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Abstract

Rupture of an aneurysm is the leading cause of subarachnoid hemorrhage (SAH) which results in 

accumulation of blood between the arachnoid and pia mater, consequently increasing intracranial 

pressure. This often results in life threatening conditions like herniation or clinical presentations 

including focal neurological deficits. In children, these events, although rare, have significant 

implications. Pediatric SAH is associated with better outcomes in the hospital setting and may 

even be prevented proactively by the recognition of potential risk factors. Specifically, better 

recognition of genetic predispositions, metastatic lesions, and infectious causes of aneurysms is 

important to understand their growth and prevent hemorrhagic events. This review highlights 

the causes of pediatric SAH, reviews the models of current understanding of this etiology, and 

discusses the current treatment schema to provide a succinct summary and highlight gaps in 

current knowledge. This may lead to future investigations aimed at further improving prevention 

strategies, patient care, and patient outcomes.
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Introduction:

Pediatric subarachnoid hemorrhage (pSAH) is a relatively rare clinical event with life-

threatening implications that affect 0.5 percent to 4.6 percent of children [[1, 28, 31, 

43, 44, 49]]. Aneurysms, arteriovenous malformations, and pediatric tumors are the most 
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common causes of pSAH. Increased predilection is based on genetics or underlying 

infection. Common symptoms of pSAH include lethargy, irritableness, seizures, increased or 

decreased muscular tone, altered consciousness, vomiting, poor eating, breathing problems, 

and apnea [[18]]. Common causes of pSAH include genetic and infectious etiologies that 

predispose children to develop aneurysms. One of the probable complications of pSAH 

is brain swelling, or hydrocephalus; this buildup of cerebrospinal fluid (CSF) and blood 

between the brain and the skull raises the intracranial pressure [29, 58, 62, 63, 75]. 

In an event of SAH, blood vessels in the brain can become irritated and damaged by 

the breakdown of blood products (including oxyhemoglobin) leading them to constrict 

which limits intracerebral blood flow [15, 58, 62]. This could lead to stroke and further 

exacerbation of the existing injury. Potential consequences of the bleeding include lifelong 

brain damage, paralysis, or coma in severe circumstances. Given these implications of 

pSAH, the need for understanding the causation and to plan the management of these events 

is vital for improved patient outcomes.

Genetics:

Aneurysms in children are thought to be characterized by changes in arterial flow, 

extracellular matrix, and arterial wall deterioration or repair, all of which may trigger 

molecular alterations that lead to formation of aneurysms [33, 76]. Genetic and infectious 

predispositions include: Alagille syndrome, sickle cell anemia, irradiation, cardiac myxoma 

(Carney complex), HIV/AIDS, tuberous sclerosis, vascular anomalies, Marfan syndrome, 

syphilis, Moya Moya disease, pseudoxanthoma elasticum, type IV Ehlers-Danlos syndrome, 

fibromuscular dysplasia, von Hippel-Lindau syndrome, arterio-venous malformations 

secondary to Osler-Weber-Rendu Syndrome, hypertension, coarctation of the aorta and 

polycystic kidney disease. [13, 31, 76] (summarized in Table 1). In addition, compared to the 

adult population, mycotic aneurysms make up a greater fraction of aneurysms (4%) in the 

pediatric population [5, 28]. In immunocompetent individuals, Staphylococcus aureus and 

Streptococcus are the causal organisms, while in immunocompromised patients, Aspergillus, 

Candida, and Phycomycetes are the causative organisms [3, 31, 76].

Although uncommon, pSAH secondary to neoplasms has been recorded in 3–10% of 

cases, with medulloblastoma (malignant), primitive neuroectodermal tumors, malignant 

astrocytomas, and ependymomas being the most prevalent [24, 72]. Possible disruption 

of tumor vasculature due to the increasing tumor size, direct tumor infiltration of vessels, 

and/or aberrant tumor vascularity are some of the theorized mechanisms for aneurysm 

development and rupture [72].

Vascular abnormalities:

Pediatric aneurysms differ from classical adult aneurysms; they are rarer, tend to be larger, 

have an overall male predominance, are commonly caused by infection or trauma, and have 

increased predilection for the posterior circulation [28, 31, 44, 50, 52, 70]. Additionally, 

aneurysms in children tend to be associated with congenital disorders [3, 5, 13, 31, 40, 44, 

47, 50, 66] (table 1).
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Intracranial aneurysms may present in children commonly 2–4 weeks (but up to 10 years) 

following trauma, usually a closed head injury (72% of cases) and may present with massive 

epistaxis [26, 57]. Traumatic brain injury may damage the distal anterior carotid artery 

(ACA) in 40% of cases, the major vessels along the skull base in 35% of cases, and the 

distal cortical vessels in 25% of cases [37]. The patient presents with hemorrhage in about 

50% cases and can present with subarachnoid hemorrhage, sub- or extradural hematoma, or 

intracranial hypertension [51].

Arteriovenous malformation (AVM) is perhaps the most important cause of intracranial 

vascular aneurysm formation responsible for 30–50% of spontaneous intracranial 

hemorrhages in this population [14]. An AVM is an abnormal connection between arterial 

and venous blood vessels that can occur anywhere in the body. When they occur, high 

pressure arterial blood does not flow into capillaries and tissue but instead, directly into 

the thin-walled venous structures. These venous structures become damaged due to the 

high flow and pressure, leading to aneurysm and rupture. Intracranial hemorrhage is 

the presenting clinical manifestation in 75–80% of pediatric patients with AVMs and is 

associated with a high morbidity and mortality [53]. In a study by Zheng et al., 70.9% 

of their cohort of 127 children with AVMs presented with hemorrhage, and size and deep 

venous drainage were found to be independently associated with hemorrhage risk [74]. 

Another study looked at a cohort of 132 children with AVMs over a 40 year span and found 

that 79% of their patients ended up hemorrhaging [36]. In this study, the mortality was found 

to decrease from 39% to 16% after the introduction of computed tomography (CT), with an 

overall series mortality of 25% and location being the primary causative factor; 8/14 patients 

with cerebellar AVM passed away, while only 2/44 patients with cerebral hemisphere AVM 

passed [36].

Intracranial aneurysms associated with infection, or infectious intracranial aneurysms (IIAs), 

account for about 15% of all pediatric intracranial aneurysms. The most common etiology of 

IIAs is septic emboli secondary to bacterial endocarditis, an intravascular source of infection 

which causes vegetation of an infected cardiac valve and subsequent embolization [17, 37, 

46]. The bacterial source for IIAs is most commonly Staphylococcus aureus, but they can 

also be caused by fungal or viral infection [17, 37]. Blood and CSF cultures show the 

causative organism in about 2/3 of patients. The typical locations include the distal small 

arteries, the skull base, and cavernous sinus. The clinical presentation is varied but generally 

presents after severe intracranial hemorrhage and carries a 60–90% mortality when bacterial, 

while fungal infections are even more lethal [[17, 37, 46]]. IIAs are typically friable and 

thin walled, with a resultant high rupture tendency, however, even without rupture, IIAs are 

associated with a mortality of up to 30% [17]. Unlike other sources of aneurysm, in which 

size is a predictive factor in likelihood for rupture, size is not predictive of rupture for IIAs. 

Small IIAs rupture at high rates while larger ones tend to produce symptoms through mass 

effect [17].

Pre-clinical models of Juvenile SAH:

Due to the rarity of SAH in the pediatric population, proposed models regarding this fatal 

condition are limited. However, retrospective studies help in better understanding the factors 
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that contribute to SAH between the adult and the pediatric population. For example, male 

children develop cerebral aneurysms more commonly than female children. In adulthood, 

however, this pattern reverses and females have a greater tendency to develop aneurysms 

[64]. Aneurysms typically form at the internal carotid artery (ICA) bifurcation, where 

rupture occurs in most pediatric patients [30]. It is also important to note that pediatric 

patients are more likely to present with SAH than adult patients [70]. This is clinically 

important because if there is a factor of interest between the adult and pediatric population 

then it could be an area of research that can be focused on to better understand the 

prevalence of pediatric SAH.

Although, AVM or neoplasm development present a risk for SAH, most pediatric SAHs 

mostly occur when a cerebral aneurysm develops due to these etiologies or independently 

of them [30]. Trauma induced aneurysmal development, whether it be accidental or non-

accidental, is the most common cause of SAH in the pediatric population [66]. Traumatic 

SAHs result from the tearing and weaking of intracerebral blood vessels, resulting in 

intracranial aneurysms, due to the force of the trauma. Non-traumatic SAHs are seen in 

patients with pre-disposing factors associated to an impairment to the arterial wall. A 

possible explanation for pediatric non- traumatic SAHs may be due to a deficiency of a 

necessary protein essential for arterial wall functionality [64]. Studies have highly suggested 

the prevalence of SAH among the pediatric population may be a due to a degradation 

of the internal elastic lamina and arterial medial layer. A possible explanation for this 

could be a lack of α1-antitrypsin [70]. α1-antitrypsin is a glycoprotein whose function 

is to inhibit proteases, like elastase and collagenase, from degrading connective tissue, 

specifically, connective tissue that surrounds the tunica media in the arterial wall [55]. This 

protein deficiency may increase aneurysm rupture incidence among the pediatric population, 

and it should be considered that this may also explain the larger appearance of pediatric 

intracranial aneurysms, which is not typical with adult intracranial aneurysm cases [66]. 

There is also a hemodynamic stress factor that might add to the propensity of developing 

cerebral aneurysms, and rupture, in children because of their susceptibility to develop 

aneurysms at the ICA bifurcation [59].

SirT1 is another protein that has gotten attention because of its involvement in regulating 

the vasculature through various mechanisms but importantly vascular smooth muscle 

structural and functional homeostasis [11, 20, 25, 41]. Physiological cyclic stretch maintains 

vasoconstriction by promoting VSM contractile characteristics via SirT1/FOXO3a [32]. A 

study found that the absence of SirT1 in VSM-specific SirT1-ablated mice does not result 

in any obvious vascular functional impairment, but when exposed to pro-inflammatory and 

prooxidant stressors, such as angiotensin II (angII) infusion, arterial ligation, hyperlipidemic 

apoE−/− genetic background, aging, and a diet high in fat and sucrose, this defect in SirT1 

causes vascular disease, including atherosclerosis, aortic stiffness and dissection [20, 21, 

25]. Sirtuin 1 may be repressed with changes in brain function and vasculature in some 

vulnerable populations which has been connected to the role of nutrition and xenobiotics; 

and may be relevant to pediatric subarachnoid hemorrhage treatment [9, 16, 20, 22, 32, 41].

Mycotic aneurysms usually arise from the arterial adventitia and present at arterial branches. 

They typically hemorrhage due to vessel wall impairment [59]. Bacterial organisms, such 
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as staphylococcus aureus, lead to the degradation of the arterial wall by inflammatory 

processes. Because of the bacterial presence, neutrophils will be attracted to the area and 

infiltrate the tissue causing acute and chronic inflammation possibly through neutrophils’ 

effector functions, thus degrading the arterial's media as well as the internal elastic 

lamina [73]. With these factors in play, a mycotic aneurysm will grow with continuous 

inflammation and decreased tissue healing leading to hemorrhage.

Treatment:

Pediatric SAH may be treated effectively by either microsurgery or endovascular techniques 

such as coil embolization whereby an aneurysm is stabilized to prevent rupture by placing 

a coil that prevents enlarging of false lumen [30, 42, 50, 54, 56, 59, 60, 71]. Choice 

of procedure may be decided based on location, Hunt and Hess grade, complex shape, 

amenability to coiling, vessel occlusion probability, and parental choice [50, 56, 60, 71]. The 

decision should not be influenced by aneurysm size [60]. Depending on the preferences of 

the institution, endovascular approaches may be employed for specific anatomic locations, 

such as the basilar trunk and posterior cerebral artery (PCA) [56]. Surgical excision remains 

the treatment of choice for parenchymal AVMs in children [36, 53, 74], with complete 

removal achieved in most patients (up to 90%). Complete AVM resection usually results in 

normal neurological outcome [36].

Treatment options also include endovascular embolization and stereotactic radiosurgery 

alone or in combination. The Spetzler-Martin (SM) grading scale, which estimates the risk 

for patient with undergoing neurosurgery by evaluating the AVM size, location, and pattern 

of venous flow, is often used to determine the treatment modality, with low grade, accessible 

SM grade 1–3 AVMs being best managed with surgery, while low grade inaccessible 

AVMs are best treated with stereotactic radiosurgery. High grade (SM grade 4–5) AVMs 

in pediatric patients are often deep or inaccessible making surgical excision less possible. 

The best treatment modality for these AVMs is unclear [53]. Conservative management for 

children with AVMs is generally not recommended, with an annual risk of rupture increasing 

by 2–4% per year [14, 36, 37, 53, 74].

Aggressive management is likely to result in superior clinical outcomes in pediatric patients 

[36, 37, 53, 74]. Moreover, Stiefel et al. suggested that surgical intervention may be first 

line, but coil embolization is preferred when surgery is not viable, or the aneurysm is located 

at the basilar apex [50]. Long-term follow up studies are needed to compare the durability 

of coiling compared to standard microsurgical clipping because of better outcomes in 

children contributing to longer survival. Thus, comparing the modalities in preventing future 

hemorrhage is a uniquely important consideration in the pediatric population [50, 71].

Pediatric patients are more likely to have favorable post-surgical outcomes, compared to 

adults [68]. Favorable outcomes range from approximately 63.6% to 90% depending on 

the preoperative status as determined by Hunt and Hess classification [50, 56, 60, 71]. In 

one study involving 22 children with aneurysms, 21 of whom presented with SAH, 13 

had a good preoperative Hunt and Hess Grades (between I and III), while 8 had a poor 

preoperative grade (IV or V) [50]. 11/13 (84.6%) children with good Hunt and Hess grade 
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had a favorable outcome compared to 2/8 (25%) with poor Hunt and Hess grade (54). 

Causes of poor postsurgical outcome include rebleeding, infarct secondary to vasospasm, 

meningitis, and thrombosis [42, 50, 56].

As in adults, it is important to prevent rebleeding and vasospasm in pSAH. Rebleeding 

appears to occur more frequently in children (as high as 60%), perhaps because of delayed 

SAH diagnosis [50, 68]. This may be the result of children presenting in better neurological 

condition than adults [68]. Early intervention following SAH diagnosis is important for 

the prevention of this complication [34]. Regarding vasospasm, oral nimodipine may be 

employed as prophylaxis [2]. In one study involving 12 children with SAH, the mean oral 

dose of nimodipine was approximately 1 mg/kg every 4 hours [27]. However, hypotension 

was a common side effect in the pediatric population, and in over 3/4 of the subjects, 

medical intervention was required as a result [7].

Furthermore, postoperative angiographs confirmed vasospasm may be asymptomatic more 

often in children [38, 50]. Proust et al. hypothesized that this pediatric vasospasm tolerance 

could be due to collateral circulation which reduces vasospasm-related hypoperfusion [50]. 

When vasospasm does occur, it can be treated with "triple-H" therapy, which consists of 

volume expansion, mild hypertension induction, and hemodilution with aims of increasing 

perfusion and preventing vascular constriction which may prevent ischemic events and 

parenchymal damage; Although the efficacy of the therapy is not unanimously agreed 

upon, it has been used when needed, however it comes with its own risks including 

pulmonary edema, myocardial ischemia, hyponatremia, indwelling venous catheter-related 

complications, cerebral hemorrhage, and cerebral edema. [7, 38, 39].

Of note, perimesencephalic nonaneurysmal subarachnoid hemorrhage (PNSH) is a benign, 

idiopathic SAH seen in approximately 15% of children with atraumatic SAH and presents 

with perimesencephalic or prepontine blood products on CT with negative subsequent 

angiogram [4]. Up to 19% of pSAH may be idiopathic, so PNSH should not be missed 

as it does not require significant treatment like aneurysmal SAH [30]. Furthermore, a case 

of non-aneurysmal SAH related to SARS-CoV-2 has been reported in a pediatric patient [6]. 

Thus, the COVID-19 pandemic perhaps may influence the development of pSAH and needs 

to be further studied.

Prior to surgical intervention, common pSAH management practices include Hunt and Hess 

grading, CT scan, digital subtraction angiography, aggressive intensive care, vasospasm 

prophylaxis, and EVD and ICP monitoring for those with poor preoperative grade [42, 

50, 56, 60]. Rationale for surgical modality was discussed above, and this decision should 

be made by a multidisciplinary team consisting of neurointerventionalists and fellowship-

trained pediatric neurosurgeons [42, 50, 60]. Early treatment (within 3 days of diagnosis) is 

preferred.

Postoperatively, a standard protocol should include nimodipine, seizure prophylaxis, 

steroids, and “triple-H” therapy for those who develop vasospasm [38, 56]. Then, routine CT 

scanning or angiography should be done yearly until the age of 18, followed by noninvasive 

imaging every 5 years thereafter [50, 60]. Those younger than 2 years old may be evaluated 
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by geneticists [60] Based on this information, a treatment algorithm for pSAH is proposed in 

Figure 1.

Conclusion:

SAH is associated with trauma, infection, and vascular abnormalities in the pediatric 

population, and it requires high levels of care during management and after discharge. 

However, when identified in a timely manner, the outcomes for patients with pSAH are 

more favorable in this population. Specifically, preventing rebleeding and vasospasms, 

using pharmacotherapy to improve blood flow, and closely monitoring symptoms and 

vitals help prevent neurologic and hemodynamic complications. Patients who may develop 

such complications may require extended hospital stay, additional surgeries, and therapies 

like Triple-H. Many SAH survivors may develop chronically disabling medical disorders, 

including issues with mood, neurophysiological function, and memory. For populations 

with predisposing genetic conditions that affect vasculature (e.g. AVM formations), 

early monitoring may be an effective preventative measure for these acute events. 

Moreover, closing the knowledge gap on epidemiological and biochemical predisposition 

to aneurysmal growth and rupture will inspire better preventive, management, and treatment 

protocols for pSAH.
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Figure 1: 
The figure shows a schematic of the SAH diagnosis and management according to current 

literature. CT scan is performed for initial screening for suspected subarachnoid hemorrhage 

and the consequent algorithm represents treatment options and monitoring strategies which 

are currently the standard of treatment.
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Table 1:

Genetic Predispositions of Pediatric Subarachnoid hemorrhage

Etiology Description Genetic mutation References

Alagille syndrome Chronic cholestasis due to a lack of intrahepatic bile ducts, 
congenital heart disease primarily affecting the pulmonary outflow 
tract and vasculature, butterfly vertebrae, a broad forehead, 
posterior embryotoxic and/or anterior segment abnormalities of 
the eyes, and pigmentary retinopathy are among the main clinical 
features and malformations of this autosomal dominant defect. 
Intracranial hemorrhage and renal dysplasia are two prominent 
characteristics.

JAG1 NOTCH2 mutation 
(rare cases)

[58, 65, 76]

Sickle cell anemia This autosomal recessive genetic disorder causes sickleshaped red 
blood cells that are sticky and defective, resulting in ischemia. 
Despite the fact that cerebral infarctions are more common, 
aneurysm growth contributes to SAH in the population.

HBB gene on 
chromosome 11

[59, 61]

Carney Complex Myxomas that begin in childhood and reoccur, causing disruptive 
cardiac outflow, embolic, and aneurysmal problems that contribute 
to stroke, are all symptoms of this autosomal dominant pattern 
disorder.

PRKAR1A/2p16 and 
17q22–24 (unknown gene)

[59, 67]

Sturge-Weber 
Syndrome

Causes the growth of aberrant blood vessels in a child’s face, brain, 
or both. Venous congestion is thought to be a key cause of SAH and 
ICH in this population. Majority of children are born with a mark 
on their face termed a capillary malformation or port wine stain.

GNAQ gene on 
chromosome 9q21

[40, 45, 59]

Tuberous Sclerosis Mental retardation, epilepsy, and adenoma sebaceum are the classic 
triad of this autosomal dominant defect. Multiple intracranial 
aneurysms and kidney cysts are associated with it.

TSC1 on chromosome 9 
and TSC2 on chromosome 
16

[40, 59]

vascular anomalies The inability to repair or maintain vascular integrity, as well as the 
presence of less stable versions of normal anatomy that are prone to 
aneurysm formation.

Secondary to various 
congenital diseases

[40, 59]

Marfan syndrome Aneurysms and hemorrhagic strokes are among the neurovascular 
consequences of this autosomal dominant musculoskeletal disorder.

Fibrillin-1 on 
chromosome 15

[40, 59]

Moya Moya Disease 
(MMD)

Autosomal dominant inheritance disease with thickened intima of 
major branches of the circle of Willis and Moya Moya arteries 
as a general finding. In individuals with MMD, intracerebral 
hemorrhage is a common cause of mortality.

Mutations in chromosome 
3p24.2–26, and 17q

[10, 23, 35, 59]

Pseudoxanthoma 
elasticum

An autosomal dominant and recessive inheritance condition that 
generates cerebral and cardiovascular aneurysms.

ABCC6/16p13.1 [59]

Type IV Ehlers-
Danlos syndrome

Ehlers-Danlos syndrome is characterized by hyperplastic skin and 
hyperextensible joints due to an autosomal dominant collagen 
synthesis deficiency. Furthermore, Ehlers-Danlos vascular type 
IV is associated with spontaneous rupture of arteries, including 
intracranial arteries.

type III procollagen 
(COL3A1) on 
chromosome2q

[40, 59]

von HippelLindau 
Syndrome (VHL)

Through the activities of transcription factors, growth factors, and 
matrix metalloproteinases, the VHL tumor suppressor gene may be 
causally linked to aneurysm formation, resulting to SAH in some 
cases.
Although hemangioblastomas in VHL are noninvasive, their 
increasing size can compress tissue and disrupt blood flow or they 
may hemorrhage, resulting in the observed clinical symptoms.

VHL gene on 
chromosome 3

[8, 12, 59]

Osler-Weber-Rendu 
Syndrome or 
Hereditary 
Hemorrhagic 
Telangiectasia (HHT)

Telangiectasias of the skin and mucosal membranes, as well 
as arteriovenous abnormalities in internal organs, contribute to 
hemorrhagic strokes.

Endoglin (ENG)/9q33–
q34.1 and ALK1or 
ACVRL1/12q11–q14

[59]

Autosomal Dominant 
Polycystic Kidney 
Disease (ADPKD)

Intracerebral aneurysms caused by ADPKD are uncommon in 
children, but they are highly influenced by family history. 
Documented prevalence rates range from 0% to 41%.

PKD1 gene on 
chromosome 16 PKD2 
gene on chromosome 4

[19, 40, 48, 55, 
59, 69]
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