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Endovascular embolization for cases of ‘hidden’ pediatric cerebral 
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A B S T R A C T   

Background: Ruptured arteriovenous malformations (AVM) hold a larger proportion as the cause of spontaneous 
intracranial hemorrhage in children compared to those in adults. Although surgical excision still remains as the 
gold standard therapy for arteriovenous malformations, some smaller ones are reported to resolve from embo
lization alone. However, difficulty arises when small arteriovenous malformations are not detected on certain 
diagnostic modalities such as Computed Tomography Angiography (CTA), giving rise to false negatives, which 
may compromise appropriate management of patients. Endovascular embolization can be used as alternative 
options as diagnostic and therapy for invisible arteriovenous malformation in children. We report two cases of 
ruptured paediatrics arteriovenous malformations with a complication of hydrocephalus, managed with endo
vascular embolization and a cerebrospinal fluid diversionary procedure. 
Case description: We report 2 case in from Dr. Soetomo academic general hospital in 2021, the first case was a 
fully conscious 6-year-old-female child with sudden left-sided weakness and severe headache in January, and the 
second case a 9-year-old female came with decreased consciousness in May. Both had evidence of intracerebral 
hemorrhage, intraventricular hemorrhage, and hydrocephalus on head radiological examination, but no visible 
vascular malformations on Computed Tomography Angiography. The first patient was treated with extra ven
tricular drainage initially, while the second case was not. Transfemoral cerebral angiography revealed small 
arteriovenous malformations in both patients, and both had successful endovascular embolization afterwards. 
The first case was shunt-free, while the second case had her drainage switched to ventriculoperitoneal shunt right 
after the embolization procedure. Both patients recovered fully without complications and sequelae, and were 
discharged afterwards. 
Discussion: Both patients did not undergo surgical resection of the arteriovenous malformations; the first case 
only underwent endovascular embolization, while the second case underwent embolization and ventriculoper
itoneal shunting. The cases described here help highlight the irreplaceable role of Transfemoral Cerebral 
Angiography as a gold standard for cases for arteriovenous malformations compared to other modalities, such as 
Computed Tomography Angiography (CTA). Smaller arteriovenous malformations in paediatrics are reported to 
achieve complete radiological resolution, and cerebrospinal fluid diversion in hydrocephalic cases are not always 
performed. Several factors to be considered include initial consciousness and severity of neurological deficit, 
which were taken into account in the management of our patients. 
Conclusion: Embolization procedures may be beneficial in some pediatric arteriovenous malformations, prefer
ably in smaller ones that undetectable by angiography. Several factors such as the consciousness and neuro
logical deficit upon initial presentation may help in the decision making of these cases.   

1. Introduction [1] 

Arteriovenous malformations (AVM) of the brain are vascular con
nections anomalies with occurring in approximately 10–18 per 100,000 
people [2]. Arteriovenous malformations may or may not produce 

symptoms; some remain silent for a long period of time, or can lead to 
seizures or rupture resulting in severe hemorrhage and debilitating 
neurologic sequelae. In pediatric populations, ruptured AVM hold a 
larger proportion as the cause of spontaneous intracranial hemorrhage 
than in adults [3]. The percentage may reach around 30%–50% in 
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pediatric, while in adults the number sits at around 1.4, - 2% [4]. 
Conservatively managed paediatrics arteriovenous malformations are 
reported to have an annual risk of rupture of 4.4%–5.5% [3]. This 
number is significantly reduced after treatment, and this justifies early 
intervention of pediatric intracranial arteriovenous malformations 
[4,5]. 

Therapeutic modalities of pediatric intracranial arteriovenous mal
formations include; observation and medications; surgical resection, 
which is the remaining gold-standard therapy; endovascular 63emboli
zation; radiosurgery; and their combinations [4,5]. However, surgical 
resection alone may sometimes be insufficient in managing arteriove
nous malformations of higher grades and those situated at eloquent 
structures [4,5,7]. To help ease surgical resection, several endovascular 
modalities such as embolization may be useful in reducing the flow of 
larger arteriovenous malformations [8]. This may alleviate the symp
toms of patients and shrink the lesion to increase the efficacy of further 
therapeutic approach such as surgery or radiosurgery [3]. 

Although generally embolization alone is unlikely to cure pediatric 
AVM [6], it has been reported to result in radiological resolution on 
10%–40% of AVM [9,10]. This chance of success is greater in those of 
smaller AVM [6]. However, risks of complications are still present, 
reportedly to be as high as 26% [8]. These may be procedure (vessel 
perforation, hematoma) or material-related (embolized pulmonary ar
tery leading to pulmonary edema, bronchospasm due to solvent 
dimethyl sulfoxide use) [6,11,12]. 

In addition, some other intracranial conditions may be present 
including hydrocephalus or the disruption of cerebrospinal fluid (CSF) 
flow, resulting in its accumulation and deterioration of the general 
condition [12]. The presence of hydrocephalus itself indicates increased 
risk of poor neurological outcome after intracerebral (ICH) or intra
ventricular hemorrhage (IVH) [1]. In conditions such as these, CSF 
diversionary procedures, such as external ventricular drainage (EVD) or 
shunts may be needed. However, data regarding its application in pe
diatric population is not as abundant as those in adults [13,14], and 
further studies and reports are still needed to evaluate its role and 
efficacy. 

To further elucidate the role of embolization as alternative options of 
treatment of pediatric arteriovenous malformations, we report two cases 
of ruptured pediatric AVM with a complication of hydrocephalus, 
managed with endovascular embolization and a CSF diversionary 
procedure. 

2. Case description 

2.1. First case 

This case series is reported in line with the PROCESS 2020 guideline 
[15]. The first case was of a 6-year-old female child referred to emer
gency room of Dr. Soetomo academic general hospital Surabaya 
Indonesia In January 2021, who presented with a sudden onset of left- 
sided weakness of the extremities 20 h prior to admission. The parents 
have given an informed consent for patient data publication. The patient 
also complaint of sudden and severe headache. There was nausea and 
vomiting occurring five times in total. The patient was fully conscious, 
and denied any history of trauma. There weren't any clinically signifi
cant medical conditions. 

Physical examination revealed normal vital signs. Neurological ex
amination with Brudzinski I revealed a nuchal rigidity and left-sided 
weakness of both the upper and lower extremities with positive patho
logical reflexes. 

Complete blood count, serum electrolyte and hemostatic profiles 
revealed normal results. Initial head computed tomography (CT) was 
performed, and revealed a hyperdense lesion on the right frontoparietal 
lobe 4.6 × 2.7 × 4 cm in size and 24.8 cc in volume with an extension to 
the right lateral and third ventricle, and dilated ventricles, indicating the 
presence of right frontoparietal intracerebral and intraventricular 

hematoma along with non-communicating hydrocephalus. Computed 
Tomography angiography (CTA) was performed but did not reveal any 
apparent vascular malformation (Fig. 1). 

The patient was diagnosed with right frontoparietal intracerebral & 
intraventricular hematoma with a suspected cause of vascular malfor
mation and non-communicating hydrocephalus. Due to the fully intact 
consciousness of the patient, the decision to treat the hydrocephalus 
with shunting was postponed and patient was planned to undergo strict 
and close observation while awaiting transfemoral cerebral angiography 
(TFCA) for diagnostic purposes. 

Angiography revealed the presence of vascular malformation in the 
right paracentral lobule with a fistula, feeding of an artery branching 
from posterior frontal artery and draining to the Rolandic vein 5.62 ×
7.48 mm in size (Fig. 2). A diagnosis of ruptured pial arteriovenous 
malformation (AVM) of the right paracentral lobule was made. The 
patient was planned to undergo endovascular embolization, which was 
carried out on the second day after the trans femoral cerebral 
arteriography. 

Endovascular embolization was performed using a general anes
thesia and a 6 Fr. A branch of the right callosomarginal artery was 
embolized using Onyx 18 through the use of Marathon 1.5 Fr. (Minne
apolis, Minnesota, USA) + Hybrid 0.008” detachable tip microcatheter 
(Irvine, California, USA) on the nidus from. is a detachable-tip micro
catheter that was developed to reduce the risk of microcatheter 
entrapment during ethylene-vinyl alcohol copolymer (Onyx) emboliza
tions. Post-embolization evaluation revealed complete obliteration of 
the nidus. The patient resolved into a full strength of the previously 
weakened extremities without any complications, and was discharged 
afterwards. 

2.2. Second case 

The second case was of a 9-year-old female child referred to Dr. 
Soetomo academic general hospital Surabaya Indonesia in May 2021, 
who presented with an abrupt decrease of consciousness 7 h prior to 
admission. The parents have given an informed consent for patient data 
publication. Her parents reported that she had previously complaint of 
severe, sudden headache, nausea, and slurred speech before falling into 
unconsciousness. There was also a left-sided weakness of the extrem
ities. The patient denied any history of trauma. There weren't any 
clinically significant medical conditions. 

Physical examination revealed an unstable hemodynamic status 
upon initial presentation. The patient was hypotensive, which was 
immediately successfully managed with fluid correction. Consciousness 
was decreased and lateralization was found indicated by weakness and 
hyperreflexia on the left extremities. Positive pathologic reflex was 
found on the lower left extremity. 

There result for laboratory examination was leukocytosis, but 
otherwise normal laboratory results. Initial head Computed Tomogra
phy revealed the presence of a hyperdense lesion on the right parietal 
white matter 2.2 × 6.8 × 2.6 cm in size with a continuation to and filling 
the right and left lateral, third, and fourth ventricles, along with dilation 
indicating intracerebral & intraventricular hematoma with non- 
communicating hydrocephalus. Due to the uncommon presentation of 
pediatric intracerebral hemorrhage, a Computed Tomography Angiog
raphy was performed but no apparent vascular malformation was 
detected (Fig. 3). 

The patient was diagnosed with right parietal intracerebral & 
intraventricular hematoma with a suspected cause of vascular malfor
mation and non-communicating hydrocephalus. Intravenous mannitol 
was administered. The decision to perform an extraventricular drainage 
was carried out on the left Kocher point, revealing an initial pressure of 
25 cmH2O and clear reddish cerebrospinal fluid. The patient improved, 
and was planned to undergo transfemoral cerebral angiography (TFCA) 
for diagnostic purposes. Angiography revealed a vascular malformation 
in the right parietal lobe with a feeding artery from the right pericallosal 
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artery, branching of the right anterior cerebral artery. There was a nidus 
with a size of 4.86 × 2.43 mm in size, draining to the internal cerebral 
vein (Fig. 4). Patient was diagnosed with a right parafalcine arteriove
nous malformations, and the decision to perform embolization using 
onyx was made. Between the time of trans to embolization, an extra
ventricular drainage dependence test was performed and the patient was 
deemed ineligible for drainage removal. Thus, a ventriculoperitoneal 
shunt was also planned. 

Endovascular embolization was performed using a general 

anesthesia and a 5 Fr. vertebral fermoral sheath. The right pericallosal 
artery was embolized using ONYX 18 + SQUID 12 through the use of a 
Sonic 1.5 (Montmorency, France) microcatheter detachable-tip from. 
Post-embolization evaluation was performed, and the AVM was no 
longer detected. There was a distal right internal carotid artery (ICA) 
and A1 segment of the anterior cerebral artery (ACA) vasospasm post- 
embolization. The contralateral ICA was evaluated and a sufficient 
collateral vascularization to the right ACA territory was detected. Ven
triculoperitoneal shunting at medium pressure was performed right after 

b

a

Fig. 1. Head CT of the first case revealed a hyperdense lesion on the right frontoparietal lobe 4.6 × 2.7 × 4 cm in size and 24.8 cc in volume with an extension to the 
right lateral and third ventricle, and dilated ventricles, indicating the presence of right frontoparietal intracerebral (a) and intraventricular hematoma (b) along with 
non-communicating hydrocephalus. CT angiography (CTA) was performed but did not reveal any apparent vascular malformation. 

Fig. 2. Angiography of the first case revealed the presence of vascular malformation (highlighted with red circles) in the right paracentral lobule with a fistula, 
feeding of an artery branching from posterior frontal artery and draining to the Rolandic vein 5.62 × 7.48 in size. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.) 

a

b

Fig. 3. Head CT of the second case revealed the presence of a hyperdense lesion on the right parietal white matter 2.2 × 6.8 × 2.6 cm in size with a continuation to 
and filling the right and left lateral, third, and fourth ventricles (a), along with dilation indicating intracerebral & intraventricular hematoma with non- 
communicating hydrocephalus (b). CTA did not reveal any apparent vascular malformation. 
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the embolization procedure, without changing the entry point of the 
previously carried out EVD. The patient returned to full consciousness 
and extremity strength without any complications, and was discharged 
afterwards. 

3. Discussion 

Pediatric arteriovenous malformations are more prevalent as the 
cause of spontaneous intracerebral hemorrhage in compared to those in 
adults [3]. The percentage may reach around 30%–50% in paediatrics, 
while in adults the number sits at around 1.4, – 2% [4]. The gold stan
dard diagnostic modality for cases of arteriovenous malformation is 
conventional cerebral angiography [16]. Conservatively managed pe
diatric arteriovenous malformation are reported to have an annual risk 
of rupture of 4.4%–5.5% [3]. Therapeutic modalities of pediatric 
intracranial include; observation and medications; surgical resection, 
which is the remaining gold-standard therapy; endovascular emboliza
tion; radiosurgery; and their combinations [4,5]. Although surgical 
resection still remains as the gold standard for AVM management, aside 
from its role in easing surgery, endovascular embolization has been re
ported to result in radiological resolution on 10%–40% [9,10], espe
cially in smaller ones [6]. 

Both of our cases underwent computed tomography angiography 
upon initial presentation, due to a suspicion of vascular anomaly in a 
pediatric intracranial hemorrhage. However, both cases did not show an 
apparent malformation. In addition to the rarity of intracerebral hem
orrhage in pediatric patients, the absence of malformation warrants 
further investigation, and thus cerebral angiography was carried out. 
These similar occurrences in both cases highlights the irreplaceable role 
of conventional cerebral angiography, at least up until now [16]. Ce
rebral angiography is reported to be able to show clinically important 
aspects, including feeding arteries, location of nidus, draining veins, 
morphology, presence and location of possibly present aneurysms, 
venous varices, and vasculopathic stenotic segments of blood vessel, 
which are all an important aspect in the planning of therapy of AVM 
cases [17]. Moreover, less invasive, but also less accurate diagnostic 
modalities such as CTA may help clinicians in diagnosing silent, 
asymptomatic, and unruptured vascular malformations, even though 
they may have to be large enough to be evident on the radiological 
imaging [16]. Although AVM are the leading cause of nontraumatic ICH 
in ages less than 35 years old, clinicians should still meticulously assess 
for the possibility of trauma and other causes of spontaneous rupture, 
even without vascular malformations [16,18]. 

In our series, both patients did not undergo surgical resection of the 
AVM; the first case only underwent endovascular embolization, while 
the second case underwent embolization and VP shunting. Since the 
AVM was completely obliterated, through embolization alone, these 
cases may help to establish further studies regarding the possibility of 
embolization in replacing surgery as the definitive therapy for AVM, at 
least in paediatrics and small AVM [6]. Pezeshkpour et al. (2020) 
analyzed the outcome of embolization only therapy in pediatric AVM 
through a systematic review and meta-analysis [19]. A total proportion 
of 54.1% (range, 4–100%) had complete obliteration of the AVM [19]. 
Early complications after embolization were seen in 12.5% of patients, 
while delayed complications in 22.9% and recurrent hemorrhages were 
seen in 18 (9.7%) after treatment, while the mortality rate was 1.1% (1/ 
93) [19]. Although the number of complete obliteration is not as high as 
those treated with surgery only (79.4%; range, 10–100%) or radio
surgery only (66.8%; range, 0–100%), this analysis showed that embo
lization only may be sufficient in an appropriate proportion of patients 
with AVM. Moreover, the AVM in that study are mostly Spetzler-Martin 
grade (SMG) I–III, which may, although not necessarily, indicate smaller 
size compared to those of grade IV & V [20]. Previous reports stated that 
children tend to have smaller nidi [7,21], an important factor in the 
determination of success of embolization only for AVM therapy [6]. This 
could mean that endovascular embolization only may be more appro
priate in most children, although personalized indications and thera
peutic decisions should be made for every one of each patients. This is in 
accordance with the cases presented, in which the maximum lengths of 
the nidi are less than 3 cm, scoring only 1 on the SGM [20]. Although 
this study reported of appropriately high number of success through 
embolization, van Beijnum et al. (2011), in their systematic review and 
meta-analysis, noted less obliteration in both stereotactic radiosurgery 
and embolization with a success rate of 38% (range, 0–75%) in adult 
patients after stereotactic radiosurgery and 13% (range, 0–94%) after 
embolization [22]. 

Both patients had non-communicating hydrocephalus upon initial 
presentation, possibly due to the presence of intraventricular blood 
[12]. The presence of hydrocephalus could indicate an increased risk of 
poor neurological outcome after ICH or IVH [1], thus necessitating the 
use of a CSF diversionary device such as EVD or shunts. However, data 
regarding its application in pediatric population is not as abundant as 
those in adults [13,14], and further studies and reports are still needed 
to evaluate its role and efficacy. A study by Stricker et al. (2020) 
analyzed the factors related to the need of EVD or VP shunt in 114 hy
drocephalic children with ruptured cerebral AVM [1]. Their 

Fig. 4. Angiography of the second case revealed a vascular malformation (highlighted in red circles) in the right parietal lobe with a feeding artery from the right 
pericallosal artery, branching of the right anterior cerebral artery. There was a nidus with a size of 4.86 × 2.43 mm in size, draining to the internal cerebral vein. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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multivariate nominal logistic regression model identified that; low 
initial GCS, presence of hydrocephalus on initial CT scan, IVH, and 
higher modified Graeb Scale (mGS) score are strongly associated with 
subsequent need for EVD. In our case, the therapeutic approach of the 
hydrocephalus differed due to the difference, although not large, of 
initial GCS; the first patient had an initial GCS for 15, while the second 
had a decreased GCS of 13. This reasoning of our decision to do so is in 
accordance with the study by Stricker et al. (2020) where a point lower 
in initial GCS is associated with an adjusted OR of 0.74 (95% CI 
0.98–1.37) of EVD success rate [1]. The same study also highlighted the 
important findings that EVD placement in the emergency setting does 
not increase the risks present in VP shunt insertion, making the propo
sition that indications for EVD placement after rupture of pediatric AVM 
can be open to a wider variety of cases to optimize the management of 
intracranial pressure [1]. Moreover, the severity of the initial neuro
logical deficit also warrants CSF diversion, in which elevated ICP in the 
case of hydrocephalus is a considerable source of this morbidity [21]. 
The complications associated with CSF diversionary procedures also 
warrant the meticulous patient selection in hydrocephalic ruptured 
AVM cases. These include ICH caused by shunt insertion, infection, 
obstruction, abdominal pseudocyst, bowel perforation, and over
drainage leading to subdural hematoma [23]. 

4. Conclusion 

Embolization procedures may be beneficial in some pediatric arte
riovenous malformations. According to previous studies and the 
currently presented cases, smaller ones. Endovascular embolization can 
be used as treatment of undetected very small ruptured AVM in children. 
The use of CSF diversionary procedures may not always be necessary in 
hydrocephalic patients of ruptured AVM. Several factors such as the 
consciousness and neurological deficit upon initial presentation may 
help in the decision making of these cases. 
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