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BACKGROUND Arteriovenous malformation (AVM) of the trigeminal nerve root (TNR) is a rare subtype of the lateral pontine AVM. Most of them are
diagnosed when they bleed or exert trigeminal neuralgia. Venous congestive edema is a rare phenomenon caused by TNR AVMs.

OBSERVATIONS An 82-year-old man was admitted with progressive limb weakness and dysphasia. Magnetic resonance imaging (MRI) revealed
extensive edema of the medulla oblongata and the upper cervical cord with signal flow void at the C3 anterior spinal cord. Vertebral angiography
revealed a small nidus fed mainly by the pontine perforating arteries (PPAs). The anterior pontomesencephalic vein (AMPV) was dilated, functioning as
the main drainage route. This suggests that venous hypertension triggered the brainstem and upper cervical cord edema. MRI with gadolinium
enhancement showed that the nidus was located around the right TNR. Because the nidus sat extrinsically on the pial surface of the right TNR’s base,
microsurgical obliteration with minimum parenchymal injury was achieved. Postoperative MRI showed disappearance of the brainstem and cervical
cord edema with improved clinical symptoms.

LESSONS TNR AVM is rarely associated with brainstem and upper cervical cord edema caused by venous hypertension of the congestive drainage
system.

https://thejns.org/doi/abs/10.3171/CASE21402
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Brainstem arteriovenous malformations (AVMs) are challenging
to treat because they are located in one of the inviolable areas of
the brain, including the cranial nerves, their nuclei, and critical fiber
tracts,1 and have a more aggressive clinical course than those in
other locations. Their clinical manifestation includes hemorrhage,
mass effect, or neurovascular compression syndrome.2–8 These
lesions can be treated with a less invasive strategy, such as
Gamma Knife or endovascular embolization.

Here, we report a case of lateral pontine AVM located at the
base of the right trigeminal nerve root (TNR) with progressing

edema of the medulla oblongata and upper cervical cord, success-
fully treated with open surgery.

Illustrative Case
An 82-year-old man presented with a 2-month history of progres-

sive limb weakness, dysarthria, dysphagia, and urinary inconti-
nence. T2-weighted magnetic resonance imaging (MRI) revealed
extensive swelling and hyperintensity of the medulla oblongata and
upper cervical spinal cord (Fig. 1A) and signal flow void at the C3
anterior spinal cord. This suggests the existence of vascular

ABBREVIATIONS AICA = anterior inferior cerebellar artery; AMPV = anterior pontomesencephalic vein; AVM = arteriovenous malformation; CPAC = cerebellopontine
angle cistern; DAVS = dural arteriovenous shunt; ICG = indocyanine green; MRI = magnetic resonance imaging; PPA = pontine perforating artery; SPS = superior
petrosal sinus; TNR = trigeminal nerve root; TPV = transverse pontine vein.
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abnormalities of the upper cervical spine. Bilateral vertebral artery
angiography revealed no upper cervical spine abnormal findings.
Left vertebral angiograms showed a small intracranial AVM fed by a
dilated pontine perforating artery (PPA) arising from the upper basi-
lar artery and the anterior inferior cerebellar artery (AICA) (Fig. 1B
and C). The draining route was composed of a transverse pontine
vein (TPV) draining into the anterior pontomesencephalic vein
(APMV) (Fig. 1C and D). The petrosal vein and the superior petro-
sal sinus (SPS) were not apparent. Spoiled gradient recalled acqui-
sition in the steady state with gadolinium enhancement revealed a
nidus located around the right lateral pons, especially around the
right TNR (Fig. 1E).

Open surgery was performed using the retrosigmoid approach.
During surgery, a small nidus was found on the pial surface at the
right TNR’s posterior base (Fig. 2A and B). Using a neuroendo-
scope, we identified the deep feeder running up behind the TNR
(Fig. 2C). The vascular caliber changed at the origin of the red
draining vein, considered the petrosal vein. The draining vein turned
back at the connection to the SPS, which drained into the dilated
APMV via the TPV. SPS was not transparent on the petrous dural
surface. We simply coagulated the nidus to occlude the shunt with
minimum parenchymal dissection (Fig. 2D). Indocyanine green
(ICG) video angiography revealed shunt flow disappearance (not
shown).

The patient’s neurological symptoms gradually improved after
surgery, except for bladder and bowel dysfunction. A postoperative

MRI study revealed resolution of the T2-hyperintense signal, swell-
ing of the spinal cord, and abnormal dilated spinal vein disappear-
ance (Fig. 3A). Follow-up angiography performed 1 month after
surgery confirmed shunt disappearance (Fig. 3B). The patient was
transferred to a rehabilitation service 2 months after surgery.

Discussion
The present case had extensive medulla oblongata and upper

cervical cord edemas with flow void signal of the anterior spinal
veins at the C3 spinal level. These MRI findings suggested the
existence of vascular abnormalities of the upper cervical spine.
However, we found a small lateral pontine AVM located at the pial
layer of the base of the TNR. This is a rare clinical onset pattern of
TNR AVM.

Observations
The present case had a small nidus primarily located at the pial

layer of the TNR, which was fed by the PPA and the AICA and
originally provided arterial supply for the TNR.9 The present case’s
angioarchitecture was similar to that of the AVM in the cerebello-
pontine angle cistern (CPAC).10 Among the CPAC AVMs, a total of
34 cases were associated with the TNR (Table 1).2–8,10–18 TNR
AVM occurs predominantly among early-middle– to late-middle–
aged males, often presenting with hemorrhage or trigeminal neural-
gia. This is the first case that presented as TNR AVM with brain-
stem edema. The main draining routes are usually composed of a

FIG. 1. A: Preoperative sagittal T2-weighted MRI scan revealing swelling and abnormal intensity of the medulla oblongata and upper cervical spinal cord. B:
The arterial phase of preoperative angiography showing the small AVM (asterisk). The feeding system was composed of the AICA (arrow) and the PPA
(arrowhead). Double arrows show the venous drainage origin. C: The late arterial phase of preoperative angiography showing TPV (double arrowheads) as
the main draining route into the AMPV. Double arrows show the venous drainage origin. D: Schematic illustration of the preoperative angiographic interpreta-
tion. E: Preoperative spoiled gradient recalled acquisition in the steady-state with gadolinium enhancement revealing the PPA (feeder; arrowhead), the petro-
sal vein (drainer; double arrows), and the TPV (drainer; double arrowheads) around the right TNR. Each arrow and arrowhead in A–E shows the same
vascular structures.
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FIG. 2. A: Intraoperative photograph showing the small nidus (arrow) and the drainer (arrowhead). B: Opera-
tive field illustration. C: Neuroendoscopic view from infratrigeminal window showing the feeder running up
from the deep (triple arrows). D: Final view of the operation showing the coagulated nidus and TNR
preservation.

FIG. 3. A: Sagittal T2-weighted MRI scan 1 month after treatment show-
ing marked resolution of the medulla oblongata and the upper cervical spi-
nal cord swelling and edema. B: Follow-up angiography performed 1
month after treatment showing no residual shunt.
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petrosal vein that drains into the SPS. However, in the present
case, the draining route was composed of a TPV draining into the
APMV. The SPS was invisible on both a preoperative angiogram
and by intraoperative observation. It might have functioned as the
main drainage route the thrombotic occlusion of which resulted in
APMV induced as a new venous drainage route. The present sin-
gle-case report cannot explain the exact mechanisms underlying
the drainage route’s thrombosis. The mechanical action of pressure
and shearing stress to the endothelial surface was supposed to be
produced by the shunt blood flow causing the subsequent vessel
wall hyperplasia, thrombosis, and luminal narrowing.19,20 The effect
of aging might be associated with drainage route obstruction
because the present case is the oldest among the TNR AVM
reported cases.

In the present case, increased pressure within the APMV
affected the normal venous drainage of the medulla oblongata and
upper cervical cord, causing venous congestion and widespread
edema. Likewise, an intracranial dural arteriovenous shunt (DAVS)
with spinal venous drainage often presents with progressive mye-
lopathy caused by spinal venous system congestion. Arteriovenous
shunt–induced blood flow increase leads to increased venous pres-
sure, reducing the arteriovenous pressure gradient, causing
decreased brainstem and spinal cord perfusion.21 The prompt diag-
nosis of these arteriovenous shunts is sometimes difficult because
MRI findings are similar to those of myelitis, infarction, and intrame-
dullary tumors.22 Haryu et al.23 indicated the flow void signals on
sagittal T2-weighted MRI as an effective diagnostic marker of intra-
cranial DAVS with spinal venous drainage. In the present case, the
flow void signal on MRI was also the intracranial arteriovenous
shunt diagnostic clue.

Lateral pontine AVMs sometimes grow extrinsically on the pial
surface rather than intrinsically in the parenchyma.1,3,10,24 As dem-
onstrated by Hoh et al.,25 shunt disconnection without resection of
the intraparenchymal component was sufficient for this type of lat-
eral pontine AVM. Surgical failure was seen in only 7.8% of cases.
We applied this “occlusion in situ” technique to the present case’s
treatment. We coagulated the feeding arteries on the pial surface
and minimized the parenchymal dissection extent, allowing neuro-
logical function preservation. The color change in the draining vein
and the ICG video angiography findings proved shunt elimination.6

Lessons
TNR AVMs usually manifest hemorrhage or neurovascular com-

pression syndrome.2–8 Venous congestive edema of the medulla
oblongata and the upper cervical cord is a rare onset pattern of
TNR AVMs. TNR AVM could be a differential diagnosis of the brain-
stem or upper cervical cord edema.
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