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diseases such as hypertension, diabetes mellitus, and cardiac, 
pulmonary, hepatic or renal disease. He vomited for several 
times. Brain computed tomography (CT) at local hospital 4 h 
after the event showed a left thalamic hemorrhage, 5  ml 
in amount, and IVH filling all four ventricles with acute 
hydrocephalus  [Figure 1]. He was intubated endotracheally 
there and transferred to the emergency room of our 
institute (National Taiwan University Hospital). The Glasgow 
coma scale upon arrival was E1M4‑5VT, right hemiplegia was 
detected. Bilateral pupils were isocoric, 2 mm/2 mm without 
obvious light reflex. Under the impression of left thalamic 
intracerebral hemorrhage (ICH) and IVH, external ventricular 
drainage (EVD) was performed to relieve the hydrocephalus. 
Urokinase 6000 IU was infused through external ventricular 
drain intra‑operatively to dissolve blood clots. He was then 
admitted to Intensive Care Unit. The thrombolytic procedure 
was repeated once a day in the following 3 days, then twice a 
day for another 4 days. His consciousness returned gradually to 
partially responsive (E2M6VT). Intermittent fever developed on 
postevent day 2 and prophylactic antibiotics with ceftriaxone 
were started though central fever related to clot resolution was 
also likely. Lumbar drain was inserted on postevent day 7 for 
continuous drainage of cerebrospinal fluid (CSF) and EVD was 
removed a week after the insertion.

His consciousness became E2M5VT on day 10 and follow-
up perfusion CT showed a small new ICH at left thalamus, 
residual IVH, marked vasospasm [Figure 2] and a suspicious 
vascular lesion in the ICH. AVM within the left thalamus 
was highly suspected. The new hemorrhage is considered 
being caused by the AVM. Further angiography on day 13 
showed an AVM at left thalamus [Figure 3]. An attempt of 
transarterial embolization on day 14 failed because of the 

Introduction

Intraventricular hemorrhage (IVH) is a common occurrence in 
neurosurgeons’ regular practice. However, vasospasm following 
isolated IVH is unusual. There were less than ten cases reported 
in the literature and the vasospasm usually leads to poor 
neurological outcomes [Table 1].[1‑6] We report a case with IVH 
due to left thalamic hemorrhage from a small arteriovenous 
malformation (AVM). Severe vasospasm developed 10 days after 
initial hemorrhage. The event caused prolonged neurological 
deficits and delayed his treatment of AVM. Relevant literature 
is reviewed. The Institutional Review Board was contacted 
regarding use of the case presented below as part of this case 
report, and it was excused from needing formal approval.

Case Report

A 37‑year‑old man with alcoholism was found to have altered 
consciousness and right side weakness in the afternoon 
on the day of admission. His history excluded systemic 
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vasospasm. The AVM and tiny aneurysm in the left thalamus 
were no longer detected since opacification of the lesion was 
blocked by the vasospasm [Figure 4]. Nimodipine and increased 
hydration were administrated for the vasospasm. Low dose 
norepinephrine was also used to keep systolic blood pressure 
between 140 and 160  mmHg. The perfusion CT on day 20 
showed resolving hematoma in the left thalamus and persistent 

vasospasm, and the thalamic vascular lesion was still not seen. 
Norepinephrine was tapered off since day 20 and nimodipine 
was shifted to oral form. He was extubated smoothly 3 weeks 
after the event, and transferred to the general ward.

Follow-up CT angiography a month after the event still showed 
no vascular lesion, but the vasospasm improved [Figure 5]. 

Figure 1: The initial brain non-enhanced CT image showing massive intraventricular hemorrhage and left thalamic hemorrhage

Figure 3: Post-operative day 13 angiography showed a small 
arteriovenous malformation and vasospasm. The embolization was 
not performed due to vasospasm

Figure 2: Angiography of post-operative day 10 showed diffuse 
vasospasm

Figure 4: Post-operative day 14 angiography showed no vascular 
lesion

Table  1: Cases of vasospasm after IVH related vasospasm in the literature review
Age/gender SAH IVH Presence of AVM AVM location Spetzer‑Martin 

grading
Duration between 

hemorrhage and vasospasm
Dull and Torbey 2005[1] 44/female (−) (+) (−) 3 days
Gerard et al. 2007[2] 41/female (−) (+) (−) 10 days
Park et al. 2009[3] 40/female (−) (+) (+) Right thalamus 2 6 days

14/female (−) (+) (+) Right basal ganglia 3 17 days
Maeda et al. 1997[4] 31/female (−) (+) (−) (arteriovenous fistula) Right inferior frontal gyrus 13 days
Yanaka et al. 1992[5] 11/female (−) (+) (+) Left parietal‑occipital lobe 2 3 days
Yokobori et al. 2010[6] 33/female (−) (+) (+) Right parietal lobe 1 17 days
AVM – Arteriovenous malformation; SAH – Subarachnoid hemorrhage; IVH – Intraventricular hemorrhage

Figure 5: The CT angiography showed no vascular abnormality or 
vasospasm a month after the event
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Traditional angiography could not detect the vascular lesion 
either. Spontaneous thrombosis of the AVM was considered. 
With rehabilitation, his right hemiplegia and speech improved 
gradually. He led a normal life without any neurological deficit 
1-year later.

Discussion

Vasospasm is a prolonged, sometimes severe, but ultimately 
reversible narrowing of the cerebral arteries. It usually occurs 
after an aneurysm-related subarachnoid hemorrhage (SAH). 
SAH induced by trauma, vascular lesion or tumor bleeding 
causes vasospasm rarely. Cerebral vasospasm develops 
between 4 and 12  days after the SAH. When a delayed 
neurological deficit occurs in a patient with SAH, vasospasm 
should be considered. Some permanent focal neurological 
deficits occur after the vasospasm. Thus, early detection 
followed by proper treatment is crucial.

In the literature, only several case reports demonstrate that 
IVH related to a ruptured AVM causes vasospasm in the 
absence of SAH.[3,4,6,7] The vasospasm in SAH results from 
prolonged smooth muscle contraction, which is induced by 
heme products released form a blood clot.[8,9] The cause of 
IVH-related vasospasm is similar to SAH-induced vasospasm. 
The main concept is recirculation of heme products into the 
subarachnoid space after clots within the ventricles dissolve. 
The products are transported via the CSF and diffuse to 
the subarachnoid space.[1] Maeda et  al.[3] observed delayed 
occurrence of vasospasm (>14 days after the event) in IVH 
case and considered it to result from stasis of potentially 
spasmogenic material due to the poor clearance of CSF. The 
blood clot within the ventricles may hinder the CSF circulation 
and lead to delayed fashion of vasospasm.[6] In our case, 
the vasospasm developed on the posthemorrhage day 10, 
which developed earlier than previous cases. The reason of 
earlier development of vasospasm in our case might be the 
thrombolytic therapy with urokinase that facilitated blood clot 
dissolution and patency of CSF circulation. Ramakrishna et al.[10] 
reported that intraventricular tissue plasminogen activator 
is helpful in the prevention of vasospasm and hydrocephalus 
after aneurysmal SAH. In our case, vasospasm still occurred 
even after we gave intraventricular thrombolysis. A proper 
protocol should be set up for urokinase or recombinant 
tissue plasminogen activator thrombolysis in IVH patients. 
Endoscopic evacuation of the intraventricular hematoma 
has been developed gradually, but the pros and cons of 
the procedure are not well understood yet.[11‑13] Further 
investigation is necessary to define the role of endoscopic 
surgery in IVH cases. On the other hand, Spader et  al.[14] 
reported that early fever might be a predictor of vasospasm 
in IVH cases. Fever occurred on the 2nd day after the event in 
our case, which might be a warning sign of vasospasm. In our 
case, the vasospasm involved bilateral intracranial internal 

carotid artery, vertebral and basilar arteries, which supported 
the hypothesis of heme product circulating within the CSF.

Conclusions

Our case emphasizes that vasospasm should always be 
considered while delayed neurological deficits occur in an IVH 
case. Early recognition of the vasospasm and close neurological 
function monitoring are crucial. Any procedures to facilitate the 
blood clot clearance and to keep heme products from circulating 
around the brain surface, such as external ventricular drainage 
or lumbar drainage, may reduce the risk of vasospasm.
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