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Key Points
•	 Subarachnoid hemorrhage is the most com-

mon presentation in children with cerebral 
aneurysms.

•	 Although both surgical clipping and endovas-
cular techniques are popular, endovascular 
techniques are increasingly preferred in recent 
times.

•	 During the conduct of anesthesia, it is crucial 
to maintain stable hemodynamic parameters, 
perform smooth induction of anesthesia, ade-
quate depth of anesthesia, control intracranial 
pressure, maintain normothermia, and ensure 
adequate cerebral oxygenation.

•	 Rebleeding, delayed cerebral ischemia, hydro-
cephalus, seizure, fluid imbalance, and dys-
electrolytemia are commonly encountered 
complications in children with cerebral 
aneurysms.

•	 Timely management of complications is 
important to prevent secondary neurological 
injury.

22.1	 �Introduction

Cerebral aneurysms are abnormal, focal dilata-
tions of cerebral arteries that are usually found at 
points where vessels branch. In children less than 
20  years of age, over 10% of cases of hemor-
rhagic strokes are caused by spontaneous rupture 
of cerebral aneurysms [1].

Less than 5% of total intracranial aneurysms 
are seen in patients who are younger than 18 years 
[2]. Although rare, ruptured intracranial aneu-
rysms have been reported even in neonates [3, 4]. 
More than 70% of pediatric cerebral aneurysms 
are found in the anterior circulation with a slight 
male preponderance [2, 5, 6]. Adult cerebral 
aneurysms have been studied in-depth and dis-
cussed in several clinical studies. Still, much less 
is known about the pathogenesis, risk factors, 
classification schemes, and optimal treatment 
modalities of pediatric aneurysms. Even though 
pediatric aneurysms differ from adult aneurysms 
in many ways, a lot of the existing information 
has been extrapolated from adult literature.

22.2	 �Etiopathogenesis

The pathogenesis of pediatric intracranial aneu-
rysm is not fully understood. Two main hypothe-
ses have been proposed. The first hypothesis 
proposes luminal factors such as high blood flow 
velocity, shear stress, and blood turbulence in the 
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etiogenesis of aneurysms based on the observa-
tion that aneurysms are common at sites of arte-
rial bifurcation and arterial-anatomic variants. 
The second hypothesis suggests abluminal fac-
tors such as a morphological abnormality of the 
vessel wall, functional dysfunction of vessel 
wall, exogenous risk factors, and systemic dis-
eases as the cause of the development of 
aneurysms.

It must be noted that many of the established 
risk factors in adults such as advanced age, 
chronic hypertension, smoking, drug abuse, and 
chronic kidney disease are not found in children, 
underscoring the differences in the formation and 
natural course of this condition from adults. The 
underlying cause of aneurysms in children with 
no systemic diseases remains perplexing; how-
ever, several genetic mutations have been impli-
cated, such as the TSC2 and the PKD1 genes 
(weak vascular wall in tuberous sclerosis and 
polycystic kidney disease, respectively), the 
COL3A1 gene (abnormal procollagen in Ehlers-
Danlos syndrome), and sickle cell genes (abnor-
mal red cells that cause endothelial injury) 
[7–10]. The presence of coarctation of the aorta is 
a well-established risk factor for the development 
and rupture of aneurysms in children [11]. Some 
comorbidities associated with the development 
of cerebral aneurysms in children are listed in 
Table 22.1.

22.3	 �Types and Location

The four main types of pediatric intracranial 
aneurysms are saccular (berry), fusiform, trau-
matic, and infective. Saccular aneurysms are 
formed because of the disintegration of the elas-
tic layer of the artery. The aneurysmal sac is com-
posed of hyalinized intima and adventitia, with 
an abnormal tunica media. The internal elastic 
lamina terminates at the neck of the aneurysm 
and is absent in the sac. Saccular aneurysms were 
earlier thought to be congenital or developmental 
in origin, while recent evidence points toward 
hemodynamically induced degenerative vascular 
injury. Fusiform aneurysms are caused by severe 

atherosclerosis or degenerative changes in child-
hood. Traumatic aneurysms constitute 5–40% of 
pediatric aneurysms and are most commonly 
seen in the distal anterior cerebral artery (ACA) 
or in the major vessels along the skull base [12]. 
In the truest sense, traumatic aneurysms are 
pseudo-aneurysms because they are caused by 
endothelial damage and thus have a different 
pathophysiology. Children with traumatic aneu-
rysms have a history of blunt or penetrating head 
injury or prior intracranial surgery. Infective 
aneurysms can be multiple and are more com-
mon in the anterior circulation, and many chil-
dren have associated comorbid conditions like 
congenital or acquired immunodeficiency, 
endocarditis, and meningoencephalitis. Bacterial 
infections are more commonly implicated in 
aneurysms of infective etiology. Dissecting (non-
traumatic) aneurysms have the dissection 
between the tunica intima and the media. These 

Table 22.1  Some associated comorbidities in children 
with aneurysms

Renal
 �� Polycystic kidney disease
 �� Alport syndrome
 �� Fibromuscular renal artery 

hyperplasia

Connective tissue, 
genetic
 �� Ehlers-Danlos 

syndrome
 �� Marfan’s 

syndrome
 �� Angelman 

syndrome
 �� Cystic fibrosis

Cardiovascular
 �� Coarctation of aorta
 �� Hypoplastic left heart
 �� Aortic valve stenosis
 �� Double outlet right ventricle
 �� Moyamoya disease

Others
 �� Meningocele
 �� Autism
 �� Arachnoid cyst

Hematological, inflammatory, 
autoimmune
 �� Sickle cell anemia
 �� Kawasaki disease
 �� Takayasu’s disease
 �� Thalassemia
 �� Lupus erythematosus
 �� Idiopathic thrombocytopenic 

purpura
 �� Polyarteritis nodosa
 �� Tuberous sclerosis
 �� Neurofibromatosis type I
 �� Von Hippel-Lindau disease
 �� Ataxia telangiectasia
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are four times more common in children com-
pared with adults [13]. Posterior circulation 
aneurysms are overrepresented in children and 
are three to four times more common than in 
adults. Complex aneurysms such as giant, multi-
ple, mycotic, or those in unusual locations are 
more common in children than adults [5, 14]. 
Nearly one-fourth of pediatric aneurysms can be 
giant [5].

22.4	 �Clinical Presentation

The most common presentation of intracranial 
aneurysms in symptomatic children is subarach-
noid hemorrhage (SAH). Patients may present 
with headache, features of direct compressive 
effects, focal neurologic deficits, and seizures. 
Fusiform aneurysms tend to bleed less. Giant 
aneurysms commonly present with mass effects. 
In children, they can sometimes be confused for 
intracranial tumors on neuroimaging [15]. 
Seizures or acute hydrocephalus at presentation 
are twice as common in children compared with 
adults. Clinical examination and laboratory 
investigations may reveal a decreased level of 
consciousness, features of intracranial hyperten-
sion, fever, meningism, photophobia, retinal 
hemorrhage, dyselectrolytemia, and electrocar-
diographic changes. In young children with ele-
vated ICP and mass effect, additional findings 

like tense fontanelle, splayed sutures, and opis-
thotonic posturing may be seen. For unclear rea-
sons, children generally present with better 
clinical grades than adults and also seem to be 
less susceptible to developing delayed cerebral 
ischemia [14].

22.5	 �Diagnosis

A non-contrast computed tomography (NCCT) 
of the head is the first investigation in a child 
with suspected intracranial bleeding. If the 
NCCT or clinical findings suggest SAH, addi-
tional imaging in the form of CT angiogram 
(CTA) or magnetic resonance angiogram (MRA) 
of the circle of Willis can be done (Fig.  22.1). 
The sensitivity of both CTA and MRA to pick 
aneurysms more than 5 mm in size approaches 
100%. With recent advances, the sensitivity to 
pick even small aneurysms approximates 
98–100% [16]. The potential advantage of MRA 
over CTA is that it does not require iodinated 
contrast use and limits the exposure of harmful 
ionizing radiation in young children. Digital 
subtraction angiography (DSA), while invasive, 
is the gold standard for the diagnosis of cerebral 
aneurysms and gives detailed information about 
the exact site, size, configuration, and neck of 
the aneurysm, which is important for making 
treatment decisions (Fig. 22.2).

a cb d

Fig. 22.1  In a 4-year-old child, axial NCCT head showed 
(a) well-defined hyperdense lesion (thick white arrow), 
s/o bleed with perilesional hypodensity (edema) in right 
temporal lobe with thin SDH in right temporal lobe con-
vexity (thin white arrow). Axial T2 MRI showed (b) well-
defined flow void in right distal M1 MCA (thick white 

arrow) with gliotic changes in the right temporal lobe 
(thin white arrow). Phase contrast MRI showed (c) intense 
enhancement within the aneurysm (thick white arrow). 
Time of flight MRA showed (d) a well-defined aneurysm 
in right distal M1 MCA (thick white arrow)
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22.6	 �Clinical Grading

The first popular grading of SAH based on the 
severity of clinical findings was done by Botterell 
et al. (into five grades) and was later modified by 
Hunt and Hess [17, 18]. A further modification 
added “Grade 0” for unruptured aneurysms 
(Table 22.2) [19]. The modified Hunt and Hess 
(H&H) scale is most commonly used to grade the 
aneurysm at presentation, prognosticate, and 
guide neurosurgical or interventional therapy. 
However, it has been criticized for interobserver 
variation owing to the ambiguity in the terms 
used while grading, with poor operational defini-
tions. Terms like lethargy, confusion, and stupor 
may be interpreted differently by different 
observers. Similarly, some patients may have 
clinical features that overlap in two different 
grades (e.g., severe headache in an unruptured 
aneurysm). No separate clinical grading scale 
exists in children. Predicted mortality rates based 
on H&H grades have been calculated in adults 
and are probably not applicable to children.

The World Federation of Neurological 
Surgeons (WFNS) scale was introduced in 1988 
to improve upon the H&H scale and increase 
objectivity while assigning grades. The WFNS 
scale compresses the Glasgow Coma Scale 
(GCS) into five categories and also incorporates 
neurological motor deficits [20] (Table 22.2).

Recently, a modified WFNS (mWFNS) scale 
has been proposed in which adult patients with 

SAH and a GCS score of 14 are assigned to grade 
II, and those with a total score of 13 are assigned 
to grade III, irrespective of the presence of neuro-
logical deficit [21]. Although untested in chil-
dren, the mWFNS score may be better at 
accurately prognosticating SAH patients than the 
original score, but further validation is required.

The Fisher grading is based on computed 
tomography (CT) findings in SAH (Table 22.2). 
The original Fisher grading was modified by 
Frontera et al. to account for concomitant intra-
ventricular hemorrhage (IVH) in admission CT 
scans. It was found to predict symptomatic vaso-
spasm after SAH more accurately than the origi-
nal Fisher grade (Table 22.2) [22, 23].

Although the Fisher grading is widely used to 
grade SAH in adults, its applicability in children 
(using adult CT scan measurement values) is 
unclear. No separate grading system based on CT 
findings is available in children.

22.7	 �Complications 
of Aneurysmal SAH

22.7.1  �Rebleeding

Rebleeding of the aneurysm occurs in nearly half 
of the children with intracranial aneurysm, and 
for reasons that are not clear, it is consistently 
more frequent than in adults [24–26]. The classic 
presentation of rebleeding is a child with a dete-

a cb d

Fig. 22.2  Digital subtraction angiography right ICA AP 
run showed (a) a well-defined lobulated aneurysm in right 
distal M1 MCA (thick arrow) with paucity of cortical ves-

sels in right MCA territory (thin arrow). DSA 3D images 
(b–d) showed lobulated aneurysm in right distal M1 
MCA, directed antero-supero-laterally (thick white arrow)

R. Lamsal and C. Mahajan



367

rioration of consciousness, new-onset neurologi-
cal signs, and abnormal vital signs. Some factors 
that predispose to rebleeding include poor-grade 
aneurysm, presence of an intracerebral or an 
intraventricular hematoma, posterior circulation 
aneurysm, deranged coagulation parameters, and 
delayed surgery. Rebleeding has also been 
described during induction of anesthesia, laryn-
goscopy, intubation, and during other intraopera-
tive events such as brain retraction and sudden 
evacuation of the hematoma. The incidence of 
rebleeding is highest in the first 24–48 h of the 
first bleed. Studies carried out in adults have 
found that antifibrinolytic drugs like tranexamic 
acid protect against rebleeding, especially when 
administered early in the course of treatment 
[27]. However, there are conflicting results of 
ischemic complications with their use [27, 28]. A 
recently published meta-analysis of ten trials 
concluded that there is no conclusive evidence to 
support the use of antifibrinolytics in treating 
patients with aneurysmal SAH, and further trials 
are required to evaluate its effectiveness [29]. 
The same results may also be corroborated to 
children.

22.7.2  �Vasospasm and Delayed 
Cerebral Ischemia

Vasospasm is the reactive narrowing of the con-
ducting vessels around the area of the subarach-
noid bleeding caused by the irritant effect of blood 
and its breakdown products. Vasospasm is an 
important cause of morbidity and mortality in 
patients before and after the therapeutic proce-
dure. Vasospasm is generally not seen before 
3  days of the initial bleed, peaks at the end of 
7  days, and wanes by 3  weeks. In adults with 
aneurysmal SAH, angiographically evident vaso-
spasm is estimated to be present in 40–60% of 
patients, and clinically significant vasospasm is 
seen in 20–30% of patients. However, the inci-
dence of delayed cerebral ischemia (DCI) is lower 
in children (~10%) compared with adults, and 
children tolerate SAH better [3, 30–33]. Reasons 
for better outcomes in children may be related to 
higher cerebral blood flow, better collateral circu-
lation, and less sensitivity to post-hemorrhagic 
spasm [30, 34]. Nevertheless, vasospasm causing 
cerebral ischemia or infarction is an important 
cause of significant morbidity in children.

Table 22.2  Different grading systems for aneurysmal subarachnoid hemorrhage

Grading Grade 1 Grade II Grade III Grade IV Grade V
Modified Hunt 
and Hess [19] a

Asymptomatic or 
mild headache and 
normal 
neurological 
examination

Moderate-severe 
headache, nuchal 
rigidity, no 
neurologic 
deficits other 
than cranial 
nerve palsy

Lethargy, 
confusion, or 
mild focal 
deficits

Stupor, moderate to 
severe hemiparesis, 
possible early 
decerebrate rigidity, 
vegetative 
disturbances

Deep coma, 
decerebrate 
rigidity, 
moribund 
appearance

World 
federation of 
neurological 
surgeons [20]

GCS-15, no motor 
deficit

GCS 13–14, no 
motor deficit

GCS 13–14, 
motor deficit 
present

GCS 7–12, motor 
deficit present or 
absent

GCS 3–6, 
motor deficit 
present or 
absent

Fisher [22] No blood detected Diffuse or thin 
layer of SAH 
(<1 mm thick)

Localized 
clot or thick 
layer of SAH 
(≥1 mm 
thick)

Intracerebral or 
intraventricular blood 
with diffuse or no 
SAH

Modified 
Fisher [23] b

Focal or diffuse 
thin SAH, no IVH

Focal or diffuse 
thin SAH with 
IVH

Thick SAH, 
no IVH

Thick SAH with IVH

aGrade 0—unruptured aneurysm
bGrade 0—no SAH/IVH 
GCS Glasgow Coma Scale, SAH Subarachnoid Hemorrhage, IVH Intraventricular Hemorrhage

22  Anesthetic Management of Cerebral Aneurysm Surgery in Children



368

22.7.2.1	 �Diagnosis of Vasospasm
	(a)	 Clinical: The sudden or gradual appearance 

of neurological deficits after 3  days of the 
onset of hemorrhage unexplained by concur-
rent structural or metabolic abnormalities 
suggests vasospasm.

Transcranial Doppler (TCD) is the most 
common noninvasive modality to diagnose 
vasospastic arteries. Vasospasm narrows the 
caliber of cerebral vessels and increases the 
flow velocity through these vessels. A rise of 
TCD-determined flow velocity more than 
50 cm/s in 24 h or a flow velocity >120 cm/s 
are taken as indicators of vasospasm in 
adults. However, the cerebral blood flow 
velocity is lower in children and has a wide 
variation across age groups compared with 
adults. TCD studies show that the cerebral 
blood flow velocity is approximately 24 cm/s 
in neonates, which increases and peaks at 
around 7–9  years of age (approximately 
100  cm/s) [34]. In older children, the cere-
bral blood flow velocity gradually decreases 
to parallel adult values (approximately 
50 cm/s) [35]. Thus, it is difficult to establish 
flow velocity cut-off values in children to 
diagnose vasospasm. Serial TCD monitoring 
to establish trends may be more useful than 
absolute numbers.

	(b)	 Cerebral angiography is the most sensitive 
tool to diagnose cerebral vasospasm; how-
ever, the invasive nature of this modality pre-
cludes its frequent use in children. Around 
one-third of adults with angiographically 
detected vasospasm develop clinical fea-
tures. This number is lower in children.

	(c)	 Jugular bulb oximetry: By detecting changes 
in cerebral oxygen extraction, jugular bulb 
oximetry is useful in predicting impending 
vasospasm. Patients who develop clinically 
significant vasospasm have an elevated cere-
bral oxygen extraction a day earlier than it 
can be recognised by the onset of symptoms 
of cerebral ischemia.

	(d)	 Xenon-enhanced CT scans, single photon 
emission computed tomography, and several 
other cerebral blood flow measuring tools, 
although not common in routine clinical 

practice, can be used for the diagnosis of 
vasospasm.

22.7.2.2	 �Treatment of Vasospasm and 
Delayed Cerebral Ischemia

Early endovascular or neurosurgical treatment of 
the aneurysm is the most important strategy to 
prevent vasospasm. “Triple H” therapy, includ-
ing hypertension, hypervolemia, and hemodilu-
tion, has long been the mainstay for the 
management of cerebral vasospasm. This strat-
egy, believed to increase cerebral blood flow 
(CBF) by expanding intravascular volume and 
reducing blood viscosity is no longer favored. 
Hemodynamic augmentation is now considered 
to be the first-line therapy to treat DCI. This can 
be achieved by increasing intravascular volume 
alone or by the use of vasopressors like norepi-
nephrine and phenylephrine. There are practical 
problems of defining the target threshold for aug-
mentation of blood pressure in children, as nor-
mal blood pressure has a wide range in children 
across different age groups. Hypervolemia 
increases cardiac output and may result in 
improved perfusion to the hypo-perfused regions, 
even though its use has been challenged in stud-
ies [36]. Even though in adults with DCI, there is 
emerging evidence to support euvolemia instead 
of hypervolemia, this is not clear in children. The 
risks of hypervolemia include congestive cardiac 
failure, pulmonary edema, coagulopathy, dilu-
tional hyponatremia, and rebleeding. The benefit 
of hemodilution is not clear either and is the most 
controversial element of Triple H. A target hema-
tocrit of 30–35% has been suggested in adults to 
provide an optimal balance between oxygen-
carrying capacity and blood viscosity. The target 
hemoglobin value to achieve adequate cerebral 
oxygenation with optimal CBF is not known in 
children. Blood pressure augmentation should 
not be done before the aneurysm is secured. Even 
though there is a paucity of studies in children, no 
controlled trial has shown improved mortality 
with Triple H therapy [37, 38].

Nimodipine, which is a calcium channel 
blocker, is used for the prevention and treatment 
of vasospastic arteries and is the only proven 
pharmacological therapy to improve outcome 
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after aneurysmal SAH in adults. The typical pedi-
atric dose of oral nimodipine is 1 mg/kg every 4 h. 
However, some studies in children with SAH sug-
gest that oral nimodipine use does not eliminate 
risk of vasospasm and cannot improve prognosis 
in cases having rebleeding and infarction [39]. In 
some children, significant hypotension has been 
seen after oral nimodipine use [39]. Owing to the 
risk of significant hypotension, the use of intrave-
nous nimodipine in children is uncommon. Large 
prospective studies examining different dosing 
regimens and clinical benefits of nimodipine are 
warranted in children.

Magnesium sulfate has several physiological 
effects such as cerebral vasodilation, calcium 
antagonism, inhibition of excitatory postsynaptic 
potentials, and inhibition of the formation of free 
radicals after tissue injury. It has shown some 
promise in reducing vasospasm and improving 
outcomes with minimal side effects. However, two 
large randomized trials have found conflicting 
results on the benefits of magnesium in SAH [40, 
41]. A follow-up meta-analysis also failed to dem-
onstrate a favorable neurological outcome of mag-
nesium after SAH [42]. Studies in children are not 
available. Endothelin receptor antagonists such as 
clazosentan were found to improve vasospasm in 
animal models, but the benefits did not translate in 
human trials [43–46]. Statins were earlier believed 
to be of benefit in SAH because of their anti-
inflammatory and immunomodulatory effects, but 
large studies have not shown a significant benefit 
with their use [47]. Several other drugs that 
showed early promises, such as tirilazad, which a 
lipid peroxidation inhibitor, and nicaraven, a 
hydroxyl radical scavenger, are not useful either. 
Interventional strategies such as balloon angio-
plasty for focal stenosis and intra-arterial adminis-
tration of vasodilators are labor intensive, involve 
significant risks, and are less commonly performed 
in children compared with adults.

22.7.3  �Hydrocephalus

Hydrocephalus can be acute, occurring within 
72 h of the initial bleeding, or chronic, occurring 
weeks or sometimes even months after the initial 

episode. Patients with poor-grade and large-sized 
aneurysms, thick SAH or intraventricular bleed-
ing, and posterior circulation aneurysms have an 
increased risk of developing hydrocephalus. 
Hydrocephalus occurs in 20–30% of adults with 
aneurysmal SAH and is more common in chil-
dren, probably because of the greater incidence 
of posterior circulation and complex aneurysms. 
Acute hydrocephalus may require the placement 
of an external ventricular drain (EVD) for decom-
pression, and many children with chronic hydro-
cephalus require a CSF shunting procedure like 
ventriculoperitoneal shunt.

22.7.4  �Seizures

Seizures are detrimental and should be promptly 
terminated because they increase CBF and 
increase oxygen requirements in an already com-
promised brain. Up to one-third of children with 
SAH can have seizures, which is more than in 
adults [48]. Seizures are more likely in patients 
with poor-grade SAH, intracerebral bleed, severe 
vasospasm, cerebral infarct, and rebleeding. 
There is no high-quality evidence on the benefit 
of prophylactic anti-seizure medications in adults 
or children with cerebral aneurysms [49].

22.7.5  �Fluid and Electrolyte 
Disturbances

Intracranial volume contraction, hyponatre-
mia, hypokalemia, hypocalcemia, and hypo-
magnesemia are common findings in children 
with SAH.  Hyponatremia is extremely com-
mon and has been found in up to one-third of 
patients with SAH. The peak incidence of hypo-
natremia is between the 2nd and 10th days of 
SAH. Uncorrected hyponatremia lowers the sei-
zure threshold, worsens cerebral edema, and can 
alter the level of consciousness. Prompt identi-
fication of the cause of hyponatremia is impor-
tant to determine the appropriate treatment. In 
cerebral salt-wasting syndrome (CSWS), there 
is hyponatremia with concomitant extracellu-
lar volume contraction. Treatment with isotonic 
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370

crystalloids to replenish sodium and water is 
appropriate. If syndrome of inappropriate antidi-
uretic hormone secretion (SIADH) is present, it is 
reasonable to restrict fluid intake and administer 
hypertonic saline. In children with SIADH, the 
fluid restriction should be done judiciously, as it 
can lead to rapid intravascular volume depletion 
and hemodynamic instability, which increases 
the risk of cerebral ischemia.

22.7.6  �Pulmonary and Cardiac 
Complications

Pulmonary edema and hospital-acquired pneu-
monia are common problems in children with 
aneurysmal SAH.  Myocardial dysfunction 
and arrhythmias are also common. Although 
50–100% of adult patients with SAH have ECG 
changes, such as T-wave inversion, ST depres-
sion, U waves, and QT prolongation, the true 
incidence of electrocardiographic changes in chil-
dren is not known. Arrhythmia most frequently 
occurs in the first week of SAH. Possible causes 
include injury to the posterior pituitary with nor-
epinephrine release resulting in subendocardial 
injury, and concomitant dyselectrolytemia.

22.8	 �Treatment of Cerebral 
Aneurysm in Children

The treatment of unruptured cerebral aneurysms 
in children can be divided into surgical, endo-
vascular, and conservative approaches [50]. The 
management of pediatric intracranial aneurysms 
differs from adults because of the complexities 
and heterogeneity of aneurysms seen in chil-
dren. Children with SAH are most appropriately 
cared for in dedicated neuro-centers that have 
experienced neurovascular surgeons, neuroanes-
thesiologists, neurointerventionalists, and neu-
rointensivists. In any child with SAH, medical 
management should be immediately started to 
stabilize the child and prevent secondary neu-
rologic complications. It is important to be cog-
nizant of the child’s intravascular volume status 
and hemodynamic parameters, which usually 

require the placement of a urinary catheter and 
strict charting of fluid balance. In a critically ill 
child, an indwelling arterial line is useful to opti-
mize blood pressure and titrate vasoactive drugs. 
The requirement of sedatives and analgesics to 
treat the child’s anxiety and the headache of SAH 
should be balanced against the need to perform 
a frequent neurological examination. In some 
children with hydrocephalus, CSF flow diver-
sion may be required before or after securing the 
aneurysm.

The best modality of securing pediatric aneu-
rysms remains a matter of debate. Both endovas-
cular procedures and surgical clipping have been 
widely performed with good results [51, 52]. 
There are concerns about the durability of endo-
vascular devices as children’s life expectancy is 
longer compared with adults [12, 52]. However, a 
recent meta-analysis found both endovascular 
and surgical treatments yielded comparable long-
term clinical outcomes in children [53]. The 
International Subarachnoid Aneurysm Trial 
(ISAT) in adults with ruptured aneurysms showed 
that endovascular coiling was more likely to 
result in independent survival than neurosurgical 
clipping, albeit with a slightly increased risk of 
rebleeding [54]. A long-term follow-up of the 
same cohort suggested that even though rebleed-
ing is slightly increased after endovascular coil-
ing, the probability of disability-free survival is 
higher in the endovascular group compared with 
neurosurgical clipping at 10  years [55]. Even 
though endovascular therapeutic options are 
increasingly preferred, treatment choice in differ-
ent hospitals seems to be guided by protocols for 
adults, the preference and expertise of the neuro-
surgical units, and patient preference.

22.8.1  �Surgical Treatment

Clipping of the aneurysm has been extensively 
described in the neurosurgical literature. There 
are reports of several surgical techniques, such as 
clipping, proximal occlusion with or without 
bypass, trapping, and wrapping of the aneurysm. 
The most commonly employed method is to clip 
the neck of the aneurysm. Aneurysms are increas-
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ingly being clipped early, within 24–48  h. The 
anesthesia goals are tailored for each child pri-
marily based on the preoperative grade of the 
aneurysm, the proposed surgery, and the need for 
additional modalities such as intracranial-
extracranial bypass procedures. Induced hypo-
tension during the dissection phase of the 
aneurysm is no longer practiced, and instead 
many surgeries are carried out using proximal 
occlusion with temporary clips. Mild hypother-
mia (32–34  °) and various drugs like mannitol, 
thiopental, etomidate, propofol, and steroids have 
been proposed for cerebral protection during 
temporary clipping with no reliable evidence of 
their effectiveness [56–58].

22.8.2  �Anesthetic Consideration 
During Surgical Clipping

The goals of neuroanesthesia during surgical 
clipping are to ensure stable perioperative hemo-
dynamic parameters, perform smooth induction 
and extubation, provide adequate depth of anes-
thesia, lower the ICP, and maintain adequate 
cerebral oxygenation, normothermia, and normo-
carbia to mild hypocarbia. Unlike in adults, opti-
mal perioperative blood pressure targets are not 
defined in children. It is reasonable to maintain 
the intraoperative blood pressure close to the 
baseline value throughout the conduct of anes-
thesia. Importantly, the blood pressure should not 
be allowed to drop below 20% of the baseline 
value, especially in poor-grade aneurysms, when 
the brain is already at a critical perfusion thresh-
old. The neuroanesthesiologist should be pre-
pared for a sudden and massive blood loss; it is 
crucial to have blood and blood products readily 
available for immediate administration.

22.8.2.1	 �Induction of Anesthesia
Propofol (1–2  mg/kg) or thiopental (4–6  mg/
kg) in combination with opioids like fentanyl 
(2–4  μg/kg) or sufentanil (0.3–0.5  μg/kg) is 
commonly used for induction of anesthesia. 
Atracurium (0.5–0.8  mg/kg), vecuronium (0.1–
0.12 mg/kg), or rocuronium (0.6–1.2 mg/kg) can 
be used for muscle paralysis. Laryngoscopy and 

intubation should be quick and smooth. Adjuncts 
such as lidocaine (1–2 mg/kg), beta-blockers like 
esmolol (0.25–1 mg/kg), or labetalol (5–20 mg) 
and additional boluses of fentanyl or propofol 
are useful to reduce the hemodynamic surge of 
laryngoscopy and intubation and before other 
intensely stimulating procedures like insertion of 
skull pins. A sudden rise of blood pressure will 
increase the transmural pressure gradient across 
the aneurysm wall, potentially leading to aneu-
rysm rupture. The intraoperative rupture of the 
aneurysm carries a very poor prognosis, and it 
is important to take appropriate preventive mea-
sures. Although quite difficult in children, the 
placement of an arterial catheter before induc-
tion of anesthesia is useful for better controlling 
blood pressure.

22.8.2.2	 �Monitoring
Besides standard ASA monitoring (ECG, NIBP, 
EtCO2, SpO2, and temperature), direct intra-
arterial blood pressure monitoring helps in beat-
beat monitoring of blood pressure and close 
titration of vasoactive medications. At least one 
large-bore intravenous cannula and a central 
venous catheter are typically inserted. Monitoring 
the depth of anesthesia (derived electroencepha-
lograph monitor, like bispectral index) and the 
degree of neuromuscular block (neuromuscular 
transmission monitor, like train-of-four) may be 
useful to titrate anesthetics and muscle relaxants. 
Unlike in adults, the use of intraoperative neuro-
monitoring like cerebral oximetry, jugular bulb 
oximetry, transcranial Doppler, and evoked 
potentials have rarely been described during 
pediatric aneurysm surgeries.

22.8.2.3	 �Maintenance of Anesthesia
With the increasing trend of early surgery for 
cerebral aneurysms, the challenges of providing a 
lax brain in an under-prepared patient while at 
the same time maintaining intraoperative hemo-
dynamics are increasing. Volatile anesthetics like 
isoflurane, sevoflurane, and desflurane or total 
intravenous anesthesia with propofol and fen-
tanyl (0.5–2  μg/kg/h) or remifentanil (0.125–
0.25 μg/kg/min) can be used. There is no strong 
evidence to avoid the use of nitrous oxide, and its 
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use varies in different institutions. However, it is 
prudent to avoid nitrous oxide in patients with 
high-grade SAH or those with intraoperative 
“tense brain.” Mannitol (20%), an osmotic 
diuretic, is frequently used to provide brain relax-
ation as a slow infusion in dosages of 0.25 mg/kg. 
Hypertonic saline is an alternative; no intraopera-
tive study has shown a clear outcome benefit of 
one over the other in children [59–62]. 
Experimental models have shown possible bene-
fits of inducing mild hypothermia (33–35 °C) for 
neuroprotection; however, this has not translated 
into a clinical benefit in aneurysm surgeries [63]. 
Normocarbia to mild hypocarbia (PaCO2: 
35–40  mmHg) is most commonly employed. 
Controlled hypotension during the early dissec-
tion phase of the surgery is no longer practiced. 
Instead, occlusion of the feeding vessels using 
temporary clips may be used to facilitate expo-
sure and prevent aneurysm rupture. The potential 
problems using temporary clips are focal cerebral 
infarction and arterial damage because of the clip 
application. It is important to augment the blood 
pressure during temporary clipping to maintain 
regional cerebral perfusion by an increased col-
lateral blood flow.

Sometimes, the surgeon may request the anes-
thesiologist to administer intravenous indocya-
nine green (ICG) dye after clipping the aneurysm. 
ICG is a near-infrared fluorescent dye used to 
detect major surgical issues like residual filling of 
the clipped aneurysm and parent or branching 
artery occlusion, while the surgical field remains 
exposed intraoperatively so that immediate revi-
sion can be done if required [64]. It is available as 
a lyophilized green-colored powder that is dis-
solved in sterile water before intravenous admin-
istration. The safety and effectiveness of ICG 
have been established in children, and the maxi-
mum permissible dose is 2 mg/kg [65].

22.8.2.4	 �Recovery and Extubation
The decision to extubate the trachea at the end of 
the surgery is based on preoperative patient status 
and intraoperative surgical or anesthetic events. 
Good-grade aneurysm patients with an unevent-
ful intraoperative course may be extubated inside 

the operating room. Others may require a period 
of postoperative mechanical ventilation. These 
patients should be shifted to the intensive care 
unit for ventilation and further management.

22.8.3  �Endovascular Treatment

In the last few years, there has been a tremendous 
shift in the treatment approach for pediatric aneu-
rysms from open surgery to endovascular tech-
niques and multi-modality therapeutic plans. A 
growing body of evidence points at the safety of 
the endovascular approach and its effectiveness in 
preventing early rebleeding [66, 67]. Several 
observational and small cohort studies have found 
the overall clinical outcome of endovascular treat-
ment to be as good or even superior to open surgi-
cal methods in children [68–71]. It is particularly 
useful when a difficult anatomic location of the 
aneurysm precludes the use of open surgical 
methods, such as with posterior circulation aneu-
rysms. Similarly, partially clipped aneurysms and 
patients with poor-grade aneurysms benefit from 
endovascular methods. The most popular endo-
vascular technique uses the Guglielmi detachable 
coil (GDC), which is inserted into the aneurysmal 
sac, setting up secondary thrombosis. Adjuvant 
techniques like balloon-assisted coiling or stent-
assisted coiling can be used to support a wide-
necked aneurysm and prevent coil prolapse into 
the parent artery [72]. Other endovascular options 
such as placement of flow-diverting stents (like 
Pipeline Embolization Device), liquid emboliza-
tion, or endovascular vessel sacrifice may be 
required to treat complex aneurysms [53, 73].

22.8.3.1	 �Anesthetic Considerations 
During Endovascular 
Treatment

The major considerations include providing 
anesthesia care in a suboptimal anesthetic envi-
ronment outside the operation rooms, transporta-
tion of patients, anticoagulation, management of 
sudden catastrophic events such as aneurysm 
rupture and contrast-related anaphylaxis, ensur-
ing early recovery from anesthesia for neurologi-
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cal assessment, protection from radiation hazards, 
and the care of generally sicker and under-
prepared patients, who may have been consid-
ered too risky to undergo urgent neurosurgical 
procedures.

22.8.3.2	 �Choice of Anesthesia
General anesthesia with endotracheal intubation 
is preferred in children as it allows immobility 
for accurate imaging and intervention, control of 
PaCO2, and prompt management of possible cat-
astrophic complications. Patient accessibility is 
always a problem in radiological suites; using 
two large-bore cannulas with extension tubing is 
important. Standard ASA monitoring is manda-
tory. An invasive arterial catheter is useful for 
beat-to-beat BP monitoring as well as for blood 
sampling.

22.8.3.3	 �Maintenance of Anesthesia
Like in surgical clipping, both total intravenous 
anesthesia and volatile anesthetics have been 
used. There is no clear superiority of one anes-
thetic technique over another. Anticoagulation is 
achieved using a loading dose of 60–80 units/kg 
heparin followed by either intermittent boluses 
or a continuous infusion to maintain activated 
clotting time (ACT) two to three times the base-
line [72].

22.8.3.4	 �Recovery and Extubation
The course of recovery from anesthesia and the 
decision to extubate the trachea at the end of the 
procedure follows the same basic principles out-
lined in open surgical methods.

22.9	 �Conclusion

Intracranial aneurysms in children are rare. As 
there are very few studies in pediatric cerebral 
aneurysms, little is known about their pathogen-
esis, clinical grading, and treatment modalities. 
Most of the anesthetic practices have been simply 
extrapolated from evidences that are derived 
from adult literature. Even though the basic prin-

ciples of neuroanesthesia and neurocritical care 
may remain the same, caution must be exercised 
when extrapolating such evidences. Large pro-
spective studies in pediatric aneurysm surgeries 
are clearly warranted.
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