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Abstract

The cerebrovascular event of strokes can be
classified as ischemic strokes and hemor-
rhagic strokes. Hemorrhagic stroke occurs in
approximately 10-15% of all cerebrovascular
strokes. Mortality and morbidity rate is
reported to be high among patients with hem-
orrhagic stroke.

The most typical hemorrhagic strokes are
intracerebral hemorrhage, subarachnoid hem-
orrhage, hemorrhage due to arteriovenous
malformation, and arteriovenous fistula.
Computed tomography, magnetic resonance
imaging, and digital subtraction angiography
are used for differential diagnostic evaluations
and planning of the treatment. Especially
determining the cause of the stroke is essen-
tial. After a diagnosis of the hemorrhagic
stroke, tailored management including
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medical, surgical, endovascular or radiosurgi-
cal treatment is required to prevent further
neurological deteriorations.

In this chapter, epidemiology, diagnostic
evaluation, management of intracerebral hem-
orrhage, subarachnoid hemorrhage, cerebral
arteriovenous malformation, and cerebral
dural arteriovenous fistula will be discussed.

14.1 Intracerebral Hemorrhage
Spontaneous intracerebral hemorrhage (ICH)
accounts for 10-15% of all strokes; however, its
contribution to overall stroke mortality and dis-
ability is over-proportionally high [1]. Fifty-eight
percent of ICH patients die within the first year,
and 2/3 of survivors remain moderately or even
severely disabled [2]. Various forms of cerebral
small vessel diseases underlie the majority of
spontaneous ICH. Additional causes include cere-
bral amyloid angiopathy (CAA), vascular malfor-
mations, cerebral sinus vein thrombosis, tumors,
vasculitis, and antithrombotic medication.
However, spontaneous ICH is usually caused
by rupture of small perforating arteries secondary
to hypertensive changes [3-5]. In developed
countries, the incidence of hypertensive ICH has
decreased with the improvement of blood pres-
sure control [6]. In developing countries, the
burden of ICH has not decreased [7]. The out-
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come of ICH is variable, depending on hematoma
volume, location, an extension to ventricles, and
other factors [8]. In this review, we will summa-
rize the epidemiology, pathophysiology, risk fac-
tors, diagnosis, clinical manifestation, general
management, prognosis, and outcomes.

14.1.1 Epidemiology

ICH accounts for approximately 8—15% in west-
ern countries [9] and 18-24% in Japan [10] and
Korea [6]. The data on the frequency of hemor-
rhagic stroke are contained in a systematic review
performed by the Global Burden of Diseases,
Injuries and Risk Factors study in 2010, which
included 58 studies from high-income countries
and 61 studies from low-income countries; this
study estimated that in 2010, a total of 5,324,997
people worldwide experienced a hemorrhagic
stroke [11] The incidence of ICH is substantially
variable across countries and ethnicities. Eighty
percent of all ICH cases occurred in low to
middle-income countries, clearly indicating that
the major global burden lies in these regions.
Unlike ischemic stroke, the age-specific inci-
dence of ICH is higher in low-middle income
countries than in high-income countries [11].
Another recent inpatient database study from the
Netherlands based on retrospective cohort study
reported that the incidence of ICH per 100,000
was 5.9 in 35-54 years, 37.2 in 55-74 years, and
176.3 in 75-94 years old in 2010 [12]. For all
ages, the annual incidence rate per 100,000 per-
sons was higher in men than in women; 5.9 vs.
5.1 in people aged 35-54 years, 37.2 vs. 26.4 in
those aged 55-74 years, and 176.3 vs. 140.1 in
those aged 75-94 years [13].

The rate of early fatality is high among
patients who have had an ICH: The median one-
month case fatality after ICH was 40.1% in a sys-
tematic review of 36 population-based studies
conducted in 1983-2006 [14]. A worldwide
stroke epidemiology study revealed that early
stroke case fatality (21-day to 1-month) varied
substantially among countries and study periods;
the case fatality rate was 25-30% in high-income
countries while it was 30-48% in low- to middle-

income countries [15]. A decrease in the ICH
fatality rate might be attributed to the improve-
ment of critical care [16, 17].

14.1.2 Classification

Spontaneous ICH can be classified as either pri-
mary or secondary depending on the underlying
cause. Primary ICH accounts for 70~80% of
cases and is due to spontaneous rupture of small
vessels damaged by  hypertension  or
CAA. Primary ICH is also classified by location
as lobar versus non-lobar and supratentorial ver-
sus infratentorial [18].

Lobar ICH is commonly the result of
CAA. Amyloid deposition in small-sized to
medium-sized cortical perforators may lead to
the rupture of these vessels, resulting in asymp-
tomatic microhemorrhages or symptomatic lobar
hemorrhages [19] (Fig. 14.1a). Non-lobar ICH is
most often the result of long-standing hyperten-
sion resulting in lipohyalinosis of small perforat-
ing arteries of the basal ganglia, thalamus, pons,
and cerebellum, leading to deep hemorrhages,
often with extension into the ventricles [17]
(Fig. 14.1b—e). The most common locations of
hypertensive ICH are the putamen, thalamus,
subcortical white matter, pons, and cerebellum.

Secondary ICH is associated with a number of
congenital and acquired conditions such as vas-
cular malformations, tumors, coagulation disor-
ders, use of anticoagulants and thrombolytic
agents, cerebral vasculitis, drug abuse, and cere-
bral venous thrombosis.

14.1.3 Pathophysiology
14.1.3.1 Hypertensive Vascular
Change

ICH is usually caused by ruptured vessels that are
degenerated due to long-standing hypertension.
Responsible arteries show prominent degenera-
tion of the media and smooth muscles [4].
Fibrinoid necrosis of the sub-endothelium with
micro-aneurysms and focal dilatations may be
seen in some patients. Lipohyalinoses, promi-
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Fig. 14.1 Various types of ICH. (a) Lobar ICH, (b) ICH on basal ganglia, (¢) Thalamic ICH with IVH, (d) ICH on
pons, and (e) ICH on cerebellum
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nently related to long-standing hypertension, is
most often found in non-lobar ICH [16], whereas
CAA is relatively more common in lobar ICH.

14.1.3.2 Cerebral Amyloid

Angiopathy (CAA)
CAA is characterized by the deposition of
amyloid-p peptide at capillaries, arterioles, and
small- and medium-sized arteries in the cerebral
cortex, leptomeninges, and cerebellum [20].
CAA in the cerebral small vessel leads to spo-
radic ICH in elderly people, commonly associ-
ated with variations in the gene encoding
apolipoprotein E epsilon 2 and 4 in chromosome
19 [21]. Duplication of the APP locus on chro-
mosome 21 is also found in families with familial
early-onset Alzheimer disease and CAA. CAA-
related ICHs occur mainly in the elderly subjects
while a rare familial syndrome may manifest in
relatively young patients.

14.1.4 Risk Factors

Older age, hypertension, African-American eth-
nicity, low LDL cholesterol, and low triglycer-
ides increased the risk of ICH [22]. Hypertension
is the most important modifiable risk factor for
spontnaneous ICH. Those with Stage 3 hyperten-
sion at baseline have five times the risk as those
without hypertension [22]. Anticoagulation-
related ICH is nowadays increasing because of
the increased use of oral anticoagulation in the
elderly population. Warfarin users were at a much
higher risk of ICH compared with no therapy,
with a marked association with an international
normalized ratio >3 [23]. Antiplatelet therapy can
increase the risk of ICH with a small but signifi-
cant increase. Another study reported that sympa-
thomimetic drugs and chronic kidney disease
were also associated with ICH.

Cerebral microbleeds (CMBs) were more
prevalent with advanced age and males and
associated with hypertension, diabetes melli-
tus, and cigarette smoking [24]. The prevalence
of CMBs is the highest in spontaneous ICH
(79%), followed by atherothrombotic brain
infarction (46%), and other types of infarction

(39%) [25]. Among all patterns of CMB topog-
raphy, the strictly lobar CMB type is the most
established specific pattern for a small vessel
disease that is CAA, which is commonly seen
in lobar ICH in the elderly. Similar to lobar
ICH, CMBs in CAA have a posterior cortical
predominance and they also tend to cluster in
the same lobe [26].

14.1.5 Diagnosis and Imaging

Non-contrast Computed tomography (CT) scan
is highly sensitive and specific for ICH and will
reveal not only the location and amount of hema-
toma but also intraventricular extension, mass
effect, hydrocephalus and early signs of brain
herniation. Magnetic resonance imaging (MRI)
can be as sensitive as CT but delayed MRI is bet-
ter utilized as an adjunct tool to aid in the deter-
mination of the underlying cause of the ICH
(such as CAA, vascular malformations, and
underlying tumor). CT angiography is very sensi-
tive for identifying associated vascular abnormal-
ities and contrast extravasation as ‘“spot sign”
[27]. Contrast extravasation during angiography
is associated with ongoing bleeding and worsen-
ing outcome. Repeat imaging study should be
considered for evaluation of any neurologic dete-
rioration or for follow-up of any underlying
lesion or vasculopathy.

14.1.6 Clinical Manifestation

ICH showed dynamic disease progress and neu-
rologic symptoms usually aggravate over min-
utes or a few hours. The clinical manifestations
vary by the size and location of ICH. Headache is
more common in patients with large hematomas
and is attributed to traction on meningeal pain
fibers, increased intracranial pressure, or blood in
the cerebrospinal fluid. Vomiting due to increased
intracranial pressure is reported in about 50% of
patients with hemispheric ICH, and more com-
mon in patients with cerebellar hemorrhages
[16]. Decreased mental status indicates large
ICHs that involve the brainstem reticular activat-
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ing system. Seizures can be delayed but most fre-
quently occur at the onset of ICH. About 50-70%
of seizures occur within the first 24 h, and 90%
occur within the first 72 h, with an overall risk of
seizures of about 8% within 1 month of symptom
onset [28]. The only factor independently associ-
ated with the occurrence of early and late sei-
zures is cortical involvement of the lobar
ICH. Patients with a supratentorial ICH involving
the basal ganglia or thalamus have contralateral
sensorimotor deficits. In patients with an infraten-
torial ICH, signs of brainstem dysfunction occur
such as an ocular motor or other cranial nerve
abnormalities, and contralateral motor deficits
[4]. About 10% of patients have dementia before
their first stroke, 10% develop new-onset demen-
tia after their first-ever stroke, and more than
30% develop dementia after a recurrent stroke
[29]. The most frequent underlying vasculopa-
thies in ICH are CAA and deep perforating vas-
culopathy, both of which have been associated
with cognitive impairment of either the vascular
or Alzheimer’s type.

14.1.7 Management
14.1.7.1 Emergent Management

and Prevention

of Hematoma Expansion

ICH is a dynamic phenomenon, and urgent ther-
apy must be taken to fight against hematoma
expansion. Indeed, over 20% of patients experi-
ence a decrease in the Glasgow Coma Scale
(GCS) score between prehospital assessment and
admission to hospital [30]. Securing airway,
breathing, and circulation is essential to prevent-
ing secondary injury from hypoxia and hyperten-
sion. Intubation is indicated in a patient with
GCS <8 or significant respiratory distress. And
patient with intraventricular hemorrhage with
hydrocephalus, mass effect, or brain herniation
should be considered ventriculostomy and hyper-
osmolar therapy.

Approximately one-third of patients demon-
strate significant hematoma expansion within the
first 24 h of onset, explaining their early neuro-
logical deterioration, which further aggravates

outcome. The mechanisms underlying hematoma
expansion are not entirely clear, but the initial
hematoma leads to twisting of the surrounding
tissues which predisposes other potentially dis-
eased microvessels to tear successively and
thereby produce a “hemorrhagic avalanche” [31].
Additional therapeutically amenable forces pre-
disposing to continued bleeding include an ele-
vated blood pressure and a coagulopathy.
Therefore, management of hypertension and cor-
rection of coagulopathy are essential to prevent
hematoma expansion which would be the crucial
factor for poor prognosis.

14.1.7.2 Management
of Hypertension

Initial post-ICH blood pressure (BP) is often
much higher than the last premorbid level (mean
increase of 40.7 mm Hg). And not only recent
premorbid BP increase but also poststroke factors
may contribute to elevated BP in acute
ICH. Elevated admission BP was significantly
associated with increased odds of death or dis-
ability [32]. Lowering arterial blood pressure in
acute ICH has been studied in several trials. The
INTERACT-2 trial comparing early lowering of
SBP to <140 mm Hg with <180 mm Hg showed
no increase in adverse events in the aggressive
treatment group [33]. There was no significant
difference in death or severe disability at 90 days.
Ordinal analysis of modified Rankin scores indi-
cated improved functional outcomes with inten-
sive lowering of BP [33]. Based on the
INTERACT-2 trial, the current AHA/ASA guide-
line states that early aggressive BP lowering to
140 mmHg or lower is safe and can be effective
to improve functional outcomes [34].

In the multicenter Antihypertensive Treatment
of Acute Cerebral Hemorrhage (ATACH) II trial
used intravenous nicardipine, ICH patients with a
GCS of 5 or more were randomized within a
4.5 h time window to an intensive systolic BP tar-
get of 110-139 mmHg or a standard target of
140-179 mmHg [35]. The primary outcome was
death or disability (modified Rankin Scale 4~6)
at 3 months after randomization. There was no
significant difference in the primary end points of
death or disability (38.7% in intensive lowering
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group vs 37.7% in the standard treatment group)
and the rate of hematoma expansion [35].
However, the study showed a higher incidence of
adverse renal events (9.0% vs 4.0%, p = 0.002) in
the intensive treatment than the standard treat-
ment group [35]. The mean minimum SBPs of
the two groups during the first2 h were 128.9 + 16
and 141.1 £ 14.8 mm Hg, respectively; thus, it is
likely that the neutral results of the trial were a
result of the already good BP management in the
group receiving standard treatment. Of note, the
much lower minimum SBPs in the intensive
treatment group in the ATACH II trial might
explain the higher incidence of renal adverse
events. In addition, efforts should be taken to
ensure stability and consistency in BP lowering,
not only in the first 24 h but also in the several
days following ICH.

A wide range of agents is available for BP
control, though a lack of comparative effective-
ness studies means that there is no one ideal rec-
ommended drug in the context of acute
ICH. Current guidelines cite labetalol and nicar-
dipine as agents to consider as first-line treat-
ment, given their short half-life and ease of
titration [36]. Labetalol, a combined selective
alpha 1 adrenergic and nonselective beta-
adrenergic receptor blocker, has a rapid onset
(2-5 min) after intravenous administration and
can be given as a bolus without invasive BP mon-
itoring. It is not dependent on renal or hepatic
function and therefore may be used in those with
renal or hepatic impairment. The second-
generation calcium channel blocker nicardipine
has an onset of action of 5-10 min and has cere-
bral and vasodilatory properties that may improve
cerebral perfusion. The new third-generation cal-
cium channel blocker clevidipine has a rapid
onset (<1 min) and is easily titratable; therefore,
several studies have confirmed its efficacy and
safety in BP reduction in hypertensive crises in
cardiac surgery or emergency department set-
tings [37]. Thiazide should be used with caution
because it may cause hyponatremia and worsen
cerebral edema in patients with large hemor-
rhage. In a recent randomized trial, spironolac-
tone was shown to be very effective for patients
with resistant HTN [38].

14.1.7.3 Reversal Strategies
for Vitamin K Antagonists

Anticoagulant agents are frequently used for the
prevention and treatment of a wide range of car-
diovascular diseases. Indeed, approximately
12-20% of patients presenting with ICH are tak-
ing oral anticoagulants [39]. The most often used
anticoagulants are heparin and its derivatives;
vitamin K antagonists (VKA) and antiplatelet
agents, including aspirin and thienopyridine
derivatives such as clopidogrel. The most impor-
tant complication of treatment with anticoagu-
lants is hemorrhage and each of specific clinical
situations requires a careful and balanced assess-
ment of the benefits and risks of reversing antico-
agulants. In well-controlled patients in clinical
trials, treatment with VKA increased the risk of
major bleeding by 0.5%/year and the risk of
intracranial hemorrhage by about 0.2%/year [40].

The most straightforward method to counter-
act the effect of VKA is the administration of
vitamin K. However, VKA anticoagulants via
inhibiting the synthesis of vitamin K dependent
coagulation factors in the liver. Rapid replace-
ment of deficient coagulation factors is preferred
for reversal of anticoagulation in cases of clini-
cally significant bleeding. Substitution of vitamin
K is crucial but, not enough for an immediate
reversal of VKA, as measurable effects take
hours to days especially oral administration.
Prothrombin complex concentrates (PCC), con-
taining all vitamin K-dependent coagulation fac-
tors, are more useful. In a prospective study, in
patients using VKAs and presenting with bleed-
ing, the administration of PCC resulted in at least
satisfactory and sustained hemostasis in 98% of
patients [41]. Moreover, in contrast to fresh fro-
zen plasma (FFP) which are stored in blood
banks, PCC are readily available, do not need
compatibility testing before transfusion, and can
be infused over a few minutes without volume
overloading. For all patients taking vitamin K
antagonists, vitamin K 10 mg and 3-factor or
4-factor PCC should be administered intrave-
nously for patients with the international normal-
ized ratio (INR) >1.4. If repeat INR 15-60 min
after PCCs administration shows continued INR
elevation above 1.4, consider further correction
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with 2—4 units FFP. Reversal of unfractionated
heparin is recommended for patients who develop
ICH with prolonged activated partial thrombo-
plastin time (aPTT) while on heparin infusion.
Intravenous protamine sulfate is the antidote of
choice and each milligram of protamine will neu-
tralize approximately every 100 units of heparin
given in past 2-3 h. If repeat aPTT remains ele-
vated, repeated at half of the initial dose should
be administrated, maximum 50 mg dose.

14.1.7.4 Reversal of Non-vitamin K
Antagonist Oral
Anticoagulants (NOACs)
NOACs comprise the factor Xa inhibitors apixa-
ban, edoxaban, and rivaroxaban and the direct
thrombin inhibitor dabigatran. NOACs are safer
than VKA in terms of major bleeding for stroke
prevention and they carry about a 50% lower risk
of ICH compared to VKA. These agents have
relatively stable pharmacokinetic and pharmaco-
dynamic properties; therefore, do not need for
repeated dose adjustments.

For patients taking factor Xa inhibitors, acti-
vated charcoal can be administrated to prevent
drug absorption (within 2 h of drug exposure).
Depending on the severity of the clinical situa-
tion and in view of the half-lives of the direct Xa
inhibitors, the cessation of medication may be
sufficient to reverse the anticoagulant effect;
however, PCC (50 units/kg) is recommended if
the hemorrhage occurred within 3-5 half-lives of
drug exposure. In the ANNEXA-4 trial, an infu-
sion of andexanet alfa, a recombinant, genetically
modified factor Xa can reverse rapidly by a par-
tial rebound of the oral and parenteral anticoagu-
lant effect including rivaroxaban, apixaban, and
edoxaban [42]. It has not been approved by the
FDA for clinical use.

Direct thrombin inhibitors (DTTs; e.g., dabiga-
tran, argatroban, and bivalirudin) have good and
relatively stable bioavailability after oral inges-
tion and have the significantly less adverse effect
of causing bleeding than VKA. Dabigatran was
shown to be effective in the prevention and treat-
ment of both venous and arterial thromboembo-
lism. Furthermore, the half-lives of most of the
agents are relatively short; hence, in the case of

less serious bleeding, interruption of the treat-
ment will be sufficient to reverse the anticoagu-
lant effect. However, reversal of coagulopathy is
indicated if the patient presents within 3—5 half-
lives of drug exposure. Idarucizumab (5 g intra-
venous divided into two doses) is a fragment of
an antibody that is an only currently licensed spe-
cific antidote for the oral direct thrombin inhibi-
tor dabigatran [43]. Monitoring of the
anticoagulant effect of thrombin inhibitors is dif-
ficult and the ecarin clotting time may be accu-
rate than aPTT but is not readily available in most
routine clinical settings. Practically applicable
measure for monitoring the anticoagulant effect
may be the diluted thrombin time, which needs to
be standardized for the specific agent that was
used [44].

14.1.7.5 Reversal of Antiplatelets
Cyclooxygenase inhibitors such as aspirin and
the P2Y2G inhibitors clopidogrel, prasugrel,
and ticagrelor irreversibly block their targets in
platelets and thereby attenuate platelet aggrega-
tion. In current clinical practice, bleeding can
almost always be managed with local hemo-
static procedures or conservative strategies
without interrupting aspirin use. Rather, inter-
ruption of aspirin has been associated with an
increased risk of thromboembolic complica-
tions. In a multicenter, randomized open-label
trial, platelet transfusion seems inferior to stan-
dard care for patients taking antiplatelet therapy
before ICH with increased mortality or depen-
dence at 3 months (OR 2.1, p = 0.0114) [45].
Platelet transfusion is not recommended for
nonsteroidal anti-inflammatory drugs (NSAIDs)
or glycoprotein (GP) IIb/ITA inhibitor-related
ICH. Nevertheless, under special clinical cir-
cumstances, such as ICH need to undergo a neu-
rosurgical procedure, the anti-hemostatic effect
of aspirin needs to be reversed immediately. The
most rigorous measure to achieve that is the
administration of platelet concentrate after the
cessation of aspirin. Another approach is the
administration of de-amino d-arginine vasopres-
sin (desmopressin) which can be considered in
ICH associated with cyclooxygenase inhibitors
or ADP receptor inhibitors.
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14.1.7.6 Management of IVH
Intraventricular hemorrhage (IVH) can occur in
isolation or more frequently as part of parenchy-
mal ICH in up to 45% of patients with
ICH. Because it is associated with poor outcome,
external ventricular drain (EVD) placement
should be considered in patients with GCS <8,
significant IVH with hydrocephalus due to
obstruction of cerebrospinal fluid circulation or
evidence of transtentorial herniation [46].
Moreover, intraventricular clots cause inflamma-
tion of the ependymal layer and fibrosis of the
arachnoid granulations, leading to delayed com-
municating hydrocephalus. In the recent multi-
center, randomized placebo-controlled
CLEAR-III trial, a dose-dependently better result
of the intraventricular clot lysis was observed in
intraventricular t-PA administrated patients, but
this showed no benefit of the overall outcome
[47]. Subgroup analysis showed reduced mortal-
ity in patients with large IVH.

14.1.7.7 Surgical Intervention
The randomized, controlled STICH trial and the
subsequent STICH-II demonstrated no benefit for
early surgery with hematoma evacuation in patients
with supratentorial ICH [48, 49]. Subgroup analy-
sis shows a small survival benefit in patients with
lobar hematoma location without significant
improvement in functional outcomes. STICH II
revealed a trend toward improved outcomes, par-
ticularly in those patients whose GCS was between
9 and 12 initially. However, in cases of cerebellar
ICH, emergency craniotomy for hematoma evacu-
ation is generally recommended given the high
morbidity from the rapid development of brainstem
compression (Fig. 14.2). Surgical indications
include >3 cm sized hematoma, upward herniation,
brainstem compression or hydrocephalus which is
not sufficient with EVD alone and further neuro-
logical deterioration [50]. With respect to the ben-
efit observed in patients with malignant middle
cerebral artery infarction, hemicraniectomy should
be considered when targets the space-occupying
effect of the massive hematoma.

Recent, less invasive techniques for hema-
toma evacuation may be promising. The
Minimally Invasive Surgery plus tPA for

-

Fig. 14.2 Surgical view of craniotomy and hematoma
evacuation for intracerebellar hematoma. After suboccipi-
tal craniotomy and minimal corticectomy, thick hema-
toma was observed in the cerebellar hemisphere

Intracerebral Hemorrhage Evacuation (MISTIE)
phase II trial evaluated the stereotactic guided
clot catheterization and intermittent dosing of
intraventricular tPA to facilitate clot liquefaction
and aspiration [51]. It suggested that the proce-
dure is safe and showed a trend toward improved
outcomes in the surgical patients compared with
the medically treated patients. And MISTIE II
study also revealed the association of hematoma
evacuation and reduction of brain edema in the
surgically treated group. The ongoing MISTIE
III trial has added a stereotactic CT-guided
Endoscopic Surgery arm and the results are
expected soon. Preliminary data showed that the
newer trans-Sylvian, trans-insular minimal inva-
sive approaches may yield better results due to
relative sparing of cortical function [39].
Evidence from clinical trials suggests that crani-
otomy is indicated for lobar ICH because the clot
reaches the surface of the brain and because
access is easy and safe. Meanwhile, EVD cathe-
ters may be better for patients with deep
ICH. These principles do not apply to aneurys-
mal or cerebellar ICH [52].

14.1.7.8 Critical Care of Intracerebral
Hemorrhage

Patient with ICH has up to 16% risk of clinical

seizures within 1 week which are defined as early
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seizure [53]. Among them, 50-70% of seizures
occur within the first 24 h, and 90% occur within
the first 72 h, with an overall risk of seizures of
about 8% within 1 month of symptom onset [54].
The incidence of late seizures is around 4 new
cases/100 person-years, with a median delay
between ICH and seizures of 9 months [55]. The
lobar ICH with cortical involvement is an inde-
pendent predictor of both types of seizures [54].
In contrast with early seizures, the occurrence of
late seizures has been associated with worse
functional outcome. In addition, the incidence of
subclinical seizures which can be detected
through the continuous electroencephalography
after ICH is 29-31%. Clinical seizures should be
treated with antiepileptic medications, as should
electrographic seizures accompanied by mental
change.

Fever (>37.5 °C) is very common (about 40%)
in patients with ICH, particularly in cases of
intraventricular extension due to damage to any
structures of the central temperature homeostasis
pathways [56]. Sustained fever after ICH is an
independent risk factor associated with poor out-
come and death [57]. However, insufficient data
is available to establish whether treatment of
fever leads to an improved functional outcome.
We consider therapeutic normothermia as a basic
principle of neuroprotection and recommend
early treatment of elevated body temperature
associated with increased duration of sedation or
mechanical ventilation.

It has also been shown in many small trials
that hyperglycemia (blood glucose levels >140—
200 mg/dl) on admission is associated with
hematoma expansion as well as higher morbidity
and mortality rates in patients with ICH [58].
There are no specific recommendations for low-
ering the blood glucose levels to a certain level in
acute ICH. Also, hypoglycemia (<40-50 mg/dL)
may lead to neurological deterioration in ICH
patients; therefore, it is reasonable to target glu-
cose level at 100-150 mg/dL for patients with
ICH.

Because of their immobility and paresis,
patients with ICH are at high risk for deep venous
thrombosis (DVT), with the rate of symptomatic
DVT at 1-5%. And consecutively, the incidence

of symptomatic pulmonary embolism (PE) is
~0.5-2% [59]. and about half of the PE are fatal.
Thigh-length graduated compression stockings
did not prevent DVT based on the Clots in Legs
Or sTockings after Stroke-1 (CLOTS-1) trial
[60]. In contrast, the use of elastic stockings com-
bined with intermittent pneumatic compression
devices decrease the rate of DVT in patients both
hemorrhagic and ischemic stroke and may lead to
a better outcome [61]. Other recent guidelines
recommend the initiation of mechanical VTE
prophylaxis, preferably with intermittent pneu-
matic compression devices at the time of admis-
sion [62]. Prophylactic doses of subcutaneous
unfractionated heparin might be started in
patients with stable hematomas within 48 h of
admission [39].

14.1.7.9 Prognosis and Outcomes

ICH is the most debilitating type of stroke.
Known poor prognostic factors of ICH include
large hematoma volume, hematoma expansion,
GCS score on admission, an intraventricular
extension of hemorrhage, hemorrhage loca-
tion, old age, contrast extravasation on CT scan
(spot sign) and anticoagulant use [16]
(Table 14.1). The most widely used simple
clinical grading scale for evaluating 1-month
prognosis is the ICH score, which includes
age, GCS score at admission, ICH volume,

Table 14.1 Poor prognostic factors of intracerebral
hemorrhage

Intracerebral hematoma volume (>30 ml)

Expansion of intracerebral hemorrhage

Low Glasgow Coma Scale (GCS) at initial presentation
Intraventricular extension of hemorrhage on initial
computed tomography

Infratentorial origin of intracerebral hemorrhage

Old age (>80 years old)

Contrast extravasation on computed tomography (“spot
sign”)

Anticoagulant use

Hyperglycemia at admission

Chronic kidney disease (estimated glomerular filtration
rate < 60 mL/min/m?)
Table is from An SJ, Kim TJ, Yoon BW. Epidemiology,
Risk Factors, and Clinical Features of Intracerebral
Hemorrhage: An Update. Journal of stroke. 2017;19(1):3—
10 [16]
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ICH location, and intraventricular extension
[8]. These prognostic factors may help to strat-
ify the 30-day mortality risk and functional
outcomes at 1 year. Hyperglycemia at admis-
sion was also associated with an increased risk
of 30-day mortality and, chronic kidney dis-
ease was also reported to be associated with
poor outcome [16]. Most patients die from ICH
due to presumed poor outcome leading to the
early withdrawal of care such as do-not-
resuscitate (DNR) decisions within the initial
hospitalization in the United States [63]. The
current AHA/ASA guidelines recommend
early and aggressive care after ICH and post-
ponement of any new DNR orders until at least
the second full day of hospitalization [34].

14.2 Subarachnoid Hemorrhage

Subarachnoid hemorrhage (SAH) is defined as
the extravasation of blood into the subarachnoid
space which is the area between the arachnoid
membrane and the pia mater surrounding the
brain. Trauma to the brain is the most common
cause of SAH. Besides trauma, spontaneous
SAH can be classified into aneurysmal, nonaneu-
rysmal, and perimesencephalic causes. Around
80-85% of the SAH are caused by rupture of an
intracranial aneurysm, and rest of SAH are
caused by vascular malformations, vasculitis, etc.
[64] As traumatic SAH is beyond the scope of
this chapter, and the preponderance of morbidity
and mortality of SAH is related to aneurysmal
SAH, the chapter focuses on this entity.

14.2.1 Epidemiology

Intracranial aneurysms usually arise from the
branching points of arteries which are assumed to
have hemodynamic stress on the wall, and it
occurs in 1-2% of the population [65]. Annual
rupture rate of an intracranial aneurysm is 0.95%
from UCAS study [66]. The reported Age-
adjusted average annual aneurysmal SAH inci-
dence varies from 2.0 to 22.5 cases per 100,000
persons widely across the world, and it is known

to participate in 5-10% of all strokes in the
United States [67, 68].

Comparing to other subtypes of stroke, aneu-
rysmal SAH tends to present at younger age.
Therefore, loss of productive life is relatively
greater than that of other subtypes of stroke [69].
Mortality of aneurysmal SAH within 30 days is
approximately 45%, and 30% of the survivors
suffer neuropsychological effects and decreased
quality of life [70].

The pathophysiology of the intracranial aneu-
rysm is not well defined. However, family his-
tory, a genetic disorder related to the
connective-tissue disorder and polycystic kidney
disease is a commonly reported risk factor [71,
72]. Risk factors associated with SAH can be cat-
egorized to modifiable and nonmodifiable risk
factors. Modifiable risk factors include hyperten-
sion, current smoking, alcohol abuse, use of sym-
pathomimetic drugs, whereas, nonmodifiable
risk factors include female gender, black race,
Hispanic ethnic group, genetic disorders and an
aneurysm larger than 7 mm [71, 73, 74].

14.2.2 Clinical Manifestations

The hallmark presenting symptom of aneurysmal
SAH is an abrupt onset of a severe headache
which can be observed up to 97% [75, 76]. The
patients usually describe their headaches as the
worst headache of their life. And in 10-40% of
patients, headaches due to a warning leak or
“sentinel” a headache can occur 5-20 days before
the full presentation of the SAH [77]. Although a
severe headache is one of the most important
symptoms of aneurysmal SAH, it can commonly
occur during physical or psychological stress
during daily activities. The previous study reports
that a headache due to aneurysmal SAH is only
1% of all headaches evaluated in the emergency
department [78]. Furthermore, a sentinel head-
ache can be easily regarded as a migraine head-
ache or other headaches which can lead to four
times more morbidity and mortality comparing to
properly diagnosed sentinel headache [79].
Therefore, careful documentation of the onset,
character, severity, and associated symptoms or
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findings that accompany a headache should be
taken from the patient’s history to avoid misdiag-
nosis and potential lifesaving [74, 80].

Seizure is another important symptom that
present up to 26% of patients with aneurysmal
SAH [81-84]. It can be the cause of aneurys-
mal rebleeding which can lead to intracranial
hypertension and herniation. The poor grade in
Hunt and Hess scale and Fisher scale is well-
known risk factor post aneurysmal SAH sei-
zures [85]. And early seizures at the onset of
aneurysmal SAH symptoms are often a sign of
rebleeding and a predictor of poor clinical out-
comes [81, 85].

With more severely affected aneurysmal SAH
cases, patients present with altered mental status.
The range of altered mental status can vary from
mild lethargy to deep coma. The initial mental
status at arrival to the hospital is regarded as the
degree of encephalopathy, and it is the major
determinant of the prognosis [80]. These patients
had a 2.8-fold increase in death or severe disabil-
ity based on the modified Rankin Scale at 1 year,
even when controlling for age, severity at presen-
tation, and aneurysm size [86].

Other symptoms or signs associated with
aneurysmal SAH include nausea, vomiting, pho-
tophobia, neck stiffness, focal neurologic defi-
cits, and sudden death [87]. As these symptoms
or signs are not specific with aneurysmal SAH, as
a result, they can easily lead to misdiagnosis.

14.2.3 Grading Scales Used
with Aneurysmal SAH

A variety of grading scales were introduced
which correlates with prognosis, vasospasm, and
aneurysm rupture rate. Although some of the fac-
tors overlap with each other, each grading scales
represents the nature of aneurysmal SAH.

The Hunt-Hess classification and the World
Federation of Neurosurgical Societies classifica-
tion are the most commonly used grading sys-
tems correlated with long-term prognosis [88,
89]. These two grading systems are based on the
severity of encephalopathy which is the most
important factor in the outcome of patients with

aneurysmal SAH. Aneurysm rupture causes
immediate brain dysfunction and late events such
as vasospasm and delayed cerebral ischemia
(DCI) which is potentially related to poor out-
come; however, its mechanism is poorly under-
stood [90, 91].

The Fisher scale and modified Fisher scale is the
grading system which correlates with the risk of
vasospasm [92, 93]. These scales are based on the
amount of SAH and intraventricular hemorrhage
presented on CT images. Currently, the mechanism
of vasospasm is unclear, but it is believed that by-
products from hematoma degradation have an
important role in arise of vasospasm.

PHASES score is one of the grading systems
which prediction of risk of rupture of an intracra-
nial aneurysm [94]. This grading system is a
result of systemic analysis of prospective cohort
studies. Although it is not a systemic for the
prognosis of aneurysmal SAH, it gives an idea of
factors that cause the rupture of an aneurysm.
According to PHASES score Population (race),
Hypertension, Age, Size of the aneurysm, Earlier
SAH from another aneurysm, and Site of an
aneurysm are the risk factors of an aneurysm.

14.2.4 Diagnostic Evaluation

In patients with suggestive history and physical
examination of aneurysmal SAH, brain CT with-
out contrast enhancement is the first step to con-
firm the presence of bleeding in subarachnoid
space which presents typical star shape hemor-
rhage localized to the basal cistern (Fig. 14.3)
[87, 95]. The sensitivity of the CT scan is close to
100% in the first 3 days after the onset of symp-
toms, and declines to 50% by 5-7 days after the
onset of symptoms [96, 97]. Besides time from
rupture of the aneurysm, various factors can
influence the sensitivity and specificity of non-
contrast head CT, which includes the scanner, the
radiologist, the amount of the hemorrhage, the
patient’s hematocrit level (<30%), and the pres-
ence of motion or bone artifact [64, 98—100].

If the CT shows negative results, MRI can be
an alternative method to diagnose aneurysmal
SAH. Although MRI takes more time to scan the
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Fig. 14.3 Typical diagnostic image of SAH on CT is a
hyperattenuating material seen filling the subarachnoid
space, most commonly apparent around the circle of
Willis and extending to sulci, fissures, and ventricles

brain image, it has the additional advantage of
better sensitivity for detecting chronic bleeding
than that of CT. MRI with fluid-attenuated inver-
sion recovery, proton density, and gradient-echo
sequences are reported to have high sensitivity to
heme in the cerebrospinal fluid [101]. Due to lon-
ger study time is required than CT, usually MRI
is not the first choice for aneurysmal SAH unless
the patient is stable; however, there are physi-
cians who prefer MRI as the first diagnostic
choice.

If there CT or MRI is negative from patients
with suspicious aneurysmal SAH, detecting
blood or xanthochromia in cerebrospinal fluid
by lumbar puncture (LP) can be another option
[102]. LP has several drawbacks which are an
invasive and time-consuming procedure with
difficulty in distinguishing between subarach-
noid hemorrhage and trauma during the proce-
dure [97]. Furthermore, the sensitivity and
specificity of CT and MRI are very high, the
value of LP after negative CT or MRI is decreas-
ing. As a result, LP as a diagnostic tool for
aneurysmal SAH is in the debate. However,
from a recent meta-analysis, there is still a

chance of missing aneurysmal SAH by approx-
imately 1% [103]. The value of LP as a diagno-
sis tool for aneurysmal SAH is diminishing due
to low diagnostic yield and high sensitivity and
specificity of CT and MRI, it still takes place in
American Heart Association and American
Stroke Association (ASA) guidelines published
in 2012, which recommend to use after negative
CT to adequately rule out SAH [95]. LP has an
additional value that it can diagnose other cause
of headaches, including idiopathic intracranial
hypertension (pseudotumor cerebri), spontane-
ous intracranial hypotension, encephalitis, or
meningitis and measure intracerebral pressure
during the procedure [104]. Therefore, although
LP can be an unnecessary procedure in the near
future in diagnosing aneurysmal SAH, it should
be kept in mind in the worst scenarios.

Once aneurysmal SAH is diagnosed, the
next step is determining the specific location of
the aneurysm which is ruptured. CT angiogra-
phy can be performed immediately after the
initial CT, and it can provide the essential
information which is required for the surgical
treatment [105]. MR angiography can be used
as an alternative method also can be used for
detecting an aneurysm. CT angiography and
MR angiography can detect aneurysms as
small as 2-3 mm, but tiny blister aneurysms or
aneurysms filled with thrombi may be missed
[106]. Although CT angiography and MR angi-
ography provide reliable sensitivity, still they
do not give information whether it is ruptured
or not.

Digital subtraction angiography (DSA)
remains the gold standard for diagnosing an
aneurysm and for defining relevant anatomy
for treatment [105]. Two-dimensional angiog-
raphy in DSA provides information on vascu-
lar burden and dynamics of the blood flow. In
some cases, it can also detect extravasation of
blood from the aneurysmal dome which needs
urgent treatment. With a combination of three-
dimensional angiography reconstructions pro-
vides more sensitivity and more accurate
anatomical data of the aneurysm and surround-
ing vessels which can be helpful in planning
treatment [80].
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14.2.5 Management

The goal of management of aneurysmal SAH is
to prevent further neurological deterioration by
rebleeding, brain edema, vasospasm, and hydro-
cephalus. Especially, the path to securing the rup-
tured aneurysm from rebleeding is the most
important goal. Therefore, the management of
aneurysmal SAH can be determined into three
phases: management prior to secure of the rup-
tured aneurysm, securing the ruptured aneurysm,
and management after securing the ruptured
aneurysm. Before securing the aneurysm, the
management of aneurysmal SAH management is
basically focused to prevent rebleeding and mini-
mize the encephalopathy which can result in high
mortality and morbidity. Then surgical of endo-
vascular treatment is performed to secure the rup-
tured aneurysm. Finally, management to prevent
further neurological deterioration by delayed
complications such as vasospasm, and hydro-
cephalus follows.

14.2.5.1 Management Prior to Secure

of the Ruptured Aneurysm
Rebleeding is most common within the first 24 h,
some studies report that the risk of rebleeding is
highest within 2 h [107, 108]. Longer time to
aneurysm treatment, worse neurologic status on
presentation, initial loss of consciousness, previ-
ous sentinel headaches, larger aneurysm size, and
hypertension are risk factors of rebleeding [109,
110]. Although early definitive treatment of rup-
tured aneurysms can reduce the risk of rebleed-
ing, over 12% of patients decease during
transportation to the hospital [109, 111].

Seizure; Antiepileptic Drugs

Seizure can be both cause and result of rebleed-
ing and it is also a predictor of bad prognosis [81,
85]. Seizure-like episodes have been reported in
up to 26% of patients with aneurysmal SAH,
most occurring before arriving at the hospital
[81-84]. The risk of seizures increases with poor
Hunt and Hess grade and Fisher grade [85]. And
delayed seizures occurred in 3-7% of patients
[84, 85]. Routine prophylactic antiepileptic drug
use in patients with aneurysmal SAH is com-

monly used by physicians; however, still, there
are no randomized controlled trials for the safety
and effectiveness of antiepileptic drugs in aneu-
rysmal SAH [112]. Guideline from ASA sug-
gests that short-term prophylactic antiepileptic
drug can be used in the immediate posthemor-
rhage period, meanwhile, the routine long-term
use of anticonvulsants is not recommended [95].

Hypertension

High blood pressure is regarded as a risk factor of
rebleeding in aneurysmal SAH; therefore, there
is the general consensus of strict control of hyper-
tension unless the aneurysm is treated. However,
the specific parameters for blood pressure have
not been defined. According to ASA guideline
maintaining systolic blood pressure less than
160 mmHg and mean arterial pressure less than
110 mmHg is recommended with Class I; Level
of Evidence B [95]. In our institute, target blood
pressure in aneurysmal SAH is under 140 mmHg
which is widely used by many practicing neuro-
surgeons and endovascular specialists [74].
Blood pressure must be carefully controlled not
to effect on lowering cerebral blood flow and an
increase of intracranial pressure. Therefore,
labetalol, nicardipine, and clevidipine are agents
recommended for controlling hypertension [95].

Antifibrinolytic Therapy

Antifibrinolytic therapies such as aminoepsilon
caproic acid or tranexamic acid can be consid-
ered to reduce the risk of aneurysmal rebleeding
in case of an impossible situation of early secure
of the aneurysm. Studies on the early and short-
term use of antifibrinolytics showed benefits on
prevention of rebleeding, but there were no sig-
nificant benefits on long-term outcomes [113,
114]. ASA guideline suggests short-term (<72 h)
therapy with antifibrinolytics is reasonable (Class
Ila; Level of Evidence B), but it should be care-
fully used on a case-by-case basis [74, 95].

Other Medical Management

Various medical problems occur in patients with
aneurysmal SAH, includes fever, electrolyte
imbalance, cardiac decompensation, and deep
vein thrombosis. Fever is one of the most com-
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mon medical complications of aneurysmal
SAH. Presence of fever in patients with aneurys-
mal SAH is associated with worse outcomes
[115, 116]. As fever induces cerebral metabolism
which leads to the production of metabolic by-
products such as various cytokines and free radi-
cals, it can accelerate the encephalopathy
procedure. Therefore, induced normothermia
reduces episodes of cerebral metabolic crises
[117]. Evidence of encephalopathy which can be
measured with poor Hunt and Hess grade and
presence of intraventricular hemorrhage are
strong predictors of fever [118].

14.2.5.2 Securing the Ruptured
Aneurysm

Once the aneurysm is ruptured, securing the rup-
tured point to prevent rebleeding is the most impor-
tant goal of the management of aneurysmal SAH
(Fig. 14.4a). There are two major treatments, which
is an option in securing the ruptured aneurysm.
One is surgical clipping and the other is endovascu-
lar treatment. Recently, flow diversion device such
as pipeline device emerged as a new treatment
method for the treatment of aneurysmal SAH in the
endovascular division [119, 120]. Each treatment
method will be described in this section.

Fig. 14.4 Nontraumatic subarachnoid hemorrhages are
usually caused by rupture of the aneurysm. (a) a ruptured
aneurysm from origin of posterior cerebral aneurysm.

Various treatment can be considered, including aneurys-
mal neck clipping (b), endovascular coiling (¢), and flow
diverting devices (d)
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External Ventricular Drainage

Acute hydrocephalus is common in aneurysmal
SAH with intraventricular hemorrhage which
causes early neurologic decline. External ven-
tricular drainage can be the treatment option for
symptomatic hydrocephalus which can provide
ICP monitoring as well as CSF drainage. Acute
hydrocephalus can end up with intracranial
hypertension and cerebral ischemia eventually
cerebral herniation unless it is treated properly.
Therefore, identification of the presence of the
hydrocephalus on CT is essential to step on the
management of aneurysmal SAH.

Microsurgical Clipping

Surgical clipping of a ruptured aneurysm is per-
formed under craniotomy. Usually, subarach-
noid hemorrhage spread throughout
subarachnoid spaces and adhere to arachnoid
and surrounding vessels. Careful dissection is
performed around the cerebral arteries under the
surgical microscope, to minimize the brain tis-
sue injury. Once the aneurysm is exposed, tita-
nium clip(s) is applied to the aneurysmal neck
for mechanical closure of the aneurysm sac
(Fig. 14.4b). This procedure preserves blood
flow to the normal arteries and prevents rebleed-
ing of the ruptured aneurysm. The majority in
the surgical strategy of aneurysmal SAH is simi-
lar to that of the unruptured aneurysm. But it has
various factors that can alter the surgical diffi-
culties, and it has a larger chance of intraopera-
tive rupture of the aneurysm. In case of presence
of cerebral edema, drainage of cerebrospinal
fluid via ventriculostomy from Paine’s point or
fenestration of lamina terminalis could be nec-
essary and additional craniectomy with/without
temporalis muscle resection could also be
required. And in case of large amount hema-
toma in cisternal space or intraparenchymal
hematoma could alter the anatomic relation in
the surgical field. To deal with intraoperative
rupture of the aneurysm, proximal control of the
parent artery is essential. In the case with diffi-
culty in exposing the proximal parent artery for
temporary clipping, the physicians must not
hesitate to expose the cervical internal cerebral
artery.

Endovascular Treatment

Endovascular treatment of a ruptured aneurysm
is performed under fluoroscopic guidance usually
via the femoral artery or radial artery.
Microcatheter is carefully navigated up to the
parent artery of the aneurysm and the tip of the
microcatheter is advanced into the aneurysm sac.
Metal coil is carefully deployed inside the aneu-
rysm sac, forming a framework like a bird cage
(Fig. 14.4c). Once the framework is done, addi-
tional coils are introduced to fill the aneurysm
sac. This process arrests intraaneurysmal blood
flow and proceeds induced thrombus formation
which leads to preventing rebleeding of the rup-
tured aneurysm.

Recent reports present successful results in
the treatment of large proximal internal cerebral
artery aneurysms with flow diversion devices
[121]. Various devices have been introduced to
the market, such as Pipeline, Surpass, SILK,
FRED, and p64. High metal coverage of flow
diversion device forms static intraaneurysmal
blood flow which leads to intraluminal thrombus
formation (Fig. 14.4d). There are studies that
show that flow diversion devices can be used in a
selective case in aneurysmal SAH, such as small
or blister aneurysm [119, 120].

14.2.5.3 Management After Securing
the Ruptured Aneurysm

Cerebral Edema

Global cerebral edema is reported in up to 20%
of patients with aneurysmal SAH which is the
cause of increased intracranial pressure [122].
Early global cerebral edema is caused by the ictal
intracranial circulatory arrest at the time of aneu-
rysm rupture. Various factors can lead to delayed
cerebral edema which are cytotoxic effects of
blood products, microvascular ischemia, and
autoregulation dysfunction [123]. Both early and
delayed global cerebral edema can present loss of
consciousness. This is an independent predictor
of mortality and poor outcomes.

Vasospasm and Delayed Cerebral Ischemia
Vasospasm and DCI is one of the most serious
complications associated with aneurysmal
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SAH. One-third of patients suffer from SCI
who survive the aneurysmal SAH and results
in poor outcome in half of the patients with this
complication [124]. Approximately 70% of
aneurysmal SAH patients present narrowing of
cerebral arteries angiographically which is also
known as vasospasm. Vasospasm generally
starts 3—4 days after aneurysm rupture, peaks
at 7-10 days, and resolves by 14-21 days [125]
(Fig. 14.5a, b). DCI is a clinical syndrome of
focal neurologic deficits that develop in 30% of
aneurysmal SAH patients. Delayed cerebral
ischemia generally occurs 4-14 days after
aneurysm rupture [91]. Delayed cerebral isch-
emia is one of the major causes of morbidity
and mortality after aneurysmal SAH [64].
There is a common belief among physicians
that vasospasm is the cause of cerebral isch-
emia, but each may occur independently of the
other. In addition, a recent study suggests that
various factors contribute to DCI [126].
Amount of hemorrhage and presence of intra-
ventricular hemorrhage are the most widely
known factors of vasospasm and this is also
represented on Fisher grade and modified
Fisher grade [92, 93].

Classically, induced hypertension, hemodilu-
tion, and hypervolemia, the so-called triple-H
therapy has been used for the management of
hypoperfusion after aneurysmal SAH [127].
However, triple-H therapy was not supported by
any controlled studies and adverse effect fol-
lowed by serious complications arises. Recent
systemic review study reports that only induced
hypertension seemed beneficial in increasing
cerebral blood flow [128], but the single-blind
randomized clinical trial of induced hypertension
in DCI showed no significant benefit in patients’
outcome [129]. However, ASA guideline sug-
gests that induced hypertension is recommended
for patients with DCI unless the patient has initial
hypertension or cardiac problem and mainte-
nance of euvolemia and normal circulating blood
volume is recommended whereas prophylactic
hypervolemia is not recommended [95].
Therefore, in current status, maintaining normo-
tension or induced hypertension with euvolemia
in aneurysmal SAH must carefully apply to the
aneurysmal SAH patients on a case-by-case
basis.

Nimodipine is a calcium antagonist that is
thought to reduce the rate of cerebral vasospasm

Fig. 14.5 A 57-year-old female administrated due to rup-
tured aneurysm on left MCA bifurcation. Severe headache
with mild fever occurred 10 days after the aneurysmal
neck clipping and DSA revealed broad vasospasm at ACA

and MCA. (a) White circle, MCA aneurysm; White arrow,
normal ACA and MCA; (b) Black arrow, ACA, MCA
with vasospasm
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by reducing the influx of calcium into the vascu-
lar smooth muscle cells. A Cochrane Review that
includes a large randomized controlled trial
shows a reduced risk of poor outcome [130]. The
administration of nimodipine to reduce the risk
of poor outcome and DCI is the only level IA evi-
dence recommended by the ASA [95]. Use of
nimodipine showed significant reduction of the
risk of angiographic vasospasm; however, no
measurable effect was observed on the develop-
ment of DCI or on clinical outcomes [90, 91]. A
Cochrane review of randomized trials indicated
that nimodipine reduced the risk of poor out-
comes in one-third of patients with aneurysmal
SAH [130]. Oral nimodipine is recommended to
be administered to all patients with SAH accord-
ing to the ASA guideline [95].

Transcranial Doppler ultrasonography is
widely used as a noninvasive screening for vaso-
spasm after aneurysmal SAH [95]. Perfusion CT
or MRI or diffusion MRI can also be used for
patients who have a new neurologic deficit. One
vasospasm is detected in major cerebral arteries
which are not improved by intravenous nimodip-
ine infusion or induced hypertension, selective
intraarterial chemical balloon angioplasty under
fluoroscope can be considered as a treatment of
choice [95]. In addition, balloon angioplasty
before the development of vasospasm is not rec-
ommended [95].

Hydrocephalus

Both acute and delayed hydrocephalus can
develop in patients with aneurysmal SAH. Acute
hydrocephalus occurs due to extravasated blood
to subarachnoid cistern or ventricles which arrest
the normal cerebrospinal fluid circulation. The
incidence of hydrocephalus varies from 15% to
85% in patients with subarachnoid SAH [95]. If
the hydrocephalus causes encephalopathy which
presents in neurologic impairment, a placement
of an external ventricular drainage can be per-
formed. Lumbar drainage can be an alternative
treatment for acute hydrocephalus. Both external
ventricular drainage and lumbar drainage have
the capability of removing some contents of the
by-products from extravasated blood which could
reduce the risk of vasospasm. However, lumbar

drainage should not be used in patients with
obstructive hydrocephalus and increased intra-
cranial hypertension due to the intraparenchymal
hematoma.

One-third of acute hydrocephalus patients
caused by aneurysmal SAH suffer from chronic
symptomatic hydrocephalus. The mechanism of
the chronic symptomatic hydrocephalus is not
clearly defined; however, it is generally believed
that it is caused by damage of the arachnoid villi,
which absorbs cerebrospinal fluid, by extrava-
sated blood. [131]. Permanent diversion of cere-
brospinal fluid generally ventriculoperitoneal
shunt could be considered to improve neurologi-
cal impairment including cognitive dysfunction,
gait disturbance, and urinary incontinence.

Medical Complication

Multiple medical complications are common in
aneurysmal SAH patients; therefore, they should
be treated in a neurocritical care unit if possible
[132]. There are various goals for aneurysmal
SAH patients including euvolemia, normother-
mia, avoidance of hypoglycemia or marked
hyperglycemia, electrolyte balance, and adequate
ventilation to avoid exacerbating elevated intra-
cranial pressure. Majority of these goals were
described in prior paragraphs; other than these
medical problems, deep venous thrombosis
should be taken care of in patients with aneurys-
mal SAH, especially among immobilized patients
due to low mental status. Routine prophylaxis
with pneumatic compression is recommended.
Under risk evaluation of patients with plan of
multiple invasive procedures, unfractionated hep-
arin can be considered, starting 24 h after secur-
ing the ruptured aneurysm and continuing until
patient’s mobilization [133].

14.2.5.4 Guidelines

The latest guideline is from a writing group of the
American Heart Association and American
Stroke Association guidelines published in 2012
for the management of aneurysmal SAH [95].
This chapter generally follows this guideline;
however, data from recent systemic reviews, clin-
ical studies were added for further discussion in
the management of aneurysmal SAH. Half a
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decade has already passed in the current situa-
tion; therefore, a new guideline is expected in
near future.

14.3 Cerebral Arteriovenous
Malformation

Arteriovenous malformations (AVMSs) are vascu-
lar abnormalities consisting of fistulous connec-
tions of arteries and veins without normal
intervening capillary beds. Three morphologic
features are typical of these lesions: feeding
arteries, draining veins, and a dysplastic vascular
nidus composed of a tangle of abnormal vessels
that acts as a shunt from the arterial to venous
system [134]. There is a direct transmission of
arterial pressure to venous structures, leading to
increased cerebrovascular blood flow, dilatation
and tortuous growth of vessels [135]. As a result
of this anatomic cerebrovascular changes, this
process may bring about significant hemody-
namic changes in the brain, such as reversal of
venous flow, venous hypertension, and low-
resistance AVM shunt “stealing” blood away
from surrounding tissue [136]. The most com-
mon presentation symptom is intracerebral hem-
orrhage, followed by a seizure. And the current
treatment of AVMs includes microsurgical resec-
tion, stereotactic radiosurgery alone, preopera-
tive endovascular embolization followed by
microsurgery or radiosurgery, or observation
only.

14.3.1 Etiology

Although the pathogenesis of AVMs remains
unknown, their angioarchitectural characteris-
tics and presentation at any age indicate that
they are probably either embryonic or acquired.
Although most AVMs do not occur hereditarily,
rare cases of familial occurrence have been
reported [137]. AVMs which are related to the
genetic disease are very rare. There are no clini-
cally distinguishable features found between
acquired and congenital AVMs, but the acquired

type tends to be diagnosed or occurred at in
their earlier age [137, 138].

Usually, AVMs are found to be a single lesion
in the vast majority of the cases, clinical series
reported 1~9% incidence of multiple AVMs.
Multiple AVMs can occur without apparent cause
or in association with syndromic conditions, such
as hereditary hemorrhagic telangiectasia (Osler—
Weber-Rendu syndrome), Wyburn—Mason syn-
drome, or soft tissue vascular malformations
[139, 140].

14.3.2 Epidemiology
and Presentation

The exact incidence of AVMs is an unclear and
rather rare disease. The incidence rate of AVMSs is
estimated from 0.89 to 1.34 cases per 100,000
person-years in different population-based stud-
ies [141-143], and the prevalence of AVMs is
presumed about 0.2% [135]. AVMs are accounted
for 38% of all intracranial hemorrhage in patients
between 15 and 45 years of age [144] and patients
are usually initially seen in the third or fourth
decade in life [145].

The most common presenting symptom of
symptomatic AVMs is cerebral hemorrhage fol-
lowed by seizure, headache, and focal neurologi-
cal deficit due to mass effect or hemodynamic
disturbance [135]. Hemorrhagic presentation of
AVMs accounts for 30-72% of patients [146].
Intraparenchymal hemorrhage is the most com-
mon type, and it can also present intraventricular
hemorrhage or subarachnoid hemorrhage [147].
The second most common symptom AVMs is
symptomatic epilepsy, which is present in about
15-35% of patients [143].

14.3.3 Risk of Hemorrhage
of Untreated AVMs

Because of the hemorrhagic stroke of cerebral
AVMs could result in a serious complication, it is
important to identify risk factors which are
related to AVM rupture. The average annual hem-
orrhagic risk of untreated AVMs is about 2-4%,
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but it differs from various risk factors and can be
as low as 0.9% without any associated risk fac-
tors [140, 146, 148]. Cumulative hemorrhage rate
was 2% in the first year, 14% at fifth year, and
31% at tenth year follow-up [149].

History of previous AVM hemorrhage, deep-
seated location or infratentorial location or AVM
and a deep venous draining system are typical
risk factors which increase the bleeding risk of
AVM [145, 146, 150]. Recent meta-analysis
study of future hemorrhage risk of AVM showed
that the annual rate of hemorrhage risk of unrup-
tured AVM was 2.2%, meanwhile 4.5% in previ-
ously ruptured AVM [151]. Other risk factors are
an intranidal or an extranidal aneurysm associ-
ated with AVMs and narrowing or occlusion of
draining vein [151].

However, cautions are needed in interpreting
these results, as the increased risk associated with
these characteristics was inconsistent among var-
ious studies; the subgroup analysis was per-
formed with a low event rate, and the number at
risk for each of these subgroups was small after a
short period [152].

Clinical outcome of ruptured cerebral AVMs
differs from the extent of injury to adjacent brain
structures. Hemorrhage which occurred in near
eloquent area, deep white matter pathway,
and basal ganglia can be associated with poor
clinical outcomes.

14.3.4 Radiologic Findings

The first diagnostic examination which is per-
formed in patients with suspected cerebral AVMs
is usually CT and MRI, as the most common pre-
sentations, are not specific for AVM (hemor-
rhage, seizure, headache, and focal neurological
deficit) [153].

Non-contrast brain CT is usually the initial
imaging tool based on the clinical presentation,
to evaluate for any hemorrhage. The AVM usu-
ally does not cause mass effect, unless in case of
hemorrhage. Instead, there may be hypoattenua-
tion and volume loss in the brain parenchyma
surrounding the nidus, relating to gliosis or
hemosiderin deposition from previous hemor-

rhage or chronic hypoperfusion [154]. For evalu-
ation of possible underlying  vascular
malformation, CT angiography is chosen for next
step, which is relatively noninvasive, only requir-
ing an injection of contrast material into a vein.
Enhancing nidus, flow-related aneurysms, or
prominent draining veins will be well identified
in CT angiography, but not as well depicted as on
DSA.

On conventional MRI, dilated arterial feeding
arteries, the nidus, and draining veins appear as
flow voids. Hyperintensity in T2 and FLAIR
involving the adjacent brain parenchyma fre-
quently relates to gliosis [154] (Fig. 14.6a, b).
MRI with MR angiography could be a useful
noninvasive follow-up imaging tool after treat-
ment of cerebral AVM with radiosurgery, which
showed 80% of sensitivity and 100% of specific-
ity compared with conventional DSA [155].

Despite of improvement of accuracy in nonin-
vasive imaging modalities, DSA is the gold stan-
dard for evaluation of cerebral AVMs (Fig. 14.6c,
d). DSA can evaluate image characteristic men-
tioned above, it can also find very small flow-
related aneurysms, which makes it possible for
the planning of endovascular embolization and
evaluation of precise nidal extent for preradiosur-
gical planning. However, CT and MRI are
required to recognize the relation between vascu-
lar structure and brain parenchyma, and it has a
risk of permanent neurological deficit accounted
for 0.1-1.0% [156].

14.3.5 Classification

For prediction of treatment outcome, several
grading systems have been used for cerebral
AVMs usually based on anatomical features.
The Spetzler—Martin grading system is the
most widely used scale for this purpose, which
was originally developed not only to predict the
outcome of microsurgical treatment of the cere-
bral AVMs but can also be used to predict the
radiosurgical treatment outcome [157]. This
scale includes major factors important in deter-
mining the difficulty of AVM resection: the size
of the AVM, the pattern of venous drainage, and
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Fig. 14.6 A 29-year-old male presented with a headache
and dizziness. About 5 cm entangled vascular mass with
signal voids in right temporal lobe (a T1 weighted MRI, b
FLAIR MRI). DSA revealed engorged feeding arteries

the eloquence of adjacent brain. A numerical
value is assigned for each of the factors
(Table 14.2): the diameter, <3 cm (1 point),
3-6 cm (2 points), or >6 cm (3 points), pres-
ence of deep venous drainage (1 point), and
involvement of an eloquent location such as the
motor, sensory, language, and visual cortex or

from right MCA and PCA branches supplying nidus and
engorged draining vein into right transverse sinus via vein
of Labbe was noted (c, d)

basal ganglia (1 point). Complete resection of
grade I lesion would require relatively minor
technical difficulties and resulted in no or minor
mortality and morbidity. But the highest grade
(grade V) lesion would be associated with poor
outcome of surgical morbidity and mortality.
The authors defined grade VI as “inoperable”
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Table 14.2 Spetzler—Martin Grade and Supplementary
grade

Spetzler—Martin

Grade Points Supplementary grade

Size (cm) Age (year)

<3 1 <20

3-6 2 20-40

>6 3 >40

Venous drainage patterns Bleeding

Superficial 0 Yes

Deep 1 No

Eloquence Compactness of the
Nidus

No 0 Yes

Yes 1 No

This table is from Lawton MT, Kim H, McCulloch CE,
Mikhak B, Young WL. A supplementary grading scale for
selecting patients with brain arteriovenous malformations
for surgery. Neurosurgery. 2010;66(4):702—13; discussion
13 [158]

lesion because of surgical resection wound
almost inevitably resulted in totally disabling
deficit or death.

Recently, some clinicians use simplified
Spetzler—Martin grading system. Class A includes
grades I and II, class B includes grade III, and
finally class C includes IV and V. The advantages
of this modification include simplification, a larger
sample size for each group for analysis of clinical
series, and a system that reflects current decision-
making [159]. In addition, supplementary grading
system which is added to Spetzler—Martin grading
system is also introduced to stratify surgical risk
more evenly [158] (Table 14.2).

For the prediction of treatment outcome of
radiosurgery for cerebral AVMs, the Virginia
Radiosurgery AVM scale (VRAS) and the
radiation-based AVM score (RBAS) have been
introduced [160, 161].

14.3.6 Treatment

The main goal of AVM treatment is the preven-
tion of intracranial hemorrhage and further brain
injury. Treatment planning for AVM depends on
the risk of subsequent hemorrhage, which is
determined by the demographic, historical, and
angiographic features of individual patients.

History of hemorrhage, deep venous drainage,
stenosis or occlusion of venous outflow, and
flow-related aneurysms make subsequent hemor-
rhage more likely. Four therapeutic approaches
have evolved to treat AVMs: surgery, radiosur-
gery, embolization, and conservative treatment.
There is a lack of consensus about the choice of
treatment, and the specialty of the physician who
first sees a patient with an AVM often determines
management [162].

14.3.6.1 Observation

There was no widely accepted consensus whether
observation or performing invasive treatment to
whom diagnosed unruptured cerebral AVMs.
Because some clinicians take into account
patients diagnosed with an unruptured cerebral
AVMs who were also considered candidates for
invasive treatment due to the possibility of hem-
orrhage. Otherwise, the opposite side insists an
observation policy because of the low incidence
of annual hemorrhage risk of unruptured cerebral
AVMs [140].

Therefore, the multicenter randomized clinical
trial of unruptured brain AVMs trial (ARUBA)
was conducted [163]. The patients with an unrup-
tured cerebral AVMs were randomized to observa-
tion or invasive therapy (endovascular, surgical, or
radiosurgery), which was stopped because of
superiority of the observation. But this study has
been criticized on many points. Generally grade 1
or 2 are good candidates for surgical resection,
skillful surgeons have reported success rate of
microsurgery up to 95% which were confirmed on
MRI or angiography [164]. The data were not ana-
lyzed according to the type of invasive treatment,
specific characteristics of the lesion’s location, and
patient’s risk factor which can affect the outcome
of treatment [165]. In addition, it generally takes
2-5 years to assess treatment outcome of stereo-
tactic radiosurgery (SRS) due to a characteristic of
the treatment process. However, the ARUBA study
terminated at 33 months which considered too
short for determining the outcome of SRS.

14.3.6.2 Embolization
Embolization involves occluding blood flow by
introducing occlusive materials into feeding
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arteries and nidus of an AVM. There are two
main types of liquid embolic materials, N-butyl-
2-cyanoacrylate (NBCA) and Onyx [166]. NBCA
is a classical liquid embolic material. However, it
is difficult to handle and highly adhesive result-
ing in some complications such as gluing of the
microcatheter to the vessels. Recently, Onyx is
widely used as an alternative to NBCA for treat-
ment of DAVFs and AVM.

The purpose of embolization in AVMs can
either be curative or adjuvant therapy. Curative
embolization can be performed in selective cases
if the size of the AVM is small and have one or
two feeding arteries. And it can be performed
prior to the microsurgical resection or stereotac-
tic radiosurgery (SRS) to reduce the blood flow
and shrink the size of the nidus of the
AVM. During the embolization, it is important
not to violate the draining veins as it can result in
devastating outcomes. Complications of emboli-
zation of the AVM have been reported in up to
14% of cases [167-169]. Majority of the compli-
cations are minor complications which are related
to endovascular procedures; however, severe
complications including major hemorrhage,
major stroke, and death have also been reported.

14.3.6.3 Microsurgical Resection

Since the first reported craniotomy was done for
resection of cerebral AVMs, surgical skill was
developed incredibly with the introduction of
operating microscope, brain navigation, and
development of surgical instruments [170]. After
craniotomy is done, arterial feeders are isolated
and ligated. After gentle dissection around the
nidus with complete resection, ligation of the
draining vein is the last step in surgery. When
doing dissection or cauterization, damage to sur-
rounding structures (basal ganglia, deep white
matter tract, functional cortex) or massive bleed-
ing from incomplete ligation results in the poor
clinical outcome or even death.

For assessment of postoperative surgical out-
come and risk, the Spetzler—-Martin grade has
been used. Surgical resection is usually strongly
recommended to the treatment of low-grade cere-
bral AVMs if surgically accessible with low risk
[171] because when experienced surgeons con-

ducted microsurgical resection of low-grade
cerebral AVMs, high cure rate with low compli-
cation rate has been reported [164]. Grade III
AVMs are heterogeneous entity, which is size
<3 cm with superficial venous drainage in the
eloquent area have a similar risk of low-grade
cerebral AVMs. Otherwise cerebral AVMs in size
of 3-6 cm with superficial draining vein located
in the eloquent area have similar operative risk as
that of high-grade cerebral AVMs [172]. High-
grade cerebral AVMs are often not amenable to
surgical treatment alone because of high surgical
morbidity and mortality rate. These AVMs can be
approached by a combined multimodal approach
of a combination of embolization, radiosurgery,
or surgery [171].

14.3.6.4 Stereotactic Radiosurgery
Over the past 40 years, SRS has been accepted
as an appropriate management option for treat-
ment of cerebral AVMs and shown to be effec-
tive even for small AVMs located in critical
areas of the brain where the surgical risk would
be considered unacceptable [173, 174]. The
complete obliteration rate of the cerebral AVM
usually depends on the volume of the lesion and
the delivered radiation dose to the margins of
the lesion. Lesions which respond most favor-
ably to SRS were AVM with a volume less than
4 cm? treated radiation dose of 18 Gy or more
(77.3%). Whereas larger lesion with less mar-
ginal dose (<18 Gy) achieved less successful
rate (48.3%) [161].

The limitation of the SRS of cerebral AVMs
area complete obliteration could take a long
time, even for several years, the patients are
exposed continuously to ongoing hemorrhagic
risk, and patients can experience radiation-
induced complications [161]. Also, SRS is not
therapeutically effective for all lesions, large,
high-grade Spetzler—-Martin, VRAS, RBAS
showed poor response to SRS; physicians
should consider alternative treatment methods
for overcoming the weakness [175]. Other fac-
tors related to poor treatment response of AVM
to SRS are changes of nidal morphology after
SRS due to resection of hemorrhage, treatment
planning error [176, 177].
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To improve treatment success rate of SRS
for large or high-grade AVMs, a neoadjuvant
endovascular embolization of nidus and feeding
vessels with materials such as N-butyl-2-
cyanoacrylate or ethylene vinyl alcohol copoly-
mer, has been developed [175]. As a result
volume reduction of a large AVM nidus may
improve the obliteration rate after SRS of the
residual AVM. Neoadjuvant embolization also
reduces surgical morbidity by occluding deep
arterial feeding vessels, minimizing the need for
extensive dissection into deep white matter path-
ways adjacent to the AVM [178].

14.4 Cerebral Dural
Arteriovenous Fistula

14.4.1 Epidemiology
and Pathophysiology

Intracranial dural arteriovenous fistulas
(DAVFs) are abnormal arteriovenous shunts
between dural arterial feeders and dural venous
sinus or cortical veins. DAVF is distinguished
from AVM in that an abnormal shunt is made in
dura mater and that there is no parenchymal
nidus. DAVFs are rare diseases, accounting for
10-15% of all intracranial malformation [179—
182]. In addition, DAVFs constitute approxi-
mately 6% of supratentorial and 35% of
infratentorial vascular malformation [180,
182]. These abnormal shunts are mainly
located at the dural leaflets around venous
sinus, especially at the transverse—sigmoid
sinus (50%) (Fig. 14.7), cavernous sinus (16%)
(Fig. 14.8), tentorium (12%), superior sagittal
sinus (8%), anterior cranial fossa (Fig. 14.9),
foramen magnum (Fig. 14.10) and other loca-
tions [183]. DAVFs do not show a clear differ-
ence in sex ratio and mainly occur in the age of
50s and 60s, and rarely occur at younger ages
including children [179]. In addition, there is
no clear evidence that DAVFs are associated
with genetic factors.

Most DAVFs are presumed to be idiopathic,
but some cases of DAVFs occur secondary to
concomitant disease including head trauma,

previous brain surgery, infection, cancers, or
dural venous sinus thrombosis [179, 184, 185].
The pathophysiological mechanism of DAVF
formation is not fully understood. However,
DAVF is thought to be caused by progressive
steno-occlusion of a dural venous sinus and be a
dynamic disease. The fistulous connection
between meningeal arteries and venous sinus or
cortical veins may develop as the result of the
elevation of the venous sinus pressure. This
pathological process is presumed to progress via
the opening up of preexisting micro-shunt or de
novo formation of fistula from neoangiogenesis
[166, 179, 186, 187]. As a result, the venous
sinus and the venous tributaries related to the
affected sinus are exposed to arterial pressure.
With an elevation of the pressure within the
venous sinus, the normal venous outflow is
affected. Therefore, the normal antegrade
venous outflow is converted to the retrograde
flow through cortical veins that cause venous
hypertension. However, DAVF is not a static
disease and can be changed dynamically over
time; additional recruitment of additional feed-
ers from external carotid arteries (ECA), recan-
alization of thrombosed sinus and spontaneous
resolution  of the  fistula due to
thrombosis may occur.

Cavernous sinus DAVF (CSDAVF), which
is a unique subtype of DAVF, means the abnor-
mal fistulas between internal carotid artery
(ICA) and/or ECA and cavernous sinus (CS)
and is also called cavernous carotid fistula
(CCF) (Fig.14.8). CSDAVF is divided into
direct type and indirect type. Direct CSDAVFs
that are defined as a high-flow direct shunt
between the ICA and CS are usually developed
at the cavernous segment of ICA due to skull
base fracture, rupture of an aneurysm at the
cavernous segment ICA, and iatrogenic causes.
Indirect CSDAVFs that may develop spontane-
ously are usually low-flow shunt between men-
ingeal branches of ICA and/or ECA and
CS. Several medical comorbidities, such as
postmenopausal status, pregnancy, diabetes
mellitus, connective tissue diseases, and hyper-
tension may affect the formation of indirect
CSDAVFs [179].



196

W. Park et al.

Fig. 14.7 A 43-year-old woman presented with a seizure.
(a) T2-weighted magnetic resonance images show the
flow voids from large arterialized draining veins. (b)
Digital subtraction angiography (DSA) shows the dural
arteriovenous fistula (DAVF) at the left transverse sinus.
Main feeding arteries are the stylomastoid branch and
transmastoid branch of occipital artery and the middle

' f‘* -

meningeal artery. DSA also shows that the DAVF has ret-
rograde cortical venous reflux without antegrade flow and
trapped segment of left transverse sinus with reflux into
the arterialized and enlarged subarachnoid veins (Borden
type III 2). (¢, d) The DAVF was obliterated with transar-
terial embolization using Onyx and transvenous emboli-
zation using coils. White arrow, Onyx cast; Asterisk, Coils
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Fig. 14.7 (continued)

Fig. 14.8 A 53-year-old man presented with right eyeball
pain, proptosis, chemosis, and limitation of right extraoc-
ular muscle movement. (a) Digital subtraction angiogra-
phy shows a cavernous sinus dural arteriovenous fistula
and the fistula between meningeal branches of internal

carotid artery and cavernous sinus. In addition, there is a
retrograde blood flow into the superior ophthalmic vein
that causes the presenting symptoms. (b, ¢) The fistula
was obliterated with transvenous embolization using coils
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Fig. 14.9 A 48-year-old man presented with conscious-  are ethmoidal branches of the right ophthalmic artery and
ness degradation. (a) Computed tomography shows a  direct cortical venous reflux with venous ectasia (Borden
large amount intracerebral hemorrhage at right frontal — type III 3 and Cognard type IV). (¢) The DAVF at anterior
lobe and subdural hemorrhage around falx. (b) Digital cranial fossa was treated safely and effectively using
subtraction angiography shows a dural arteriovenous fis-  microsurgery

tula (DAVF) at anterior cranial fossa. The arterial feeders



14 Hemorrhagic Diseases

199

Fig.14.10 A 41-year-old woman presented with a severe
headache and ataxic gait. (a) T2-weighted magnetic reso-
nance images show the vasogenic edema at right cerebel-
lar peduncle and hemisphere and venous ectasia. (b)
Digital subtraction angiography (DSA) shows a dural
arteriovenous fistula (DAVF) at the foramen magnum.
The arterial feeders are a stylomastoid branch of the right
occipital artery, neuromeningeal trunk of right ascending
pharyngeal artery and meningeal branch of the right verte-

bral artery. DSA also show retrograde venous reflux into
the cortical and perimedullary vein, venous ectasia and
venous aneurysm. (Borden classification III 3) (c¢)

Endovascular treatment failed to obliterate the
DAVE. Therefore, microsurgery was performed to obliter-
ate the fistula. (d) The fistula was completely obliterated
after microsurgery. White arrow, venous aneurysm; White
circle, fistula point; Asterisk. Posterior inferior cerebellar
artery
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Fig. 14.10 (continued)

14.4.2 Imaging and Classification

When patients show symptoms related to intra-
cranial lesions or test for health screening, CT or
MRI is usually taken first. CT alone cannot con-
firm the presence of DAVFs but can detect intra-
cranial hemorrhage and vasogenic edema caused
by venous hypertension. MRI can detect not only
intracranial hemorrhage and vasogenic edema,
but also the flow voids from large arterialized
draining veins, venous ectasia, dilated leptomen-
ingeal and medullary vessels, parenchymal
enhancement and venous sinus occlusion or
thrombosis (Figs. 14.7a and 14.10a) [179].
Digital subtraction angiography (DSA) remains

the gold standard for the diagnosis of DAVFs.
The aim of DSA is not only to diagnose DAVFs
but also to identify the arterial feeders, the site of
the fistula, the presence of venous ectasia, and the
pattern of venous drainage. DSAs for ECAs,
ICAs, and VAs should be acquired because one
DAVF can have various arterial feeders. The
acquisition of DSA images should begin at the
early arterial phase and proceed to the late venous
phase. Superselective angiography of all poten-
tial arterial feeders is also very helpful to under-
stand the anatomic structure of DAVFs and to
establish a treatment plan.

DAVFs except CSDAVFs are usually classi-
fied based on their venous drainage characteris-



14 Hemorrhagic Diseases

201

tics that determine the natural history and
treatment recommendations. Borden classifica-
tion (Table 14.3) and Cognard classification
(Table 14.4) are most commonly used for classi-

Table 14.3 Borden classification

Type Drainage into meningeal veins, spinal epidural
I veins or into a dural venous sinus
Normal anterograde flow in both the draining
veins and other veins draining into the system
Equivalent to Cognard type I and Ila, with a
favorable natural history
Type Drainage into meningeal veins, spinal epidural
II veins or into a dural venous sinus
Retrograde flow into the normal subarachnoid
veins
Equivalent to Cognard type IIb and Ila + b
Type Direct drainage into subarachnoid veins or into
1T an isolated segment of the venous sinus (which
results from a thrombosis on either side of the
dural sinus segment)
Equivalent to Cognard type III, IV and V

The content of table is from Borden JA, Wu JK, Shucart
WA. A proposed classification for spinal and cranial dural
arteriovenous fistulous malformations and implications
for treatment. Journal of neurosurgery. 1995;82(2):166—
79 [188]

Table 14.4 Cognard classification

Type Confined to sinus
I Antegrade flow
No cortical venous drainage/reflux
Type Ila
I Conlfined to sinus
Retrograde flow (reflux) into sinus
No cortical venous drainage/reflux
1Ib
Drains into sinus with reflux into cortical veins
Antegrade flow
Ila+b
Drains into sinus with reflux into cortical veins
Retrograde flow
Type Drains directly into cortical veins (not into
1 sinus) drainage (40% hemorrhage)
Type Drains directly into cortical veins (not into
v sinus) drainage with venous ectasia (65%
hemorrhage)
Type Spinal perimedullary venous drainage,
v associated with progressive myelopathy

The content of table is from Cognard C, Gobin YP, Pierot
L, Bailly A-L, Houdart E, Casasco A, et al. Cerebral dural
arteriovenous fistulas: clinical and angiographic correla-
tion with a revised classification of venous drainage.
Radiology. 1995;194 (3):671-80 [189]

fication of DAVFs [188, 189]. CSDAVFs that are
also called CCFs are usually classified based on
their shunt flow (high-flow and low-flow fistula)
and their angiographic characteristics. Barrow
classification is most widely used for classifica-
tion of CSDAVFs [190]. Barrow et al. classified
CSDAVF into four types: Type A fistulas are
direct high-flow shunt between the ICA and the
CS; Type B, C, and D fistulas are indirect, low-
flow dural shunts. Type B is a fistula between
meningeal branches from the ICA and the CS
(Fig. 14.8), Type C is a fistula between meningeal
branches of the ECA and the CS and Type D is a
fistula between meningeal branches of both ICA
and CEA and the CS [190].

14.4.3 Clinical Manifestations

DAVFs in some patients are often diagnosed
without any symptoms, but symptoms, when
present, raged from mild symptoms such as tin-
nitus to fatal intracranial hemorrhage. The symp-
toms depend on the location of the fistula and
venous drainage pattern. DAVFs that drain into
the transverse sinus or sigmoid sinus often
accompany pulsatile tinnitus. In addition, head-
ache and cranial bruit are also common symp-
toms. Patients with these symptoms can undergo
conservative management according to the
venous drainage pattern, and DAVFs may occlude
spontaneously.

However, patients with DAVFs also present
with intracranial hemorrhages such as ICH, SAH,
and/or SDH (Fig. 14.9a) and non-hemorrhagic
neurologic deficits including seizures, focal cor-
tical dysfunction, cranial nerve dysfunction,
dementia, Parkinsonism, cerebellar dysfunction
(Fig. 14.10a), myelopathy, quadriparesis, dys-
phasia, aphasia, and symptoms related to
increased intracranial pressure. Intracranial hem-
orrhages are caused by the rupture of a fragile
arterialized vein or hemorrhage transformation of
cerebral venous congestion [179]. Non-
hemorrhagic neurologic deficits are usually
caused by focal or global cortical venous conges-
tion and these symptoms usually develop more
gradually over several days to weeks [179, 188].
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In cases of DAVFs that cause these aggressive
symptoms, neurosurgical treatments may be
required to prevent further neurological
deterioration.

The patients with CSDAVFs often present
with the classical clinical symptoms such as eye-
ball pain, proptosis, chemosis, bruit, and limita-
tion of extraocular muscle movement. These
symptoms are related to ischemic dysfunction of
cranial nerve, mechanical compression of the
cranial nerves, and eyeball component due to ret-
rograde blood flow into the superior ophthalmic
vein and venous engorgement of the orbital con-
tents. Epistaxis, even fatal epistaxis is not uncom-
mon with Type A, direct high-flow fistula [191].
Intracranial hemorrhage can develop with any
type of CSDAVF associated with retrograde cor-
tical venous drainage.

14.4.4 Natural History

Previous studies reported that the natural history
of DAVFs depends on the venous drainage pat-
tern. DAVFs without retrograde cortical venous
reflux including Borden type I and Cognard type
I and Ila usually have a benign natural history
and rarely cause intracranial hemorrhage and
non-hemorrhagic neurologic deficits. The annual
rate of newly developed neurological deteriora-
tion related to intracranial hemorrhage and/or
non-hemorrhagic neurologic deficits ranges from
0% to 0.6% and the annual mortality rate is 0% in
the cases of DAVFs without retrograde cortical
venous reflux during conservative management
or after only partially palliative endovascular
therapy [192-194]. These types of DAVFs may
improve spontaneously. A previous study
reported that 81% of patients with DAVFs with-
out retrograde cortical venous reflex experienced
symptom improvement or complete occlusion
[166]. However, DAVFs without retrograde corti-
cal venous reflux can be converted to DAVFs
with cortical venous reflux over time [189, 192,
193]. This phenomenon may be caused by the
progression of stenosis of venous outlets,
increased arterial flow, recruitment of arterial
feeder, or extension of the fistulous connection

[179]. Shah et al. reported that the annual rate of
conversion from DAVFs without retrograde corti-
cal venous reflux to DVAFs with cortical venous
reflux after only partial palliative endovascular
treatment was 0.8% [193].

DAVFs with cortical venous reflux including
Borden type II and III, and Cognard type IIb, III,
IV, and V have an unfavorable prognosis and can
develop intracranial hemorrhage or non-
hemorrhagic neurologic deficit if they are not
treated. van Dijk et al. reported their long-term
follow-up results of the patients with Borden type
II and III dAVFs who did not undergo treatment
[195]; excluding events at presentation, the
annual risk of intracranial hemorrhage was 8.1%
and the annual risk of the non-hemorrhagic neu-
rologic deficit was 6.9%. In addition, they
reported an annual mortality rate of 10.4%.
Cognard et al. also reported intracranial hemor-
rhage in 40% of patients with Cognard type III
DAVFs and in 65% of patients with Cognard type
IV DAVFs [189]. If the patients with Borden type
IT and III were initially present with intracranial
hemorrhage and non-hemorrhagic neurologic
deficit, there may be a high probability that these
symptoms will occur again.

The annual risk of the new non-hemorrhagic
neurologic deficit and annual risk of intracranial
hemorrhage were 0.07 and 0.03% in Borden type
IT and IIT DAVFs without no previous hemorrhage
and were 0 and 0.02% in Borden type II and III
DAVFs with asymptomatic or minimal symptom-
atic but no previous hemorrhage [194]. However,
the annual risk of non-hemorrhagic neurologic
deficit annual risk of intracranial hemorrhage was
20 and 10% in Borden type II and III DAVFs that
initially presented with the non-hemorrhagic neu-
rologic deficit [194]. In addition, the annual
rebleeding rate was 46% in Borden type II and III
DAVFs with previous intracranial hemorrhage
[194]. Another study also reported that natural
history of DAVFs with retrograde cortical venous
reflux that initially presents with intracranial hem-
orrhage or non-hemorrhagic neurologic deficit is
poor; annual risk of intracranial hemorrhage and
non-hemorrhagic neurologic deficit range from
7.4% to 19.0% and the annual mortality rate is
3.8% [196].
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DAVFs with venous ectasia (Cognard type IV)
are well known to cause more intracranial hemor-
rhages than DAVFs without venous ectasia.
Bulters et al. reported that there was a significant
difference in annual risk of intracranial hemor-
rhage between DAVFs with venous ectasia and
without venous ectasia; 19.0 and 1.4% [185].
Gross et al. also reported that the annual bleeding
rate of Borden type III without venous ectasia
was 10%, but the annual bleeding rate of Borden
type III with venous ectasia was 21%.

CSDAVFs also show various natural histories.
In some cases, the symptoms and signs, espe-
cially ocular symptoms, resolve within several
days to several weeks after symptom develops.
20%-50% of CSDAVFs close spontaneously
even if the patients had significant congestive
orbital signs [197]. However, intracranial hemor-
rhage can also occur with both direct and indirect
CSDAVFs associated with retrograde cortical
venous reflux. Especially, direct CSDAVFs that
initially presented with intracranial hemorrhage
usually have a poor prognosis with a high risk of
short-term rebleeding if not treated.

14.4.5 Treatment

DAVFs without retrograde cortical venous reflux
can be managed conservatively because the natu-
ral history of these DAVFs is usually benign and
these DAVF may be occluded spontaneously.
However, these DAVFs should be carefully and
periodically monitored with neurologic and
radiologic examinations because DAVFs without
retrograde cortical venous reflux may be con-
verted to DAVFs with cortical venous reflux over
time. Advanced DAVFs with retrograde cortical
venous reflux should be considered for neurosur-
gical treatment to prevent intracranial hemor-
rhage and non-hemorrhagic neurologic deficit.
With the development of endovascular treat-
ment techniques, devices, and materials, endo-
vascular treatments are usually considered as the
first-line treatment method of DAVFs for curative
purposes. Endovascular treatment is divided into
two categories: transarterial embolization and
transvenous embolization (Figs. 14.7 and 14.8).

The transarterial approach is a technique of
embolization of arterial feeders and fistula using
liquid embolic agents (NBCA or ONYX) via
microcatheterization of arterial feeders. The
transvenous approach is a technique of emboliza-
tion of the fistula, cortical venous drainage and
sinus itself using liquid embolic materials and/or
detachable coils. This approach is particularly
effective in the treatment of CSDAVF [179].

Microsurgery with craniotomy is often nec-
essary when lesions are very difficult to be
obliterated successfully or safely using endo-
vascular treatments. DAVFs of anterior cranial
fossa can be treated safely and effectively using
microsurgery [166, 179]. In cases of DAVFs
located in anterior cranial fossa, the primary
arterial feeders are ethmoidal branches of the
ophthalmic artery (Fig. 14.9). During endovas-
cular treatments, arterial and/or venous access
of DAVFs located anterior cranial fossa is very
difficult and these techniques may result in
unintentional injury or occlusion of the ophthal-
mic artery and central retinal artery that cause
visual loss. For DAVFs that located superior
sagittal sinus, microsurgical disconnection of
the fistula is useful in the cases of difficulties
with endovascular access to the fistula and/or
cases of impossibility to safely sacrifice of the
sinus. Microsurgery with craniotomy may be
also considered for other sites of DAVFs in
cases of high-risk of complications associated
with the endovascular procedures, incomplete
treatment or failure to access during endovascu-
lar treatment (Fig. 14.10).

Radiosurgery is also a viable alternative for
treatment of DAVFs. However, the usefulness
and effectiveness of radiosurgery for DAVFs
remain controversial, because there is a lack of
large case-control studies to support the rou-
tine used of radiosurgery for DAVFs. In addi-
tion, it is estimated that it would take 1-3 years
for symptom resolution and obliteration of the
fistula after radiosurgery [166, 179]. Therefore,
it is not recommended to treat DAVFs using
radiosurgery as the first-line treatment, espe-
cially for DAVFs with retrograde cortical
venous reflux, intracranial hemorrhage, and
non-hemorrhagic neurologic deficit.
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Radiosurgery can be used as an adjuvant treat-
ment method for complex DAVFs that preclude
endovascular or microsurgical treatment.
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