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Delayed Cerebral Ischemia after Embolization in Ruptured 
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Delayed cerebral ischemia (DCI) remains a devastating complication in subarachnoid hemorrhage (SAH), however, there were no 
present reports that is associated with a ruptured spinal arteriovenous fistula (sAVF). We would like to present a rare case of DCI 
following embolization of a ruptured perimedullary sAVF. Initially, the patient clinical symptoms mimic a SAH caused by a ruptured 
intracranial aneurysm. Further evaluation revealed that the SAH was caused by a ruptured perimedullary sAVF and the patient’s 
condition improved following the embolization procedure. Three days later, the patient developed an acute left-sided facial 
and motor weakness, which persisted until the patient was discharged on the day-15 onset. A magnetic resonance imaging and 
angiography is performed 1.5 years after discharge and revealed no signs of cerebral infarction and hemorrhage. In this paper, we 
reported DCI after embolization in a ruptured sAVF with SAH, supported by evidence from the current literature. We would like to 
also stress the importance of complete spinal and cerebral vessel imaging to reveal the underlying abnormalities and determine the 
most appropriate intervention.
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INTRODUCTION

Delayed cerebral ischemia (DCI) is one of the most devas-

tating complications in subarachnoid hemorrhage (SAH) 

which may be an indicator of poor outcome5). Although the 

exact mechanism of DCI is largely unknown, several studies 

and case reports have highlighted a link between SAH and 

DCI due to cerebral vasospasm4). The majority of SAH is 

caused by rupture of intracranial aneurysm, however, there is 

a small percentage of SAH associated with spinal vascular 

malformation9,15). From the best of our knowledge, there is 

only one case report that correlates spinal arteriovenous fistu-

la (sAVF) rupture with SAH15), but there are none that directly 

link ruptured sAVF with DCI. Therefore, we would like to 

present a rare case of DCI following embolization of a rup-

tured perimedullary sAVF. 
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CASE REPORT

A 51-year-old male presented to the emergency room with 

an abrupt severe headache (numerical rating scale of 10) and 

vomiting. The patient’s history was significant for alcohol use 

and excessive smoking. The patient was previously known 

well with no significant past medical history and currently not 

consuming anticoagulants. Family history of stroke, cancer, 

and other vascular malformation was denied. 

The patient blood pressure upon admission was 150/90 

mmHg. Neurological examination revealed a positive nuchal 

rigidity. We found no other abnormalities during the initial 

examination. The patient’s Glascow coma scale (GCS) was 15, 

mental status was normal, no cranial nerves deficit was found, 

motor and sensory examination of all four limbs were within 

normal limits, and the bladder was empty.

A head non-contrast computed tomography conducted 

upon arrival revealed an acute SAH on the left subarachnoid 

space in front of the pontomedullary junction (Fig. 1). The 

modified Fischer scale was 1 and the Hunt and Hess scale was 

2. The diagnosis of SAH was confirmed and oral nimodipine 

therapy was initiated with a dosage of 60 mg every 4 hours.

A cerebral digital subtraction angiography (DSA) was ar-

ranged 3 days after admission and revealed a perimedullary 

sAVF with an arterial feeder from anterior spinal artery and 

draining vein to the superficial perimedullary vein (Fig. 2). 

The microcatheter (Magic 1.2F Flow-Dependent Microcathe-

ter; Balt, Montmorency, France) was inserted to the feeding 

artery and embolization procedure was performed using N-

buytl-2-cyanoacrylate (NBCA) (Histoacryl®; B-Braun, Mel-

sungen, Germany) under general anesthesia. Complete oblit-

eration of the sAVF was confirmed using cerebral DSA. The 

patient condition improved with no neurological deficit or se-

quel within 24 hours after procedure.

Three days following the procedure (day-6 onset), the pa-

tient complained of an acute onset of left-sided facial and limb 

weakness. The patient’s GCS was 15 with a blood pressure of 

150/90 mmHg. Neurological examination was significant for 

nuchal rigidity, left central-type facial and lingual palsy, and 

left-sided hemiparesis with a Medical Research Council 

(MRC) score of 4- for the upper extremities and 3 for the low-

er extremities. The diagnosis of DCI was clinically established 

and we continued the administration of nimodipine until the 

patient’s condition stabilized. The patient was discharged on 

day-15 onset with a modified Rankin Scale of 4 and a slight 

improvement on the left-sided hemiparesis (upper extremities 

MRC 4, lower extremities MRC 3). Follow-up at the neurolog-

ical clinic was arranged in 1 week after discharge, but the pa-

Fig. 1. An axial non-contrast head computed tomography-scan revealed subarachnoid hemorrhage in the left pontomedullary junction (arrow).
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tient never came to the clinic and considered loss to follow up.

After 1.5 years, the patient was incidentally referred back to 

our outpatient clinic for further evaluation on neuroimaging. 

He had no complaints of headache/vomiting, the left-sided fa-

cial and lingual palsy were absent, and the left-sided hemipa-

resis improved (upper extremities MRC 5, lower extremities 

MRC 4+). A head magnetic resonance imaging (MRI) and 

magnetic resonance angiography examination revealed a 

complete obliteration of the sAVF and no signs of cerebral in-

farction or hemorrhage (Fig. 3).

DISCUSSION

The challenges in diagnosing spinal vascular malformation

A spinal vascular malformation is a rare disorder, compris-

ing less than 10% of intracranial and spinal vascular malfor-

mations8). The clinical course of sAVF is mostly benign and 

symptoms resulting from venous congestion and hypoxia may 

be vague. This is why most of the patients with sAVF—at the 

time of diagnosis—already have considerable neurological 

deficits, including gait difficulty, micturition or defecation 

disturbances, and even upper motor neuron or lower motor 

neuron involvements7).

The patient in our case presented with hallmark symptoms 

of intracranial SAH. There are evidences from previous stud-

Fig. 2. A cerebral digital subtraction angiography in anteroposterior and oblique view following injection from left vertebral artery revealed a spinal 
arteriovenous fistula (sAVF) (red circle) with feeding artery from anterior spinal artery (yellow arrow) and drains to perimedullary vein (orange arrow) 
revealed the sAVF before embolization (A and B), during embolization procedure using N-buytl-2-cyanoacrylate (Histoacryl®; B-Braun, Melsungen, 
Germany) in a single super-selective injection (white arrow, microcatheter tip) of the arterial feeder (C and D), and complete obliteration after 
embolization procedure (E and F).
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ies where in a rare occasion, blood from the ruptured sAVF 

may ref lux toward the cerebral circulatory, hence, a cranial 

SAH occurs15). Without extensive cerebral vasculature imag-

ing, clinicians may unable to localize the cause of SAH, espe-

cially in the case of spinal vascular malformations.

In 2016, Takai12) introduced a classification system that clas-

sifies spinal arteriovenous shunts based on the sites and types 

of the lesion. It was classified into five groups, namely : 1) du-

ral AVF, 2) intradural intramedullary glomus arteriovenous 

malformation (AVM), 3) intradural intramedullary juvenile 

AVM, 4) perimedullary AVF, and 5) extradural AVF. Perimed-

ullary AVF was further classified into three subtypes based on 

the feeding artery and AVF size : single feeder and small AVF 

as type IVa; multiple feeders and medium AVF as type IVb; 

multiple feeders and giant AVF as type IVc. While extradural 

AVF was further classified into two : with intradural venous 

drainage for type Va, and without intradural venous drainage 

for type Vb. Based on this description, our case could be cate-

gorized under type IVa with a single artery feeder and small 

AVF size. 

DCI caused by SAH, what do we know up to now?
DCI is defined as “The occurrence of focal neurological im-

pairment … or a decrease of at least 2 points on the Glasgow 

Coma Scale … This should last for at least 1 hour, is not ap-

parent immediately after aneurysm occlusion, and cannot be 

attributed to other causes by means of clinical assessment, CT 

or MRI scanning of the brain, and appropriate laboratory 

studies”14). The occurrence of DCI in SAH is highly unpredict-

able because no present studies have been conducted to ana-

Fig. 3. Axial fluid-attenuated inversion recovery-sequence (A-C), coronal (D), and sagittal T2 (E) sequence of brain magnetic resonance imaging with 
contrast; and magnetic resonance angiography of cerebral blood vessels (F) conducted 1.5 years after the onset of delayed cerebral ischemia revealed 
no lesions or vascular abnormalities.
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lyze the risk factors of developing a DCI. In addition, there are 

no approved treatment for DCI due to its complex and multi-

factorial nature, leading to a poor outcome for the patient3).

Currently, the exact mechanism of DCI remains poorly un-

derstood. Several theories are proposed to explain DCI in 

SAH as follows : 1) vascular dysfunction, which encompasses 

cerebral vasospasm, microcirculatory dysfunction, formation 

of microthrombus and thrombo-inflammation, and entrance 

of blood in subarachnoid space to the brain parenchyma 

through glymphatic and meningeal lymphatic pathway; 2) in-

flammatory reaction either from systemic inflammation fol-

lowing a SAH or through cell-mediated responses such as glial 

cells and leukocytes; and 3) spreading depolarization follow-

ing a SAH due to cellular hyperemic response and increased 

metabolic demand caused by disruption in ion homeostasis1,2). 

In this case, we assume that the DCI was caused by micro-

thrombus formation and thrombo-inf lammation process. 

This theory may be supported by the patient’s heavy smoking 

habit and absence of lesion in the brain MRI evaluation. How-

ever, the exact cause of this DCI remains unclear since we 

were unable to confirm nor exclude the other hypothesis. 

In our case, the diagnosis of DCI was established due to the 

patient’s clinical presentation of sudden onset hemiparesis, 

persisting more than an hour, and, occurring in the 6th day of 

admission. This finding is consistent with reports from previ-

ous studies where DCI often observed during the 4–10th day 

after the onset of SAH11). Although the embolization proce-

dure conducted carry a risk of developing cerebral ischemia10), 

we would like to argue that the interventional procedure re-

ceived by the patient did not contribute to the DCI. This is be 

cause during the first 24 hours after the procedure, the patient’s 

condition improved with no neurological deficits. 

Treatment options and patient outcome 
To this date, there is limited evidence regarding treatment 

options in sAVF. Although treatment preferences are mainly 

determined by the type of sAVF, both surgical intervention 

and endovascular therapy remain the most common options. 

Previous studies reported no significant difference in clinical 

outcome and rate of complications in patients receiving the 

surgical intervention and endovascular therapy. However, en-

dovascular therapy remained the first-line treatment choice 

for having less intraprocedural risk compared to the surgical 

intervention. In this case, we favor the embolization proce-

dure using NBCA because it has a better safety profile with 

the same efficacy as surgical procedure6).

For the DCI, nimodipine is the recommended treatment 

option due to its beneficial effect in preventing vasospasm—a 

common culprit of DCI caused by SAH3,4). Several alternative 

treatment options include induced hypertension, volume op-

timization, endovascular approach, increasing cardiac output, 

and hemoglobin optimization3). The patient’s condition im-

proved significantly compared to the time of initial presenta-

tion. After 1.5 years of follow-up, the only neurological se-

quelae persisted in the patient is a hemiplegic gait of the left 

leg. This finding is consistent with a systematic review that re-

ports better clinical course for DCI patients with no lesions in 

MRI examination13).

CONCLUSION

DCI remained a devastating complication of SAH, even 

though it was caused by a non-aneurysmal etiology, located in 

spinal vasculatures, and with a small bleeding volume. A 

complete examination of the spinal and cerebral vessels is 

needed to reveal the underlying abnormalities and determine 

the most appropriate intervention. 
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