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Abstract
Introduction

Intracranial hemorrhage (ICH) represents approximately 50% of 
pediatric hemorrhagic strokes. The majority of this ICH is caused 
by rupture of an arteriovenous malformation (AVM). A deep 
location is the most common. Callosal AVMs must be considered 
separately because of their angioarchitecture peculiarities. They 
usually present with bleeding and remain challenging to treat.

Method

We present the case of a 12-year-old male with a pan ventricular 
hematoma and intracranial hypertension. An external ventricular 
drainage (EVD) was placed but clogged up soon. Angiography 
revealed a callosal AVM supplied by pericallosal and posterior 
choroidal arteries with a splitting nidus which was treated with 
embolization and radiosurgery. Intraventricular urokinase was 
administered to solve the EVD obstruction and treat the clot. We 
review the literature regarding such an atypical location for an 
AVM in children and the use of intraventricular urokinase. 

Results 

When our patient was transferred from the ICU to the Pediatric 
Unit, he presented paraparesis and intentional tremor. The ENFEN 
neuropsychological battery showed severe disturbance of the 
executive functions. After 3 months of follow up, he continues to 
receive neurocognitive rehabilitation and physical therapy and he 
keeps improving.  

Conclusions

A multidisciplinary approach is needed to treat this subtype 
of AVMs and to obtain the best cure results. Perioperative 
intraventricular administration of urokinase is safe and effective to 
avoid EVD occlusion and speed the clot reabsorption.  

Keywords: Arteriovenous Malformations; Callosal Arteriovenous 
Malformation; Pediatric Population; Intraventricular Fibrinolysis; 
Urokinase 

Abbreviations: ACA: Anterior Cerebral Artery; AVM: Arteriove-
nous Malformation; EVD External Ventricular Drainage; GOS-E: 

Extended Glasgow Oucome Scale; ICH: Spontaneous Intracranial 
Hemorrhage; ICP: Intracranial Presure; PcaA: Pericallosal Artery; 
rtPA: Recombinant Tissue-Type Plasminogen Activator

Introduction 
Stroke is relatively rare in childhood (<18 years old). Spontaneous 
intracranial hemorrhage (ICH) represents approximately 50% 
of pediatric hemorrhagic strokes. The percentage of childhood 
cases of AVM is low. The most common cause of ICH after the 
first year of life is AVM rupture. Ruptured AVMs in children occur 
at a rate of 2% to 4% per year [1] and only 10-20% of AVMs are 
diagnosed under the age of 15 years [2]. It is often said that the 
risk of hemorrhagic presentation of AVMs in children is higher 
than in adults, but the evidence to support this notion is limited. 
Several publications have reported that compared to adults, 
children are more likely to present initially with an ICH [3,4].  
Bleeding occurred most frequently in the 11- to 35-year-old age 
range [3]. The rates of hemorrhagic presentation in childhood 
may be overestimated because children may be less likely to get 
head imaging when they present with either a headache or other 
symptoms that could lead to an incidental diagnosis [5,6]  .It has 
been shown that AVM patients diagnosed at an older age seem to 
have a higher incidence of AVM hemorrhage and are more likely 
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to carry additional risk factors demonstrating the “dynamic risk 
exposure” at different ages [4].

Callosal AVMs represent the most common ventricular/
periventricular AVMs accounting for around 50% of them. They are 
supplied by the Anterior Cerebral Artery (ACA) and Pericallosal 
Artery (PcaA), but when the AVM has a posterior location, feeders 
may come from the Splenial Artery (SpleA). Medial lenticulostriate 
artery and lateral lenticulostriate Artery may also be involved. Even 
if callosal AVMs are included in the ventricular AVM subtype, they 
have no feeders from choroidal arteries, and are included in this 
subtype because they are very uncommon [6]. In Lawton’s series 
of 600 AVMs, callosal AVMs represented only 3.8 of cases [1]. 
In DiRocco’s series on cerebral AVMs in children, 37 cases were 
described and none of them had a callosal location [8].

On the other hand, intraventricular administration of fibrinolytic 
agents has been successful in the treatment of spontaneous pan 
ventricular haemorrhage but it is contraindicated in the setting of 
a ruptured AVM or aneurysm in which the source of bleeding has 
not been secured [9]. 

Our patient developed a pan ventricular hemorrhage after rupture 
of a callosal AVM. The AVM was embolized and the pan ventricular 
hemorrhage was treated with intraventricular administration 
of urokinase that was started before the embolization procedure 
was performed. Urokinase was administered for several days until 
hemorrhage resolved, achieving an optimal control of intracranial 
pressure (ICP) during the treatment. Our aim is to review 
this atypical AVM location in children and the perioperative 
administration of intraventricular urokinase. 

Methods 
Case 

A 12-year-old male presented with sudden onset of headache, 
nausea and vomiting followed by loss of consciousness after 
he woke up to go to school. The patient had had no previous 
symptoms. He was intubated and brought to the Emergency Room 
of our institution presenting with a Glasgow Coma Scale (GCS) 
score of 8 out of 15. CT scan performed at admission showed a 

Figure 1: (a) CT scan showing acallosal hematoma and panventricular 
hemorrhage.  (b) The CT angiogram shows an enlarged internal cerebral 
vein. 

Figure 2: (a) Injection from left internal carotid shows two plexiform nidi 
that are localized in the anterior and posterior segments of the callo-
sum.The anterior nidus drains to the Rosenthal vein. The posterior nidus 
drains to the internal cerebral vein. Anteroposterior view where both nidi 
are observed. (c) Lateral view after complete occlusion with glue of the 
posterior segment of the AVM. (d) Anteroposterior view after occlusion 
of the posterior nidi. 

pan ventricular hemorrhage causing hydrocephalus with signs of 
intracranial hypertension. A callosal hematoma was observed as 
well as an adjacent small intraparenchimal hematoma in the left 
motor strip (Fig 1a). The CT angiography showed an early repletion 
of Galen Vein in the arterial phase (Fig 2a). No nidus was identified. 
We decided to perform an external ventricular drainage (EVD) on 
the right side before performing a conventional arteriography to 
help in the ICP control. The EVD obstructed and the arteriography 
contrast was unable to spread due to the intracranial hypertension 
so we decided to start intraventricular urokinase administration 
instead of performing an early decompressive craniectomy before 
addressing the AVM. Urokinase was effective. Patient was kept 
under sedation, paralysis and osmotic diuresis achieving an ICP 
around 10 mmHg during the procedure.  Angiography showed 
a splitting AVM with anterior and posterior components (Fig 2). 
The posterior component showed an intranidal aneurysm. It was 
supplied by the right posteromedial choroidal artery and its venous 
drainage was to the internal cerebral vein. Bleeding came from this 
part of the AVM. The anterior component was supplied by tiny 
perforators from the left pericallosal artery and its venous drainage 
was to the Rosenthal vein (Fig 2). During the procedure, the posterior 
portion was occluded with Glubran 2 acrylic glue, remaining the 
anterior component of the nidus (Fig 2 and fig 3). Nevertheless, we 
maintained the intraventricular administration of urokinase (20,000 
units every 8 hours) to avoid obstruction of the EVD. The patient 
maintained ICP values around 10mmHg and control imaging tests 
showed progressive reduction of the pan ventricular hemorrhage. 
He was extubated after 8 days in the Pediatric ICU. Urokinase was 
administered during the first 10 days. DVE was kept for 17 days 
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Figure 3: Lateral and anteroposterior view of the Supraselective 
Angiogram. The posterior nidus supplied by the enlarged posteromedial 
choroidal artery. Arrow shows the intranidal aneurysm, which is the 
probable origin of the bleeding.

until hemorrhage resolved. Conventional angiogram performed 2 
weeks after embolization showed no changes in the AVM.  Through 
a conventional angiogram performed 1 month later with the aim 
of re-evaluating the characteristics of the AVM to decide which the 
best treatment option was, we observed it showed a slowing of flow 
in the anterior component of the nidus compared with the first 
conventional angiogram (fig 4). Embolization of this part of the 
AVM was risky, so we chose to perform radiosurgery to complete 
the treatment based on the apparent AVM tendency to occlude. 
He was transferred to the Pediatric Unit where he received both 
neurocognitive rehabilitation and physical therapy. the ENFEN 
neuropsychological battery (10) showed severe disturbance of the 
executive functions. He also presented paraparesis and intentional 
tremor so he received neurocognitive rehabilitation and physical 
therapy. After hospital discharge, he kept receiving outpatient 
therapy with an improvement of his neurological deficits.

Figure 4: CT scan after EVD is removed. It remains a small amount of 
blood inside the left lateral ventricle. The glue used for occlusion of the 
AVM is observed.

Discussion 
Risk of bleeding and Callosal Location 

The majority of AVMs that bleed at a younger age are found in 
deep locations so one might expect a major “malignant” bleeding 

in this population. The International multicenter cohort study of 
pediatric brain arteriovenous malformations shows that a deep 
location predisposes to a higher risk of rupture.  This study found 
that the rate of a hemorrhagic presentation was significantly 
higher for deep-seated (75.9%, 101/133 patients) compared to 
cortically-based nidi (61.5%, 120/195 patients; p = 0.006). AVM 
locations with the highest rates of hemorrhagic presentation were 
the corpus callosum (100%, 12/12 patients), basal ganglia (83.7%, 
36/43 patients), and thalamus (77.8%, 42/54 patients) [11]. They 
also showed that AVMs with deep venous drainage, as well as being 
a female and having a small nidus are associated to more risk of 
bleeding. The rate of bleeding of ventricular AVMs seems to be 
higher than that of cerebral cortical AVMs, but the mortality due 
to recurrent bleeding might be similar between the two [12]. 

Although literature which discusses the location of AVMs in 
childhood is sparse, there are some publications such as that from 
Pelagallo et al., who studied a large series of 116 AVMs associated 
with hereditary hemorrhagic telangiectasia (HHT) in the pediatric 
population. They showed that AVMs have a relatively high 
prevalence of cortical AVMs instead of deep locations and this is 
mostly located in the perysilvian region [13,8] series of 37 pediatric 
patients diagnosed with AVMs showed that the most common 
locations are in the cerebellum, the basal ganglia and the temporal 
lobe, accounting for 16.2% each one of them, and thus representing 
48.6% of all the AVMs in their series. Out of these 37 cases, none 
of them had a ventricular or paraventricular location. The age 
range of callosal AVMs published by Robert T. et al [14] was 3 to 
71 (mean age 31 years old). Unfortunately, they do not specify how 
many of them pediatric age patients were.

Peculiarities of the Anatomy of Callosal AVMs  

AVMs of the corpus callosum present some similarities to deep-

Fig 5: Angiogram performed 1 month after hemorrhage in lateral projec-
tion. White arrows show the tiny vessels from the Pericallosal artery that 
are supplying the nidus. Black arrow shows the Rosenthal vein.
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seated AVMs such as a deep venous drainage and a tendency to 
bleed. They should be considered separately from deep-seated 
AVMs because of their anteroposterior extension and their midline 
position. This implies that feeders could come from both anterior 
and posterior circulation and, also, bilaterally. In the series by 
[14] of callosal AVMs, 36.8% were supplied from the anterior and 
posterior circulation.

Callosal AVMs with an anterior nidus are typically supplied by the 
ACA and the PcaA or by the SpleA if they have a nidus with a 
posterior location but they are not supplied by choroidal arteries 
[7]. Nevertheless, [14] published a case series of 38 patients with 
AVMs involving the corpus callosum. In their series 17 out of 38 
AVMs had feeders from posterior choroidal arteries and 3 AVMs 
from anterior choroidal arteries. Our case is a child presenting an 
AVM supply by both posterior and anterior circulation bilaterally, 
with the left PcaA involved. Also, about 40% of callosal AVMs 
present an inflow aneurysm or an intranidal one.

Diffuse nidi of the callosal AVMs are present in about one third 
of the cases. Our case presented a diffuse nidus, shaping as two 
different nidi connected between them. This “splitting of the nidus 
has been reported in only 15 to 21% of callosal AVMs [14,15]. To 
the best of our knowledge, this is the first “splitting” callosal AVM 
in the pediatric population described in the literature. 

Callosal AVMs in childhood have been related to a persistent 
trigeminal artery, which is the most common type of persistent 
carotid-basilar anastomosis [16]. published a case of a callosal 
AVM in a 16-year-old female who also showed the presence of a 
persistent trigeminal artery. Similarly, [17] published the case of 
a 13-year-old male presenting with a callosal AVM, also related 
to a persistent trigeminal artery. Our case did not show any 
embryological variant of brain vessels.  

Management of the Callosal AVM

Management of callosal AVMs should be multidisciplinary. In 
our case, we decided on endovascular treatment to occlude the 
intranidal aneurysm which looked like to be the origin of the 
bleeding.  A complete obliteration was not possible at first attempt 
because part of the AVM looked compressed by the intraventricular 
hemorrhage and the characteristics of the AVM could not be 
optimally addressed. 

One might expect AVMs presenting during childhood to be 
at higher risk for subsequent hemorrhage, as hemorrhagic 
presentation is the most common one, and bleeding itself is a risk 
factor for re-bleeding. Fullerton et al. showed that children are not at 
increased risk for a subsequent ICH. However, they highlighted the 
need to consider that even though the annual risk in the pediatric 
population is similar to that in adults; their cumulative risk is 
greater, given their greater life expectancy [5]. As in adults, this 
fact highlights the limitations of radiosurgery as a single treatment. 
However, after the intraventricular hemorrhage was solved and the 
AVM was correctly addressed, we considered radiosurgery as the 
next treatment step because the intranidal aneurysm was occluded, 

the rest of the nidus was well circumscribed, and the flow inside the 
anterior component seemed to have slowed down.  Endovascular 
treatment was disregarded because, despite the improvements 
achieved in endovascular technics, such as the commercialization 
of very thin micro-catheters (1.2 F or 1.5 F), getting into perforator 
vessels can be impossible in certain cases. Callosal AVMs remain 
more challenging to treat than other cerebral AVMs with higher 
risk of neuropsychological disorders [14]. Microsurgery did not 
seem a reasonable option in this case because AVM scored IV in 
Spetzler-Martin scale. Even if Yasargil et al. recommended radical 
microsurgical removal of callosal AVMs as the treatment of choice 
[18,19]. confirmed that Spetler-Martin grade IV AVMs account for 
a 21.9% of neurological deficits after surgery [20,21]. Besides, our 
patient already presented executive functions disturbance that was 
improving with neurocognitive therapy and the risk of aggravating 
it with a surgical approach was high [22].

Management of Intraventricular Hemorrhage

EVD is the gold standard treatment for pan ventricular hemorrhage, 
mostly if this bleeding is causing hidrocephalus. The use of various 
fibrinolytic agents (streptokinase, urokinase, and rtPA has been 
reported in a small number of clinical series with a very limited 
number of participants.

The intraventricular administration of rtPA has been successful in 
the treatment of spontaneous panventricular hemorrhage but it is 
contraindicated in the setting of a ruptured AVM or aneurysm in 
which the bleeding source has not been secured [9]. In our case, we 
decided to start fibrinolysis immediately before securing the AVM 
because there were clinical and radiological signs of intracranial 
hypertension and the EVD occluded almost immediately after its 
placement. The decision could look risky, but the patient was not 
responding to conservative management. We thought that the risk 
of performing a decompressive craniectomy, without addressing the 
AVM, was more dangerous that the risk of recurrent hemorrhage. 
Conclude in their case series that the potentially lifesaving 
benefits of intraventricular administration of fibrinolytic agents 
might outweigh the inherent risks of recurrent hemorrhage in 
carefully selected patients with massive IVH, in whom ventricular 
distension, periventricular brain compression, obstruction of CSF 
flow, and elevated ICP appear to be major determinants for the 
outcome [23]. Immediately after the administration of 20,000 units 
of Urokinase, the EVD was unblocked and ICP rapidly decreased 
to values around 10 mmHg. 

Most publications studying the risks and benefits of 
intraventricularly-delivered fibrinolytics, have used rtPA. 
However, urokinase has shown to be safe and speeds the resolution 
of intraventricular clots [24]. Furthermore, it may also reduce 
the incidence of chronic hydrocephalus requiring a permanent 
ventricular shunt [25] and it is cheaper than rtPA. 

Another point to consider is the secondary damage that could be 
caused by the degradation of the blood clots. Surgical evacuation of 
IVH has a role only in very rare instances in which the IVH causes 
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a significant mass effect with an associated intraparenchymal brain 
hemorrhage [26,27] designed an autologous blood injection model 
using Sprague-Dawley rats to mimic an ICH with intraventricular 
extension versus primary IVH. They observed that an ICH 
with intraventricular extension causes more significant iron 
accumulation and chronic hydrocephalus than IVH alone. These 
findings should prompt us to consider the surgical evacuation of the 
clot as a treatment option in cases of pan ventricular hemorrhage 
with parenchymal extension. Our patient presented disturbances 
of strength and neuropsychological parameters. Probably, he had a 
primary damage caused by the callosal hematoma extended to the 
parenchyma. However, iron accumulation may have played a role 
in our patient’s neurological deficits.  

Limitations 
We acknowledge the limitations of this study. This is a case report 
and cannot provide any statistical significance data. However, it 
may generate ideas for further investigations regarding the angio-
architecture of callosal AVMs in childhood and the results of using 
intraventricular urokinase. 

Conclusions
Microsurgery of callosal AVMs remains challenging due to the 
risk of neuropsychological deficits [22]. Callosal AVMs remain 
more difficult to treat than other subtypes by endovascular therapy 
alone. Radiosurgery as a single treatment does not seem a feasible 
option as this kind of AVM usually presents with bleeding, and 
therefore an increase of re-bleeding exists during the first year. 
Also, about 40% of callosal AVMs present an inflow aneurysm or 
an intranidal aneurysm which both contraindicate radiosurgery. 
Multidisciplinary discussion and planning are crucial in obtaining 
the highest cure rates without introducing increased procedural 
risks. Intranidal embolization followed by adjuvant radiosurgery 
seems to be the first choice as it achieves the best occlusion rate.

The perioperative use of intraventricular urokinase is safe and 
useful to resolve the clot and control ICP values. Randomized 
studies should be done in order to compare the effectiveness 
between urokinase and rtPA. When IVH presents associated with 
parenchymal extension, surgical evacuation of the clot should also 
be considered. 
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