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Summary: We present a case of a reversible spinal venous
hypertensive myelopathy that occurred following a trau-
matic mediastinal hematoma. The mediastinal hematoma
caused compression of the brachiocephalic vein, resulting
in elevation of the venous pressures that ultimately re-
sulted in dilation of the epidural venous plexus and spinal
cord edema. The secondary neurologic deficits were the
culmination of venous outflow obstruction at the level of
the spinal cord that resolved on the resolution of the me-
diastinal hematoma.

Venous hypertensive myelopathy is the proposed
mechanism leading to acute or subacute deterioration
of neurologic function, mainly described in patients
with spinal dural arteriovenous fistulas or arterio-
venous malformations. Venous congestion is consid-
ered to be the major cause of progressive myelopathy
(1–3). We present a case of reversible traumatic spi-
nal venous hypertensive myelopathy that supports
this theory.

Case Reports

A 13-year-old boy lost control while driving a go-cart and hit
a mobile home at a high speed. At the scene, emergency
personnel noted that he was awake, alert, oriented, and able to
move all extremities. While being transported to the local
hospital, he became dyspneic and lost consciousness. The pa-
tient was intubated and bilateral thoracostomy tubes were
placed. On presentation to our institution, the patient was
pharmacologically paralyzed and sedated. He became increas-
ingly difficult to ventilate. An outside axial CT of the chest
demonstrated a mediastinal hematoma, but no definite aortic
arch injury. Extensive pneumomediastinum proved to be the
result of a bronchopleural fistula at emergent bronchoscopy. A
contrast-enhanced early arterial phase CT angiogram of the
chest, obtained to better assess the aorta, demonstrated a right
brachiocephalic artery dissection and pseudoaneurysm as well
as a flow-limiting high-grade constriction of the left brachioce-
phalic vein by a mediastinal hematoma (Fig 1). The left upper
extremity and head and neck venous drainage was diverted
from the left brachiocephalic vein by reflux and distention of
the accessory hemiazygos vein and the hemiazygos vein, which
eventually drained to the heart via the inferior vena cava by
multiple collaterals both above and below the diaphragm. One

group of collaterals that were markedly distended were the
internal epidural venous plexus of the lower thoracic spine.

The propofol (Diprivan, AstraZeneca, Newark, DE) and
vecuronium (Norcuron, Oragon USA Inc., Roseland, NJ) were
discontinued during the following week as the patient’s status
stabilized. At this time, it was noted on physical examination
that the patient had bilateral lower extremity paralysis and
decreased reflexes. He also had decreased sensation below the
T12 level. MR imaging of the spine demonstrated thoracic cord
edema with prominent tubular flow voids posterior to the
spinal cord (Fig 2). There was no evidence of spinal fractures,
hemorrhage within the cord, or cord compression. Postcontrast
MR imaging was not performed. With venous hypertension as
our leading diagnosis and an angiogram that demonstrated a
stable brachiocephalic artery pseudoaneurysm, we decided to
monitor the improvement of the mediastinal hematoma. As the
venous obstruction resolved, so did the patient’s neurologic
deficits (Fig 3). Follow-up MR imaging of the spine was not
performed. The patient’s lower extremity paralysis resolved
during the course of 3 weeks with daily occupational and
physical therapy.

Discussion

Clinically, venous hypertensive myelopathy pre-
sents with a progressive myelopathy that may be re-
versible with the appropriate management. The infer-
ence is that impaired venous drainage results from a
decrease in the arteriovenous pressure gradient at the
spinal cord, leading to increased intramedullary pres-
sure and congestion. This sequence of events leads to
spinal cord edema and a concomitant decrease in
perfusion, resulting in ischemia and hypoxia (2, 4, 5).
This theory is predicated on the fact that histologic
changes, including pial venous engorgement, cord
edema, and ischemia/infarction have been demon-
strated in patients presenting with progressive hyper-
tensive myelopathy.

Also, surgical series have shown that relief of the
outflow obstruction halts and even reverses the neu-
rologic deficits (5). The understanding of this revers-
ible myelopathy is based on literature concerning the
evaluation and consequences of dural arteriovenous
fistulas and arteriovenous malformations at the level
of the spinal cord. If, as conjectured, the myelopathy
is related to the venous hypertension and not, as
other theories proposed, to thrombosis or vascular
steal, then a downstream venous obstruction should
cause similar clinical, radiologic, and histologic find-
ings. Evidence of macroscopic obstruction at a site
remote from the spine would not only add validity to
the hypothesis of venous hypertensive myelopathy,
but also might possibly alter the way we evaluate and
treat patients with an acute myelopathy.
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The patient in this case did not demonstrate any
neurologic deficits within the first few hours after
the accident. The myelopathy became apparent only
after approximately 1 week, when the paralytic med-
ications were withdrawn. This temporal relationship
coincided directly with the progressive dilation of the
venous system documented on serial CT examina-
tions. This coincidence implies a subacute onset of
the neurologic deficits. Furthermore, the neurologic
symptoms resolved with time as the venous obstruc-
tion abated. We believe these findings mirror similar
results in patients presenting with and treated
for spinal dural arteriovenous fistulas and arterio-
venous malformations related to presumed venous
hypertension.

Radiologic signs of venous hypertension in associ-
ation with spinal dural arteriovenous fistulas and ar-
teriovenous malformations are well described. These
include spinal cord swelling, increased T2 signal in-

tensity within the cord, parenchymal enhancement,
enlargement of the vessels along the cord surface, and
possibly peripheral hypointensity of the cord on T2-
weighted images (6–8). In our case, the MR imaging
of the spine demonstrated spinal cord edema, a rel-
atively nonspecific finding; however, there were
prominent tubular flow voids along the dorsal surface
of the spine. This finding, although less commonly
seen, is very specific for spinal venous hypertensive
myelopathy (7).

We present an example of trauma-related venous
hypertension resulting in secondary spinal cord in-
jury. A recent case report further corroborates this
cause and effect by describing venous hypertensive
myelopathy related to obstruction from disk hernia-
tion (9). We believe that these secondary insults on
the spinal cord further validate the presumed patho-
physiology of spinal venous hypertensive myelopathy.
These cases prove that it is particularly important to

FIG 1. CT angiogram of the chest at admission.
A, The left brachiocephalic vein (arrow) is compressed by a

brachiocephalic artery dissection (not shown) and associated me-
diastinal hematoma (black arrowheads). An endotracheal tube,
enteric tube, right thoracostomy tube (white arrowheads), right
pneumothorax, and pneumomediastinum (asterisks) are present.

B, Note dilation of the accessory hemiazygos vein (white arrow-
head) and enlarged vein within the neural foramen (black
arrowhead).

C, Maximum-intensity-projection image of the CT angiogram
demonstrates constriction of the brachiocephalic vein (arrowhead)
and dilation of the accessory hemiazygos vein (large arrow) and
epidural venous plexus (small arrows).
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FIG 2. Thoracic spine MR imaging.
A, Sagittal T2-weighted MR image of the thoracic spine shows increased signal intensity

within the spinal cord (arrows). There are prominent low-signal-intensity structures (ar-
rowheads) along the posterior surface of the cord that represent flow voids from the
dilated perivertebral plexus. The increased signal intensity of the T3 and T4 vertebral
bodies is consistent with bone contusions, without loss of vertebral body height.

B, Axial T2-weighted MR image of the spine demonstrates tubular flow voids in the
epidural space (arrowheads) that represent the dilated epidural venous plexus. There is
increased signal intensity within the central portion of the spinal cord (arrow) compatible
with edema. Pleural effusion is also noted on the right (asterisk).

FIG 3. Follow-up CT angiogram of the chest obtained 10 days after the initial CT angiogram.
A, Note interval resolution of the brachiocephalic vein compression.
B, Previously identified dilated accessory hemiazygos vein (arrowhead) and epidural venous plexus have resolved.
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evaluate for this entity in all patients presenting with
an acute or subacute myelopathy.

References
1. Hurst RW, Kenyon LC, Lavi E, et al. Spinal dural arteriovenous

fistula: the pathology of venous hypertensive myelopathy. Neurol-
ogy 1995;45:1309–1313

2. Kataoka H, Miyamoto S, Nagata I, et al. Venous congestion is a
major cause of neurological deterioration in spinal arteriovenous
malformations. Neurosurgery 2001;48:1224–1229

3. Hurst RW, Hackney DB, et al. Reversible arteriovenous malfor-
mation-induced venous hypertension as a cause of neurological
deficits. Neurosurgery 1992;30:422–425

4. Aminoff MJ, Barnard RO, Logue V. The pathophysiology of spinal
vascular malformations. J Neurol Sci 1974;23:255–263

5. Symon L, Kuyama H, Knedall B. Dural arteriovenous malforma-
tions of the spine. J Neurosurg 1984;60:238–247

6. Yanaka K, Matsumaru Y, Uemura K, et al. Perfusion-weighted
MRI of spinal dural arteriovenous fistula. Neuroradiology
2003;45:744–747

7. Hurst RW, Grossman RI. Peripheral spinal cord hypointensity on
T2-weighted MR images: a reliable imaging sign of venous hyper-
tensive myelopathy. AJNR Am J Neuroradiol 2000;21:781–786

8. Atkinson JL, Miller GM, Krauss WE, et al. Clinical and radio-
graphic features of dural arteriovenous fistula: a treatable cause of
myelopathy. Mayo Clin Proc 2001;76:1120–1130

9. Krishnan C, Malik JM, Kerr DA. Venous hypertensive myelopathy as
a potential mimic of transverse myelitis. Spinal Cord 2004;42:261–264

1658 AULER AJNR: 26, August 2005



Errata
Due to an oversight, Riyadh Al-Okaili’s name was misspelled in the published list of authors for the article
“Transient Traumatic Spinal Venous Hypertensive Myelopathy” in the August 2005 issue. The correct author list
should be:

Mark A. Auler, Riyadh Al-Okaili, and Zoran Rumboldt. (AJNR Am J Neuroradiol 2005;26:1655–1658.)

Due to an oversight, the Letter entitled “Concha Bullosa and Nasal Septal Deviation” in the August 2005 issue
(AJNR Am J Neuroradiol 2005;26:1882) listed an incorrect affiliation for the first author and omitted the name
of the second author. The correct attribution for this letter should be:

Gokhan Arslan and Kamil Karaali, Radiology Department, Akdeniz University School of Medicine, Antalya,
Turkey

Due to an oversight, the author affiliations for the article “Predominant Cerebellar Volume Loss as a Neuro-
radiologic Feature of Pediatric Respiratory Chain Defects” in the August 2005 issue (AJNR Am J Neuroradiol
2005;26:1675–1680) were incorrect. These should be:

From the Departments of Molecular and Human Genetics (F.S., L.-J.C.W.) and Radiology (J.V.H.), Baylor
College of Medicine, and the Texas Children’s Hospital (F.S.), Houston, TX; and the Department of Pediatrics
(G.D.V.), State University of New York at Buffalo, Buffalo, NY.

Also in this article, the legend for Figure 3 on page 1678 was incorrect. It should be:

FIG 3. Sagittal midline T1-weighted (A) and coronal fluid-attenuated (B) inversion recovery images demonstrate
evidence of progressive cerebellar atrophy when compared with interval sagittal T1-weighted midline image (C).
Note evidence of pontine involvement with T1-weighted hypointensity returned from a pons diminished in size.

Also in this article, a sentence in the third paragraph in the left column of page 1679 was incorrect. It should be:

“Our patient with LS due to cytochrome C oxidase-associated SURF1 deficiency displayed progressive cerebellar
atrophy and ataxia as presenting features.”

Due to an author oversight, reference 9 in this article was incorrect. It should be:

9. Van der Knaap M, Valk J. Magnetic resonance in mitochondrial disorders. Euromit 6; Nijmegen, the
Netherlands, July 2004.

Tissue at Risk Is Overestimated in Perfusion-Weighted Imaging: MR Imaging in Acute Stroke Patients without
Vessel Recanalization
Thomas Kucinski, Dirk Naumann, René Knab, Volker Schoder, Susanne Wegener, Jens Fiehler, Amitava
Majumder, Joachim Rother, and Hermann Zeumer

AJNR Am J Neuroradiol 26:815–819, April 2005

Due to reinspection of our original data, we recently encountered deviations between the initial measurements
and the file used for statistical analysis. Two columns of figures of CBV values (lesion and control of the surviving
tissue, ST7) have been interchanged with corresponding columns of CBV, but from day 1 instead of day 0. Hence,
the given value of the rCBV of ST7 in Table 2 has to be changed from 1.02 � 0.12 to 0.87 � 0.10. Consequently,
there is no longer a statistical difference between the rCBV of those regions evolving to infarction more than 24
hours after onset, ie, between day 1 and 7, and the surviving tissue. The ROC analysis now reveals a value of 0.75
with a sensitivity of 0.44 and specificity of 0.94 (originally published data: 0.82, sensitivity 0.56 and specificity
0.95). Although the tenor of our work is still accurate, we now have to point out, that there is no reliable threshold
discriminating survival against death of tissue for any of the perfusion parameters rCBV, rCBF, rTTP or rMTT.
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