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Early cerebral venous drainage associated with focal seizures: a correlation of
digital subtraction angiography and electroencephalography. lllustrative case
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BACKGROUND Early venous drainage is a critical diagnostic feature of arteriovenous malformations (AVMs) and arteriovenous fistulas (AVFs).
However, other conditions associated with early venous drainage can mimic AVMs and AVFs and mislead the treating physician team.

OBSERVATIONS The authors present a unique case of a 56-year-old man with new left hemianopsia. Workup with magnetic resonance imaging and
magnetic resonance angiography had revealed cortical enhancement and early venous drainage, possibly caused by an AVF or AVM. Catheter
angiography confirmed the presence of early venous drainage of specifically the right occipital lobe. The early venous drainage occurred as the result
of local hyperperfusion limited to the right occipital lobe. Subsequent electroencephalography confirmed focal seizure activity in the right occipital lobe.
After seizure control with multiple antiepileptic medications, the patient regained his vision. Repeat digital subtraction angiography revealed restoration

of normal cerebral blood flow.

LESSONS Early venous drainage observed during catheter angiography can be associated with seizure activity. Differentiation from other conditions,
such as AVM, AVF, or ischemic stroke, is critical to facilitate prompt and appropriate treatment.

https://thejns.org/doi/abs/10.3171/CASE2445
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Early venous drainage is one of the diagnostic cornerstones of
arteriovenous malformations (AVMs) and arteriovenous fistulas
(AVFs)."? However, other conditions associated with early venous
drainage can mimic AVMs and AVFs and mislead the treating physi-
cian team. We report a unique case of a patient in whom angiogra-
phy was performed while the patient was symptomatic from a focal
seizure. Digital subtraction angiography (DSA) and electroencepha-
lography (EEG) findings were correlated.

lllustrative Case

Clinical Presentation

A 56-year-old man presented with left homonymous hemianopsia
for 1 week associated with intense headaches. The patient had no
self- or family-reported history of recent seizures, although the patient
admitted to a similar episode 4 years prior. Workup at another hospi-
tal had included contrast-enhanced magnetic resonance imaging (MRI)

of the brain, which revealed abnormal cortical right occipital lobe
enhancement. Magnetic resonance angiography showed an occipital
vein with arterialized signal. The patient was referred for catheter
angiography and treatment of a possible dural AVF.

Catheter Angiography

Diagnostic cerebral angiography by DSA was performed with the
patient under moderate sedation via right radial artery access. Injec-
tions of the right common carotid artery revealed engorged parietal
middle cerebral artery branches. The capillary phase of the occipital
lobe occurred early, ahead of all other lobes. This was followed by
early venous drainage off the occipital lobe, ahead of all remaining
vascular territories (Fig. 1). Drainage was via the normal superficial
and tentorial veins. Of note, the physiological sequence of arterial
to capillary to venous phase was preserved, just accelerated. No
nidus or fistulous connections were identified. Instead, the findings

ABBREVIATIONS AVF = arteriovenous fistula; AVM = arteriovenous malformation; DSA = digital subtraction angiography; EEG = electroencephalography;
MRI = magnetic resonance imaging; SPECT = single-photon emission computed tomography.
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FIG. 1. Images illustrating the correlation among cerebral hyperperfusion, early venous drainage, and focal seizure
activity. A patient with hemianopsia underwent a right common carotid artery DSA (lateral views). During the midar-
terial phase (A), engorged parietal middle cerebral arteries can be appreciated. Note early capillary hyperperfusion
centered on the occipital lobe (arrow). A hint of early venous drainage is already apparent (aint asterisks). In the
late arterial phase (B), the early venous drainage is clearly visible (solid asterisks). The main draining veins include
occipital surface veins superiorly (large asterisks) and tentorial veins inferiorly (small asterisks). Corresponding sur-
face EEG (C) shows maximum synchronized waves in leads T6 (right posterior temporal) and O2 (right occipital),
consistent with a focal occipital lobe seizure. After seizure control with multiple antiepileptic agents, the patient re-
gained his vision, and his cerebral blood flow returned to normal, confirmed by repeat catheter angiography.

were consistent with focal hyperperfusion of the right occipital lobe
with the presence of “early” venous drainage.

Electroencephalography

After further prompting, the patient then recalled occasional
flashes of light in his left visual field. The waxing and waning nature
of these symptoms raised the possibility of seizures. Continuous
EEG monitoring was initiated while the patient was both awake and
asleep. The EEG was significant for right-sided focal seizures. The
seizures started as rhythmic theta wave activity with definite evolu-
tion. The seizures happened at frequencies of 1-6 per hour, each
seizure lasting up to 2 minutes (Fig. 1). Occasionally, the seizures
were symptomatic with head jerking and head turning to the left.
However, most seizures did not have an obvious clinical correlate
except for the patient's ongoing hemianopsia.

Outcome

The patient was treated with multiple antiepileptic drugs. This re-
sulted in resolution of the seizure activities. Concurrently, the patient
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recovered his vision completely. Contrast-enhanced MRI at hospital
day 10 revealed significantly decreased right occipital lobe gyral en-
hancement compared with the first brain MRI. A second DSA study
was performed with resolution of the previously seen occipital lobe
abnormalities associated with the focal seizure.

Patient Informed Consent
The necessary patient informed consent was obtained in this
study.

Discussion
Observations

The main observation of this report is that catheter angiography
can demonstrate early venous drainage related to seizure activity
without another underlying lesion. This differential diagnosis for an
angiographically early draining vein is not established in the litera-
ture but is critical to recognize by the treating team of neurologists,
neurosurgeons, and interventionalists alike.



Early Venous Drainage with AVM, AVF, or Stroke

Early venous drainage is generally the hallmark of AVMs or
AVFs."? As a result of the arteriovenous shunting, venous drainage
can be seen early in the arterial phase with AVMs or AVFs. Catheter
angiography remains the gold-standard test for definitive workup of
these lesions. More recently, early venous drainage has increasingly
been recognized in association with ischemic stroke.® The early venous
drainage can be seen around an ischemic core (‘luxury perfusion”).*
Alternatively, early venous drainage can be noted during reperfusion af-
ter successful recanalization.*

Early Venous Drainage with Seizures

Seizure activity as a potential cause for early venous drainage is
easily overlooked or confused with an actual arteriovenous shunt.
The phenomenon is not well described in the literature. We found
only one report from 1975 mentioning this possibility. McDonald
et al.® reported a case of cerebral hypervascularity and early ve-
nous opacification in a patient with status epilepticus. The patient
died. The absence of an underlying lesion was confirmed by au-
topsy. In our case, we observed focal hyperperfusion limited to the
occipital lobe, the focus of the seizure. Venous drainage of the oc-
cipital lobe occurred early relative to all other areas of the brain.

Cerebral Perfusion Abnormalities with Seizures

The association between cerebral hyperperfusion and epilepsy has
been documented more clearly. A cohort of 51 children with epilepsy
monitored with transcranial Doppler sonography demonstrated a posi-
tive correlation between arterial flow dynamics, including both hyperper-
fusion and hypoperfusion.® These flow changes depended on the type
of seizure. Tonic-clonic seizures showed hyperperfusion with blood flow
increases to nearly 200% of baseline. Absence seizures were linked to
hypoperfusion down to about 70% of baseline.

Laich et al.” evaluated clinical signs, EEG studies, and ictal ce-
rebral blood flow by single-photon emission computed tomography
(SPECT). Ictal SPECT showed unilateral predominance of hyperper-
fusion of the sensorimotor area in all patients, concordant with later-
alizing clinical signs, lateralization of ictal scalp EEG, or the site of
ictal onset of seizures, obtained from intracranial electrodes. Kim
et al.® evaluated cerebral blood flow using arterial spin labeling per-
fusion MRI in patients with clinical seizure activity. These authors
were able to predict the location of the seizure foci on the basis of
perfusion abnormalities in 33 (75%) of 44 patients. Manganotti
et al.? studied 481 patients with acute neurological deficits. Eleven
had seizures. Eight of the 11 patients had a similar pattern of hy-
perperfusion by computed tomography (CT) perfusion.

In summary, cerebral hyperperfusion can be commonly encountered
during epilepsy. Angiographically, the key finding is early venous drain-
age relative to that of the remaining brain. The blood flow pattern does
follow the physiological sequence from arterial to capillary to venous
phase. This differentiates the early venous drainage associated with

epilepsy from an AVF or AVM. The absence of a nidus rules out an
AVM, and the presence of the capillary phase rules out an AVF.

Lessons

Early venous drainage identified by catheter angiography can
also be associated with seizure activity. Differentiation from other
conditions, such as AVM, AVF, or ischemic stroke, is critical to facili-
tate prompt and appropriate treatment.
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