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Abstract

BACKGROUND AND IMPORTANCE: Intraventricular hemorrhage related to arteriovenous 

malformation (AVM) rupture is associated with significant morbidity and mortality. 

Intraventricular tissue plasminogen activator (tPA) has been used to treat spontaneous 

intraventricular hemorrhage. We demonstrate the successful application of endovascular occlusion 

to seal the rupture site of an AVM followed by intraventricular tPA.

CLINICAL PRESENTATION: A 32-year-old woman presented with a right frontoparietal 

parasagittal AVM abutting the motor cortex. The AVM was diagnosed when the patient was 13 

years old, and she initially underwent conservative management. At the age of 30, the patient 

suffered an intracranial hemorrhage, leaving her with left hemiparesis. After rehabilitation, the 

patient regained ambulation; however, she remained spastic and hyperreflexic on the left side. Two 

years after her major hemorrhage, she presented for elective treatment of her AVM. The patient 

was advised to undergo staged embolization before surgical resection of her AVM. The initial 

embolization was uneventful. A second embolization was complicated by intraventricular 

hemorrhage and coma. The patient was treated with placement of an external ventricular drain 

followed by embolization of intranidal aneurysm. After embolization of the intranidal aneurysm 

the ruptured, the patient was treated with intraventricular tPA. The patient had rapid clearance of 

the intraventricular hemorrhage and significant improvement in her neurological examination, 

following commands 24 hours later and returning almost to baseline.
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CONCLUSION: This case demonstrates the feasibility of treating AVM-related intraventricular 

hemorrhage with tPA if the rupture source can be confidently sealed interventionally. This strategy 

can be lifesaving but needs further study to ensure its safety.
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Intracranial hemorrhage as a result of arteriovenous malformation (AVM) rupture is the 

main cause of morbidity and mortality in patients with AVMs and is complicated by 

intraventricular hemorrhage (IVH) in as many as 16% of ruptured AVMs in one series.1 IVH 

leads to worsened outcome compared with AVM rupture without IVH.2,3 IVH can lead to 

obstruction of normal cerebrospinal fluid (CSF) flow and absorption, leading to increased 

intracranial pressure and hydrocephalus; intraventricular hematomas can cause mass effect 

and compress periventricular structures, leading to ischemia.4–7 The level of consciousness 

on admission has been directly correlated with the amount of intraventricular blood.8 

Casting of the entire ventricular system has been associated with high mortality, as has 

casting of the fourth ventricle.9–11

Spontaneous IVH has been effectively treated with throm-bolytics, allowing faster clearance 

of the intraventricular hematoma and prevention of occlusion of ventricular catheters during 

treatment. The literature suggests that this technique may improve outcome, and a National 

Institutes of Health-funded trial (Clot Lysis Evaluating Accelerated Resolution of 

Intraventricular Hemorrhage) is currently ongoing to evaluate this treatment.12 Ruptured 

AVMs and aneurysms as causes of IVH are considered exclusion criteria in the trials of 

thrombolytics for IVH resulting from the risk of hemorrhage. However, some case reports 

support the use of thrombolytics in cases of ruptured aneurysms after they were initially 

secured by surgical or endovascular therapy.9,12–21 There are reports of the use of tissue 

plasminogen activator (tPA) in cases of IVH in the presence of an unsecured ruptured AVM.
16,22 To the best of our knowledge, securing the rupture site from an AVM with embolization 

followed by intraventricular tPA has not been previously reported.

CASE REPORTS

The patient is a 32-year-old woman with a right frontoparietal parasagittal AVM 4 cm in 

diameter with abutment of the motor cortex (Figure 1). The AVM was first diagnosed at age 

13 when she presented with seizures. The patient was managed conservatively and followed 

up with serial imaging without deficit until she suffered an intracranial hemorrhage caused 

by AVM rupture at the age of 30, which left her with persistent left-sided hemiparesis. The 

patient was treated in the intensive care unit at that time for 12 days. The patient made 

progress in her rehabilitation and regained her ambulatory status. However, she remained 

spastic and hyperreflexic on the left side. The patient was referred to Northwestern 

Memorial Hospital for evaluation for further therapy in light of her substantial risk for 

rehemorrhage.
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On cerebral angiography, there was a hypertrophied lenticulostriate artery of the right 

middle cerebral artery supplying the inferior aspect of the malformation and hemispheric 

right middle cerebral artery branches supplying the lateral aspect. There were also smaller, 

less prominent feeders from the right anterior cerebral artery. The drainage appeared via a 

large venous varix into the superior sagittal sinus with anterograde flow. At the time of the 

pretreatment angiogram, no intranidal or feeding artery aneurysms were visualized.

Based on the imaging, previous hemorrhage, and lifetime risk of recurrent hemorrhage, a 

recommendation was made to the patient for staged embolization followed by surgical 

resection. The patient underwent her initial embolization without complications other than a 

mild headache that occurred 2 days after the embolization and resolved spontaneously 

without other neurological changes. At the time of the initial embolization, the diagnostic 

cerebral angiogram revealed several small intranidal aneurysms along the inferior aspect of 

the AVM (Figure 2). The second staged embolization occurred 2 weeks later, after which the 

patient remained at her neurological baseline without other complaints. The next morning, 

the patient complained of a severe headache; she then became unresponsive and developed 

dilated unresponsive pupils and decerebrate posturing on the left side. She was taken for a 

noncontrasted head computed tomography (Figure 3), which revealed diffuse IVH with 

dilation of the fourth ventricle. An emergent left frontal external ventricular drain (EVD) 

was placed, and the patient was taken to the endovascular neurosurgical suite for angiogram 

and treatment. The patient then underwent embolization of 3 pedicle feeding arteries off the 

right pericallosal artery via the right anterior cerebral artery. One feeder was embolized with 

n-butyl-cyanoacrylate (nBCA) (Cordis Neurovascular, Miami, Florida) and the other 2 

feeders with Onyx (ev3 Neurovascular, Plymouth, Minnesota). The embolization filled the 

intranidal aneurysms on the inferior aspect of the AVM (Figure 4).

Once the source of hemorrhage, the ruptured intranidal aneurysms, was secured by glue 

embolization, the patient was treated with intraventricular tPA through the left frontal EVD. 

The patient was treated with 1 mg IV tPA once every 12 hours until the IVH cleared. The 

patient was treated by withdrawing 2 cm3 CSF from the EVD and then injecting 1 mg tPA in 

1 cm3 sterile saline followed by 1 cm3 sterile saline flush. The EVD was then clamped at the 

injection site for 60 minutes before unclamping and allowing CSF to drain. tPA was injected 

once every 12 hours for a total of 9 injections. No revision or replacement of the patient’s 

EVD was necessary, and the EVD continued to drain CSF until it was removed on the 12th 

day after her hemorrhage. The patient remained in the intensive care unit after embolization 

of her intranidal aneurysms. She was initially comatose but began to follow commands 24 

hours after the hemorrhage. She then slowly improved during her treatment course until she 

was eventually mobilized and transferred out of the intensive care unit approximately 24 

hours after her EVD was removed on the 13th day after her hemorrhage (Figure 5). The 

patient was discharged to a rehabilitation facility on the 20th day after her hemorrhage 

(Figure 6). On discharge to the rehabilitation facility, the patient was alert and oriented with 

residual left spastic hemiparesis. She had recovered significant strength on her left side and 

was at her neurological baseline with the exception of her left hand, which remained weaker.
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DISCUSSION

Spontaneous IVH has been effectively treated with thrombolytics, allowing faster clearance 

of hematoma from the ventricular system and prevention of the occlusion of ventricular 

catheters during CSF drainage, leading to improved out-comes.12,17,22,23 Ruptured AVMs or 

aneurysms as the cause of intracerebral or IVH have historically been contraindications to 

the use of thrombolytics because of the risk of rehemorrhage and further neurological 

deterioration and deficit.9,12–16–21 However, thrombolytics have been used to treat IVH in 

patients after endovascular treatment to secure ruptured aneurysms, eliminating or 

significantly reducing the risk of rehemorrhage. There are also reports of the use of 

thrombolytics in cases of IVH in the presence of unsecured ruptured AVMs.16,22 One case 

report discussed the use of intraventricular tPA for IVH before occlusion or obliteration of a 

ruptured AVM; however, we do not recommend the use of thrombolytics in patients with 

unsecured ruptured AVMs or aneurysms because of the potential for catastrophic 

rehemorrage.24

Here, we present a treatment strategy for IVH caused by intranidal aneurysm rupture in a 

patient with an AVM. Intraventricular tPA was administered after embolization of the 

intranidal aneurysm with tPA at a dose consistent with that used in the phase II Clot Lysis 

Evaluating Accelerated Resolution of Intraventricular Hemorrhage trial 

(www.CLEARIVH.com). The patient required 9 doses of tPA to achieve clearance of the 

intraventricular blood with resolution of a casted fourth ventricle and continued unobstructed 

drainage of CSF until the 12th day after her hemorrhage, when she met clinical and 

radiographic criteria for EVD removal. In this case, the source of hemorrhage was secured 

using liquid embolic agents to fill the intranidal portion of the AVM containing the 

aneurysm suspected of rupture while also obliterating a larger portion of the AVM nidus. 

The use of liquid embolics for AVM treatment is well documented, and embolics have also 

been used to eliminate AVM-associated aneurysms.25–47 Once the use of the embolic agent 

completely obliterated the offending aneurysm, intraventricular tPA was used to expedite the 

clearance of the IVH without further hemorrhage.

This treatment strategy is novel and presents a useful algorithm in patients who have 

significant IVH as a result of a ruptured AVM caused by intranidal or AVM-associated 

aneurysms. There are multiple potential benefits to the patient. We believe that this treatment 

strategy may lead to improved neurological outcome and to a decrease in the number of 

ventriculoperitoneal shunts needed after IVH.

Intraventricular tPA is a safe and effective treatment for patients with IVH secondary to 

AVM-associated aneurysm rupture once the aneurysm is occluded by embolization and does 

not pose a risk for recurrent hemorrhage that ordinarily could be exacerbated by fibrinolytic 

therapy.

ABBREVIATIONS:

AVM arteriovenous malformation

EVD external ventricular drain
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IVH intraventricular hemorrhage

tPA tissue plasminogen activator
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FIGURE 1. 
MRI of the brain revealing a right frontoparietal parasagittal AVM. Coronal view (A) and 
Sagittal view (B).
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FIGURE 2. 
Preembolization cerebral angiogram revealing multiple intranidal aneurysms. AP view (A) 

and lateral view (B).
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FIGURE 3. 
Initial brain CT scan post-hemorrhage.
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FIGURE 4. 
Detection (A and B) and embolization (C) of the ruptured intranidal aneurysm.
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FIGURE 5. 
Follow-up brain CT scans at day 1 (A), day 3 (B), day 5 (C), and day 7 (D) post-
hemorrhage.
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FIGURE 6. 
Brain computed tomography after 5 days of tissue plasminogen activator.
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