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Extensive Spinal Cord Infarction after Surgical
Interruption of Thoracolumbar Dural Arteriovenous
Fistula Presenting with Subarachnoid Hemorrhage

Sang-Hun Lee, M.D.," Ki-Tack Kim, M.D.," Sung-Min Kim, M.D.,2 Dae-Jean Jo, M.D.2
Departments of Orthopaedic Surgery,’ Neurosurgery,? Spine Center, Kyung Hee University East West Neomedical Center, Seoul, Korea

Nontraumatic intracranial subarachnoid hemorrhage (SAH) attributable to the thoracolumbar dural arteriovenous fistulas (DAVFs) has been
extremely rare. A 41-year-old male patient was admitted with severe acute headache, neck stiffness, and pronounced low-back pain radiating to

both legs. The T2-weighted MR imaging showed irregular signal void and enlarged, varix like pouch formation with spinal cord compression at
the T11-12 level. The angiogram revealed a DAVF.

We report a DAVF case with SAH that revealed an extensive infarction from C5 to the conus medullaris after undergoing operative treatment.
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INTRODUCTION during thoracoabdominal aortic surgery>”*®, excessive
hypoxia or systemic hypotension that sustained during ope-
Dural arteriovenous fistula (DAVE type I spinal arterio-  ration®'""”*%, epidural anesthesia or lumbar puncture com-
venous malformation) is often developed at the thoracolum-  plications®”, unexpected embolic episode associated with
bar junction of middle-aged men with clinical symptoms  embolization of the renal artery or mesenteric artery”, car-
including paraparesis, sensory deficits, and disturbance of  diogenic thromboembolus, and artherosclerosis. In lower
bowel/bladder function resulted from venous hypertension  frequencies, cases with vascular diseases, polycythemia,
and ischemic myelopathy'“***”. There are also cases decompression sickness, hypercoagulability, and meningeal
presenting with subarachnoid hemorrhage (SAH) when  infection have been reported"”'!*1>17,
venous pressure is high*'. Reports on nontraumatic intra- In a meta-analysis of 44 spinal cord infarctions in 1996,
cranial SAH due to spinal DAVFs involving the cervical ~ Chesire et al.” reported 3 cases presenting with both spinal
vertebra or the cervicothoracic junction have been made.  arteriovenous malformation and spinal cord infarction.
To our knowledge, there is only one reported case of SAH ~ However, the infarction extended from the cervical level to
occurred at the L4 level® and no study has described SAH  the thoracolumbar level was not found.
located at the thoracolumbar junction. We report a DAVE case with SAH that revealed an exten-
Spinal cord infarction is a very rare disorder, accounting  sive infarction from C5 to the conus medullaris after under-
for less than 1% of all strokes. Its pathogenesis and progno-  going operation.
sis remain largely unknown''>*. Some of the identified

risk factors include reperfusion injury after aortic clamping  CASE REPORT
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nuchal rigidity and a positive straight-leg raising sign. Labo-
ratory study showed mild leukocytosis (14,500/pL), normal
platelet count, prothrombin time (PT), and activated par-
tial thromboplastin time (aPTT).

The T2-weighted whole spinal magnetic resonance imag-
ing showed irregular signal void and enlarged, varix like
pouch formation with spinal cord compression at the T11-
12 level (Fig. 1). SAH was noted at the posterior cranial
fossa and at the L5-S1 level. His cervical body to canal ratio
at C5 was 0.45 and a narrow spinal canal from C3 to the
thoracic spine was noted. High signal intensities were found
at the C5-6 level with central disc herniation (Fig. 2). Under
the impression of SAH associated with spinal DAVE a spi-

Fig. 1. Right paracentral (A) and midiine (B) sagittal T2 images showing
irregular fiuid void and enlarged, varix like pouch formation (arrows) with
spinal cord compression at the level T11-12. Collection of subarachnoid
hemorthage (amow head) is noted at the level L5-S1.

T C)
Fig. 2. Preoperative right paracentral (A), midiine (B) and left paracentral
(C) sagittal T2 images showing narrow spinal canal from C3 to thoracic
spine. High signal intensities (arrows) are found on both paracentral images
at the level C5-6 with central disc hemniation. Subarachnoid hemorrhage
within posterior cranial fossa is noted (arrow heads).
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nal angjogram was subsequently obtained. The angiogram
revealed a DAVF with arterial blood supply from the seg-
mental artery between T12 and L1 in an early phase and
venous drainage into the intrathecal venous plexus involv-
ing varicose radiculospinal veins. Bug, the artery of Adam-
kiewicz (AKA) was not found (Fig. 3).

Operation. A midline posterior approach centered on the
T12 region was performed with electrophysiological moni-
toring of somatosensory-evoked potential and motor-evoked
potential. After laminectomy and vertical midline durotomy,
exposed variably sized dilated tortous and serpentine peri-
medullary veins with the hematoma compressing the spinal
cord. An enlarged fistula measured 2mm in diameter was
located at the ventral side of the T12 root (Fig. 4). Tempo-
rary ligations were placed at the proximal end, interrupting
the venous drainage of the fistula and causing the vein to

Fig. 3. Anteroposterior angiogram revealing the dural arteriovenous fistula
with arterial blood supply from the segmental artery between T12 and L1 in
early phase (A) and venous drainage into the intrathecal venous plexus
occurs via varicose radiculospinal veins (B and C).
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Fig. 4. Intraoperative photographs showing enlarged serpentine venous
structures at the dorsal surface of spinal cord (A) and temporary ligation of
fistula located just ventral side of T12 root.
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Fig. 5-1. Immediate postoperative right paracentral (A}, midline (B) and left
paracentral (C) sagittal T2 images showing widespread hyperintensities
(arrows) with cord swelling from the level C5 to L1, consistent with spinal

cord infarction. There is no residual arteriovenous fistula or varix like dilated
vein.
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Fig. 5-2. Immediate postoperative axial T2 images showing bilateral
hyperintensities corresponding to the whole gray matter.

turn blue. There was no specific change on the electrophy-
siological monitoring for 20 minutes. Then, the lesion was
coagulated and ligated. The dura mater and surgical wounds
were closed. Time for operation was 200 minutes and
intraoperative blood loss was 450 mL. The lowest blood
pressure recorded was 90/60 mmHg, lasting about 20 mi-
nutes, which promptly recovered after volume expansion.
The immediate postoperative course was uneventful and
the patient had grossly normal motor functions. The pati-
ent’s neurological examination revealed paraparesis (grade
III-IV) after 4 hours following the ligation. Under the
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Fig. 6. Eight months after surgery, the siz and intensities of spinal cord
infarction {arrows) are decreased but still visible on right paracentral (A),
midline (B) and left paracentral (C) sagittal T2 images.

impression of epidural hematoma, we decided to perform
emergent decompressive surgery. However, there was no
evidence of hematoma in the epidural space, we opened the
durotomy site for exploration. Severe cord swelling was seen.
Thus, we carried out extended decompressive laminectomy
with duroplasty using a dural substitute (Neuropatch : B.
Braun Melsungen AG, Melsungen, Germany), and placed
a lumbar CSF drain. The patient exhibited a complete
paraplegia after the second operation.

Postoperative Course. Spinal MR imaging was obtained
postoperatively, which confirmed spinal cord infarction from
C5-6 to the conus medullaris (Fig. 5-1, 2). During the first
3 months after operation, neurological deficits improved
gradually and reached a plateau in recovery. At the 1-year
clinical follow-up examination, the patient still complained
of right leg weakness (grade IV) and disturbance of bowel
and bladder function. He could ambulate with support of a
cane. Repeated MR imaging 8 months later showed decre-
ased size and intensities of spinal cord infarction, but hyper-
intensities were still visible (Fig. 6).

DISCUSSION

The anterior spinal artery is the one involved with the
pathogenic mechanism in spinal cord infarction®. The
most important feeder among them is the AKA, which
branches between T9 and T12 on the left side in 65-75%.
Interruption of blood supply due to embolism or injury of
the artery has been cited as the main cause of spinal cord
infarction™9.

Spinal cord infarction is also referred to as acute spinal
cord ischemia syndrome (ASCIS)**”. The general factors
of ischemia include global hypoperfusion, reperfusion
injury, coagulopathy; vasculitis, and decompression sickness



while the local factors are epidural hematoma and throm-
boembolic accident.

Our case showed extensive infarction reaching the cervi-
cal cord without notable risk factors after surgical interrup-
tion of thoracolumbar DAVE However, this patient had
some features to note : 1) the cervical neural canal was so
narrow that preoperative MR imaging showed a nearly
obliterated CSF space surrounding the spinal cord, 2) a
high signal intensity resulted from the central disc hernia-
tion at C5-6 was observed on T2W sagittal MR imaging,
3) SAH extended to the posterior cranial fossa and the
sacral area, and 4) a numbder of enlarged, dilated and
tortuous epidural veins were observed during operation.
These four features led us to presume that the patient had
high intradural pressure within a relatively narrow neural
canal.

Considering the above features, we reached the following
two pathogenic mechanisms for the extensive infarction :

1) The blood vessel from which DAVF originated might
have been the AKA. Preoperative angiography confirmed
the feeding site on the right, but the AKA was not found
on the left. Although the DAVF originated from the
intervertebral foramen between T12 and L1 on the right
side, the AKA may extend to anywhere between T'5 and
L2. About 25% of the AKA is known to extend on the
right side’**?. Hemodynamic changes or thrombosis in the
spinal cord caused by the interruption of DAVF originating
from the AKA might have resulted in the extensive infarc-
tion. However, this possibility alone does not clearly explain
the infarction extending from the upper thoracic to the
cervical cord.

2) The next possible mechanism is the rapid increase of
blood flow in the spinal cord that had been under the ische-
mic state in an abnormal CSF dynamic pathway within a
narrow and high-pressured spinal canal when DAVF was
interrupted. As a result, reperfusion injury might have been
sustained, leading to secondary injury and swelling of the
spinal cord.

Chronic spinal cord compression is known to cause suba-
rachnoid fibrosis, reducing collateral blood flow and the
compensation mechanism for ischemic events®. In fact,
there are reports on the cases that developed spinal cord
infarction due to compression caused by cervical myelopa-
thy?”*. In our case, the narrow spinal canal is considered
to have played a major role in developing extensive infarc-
tion.

According to recent studies, a severely compressed cervical
spinal cord due to cervical spondylotic myelopathy accom-
panies significant swelling after decompression”*”. There
are also studies that suggest the transient root palsy observ-
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ed after decompressive surgery is an incomplete cord injury
caused by a reperfusion injury”?”. This increases the possi-
bility of reperfusion injury and secondary infarction result-
ing from the temporarily increasing arterial pressure when
the fistula shunt was blocked.

The prognosis for spinal cord infarction remains unclear,
but the early neurologic symptoms and age of a patient have
been cited as major factors that affect prognosis™"***. Our
patient showed gradual recovery of motor and sensory func-
tions after operation, but partial paralysis persisted on the
right lower limb. In addition, bladder and bowel functions
have not recovered, showing a severe sequale.

CONCLUSION

Based on this case report, we recommend that the risk of
neurologic complications be considered in advance when
petforming operation on a DAVF patient with a narrow
spinal canal. Surgeons are also advised to check the status of
blood supply to the spinal cord by confirming the AKA of
the spinal cord and the feeding artery on preoperative
angiography; in an effort t predict and prevent postopera-
tive complications.
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