurofibromatosis type I, Ehlers-Danlos syndrome mainly type 1V and
other collagen abnormalities), female sex (1.5 times the risk), African
descent (2 times the risk), Japanese or Finnish descent, vasculitis, even
more rare factors - parasitosis, Moya-Moya disease, eclampsia, blood
disorders, coagulation disorders. It is important to point out that as
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prevalence of the non-modifiable risk factors gets higher, it is expected that
SAH incidence will increase in the following decades. (2,4,5,6,7)

About a quarter of all subarachnoid hemorrhages in children and
adolescents, spontaneous and traumatic as well, happen in the presence
of a cerebral tumor.

When it comes to intracranial aneurysms in the pediatric age group
a particular aspect stands out, being noticed that a dominance of 2.2:1
of boys versus girls exists, as opposed to female aneurysms occurrence
versus men in the adult population. (3)

When it comes to the site of aneurysms in children and adolescents
the frequency varies with the number of aneurysms found in a single
individual. For a single aneurysm, the most predisposed sites are the
internal carotid artery bifurcation, the ophthalmic artery, the anterior
communicating artery, the posterior communicating artery, the
anterior cerebral artery, the pericallosal artery, and then the middle
cerebral artery. Multiple aneurysms are found, sorted by the highest
frequency, on the middle cerebral artery, anterior communicating
artery and internal carotid artery bifurcation. (1,3)

A particular subset consists of mycotic aneurysms, which are indeed
a large subset of aneurysms (4%) among pediatric patients when
compared to adults. Casual causes of these mycotic aneurysms are
bacteria and not fungus, which is why some authors are more
comfortable with the term of infectious aneurysms. Among the most
incriminated bacterial agents are Staphylococcus Aureus, alpha-hemolytic
streptococcus and Hemophilus in immunocompetent patients and
Aspergillus, Candida and Phycomycetes in immunocompromised
patients. (2,3)

Infectious aneurysm in children are secondary to septic emboli from
severe bacterial infections, most commonly bacterial endocarditis.
Other types of aneurysmal septic embolic syndrome include
dissemination from close situs like meningitis, sinusitis or
osteomyelitis.

3. Clinic of subarachnoid hemorrhage
The first symptom or the princeps and nonetheless the most
constant (about 97% percent of cases) is severe headache with
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- sudden onset - described in the Anglo-Saxon literature as a
thunderclap headache and

- acknowledged by the patient as “the most intense headache 1 ever
had”.

A more particular situation is the sentinel headache — a sudden and
severe pain that goes away, allowing for a symptom-free period with
neglection of said episode, followed shortly by severe mental status
alteration, paroxysmal phenomena known by neurosurgeons as “walk,
talk and die patients.” (6)

Photophobia as an accompanying symptom is frequent, together
with ocular symptoms such as subhialoid hemorrhage, retinal or
vitreous hemorrhage.

Eye fundus examination may reveal papillary edema secondary to
increased intracranial hypertension, secondary to bleeding into the
subarachnoid space. In medical literature vitreous hemorrhage
associated with SAH is known as Terson’s syndrome.

Vegetative phenomena such as emesis or syncope are common.
Sometimes and not rarely, the patient seeks medical attention after a
loss of consciousness or in altered mental status. The neurological and
mental status varies greatly even on debut from slight confusion or
drowsiness to deep coma.

Epileptic seizures occur frequently as about 20% of patients develop
such symptoms in the first 24 hours since debut. They are considered to
be a straight effect of cortical irritation by the blood effused in the
subarachnoid space and equally due to increased intracranial pressure,
associated hyponatremia or aneurysm stent (especially when it involves
sylvian arteries territory).

Neurological examination reveals following symptoms and signs:

e meningeal signs, with early debut: neck stiffness, headache,
photophobia, ocular pain, emesis. Neck stiffness usually develops within
6 to 24 h from the debut of SAH. Within a few hours from debut signs
such as Kernig, Brudzinki or bilateral Lassegue can appear

e altered neurological status - varies on patient admission from
fully conscious to drowsiness and disorientation both in time and space
or when it comes to the self, obnubilation or even coma

e focal neurological signs - they point to the situs of the lesion
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e accompanying signs or symptoms are acute urinary retention,
diminished or abolished osteo-tendinous reflexes (usually after 4 to 6 h
from the debut of the hemorrhage)

e psychiatric acute onset - the elderly are more likely to be in a far
worse neurological status on debut and to develop psychiatric
symptoms similar to dementia or worsened dementia.

|Rupture of subarachnoidian vessel or from proximity |

T

v
| Presence of blood in the subarachnoid space |

d

Dural pain | | Cerebral | |Iritation of Presence of Hb | [Obstruction of | [lncrease of
receptors | | cortex nervous sheaths| | metabolism CSF e benermial
iritation iritation | [inside the products in the | |circulation ofme
subarach. space| | subarach. pathways
@ @ H space g {L
A\ J’L J
x V #  |INCREASED
HEADACHE |[sEizURES]| |[MENINGEAL
l " | SIGNS AND CEREBRAL f}PI’DSIGNS
SYMPTOMS VASOSPASM | |HIDROCEPHALUS -

Figure 1. lllustration regarding the pathological mechanisms of SAH
complications — personal illustration

The neurological status of the patient suffering from SAH is to be
appreciated with the help of Hunt & Hess scale (1968) and WNFS scale
(World Neurosurgical Federation Society scale, 1988) and it is extremely
important in the surgical indication. (7,11) Classification into a Hunt &
Hess grade is determined after clinical and neurological assessment as
follows:
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mild or moderate headache, absent or mild
neck stiffness

severe headache, neck stiffness, cranial nerves
palsy
Il confusion or lethargy, mild focal deficit

stuporous, moderate or advanced hemiparesis,
decerebrate
\% comatose, decerebrate

Figure 2. Hunt & Hess Scale

WFNS Scale (1988) is based upon Glasgow score (GCS, Glasgow
Comma Scale) and the presence or absence of neurological deficits as
such:

1 GCS=r15, no neurological deficits

11 GCS=13-14, no neurological deficits

111 GCS=13-14, neurological deficits

v GCS=7-12, whatever the neurological
deficits

\ GCS=3-6, whatever the neurological
deficits

Figure 3. WFNS grades

4. Diagnosis of subarachnoid hemorrhage

The elective diagnostic tool in SAH is the plain cerebral CT
examination on arrival in the emergency room, which shows blood in
the subarachnoid space. The Fisher grade (1980) is thus immediately
established. This diagnostic imaging tool is nonetheless the actual gold
standard in diagnosing the subarachnoid hemorrhage, its limitation
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being that when not enough time since the debut of the hemorrhage
has passed, the first examination might turn out negative and will
become positive a few tens of minutes later. (7) The Fisher grading
system is based upon the results of the plain cerebral CT examination
and it appreciates the risk of developing cerebral vasospasm. It is
summarized in the table below. (10)

Fischer Presence of Others features | Vasospasm

grade subarachnoid blood risk

Grade 1 No cisternal blood No clots 21%

Grade 2 Blood < Imm No clots 25%
thickness

Crade 3 Blood > 1Imm With or 37%
thickness without clots
Small amount of Parenchymal or

Grade4 oo, diffuse and in  intraventricular  21-37%
the basal cisterns hemorrhage

Figure 4. Fisher scale

If the CT examination is negative but the clinical suspicion of SAH
is still high, a lumbar puncture may be helpful for diagnostic purpose,
but it is to be performed with every precaution and only after eye fundus
examination excludes intracranial hypertension, in order to avoid
cerebral herniation. (5,7)

Lumbar puncture is according to available date the most sensitive
diagnostic tool for SAH. A positive result consists of increased CSF
pressure, xanthochromic CSF, more than 100 ooo thousand erythrocytes
per mm3, increased proteinorrhachia (>50 mg/dl) and normal or slightly
decreased glycorrhachia (<50-70 mg/dl).
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Figure 5. Cranio-cerebral CT axial sequences showing the 4 Fisher grades
(1 — grade 1, 2 — grade 2, 3 — grade 3, 4 — grade 4).
(Image source: Future Neurol @ 2013 Future Medicine Ltd)

Cerebral MRI imaging with FLAIR sequencing, CT angiography or
MRI angiography do not add very much relevance to the SAH diagnosis
in the first 24-48 hours following debut, but they prove to be excellent
between day 3 and 7, with good premises for identifying a cerebral
aneurysm and its anatomical features.

Digital subtraction angiography (DSA) - consists of selectively
injecting contrast material using a catheter inserted into a large artery
under radiologic screen. It is an extremely useful resource in the
evaluation of cerebral aneurysms and it can also come in as a both
diagnostic and therapeutic tool, providing the possibility of
simultaneously embolizing the incriminated aneurysm or AVM.
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Aneurysm with sacs smaller than 5 mm are ideal for endovascular
coiling, while for the rest of them the risk of recanalization or
incomplete occlusion are considered too high, thus needing stent or
balloon assisted coiling. (5,7,9)

Figure 6. DSA frame - large dissecting aneurysm of the right sylvian artery
- M2 segment
(Image source: Neurosurgery I clinic collection, Emergency University
Hospital of Bucharest)

5. Management and complications

The right moment to perform surgery in aneurysmal SAH is
nowadays considered to be at 24-72 hours from debut in patients with
Hunt & Hess grades 1 or 2 and consists of aneurysm securement
through classical surgical clipping or endovascular coiling. Patients with
a higher Hunt & Hess grade are to be admitted and monitored in the
intensive care unit for vital functions support with the goal of obtaining
a better neurological status in order for the aneurysm securement to be
achievable with a more favorable risk/benefit balance. (3,4,5)

Exception to this rule occurs when SAH of any etiology is
accompanied by large parenchymal hematoma (Fisher grade 1V) that
come with vital risk to the patient and it requires emergency intervention
whatever the Hunt & Hess grade. A similar situation occurs when
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patient’s life is endangered on the sort-term due to intracranial
hypertension (secondary to acute obstructive hydrocephalus following
SAH) - a external ventricular drainage is placed together with an
intracranial pressure monitoring device - in order to obtain clinical and
neurological amelioration until definitive treatment of the cause that
led to SAH is possible. (3,4,5,7)

Following surgery, after securing the aneurysm whose rupture
produced the subarachnoid hemorrhage, together with general medical
measures and complications prevention, a transcranial Doppler
ultrasound is needed in order to appreciate the blood flow through the
main cerebral arteries and possible vasospasm, as well as control
cerebral CT examination for the verifying of occlusion devices used and
for the visualizing the aspect of the ongoing SAH. In cases of drug
resistant vasospasm intraarterial endovascular vasodilator therapy may be
used - vasodilator agents are selectively injected directly into the
cerebral arteries under angiographical control. (7,8,9)

Figure 7. CT-scan: preoperatory vasospasm of ACA. Patient is
pharmacologically managed with nimodipine (calcium channel blocker)
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(Personal case Prof. Dr. AV Ciurea)

6. Expectations and neurological rehabilitation

In the postoperative period medical treatment measures must be
continued. Considering the risk of rebleed, which stand at 30-70%
despite adequate treatment and knowing that 9o% of rebleed lead to
death, postsurgical patients must be monitored in the intensive care
unit.

Despite these therapeutic resources, the major risk of devastating
complications particularly difficult to treat persists - cerebral
vasospasm and late cerebral ischemia, vegetative phenomena of central
origin, parenchymal hematoma, rebleed, electrolytes imbalance, normal
pressure hydrocephalus. (4,5)

The risk of developing cerebral vasospasm stands present since the
debut of SAH but is considered to be at its highest between days 3-7 and
extending up to 3 weeks. It is very accurately appreciated with the help
of the Fisher grading system, risk correlation being proportionate with
a higher grade. (8,9,11)

A curative treatment of subarachnoid hemorrhage is out of the
question at the moment, with it being not actually a disease but rather
a course of pathological events that develop in a chain like manner and
that imply a series of serious consequences over cerebral structures,
both short term and long term.

Abreviations: ACA - Anterior Cerebral Artery; CT - computerized
tomography; CSF - cerebro-spinal fluid; ICP - increased intracranial
pressure; MRI - magnetic resonance imaging; SAH - subarachnoid
hemorrhage
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I. General Data

Intracranial aneurysms (I1A) represent a localized enlargement of a
blood vessel (more frequently arteries than veins) caused by a
cerebrovascular disorder in which the vessels' walls are weak. 1A have
high morbidity and mortality while subarachnoid hemorrhage (SAH)
due to 1A rupture is responsible for most clinical symptoms. In a
significant number of cases, 1A rupture is associated with one or more
of the following forms of hemorrhage: intraparenchymal hematoma,
intraventricular hemorrhage, subdural hematoma. Virtually any
subarachnoid hemorrhage should be investigated and treated from the
outset with the suspicion of aneurysmal rupture - unless the clinical
context points to another diagnosis. The main cause of morbidity and
mortality is the repetition of aneurysmal rupture in cases where the
aneurysm is not treated (surgically or endovascular).

IA can be classified by size, shape or vessel wall:

A. Size
o Small IA - diameter < Ismm
. Micro 1A (Charcot Bouchard aneurysms) are

usually located in blood vessels with a diameter
smaller than 300 microns, usually concerning
lenticulo-striate vessels of the basal ganglia. They are
associated with systemic arterial hypertension.

o Large IA - diameter > Ismm

o Large - diameter = 15 to 25 mm
. Giant - diameter = 25 to 50 mm
. Super giant - diameter > 50 mm
B. Shape
o Saccular 1A
. Because of the shape, they are often called

"berry aneurysms" - round vessel enlargement. They
are also the most common IA.
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Figure 1. Anterior communicating artery aneurysm (saccular) in an 88-year
patient and postoperatory angiography view of the clipped aneurysm
(Personal collection of Professor AV Ciurea and Assistant Professor AG
Mohan)

o Fusiform IA
. This type of 1A represents both an elongation
and distension of the entire vessel, often resulting
from dissections when blood ruptures in the wall of
an artery. They are referred to as dolichoectatic 1A and
have a smaller chance of rupture. They are most
frequently found at vertebral and basilar artery.

Figure 2. Aneurysm of the basilar artery (fusiform).
(Personal collection of Professor AV Ciurea)
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C. Vessel wall

o True aneurysms - in this category are included the 1A
that involves all three layers of an artery - intima, media and
adventitia.

o False aneurysms (pseudoaneurysms) - a collection of
blood accumulated outside the vessel but still in contact
with its outer layer due to the surrounding connective
tissue which prevents blood from spreading out. Usually,
they evolve with either thrombosis or rupture in the
surrounding spaces or cavities (1).

2. Epidemiology

IA has a prevalence of 1-9% in the global population, with higher
rates among Finnish and Asian people and of 2% in patients without any
associated risk factors. Unruptured 1A are more prevalent with females
(3:1) and elderly. When detected in children, boys are more affected than
girls and they prevail posterior circulation (40-50%) (2). Factors
associated with higher prevalence are female gender, age higher than
30 years old, nationality (Chinese, Japanese, Finnish, Korean), arterial
hypertension, wall stress, genetic factors (Polycystic kidney, Marfan's
disease, Ehlers-Danlos syndrome etc.) and lifestyle (smoking, alcohol
use, diabetes). (3)

Unruptured 1A have 1-2% rupture rate/year (Japanese cohort studies
reporting up to a 3.2% rupture rate/year). Subarachnoid hemorrhage
(SAH) associated with 1A rupture has an incidence of 6-26
cases/100.000 people, with a female male ratio of 1.6:1 and a peak
between 40 and 6o years old.

Factors associated with rupture of an unruptured IA are both
patient and aneurysm related:

e Patient related: female gender, arterial hypertension, age (>50-
6o years), smoking, sentinel headaches, lifestyle and metabolic factors
as well as genetic.

e Aneurysm related: size, location (basilar bifurcation, anterior
and posterior communicating artery), multiplicity, aneurysm growth
and multiplicity, clinical symptoms as well as inflammation.
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For a ruptured 1A, the most important complications are rebleeding
and vasospasm.

Left untreated, a ruptured 1A has 20-30% mortality in the first 2
weeks. The risk of rebleeding after a SAH reaches a peak in the first 24h
(4.2%) - particularly in the first 6 to 8 hrs., having a cumulative risk of
190% in the first 2 weeks. After 6 months the risk reaches 50% and
increases with 3% each year.

In a study conducted in 2013 on 668 consecutive operated
aneurysms, Ciurea et al. noted the following incidence of aneurysms:
under 16 years - pediatric population - 40 cases (6.1%), 67 (10.4%) cases
between 17 and 30 years, 124 cases (19.1%) between 31 and 40 years, 295
cases (45.5%) between 41 and 50 years, 143 cases (21.9%) between 51 and
60 years and 19 cases (3%) over 01 years. The predominantly affected sex
is male (68%).

3. Pathology

In terms of pathological findings of 1A, hemodynamic stress and
arterial wall structure are often imbalanced. Contrary to what it may
be expected, 1A are associated with low shear stress - higher dome-neck
ratios are in turn associated with lower shear stress.

In a normal arterial wall, hemodynamic stress and mechanical
injury generates pads of myointimal hyperplasia, histologic finding
similar with the one found in an IA wall. So, it can be stated that an
aneurysm reacts to stress with a high cellular proliferation rate. Another
aspect regarding 1A is that smooth muscle cell become phenotypically
oriented from contraction to proinflammatory and matrix oriented. In
comparison with normal artery tissue, there is a high expression and/or
activity of matrix metalloproteinase (MMP-2 and MMP-9), capable of
degrading both elastin and collagen - these findings are correlated with
ruptured 1A. In addition, although few arterial wall cells undergo
apoptosis, in 1A there are lots of apoptotic cell discovered. This also
correlates with the high amounts of inflammatory cells discovered in
the 1A wall tissue - B and T-cell, macrophages, immunoglobulins, and
activated complement fractions (4-0).
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Atherosclerotic plaques, often detected in relation with IA, are also
highly known to promote inflammation and cell proliferation, hence
the relation with apoptosis and often implication in aneurysm rupture.

Familial aggregation of 1A highly suggests a genetic role in the
development of this disease - this also being the strongest risk factor for
SAH. Genetic and functional studies have clearly defined one initiating
mechanism - high risk genetic variants may lead to the loss or alteration
of THSD1 protein function which in turn may lead to an altered
endothelial cell adhesion to the extracellular matrix (4-06).

From a histologic point of view, 1A wall tissue displays several
characteristics:

e Loss/rupture of the internal elastic lamina

e Mpyointimal hyperplasia - which leads to intimal thickening

e Muscle fibers disarray

e Depletion of cellular components

e Irregularities in the intimal surface

e Atherosclerotic plaques can be sometimes detected.

4. Etiology

The exact etiology of 1A development has not yet been accurately
established. 1A tend to develop at arterial bifurcations, where there is a
curve in the parent artery, in the angle described by it and a significant
branch artery - in the direction that parent artery would have continued
had the curve not been present (8-11).

Various processes, pathologies and genetic factors are to be
incriminated:

e Congenital predisposition - a defect in the muscular layer of the
arterial wall, often referred to as a medial gap

e Systemic hypertension

e Atherosclerosis

e Embolus - e.g., atrial myxoma

e Infectious - mycotic 1A

e Traumatic

e Associated with other conditions - especially as part of genetic
syndromes such as Autosomal Dominant Polycystic Kidney Disease,
Fibromuscular Dysplasia, Marfan Syndrome, Ehlers-Danlos type 1V

68



Syndrome, Loeys -Dietz Syndrome, Moya Moya Disease or Sickle Cell
Anemia.

Location of 1A is determined by several conjugate factors. Saccular
1A represents 85% of all 1A and are frequently located on major cerebral
arteries - often in the branch apex where the hemodynamic stress on
vessel wall peaks (8-11). Fusiform 1A tend to develop more in the
vertebro-basilar system. The location of saccular 1A is as follows:

e 85-95% in carotid system (anterior circulation), with 3 most
common locations
o  Anterior Communicating Artery (ACoA) - 30%
o Posterior Communicating Artery (PCoA) - 25%
o Middle Cerebral Artery - 20%
e 5-15% in posterior circulation (vertebrobasilar)
© ~10% on basilar artery - basilar bifurcation (basilar tip),
basilar-vertebral and basilar-superior cerebellar artery
bifurcations as well as anterior inferior cerebellar artery.
o ~5% on vertebral artery - most common on vertebral-
posterior inferior cerebellar artery junction
¢ 20-30% patients present multiple 1A

5. Clinical Symptoms
1A can be asymptomatic, in this case being discovered by chance, or
can present as neurological deficits or SAH - when it ruptures. SAH is
the most frequent manifestation of 1A, usually being accompanied by
intracerebral hemorrhage (IH) - frequently in middle cerebral artery IA,
intraventricular hemorrhage (IvH) - frequently in anterior
communicating artery 1A, basilar tip 1A and posterior inferior cerebellar
artery 1A or even, in 2-5% of the cases, subdural hemorrhage (SH) (4-6)
(8-11). Other than major rupture, there are other "warning signs" which
may lead to 1A suspicion:
e Mass effect - brain stem compression, cranial neuropathy or
pituitary gland/stalk compression (which in turn leading to
endocrine disturbances)
e Sentinel hemorrhage (a minor hemorrhage) - the latency
between sentinel hemorrhage and actual SAH is the shortest - ~
10 days
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e Homonymous hemianopia or amaurosis fugax - due to small

infarcts or transient ischemia

o Seizures

e Headache
o around 25% of the patients describe sentinel headache
which precedes 1A rupture. It can be triggered by aneurysm
expansion, partial thrombosis or intramural bleeding.
o 1A rupture is accompanied by "thunderclap headache",
often described as "the worst headache of my life", vomiting,
neck stiffness and loss of consciousness.

e Cranial neuropathies
o Oculomotor palsy - extraocular muscle palsy, ptosis and
fixed mydriatic pupils
o Visual loss - due to compressive optic neuropathy
(ophthalmic artery aneurysms) which leads to nasal
quadrantanopsia, chiasmal compression and facial pain
syndromes.

In some particular locations, clinical symptoms may indicate the
existence of an IA. In middle cerebral artery (MCA) aneurysm the
patient may display hemiparesis, visual field impairment as well as
epileptic seizures. Moreover, in posterior cerebral artery (PCA) or
vertebral artery (VA) clinical examination may detect oculomotor palsy
and brain stem compression while in aneurysms of cavernous part of
internal carotid artery (ICA) patient may develop cavernous sinus
syndrome (ophthalmoplegia, proptosis, ocular and conjunctival
congestion, trigeminal sensory loss and Horner’s syndrome).

For a more uniform evaluation of these patients as well as for a
prognostic evaluation, the most used scale is the one proposed by Hunt
and Hess - grade o represents an unruptured IA while clinical
symptoms generated by ruptured IA are graded from 1 to 5.
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Table 1. Hunt and Hess Classification

Grade o Unruptured 1A

Grade 1 Asymptomatic / Minimal Headache / Slight nuchal
rigidity
Moderate to severe headache/Nuchal

Grade 11 o .
rigidity/Cranial nerve palsy

Grade 111 Drowsy/Confused/Mild focal deficit
Stupor/Moderate to severe hemiparesis/Possible

Grade IV early decerebrate rigidity and vegetative
disturbances

Grade V Deep coma/decerebrate rigidity

Patients with Hunt&Hess grade 1V and V do not have surgical
indication. For Hunt&Hess 1lI, immediate surgical intervention is
possible only when specific operating room and anesthetic equipment
is available. Hunt&Hess grades 1 and Il are compatible with an
immediate surgical intervention.

6. Investigations

The "golden standard" in terms of IA diagnosis is Digital
Substraction Angiography (DSA), although angiographic sequences of
CT and MRI are rapidly gaining ground. However, despite still being the
primary diagnostic tool, DSA has a risk of transient ischemic stroke
(T1S) (1%), inguinal hematoma (1-2%) and stroke (0.01%).

Angiographic CT has a sensitivity and specificity of 96-98%, varying
for 1A < 3mm to 90-94% reaching up to 100% for 1A > 4 mm. The main
advantage of angiographic CT is its low duration as well as bony
structure visualization. On the other hand, the drawbacks are lack of
sensitivity for IA in the skull base and cavernous sinus which fills with
contrast substance. A widely used system of grading SAH on CT scans
was proposed by Fisher and co-workers but is best modified to make it
useable with current imaging.
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Figure 3. CT Scan on a patient with SAH.
(Personal collection of Professor AV Ciurea and Assistant Professor AG

Mohan)
Table 2. Fisher Scale
Grade 1 No SAH

Grade 2 A thin layer of subarachnoid blood less than 1 mm

thick

Focal or diffuse thick subarachnoid blood more
Grade 3 .

than 3 mm thick
Grade 4 Intracerebral/intraventricular blood with or

without subarachnoid blood

Angiographic MRI has 70-99% sensitivity and 100% specificity.
Most frequently, physicians use the three-dimensional time of flight
sequence (3D TOF). Its cons are represented by increased duration of
image acquisition and high sensitivity to movement.

Lumbar puncture is indicated only when the event happened at
least 3 days prior to hospital admission or in case of angiography CT
showing no evidence of 1A despite clinical manifestations. Lumbar
puncture analysis detects red blood cells in the cerebral spinal fluid
(CSF) and xanthochromia (7).
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7. Treatment

HSA is amajor medical and neurosurgical emergency and diagnostic
measures should be applied immediately. Once the diagnosis of HSA
has been established by CT-scan or DSA, the patient must be urgently
referred to a center that has the surgical means to intervene in such a
pathology (operating microscope, specialized ICU unit, etc.).
Nimodipine therapy (dihydropyridine calcium channel blocker) should
be initiated 1-2 mg / h - up to 5 mg to prevent vasospasm and a
preoperative angiography (DSA) should be performed to examine all
aneurysms.

Treatment approaches for 1A have radically shifted since the
increasingly adoption of endovascular therapies. Hence, the debate
whether open microsurgical approach or endovascular techniques is
better suited became a popular topic in the field of vascular
neurosurgery. The decision must be individualized, taking into account
not only aneurysm characteristics, rupture risk but also patient status
and preferences (7).

Endovascular techniques display a wide range of options that
physician can choose from:

e Coils
o Stent assisted treatment - vascular stents and coils (Neuroform
and Enterprise stent); it provides a desynchronization between
arterial pulse of originating artery and 1A, it consolidates the
originating artery and promotes intimal cell proliferation and
growth along the 1A neck.
e Single vascular stent (in some cases even double stents are used).
e Blood flow diverter stent (PED - pipeline embolization device) -
it reduces the amount of blood flow which reaches the IA,
promoting aneurysm thrombosis
o This type of endovascular device showed promising
results in two major studies. Pipeline embolization device
for 1A treatment (PITA) showed 93.3% complete aneurysm
occlusion at angiographic follow-up (12), while Pipeline for
uncoilable or failed 1A (PUFS) showed a 99.1% successful
device placement rate on internal carotid artery, petrous
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segment (which is often inaccessible for open microsurgical
approach) (13).

At the opposite end, the open microsurgical approach is based
primarily on vascular clips that fully obliterates the aneurysm from
circulation - there are various clips models (McFadden VariAngle,
Yasargil, Harnesniemi, Sugita). 7.1. Unruptured 1A

There is a high amount of controversy regarding the proper
treatment decision of unruptured 1A - which need to be treated, and
how, and which to be observed.

A study on 2351 patients - 451 treated with endovascular methods
and 1900 surgically operated, revealed a perioperative mortality of 1.8%
with surgery and 2% with endovascular methods. However, at 1-year
follow-up the surgical operated patients have a 12.6% mortality
compared with 9.8% of the endovascular group (14). Age and aneurysm
characteristics (dimensions, shape) were determined as perioperative
mortality and morbidity factors. Moreover, age > 50 years, IA > 12 mm,
posterior location, history of stroke and clinical symptoms were
predictors of a negative outcome.

A retrospective cohort study on 2600 patients showed that
perioperative mortality and discharge to a neurorehabilitation facility
were higher among surgically treated patients rather than the ones
treated by endovascular means - 18.5% compared to 10.6% (7).

California University Report paralleled the aforementioned
conclusion, reporting perioperative complications in 25% (surgical
approach) versus 10% (endovascular approach) (7).

A meta-analysis showed that clipping resulted in a significantly
more disability in contrast with coiling. However, this proved to take
place only in the short term (0-6 months), while on the long term the
outcome was similar. Additionally, mortality (in-hospital and overall),
hemorrhage as well as infarction were no different among the two
categories (15).

Lawson and colleagues compared the risk of coiling and clipping
against the natural rupture risk mortality. Their results showed an
overall mortality rate of 2.66% for clipping and 2.17% for coiling as well
as differences in outcome - 4,75% for the clipping group and 2.16% for
the endovascular treated one. Overall, the analysis demonstrated that
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clipping is suitable for small, unruptured aneurysm in patients younger
than 61-70 years old while coiling should be considered for small
unruptured IA in patients older than 70-80 years (10).

Age was also studied as an outcome predictive factor. Poor
neurological outcome related with treatment option and perioperative
and in-hospital mortality as well as morbidity did not significantly differ
among patients 05 years old and younger but showed higher results in
patients older than 65 years old - 19% for surgically operated patients
compared to 8% in the endovascular group (17,18).

Hospital costs is another criteria worth comparing these procedures
on, clipping showing higher initial scores which in 2 to 5 years showed
no difference from the coiling method, mainly because of the
angiographic follow-up and outpatient costs (19).

Although there are arguments in favor of endovascular approach
for unruptured 1A, supported by lower perioperative mortality and
morbidity rate as well as better postoperative outcome, there are several
aspects to be further considered. Studies show that endovascular
techniques result in 50-70% cases of total IA occlusion and an almost
complete occlusion (90% occlusion) in 9o% of the cases. However,
imagistic findings showed that in 32% of cases there is residual
aneurysm, progressive thrombosis rate of 25% and a global rate of
recurring varying from 49% to 9o% in case of giant IA. The "gold
standard" procedure for unruptured 1A is still traditionally considered
to be clipping by microsurgical approach as it completely excludes the
aneurysm from the circulation and has lower reintervention rates (7).

7.2. Ruptured IA

One of the most important studies to evaluate safety and efficiency
of the two approaches is International subarachnoid aneurysm trial
(ISAT), a randomized trial conducted on 2143 patients - 1070 in the
clipping group and 1073 in the coiling group. It aimed to determine poor
outcome (modified Rankin Score (mRS) = 3-6) at 1 year follow-up. 97.3%
of total 1A were located in the anterior circulation (ACo0A - 50.5%, ICA -
32.5%, MCA - 14.1). The results at 1 year follow-up showed that 23.7% of
coiled treated patients and 30.6% of clipped patients met the
aforementioned outcome (mRS = 3-6). Additionally, rebleeding rate at 1
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year was 0,15% for endovascular approach and 0.07% for surgical
approach (20).

The Barrow Ruptured Aneurysm Trial (BRAT), also a randomized
study, had mainly the same aim as the previous one, mainly to
determine safety and efficiency of these 2 methods. There were 239
patients surgically treated and 233 treated using coils. At 1 year follow-
up, poor outcome (mRS = 3-6) was observed in 33.7% of the patients
surgically treated compared with coiling techniques which resulted in
just 23.2% poor outcome. Probability of reintervention was 4.49% with
clipping while for coiling it reached up to 10.6% (more than twice as
much). At 3-year follow-up, 1A located on the posterior circulation
proved to have a better outcome if treated by endovascular techniques.
Reintervention rate at this point was 5% for clips and 13% for coils.
During the same 3-year interval, complete thrombosis of aneurysm
went initially from 85% to 87% for clips while it dropped from 58% to
52% for coils. At 6 years follow-up the occlusion rate was 96% for clips
compared to 48% for coils. Overall, the reintervention rate was
calculated at 4.6% for clips and 16.4% for coils. It is worth mentioning
that surgical approach showed more versatility than endovascular one
as approximately 30% of 1A were inoperable by endovascular approach
so the neurosurgeons opted for open microsurgery (21).

A Chinese study conducted by Li and colleagues, presented results
on 192 randomized patients. Cerebral infarction rate was measured
reaching 21.7% for clips and 12.8% for coils, while aneurysm occlusion
was 83.7% for clips and 64.9% for coils, both parameters measured at 1
year follow-up (22).

Two meta-analysis conducted by Lanzino and his colleagues and Li
et al. have also offered conclusive results. The first one showed that
poor outcome at 1 year follow-up was higher in the surgical group rather
than embolization one, with no mortality difference detected among
the two. In the first month after treatment, rebleeding rates were lower
in the coiling group . Li and colleagues demonstrated the same results
as the previous meta-analysis regarding poor outcome, a rebleeding rate
of 1% for clips and 2-3% for coils and occlusion rates of 84% for clips and
66.5% for coils. They also found that vasospasm proved to be more
common after clipping (43.1%) than coiling (43.1%) (24).
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Another study further researched treatment associated vasospasm
and observed the patient who undergo clipping developed localized
vasospasm (around the rupture site) while those treated by
endovascular approach demonstrated progressive distal vasospasm (25).

For ruptured 1A, it can be stated that although short term results
are promising for endovascular approach, also proving to determine less
perioperative complication, mortality and morbidity rate, in the long
term those parameters are similar with the neurosurgical approach.
However, clips still remain more efficient in terms of occlusion, rate of
thrombosis and rebleeding prevention, especially on longer periods of
time. Taking everything into account, further indications ca be made
regarding the appropriate choice of treatment:

Clips Coils

Hematoma Evacuation H&H score > 2

Young age Cerebral Edema

Wide IA neck Anticoagulant treatment

already administered
MCA aneurysm Posterior 1A location
Complex/unfavorable anatomy | Dome: neck ration > 2
Sinuous artery Fusiform 1A
Multiple 1A
Surgical timing is another aspect worth focusing on. It is divided
into 4 categories:
e Immediate surgery (< 24h)
e Early surgery (24 - 72h)

e Delayed (3-10 days post SAH)
e Late surgery (10-14 days post SAH)
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Immediate 1A obliteration can improve outcome by eliminating
rebleeding, especially for endovascular treatment, representing the
actual approach. In a single center study, it was concluded that patients
treated in the first 24h had lower incidence of poor outcome compared
with those operated on after 24h. Moreover, there was also an absolute
risk reduction in poor outcome and death if coiling can be performed
in the first 24h %, However, immediate surgery is not recommended
for multiple aneurysms in a single stage procedure, giant aneurisms,
poor medical condition, posterior circulation aneurysms and low
vascular surgery experience.

Delayed surgery is preferred for more complex lesions such as giant
IA or in cases for which prolonged periods of temporary occlusion are
expected to achieve aneurysm occlusion.

In conclusion, earlier 1A occlusion has reduced the impact of
rebleeding on patient’s outcome, for both surgical and endovascular
techniques. Additionally, it also allows more aggressive and earlier
management of cerebral vasospasm (27).

8. Surgical technique

The choice of best treatment depends on patient clinical
presentation, aneurysm anatomy, neurosurgeon’s experience, the
endowment of the neurosurgical department. Surgical clipping of the
1A neck or occlusion of the IA dome with metal spirals (GDC: Guglielmi
Detachable Coils) inserted endovascularly, are currently the methods of
choice in the treatment of most aneurysms.

The current approach in surgical practice requires microsurgical
dissection and clipping of the aneurysmal neck. In Romania, this
technique was introduced by Professor Leon Danaild, with the first
aneurysm operated microsurgically on January 26, 1979 and with a
consecutive series of 2854 patients with intracranial aneurysms
operated until the end of 2007 (Danaila et.al.). Preoperative mortality
with this technique decreased to 3% (Ciurea et.al.).

Aneurysmal surgery aims to prevent the rupture or increase in size
of the aneurysm, while keeping all normal vessels intact and minimizing
damage to brain tissue and cranial nerves. Surgical morbidity is
determined by several factors, including the location, size and
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aneurysm anatomy, the patient’s neurological and medical condition
as well the coexistence of other complications of HAS. Placing the clip
too low (towards the neck) on the vessel leads to obstruction of the
carrier vessel, while placing it too high (towards the apex of the
aneurysm) leaves an aneurysmal remnant in place with a risk of
subsequent rupture.

The surgical approach must be performed under the operating
microscope. The dissection of the carrier vessel is done patiently with
the help of fine dissectors. Experienced surgeons can use microscopic
hooks, faceted take-offs or even syringe needle tips. These tools are very
sharp and are used by surgeons dedicated to the vascular field. Their use
is contraindicated for surgeons with little experience in this field. Once
the aneurysm neck is found, the dissection ceases. The apex of the
aneurysm will not be exposed in any form (only if a hematoma needs to
be aspirated). Two temporary safety clips are applied - one upstream
and one downstream of the aneurysm, after which the actual aneurysm
package is clipped. Different combinations of clips can be made
depending on the anatomy of the area and the size of the aneurysm.
After applying the final clip to large or giant aneurysms, a discreet
electrocoagulation can be applied to reduce their volume and
compressive nature. Temporary clips are removed as soon as possible
and biomaterials for hemostasis are applied. Irrigate the operating field
- 2 liters of saline and monitor the character of the serum in the field.
Once the serum is clean, the dura mater can be closed, the bone flap
positioned and the skin sutured. The sutures are suppressed at 7 days
and the patient must be mobilized at 12-24 hours. Avoid cold exposure
and hypertension.

9. Post-operative care

Most patients will need to be monitored in the intensive care unit
(ICU). Although the optimal duration of monitoring in intensive care
has not been studied, monitoring of intracranial pressure,
hemodynamic parameters, intravascular volume, lung function
status and vasospasm prevention may require long-term stay in
intensive care. Sequential CT scans may be needed to differentiate
neurological degradation caused by vasospasm, hydrocephalus, or
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cerebral edema. A rehabilitation program is often recommended for
patients recovering from HAS due to the variety of motor, cognitive,
speech, and psychosocial deficits that may occur.

Figure 4. Pre and postoperative images after surgical approach of
an lA in a 13-year-old patient.
(Personal collection of Professor AV Ciurea and Associate Professor AG
Mohan)

10. Biocompatible materials used for the treatment of aneurysms

10.1. Aneurysmal clips

The first to propose the idea of a vascular clip was Professor Harvey
W. Cushing (the father of modern neurosurgery) who improvised a
series of "clips" from wire office clips - sterilized and then used for
hemostasis in the operating field. Silver or surgical steel clips under
various variants followed (McKenzie, Olivecrona, Perneczky, etc.)
which were a real progress in 1A occlusion.

Yet, the best-known clips are the Yasargil clip (the most important -
with its subtypes) and the Sugita clip (with its subtypes). Non-
ferromagnetic clips with MRI safety up to 3 Tesla are currently used to
make postoperative MRI evaluation possible. Once applied, these clips
can no longer be repositioned. The introduction of microsurgery totally
changed the vision of the direct aneurysmal approach, on which
occasion the aneurysmal exclusion clips were modified.

10.2. Other types of devices used in vascular neurosurgery

10.2.1. Coils

GDC: Guglielmi Detachable Coils) are used in endovascular
aneurysmal pouch occlusion. The catheter inserted through the

8o



femoral puncture is directed to the aneurysm package and a wire
inserted through the catheter enters the aneurysm by pushing and
handling properly. This thread wraps (spirals) inside the aneurysmal sac
obstructing it.

Figure 5. Angiography of AcoA aneurysm. A. Preoperative view; B.
Postoperative view with coils
(Personal case of Prof. Dr. AV Ciurea)

10.2.2. Stents

The stents have a perforated cylinder structure of a metal network
that is inserted endovascularly into the lumen of the vessel at the level
of a stenosis. Dilation of the cylinder with a balloon or simple release of
the stent with shape memory determines its expansion with the
correction of stenosis.
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Figure 6. Endovascular treatment of a giant basilar artery aneurysm.
(Personal collection of Professor AV Ciurea and Assistant Professor A
Chefneux)

11. Aneurysmal subarachnoid hemorrhage prognosis

Following aneurysmal rupture, the sudden death or patient’s death
prior to reaching a medical unit occurs in 30-50% of cases. The total
mortality under the current treatment conditions is on average 45%
(ranging between 32-67% in various statistics) (Poeata et.al.) especially
due to severe HSA (H&H grade 1V and V) and due to complications
(repetition rupture, vasospasm, etc.). Approximately 30% of survivors
have moderate and severe dysfunctions (Poeata, Danaila, Ciurea et al.,
2011).

In the study published by Ciurea et al. in 2006 out of 428 cases of
ruptured intracranial aneurysms operated on, patients' condition
assessed on the Glasgow Coma Outcome (GOS) scale, at three months
postoperatively, the results were as follows: good recovery (GR) - 278
cases (04.9%), moderate disability (MD) - 101 cases (23.6%), severe
disability - 21 cases (5%), persistent vegetative states - 5 cases (1.1%) and
deaths - 23 cases (5.3%). Currently (2014) the percentages are improving
due to the existence of clinics with great experience, collaboration with
neurology and last but not least, the latest generation technique is
added.
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12. Conclusions

IA represents a neurosurgical emergency, a life threatening
pathology due risk of rupture and vasospasm development.
Subarachnoid hemorrhage (SAH) associated with 1A rupture has an
incidence of 6-26 cases/100.000 people, with a female male ratio of 1.6:1
and a peak between 40 and 60 years old. Rupture mortality reaches up
to 40% while only 30% of patients can fully recover. Main treatment
options are represented by neurosurgical clips and endovascular coils,
the former becoming increasingly popular.

For ruptured 1A, it can be stated that although short term results are
promising for endovascular approach (coils), also proving to determine
less perioperative complication, mortality and morbidity rate, in the
long term those parameters are similar with the neurosurgical
approach. However, clips still remains more efficient in terms of
occlusion, rate of thrombosis and rebleeding prevention, especially on
longer periods of time. Taking everything into account, further
indications ca be made regarding the appropriate choice of treatment.
Clips are most suited for younger patients, IA with wide neck and
located on MCA, when there is also a hematoma which needs to be
evacuated, complex/unfavorable anatomy as well as sinuous arteries.
Coils indications include H&H score > 2, cerebral edema, patient
already receiving anticoagulant treatment as well as posteriorly located
1A, dome:neck ratio > 2, fusiform and multiple IA.

Abbreviations:

IA - intracranial aneurysm, SAH - subarachnoid hemorrhage, CVS
- cerebral vasospasm, DSA - Digital Substraction Angiography, CT -
Computed Tomography, MRI - Magnetic Resonance Imaging, WFNS -
World Federation of Neurosurgical Societies, ACoA - Anterior
Communicating Artery, PCoA - Posterior Communicating Artery, MCA
- Middle Cerebral Artery, IH - intracerebral hemorrhage, IvH -
intraventricular hemorrhage, SH - subdural hemorrhage.

Disclaimer: the authors declare no conflict of interests.
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I. General data

L.1. Historic

Vascular malformations of the central nervous system have been
described in the literature since the 17th century, but the cavernous
cerebral malformations have been described only since the 19th century. (1)
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This pathology is included in the current medical nomenclature
with different names: cavernous angioma, cavernous hemangioma,
cavernoma or cavernous malformation. Initially, the terms ,cavernous
angioma” or ,cavernous hemangioma” were used, but these were
replaced with ,cavernous malformations” or ,cavernoma” in order to
differentiate from the vascular neoplasic lesions suggested by the term
»angioma”. (2)

Intracranial cavernoma is mentioned for the first time in the
literature in 1854, in a publication of the German anatomist Hubert von
Luschka (1829-1875). He describes postmortem a tumor of vascular
nature, asymptomatic, localized in the left frontal lobe of a 40-year-old
patient.

However, the term of ,cavernous angioma” is used in the literature
8 years before Luschka, in 1846 by Carl von Rokitansky (1804-1878), to
describe a cerebral lesion of vascular nature. Later, in 1863, Rudolf
Virchow (1821-1902) describes the histopathological structure of a
cavernoma for the first time. [3]

The first surgical resection of an intracranial cavernoma was
performed by Bremer and Carson in March 1890 on a 23-year-old
patient who had a 3-year history of partial seizures involving the left side
of the body. After surgery, the symptoms remitted completely. (4)

The first general presentation of this pathology was realized by
Walter Dandy (1886-19406) in 1928. He presented a series of 5 operated
cases and collected another 44 cases from all the literature until the year
of the publication. He described the microscopic and macroscopic
features of cavernomas and the clinical signs (predisposition to
bleeding, focal neurological deficits and the most common sign:
epilepsy). (5)

Krayenbuhl and Yasargil (1957) publish a study of all cavernomas
cases existent in the literature. Until then, only 82 cases were known
globally. [6] Since the study published by Walter Dandy in 1928 until this
study the number of cases has increased by only 38.

The modern era in the detection and treatment of cavernomas is
marked by the introduction of CT (1971), MRI (1977) and the operating
microscope (1957) in the current medical practice. (7),(8)
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In 1976, a study published by Voigt K. and Yasargil G shows that
there are 164 cases of cavernomas in the literature, so the number of
cases has doubled in just 19 years. [9] This increase in the number of
diagnosed cases is due to the introduction of CT and especially MR1
scans in the usual neurosurgical diagnosis methods.

1.2. Epidemiology

Cerebral cavernomas are a rare pathology of the central nervous
system and are defined as ,cryptic angiographic lesions, classically
defined as dilated vascular structures, with thin walls located in the
central nervous system, without cerebral parenchyma interposed”. (2)

Cavernomas are one of t