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Abstract
We present the case of a 57-year-old man with protein S deficiency and left leg deep vein
thrombosis (DVT) 5 years earlier, who developed stepwise progressive bilateral lower limb
weakness, numbness/paresthesia, gait imbalance, hesitancy of micturition, and constipation in
the setting of recurrent left common femoral DVT treated with apixaban. Symptoms amplified
with Valsalva, corticosteroids, and postlumbar puncture, with longitudinally extensive mid-
thoracic T2-hyperintense lesion extending to the conus associated with hazy holocord en-
hancement on magnetic resonance imaging (MRI), raising suspicion for spinal dural
arteriovenous fistula (sDAVF). Initial digital subtraction angiography (DSA) was negative for
sDAVF. However, cerebral spinal fluid (CSF) was herpes simplex virus (HSV)-2 positive, and
he was treated with antiviral therapy. Unfortunately, he continued to worsen despite treatment.
Repeat neuroimaging 12 months after initial presentation demonstrated persistent lower
thoracic/conus lesion in addition to cauda equina enhancement and subtle dorsal T2-
hypointense flow voids. We raised red flags (e.g., lack of clinical prodrome, no herpetic rash, no
CSF pleocytosis, and rostral extent of the lesion) that suggested the HSV2 nucleic acid de-
tection was perhaps unrelated to the neurologic syndrome. Given the high index of suspicion
for sDAVF, we repeated spinal vascular imaging. Spinal MRA demonstrated dilated right dorsal
perimedullary veins from T10 to T11. Repeat DSA revealed a right T10 sDAVF. Microsurgical
treatment rather than embolization of the fistula was successful without complication, with
significant improvement in motor, sphincter, and to a lesser extent sensory function, with
residual gait imbalance after inpatient rehabilitation 3 weeks postoperatively.
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Section 1
A 57-year-old man with protein S deficiency and left leg DVT
5 years earlier presented with progressive bilateral lower limb
weakness, numbness/paresthesia, gait imbalance, urinary
hesitancy, and constipation, starting 3 weeks after the re-
currence of left common femoral DVT treated with apixaban.
Two weeks later, he had a low-speed motor vehicle accident
(rear-ended). Over the next 2 months, these symptoms
worsened in a stepwise manner, prompting hospitalization.

Neurologic examination revealed 4+/5 hip flexion bilaterally,
4+/5 left knee flexion, spasticity, brisk patellar reflexes,

bilateral Babinski sign, diminished pinprick, temperature, and
vibratory sensation below the waist, and gait instability re-
quiring a cane. MRI spine revealed a longitudinally extensive
midthoracic T2-hyperintense lesion extending to the conus
associated with hazy holocord enhancement (Figure 1, A–B).
MRI of the brain showed nonspecific T2-hyperintensities.
Given the concern for an idiopathic inflammatory condition
and functional decline, he received intravenous methylpred-
nisolone 1 g/d for 3 days, worsening after infusions.

Questions for Consideration:
1. What is the anatomic localization?
2. What is the differential diagnosis?

GO TO SECTION 2

Figure 1 Initial and Follow-up MRIs

MRI findings approximately 4months (A–B) and 12months (C–E) after initial presentation demonstrates persistent longitudinally extensive T2-hyperintensity
extending from T6-T7 to conus on sagittal STIR (A.b, C.b) throughout the central cord (A.a, C.a), with subtle flow voids (C.b). Hazy holocord gadolinium
enhancement from T8-T9 to conus on sagittal (B.b, D.b) and axial (B.a, D.a) T1-weighted imaging. Cauda equina gadolinium enhancement on axial (E.a) and
sagittal (E.b) view on T1-weighted postcontrast imaging. Axial images (A.a, B.a, C.a, D.a) were captured at T10-T11 and (E.a) at L4.
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Section 2
Lower limb motor function disturbance with upper motor
neuron (UMN) signs implies bilateral corticospinal tract in-
volvement below T1 level.1 The sensory level below the waist
(L1) suggests a lesion at approximately T10, as spinothalamic
fibers ascend the Lissauer tract by approximately 3 segments
before they decussate. Disruption of all sensory modalities
suggests a relatively large central cord lesion, involving spi-
nothalamic and dorsal column tracts.1 Gait imbalance may be
due to impaired conduction of lower limb proprioceptive
information along spinocerebellar and gracile fasciculus
tracts.2,3 Sphincter dysfunction of bladder and bowel results
from interruption of afferent feedback of distension from
these organs that normally triggers voiding,2 most commonly
manifesting in hesitancy of micturition and constipation.3

Funicular (central) pain is common with intramedullary (but
not extradural) spinal cord lesions, related to spinothalamic
and dorsal column tract dysfunction.3

Time from onset to nadir and imaging features help narrow the
differential diagnosis for spinal cord disorders. Despite his
inherited thrombophilia, spinal cord infarct was unlikely, given
time to nadir greater than 12 hours and lack of T2-hyperintense
‘owl eyes’ pattern on axial view or adjacent vertebral body
infarct.4 Likewise, the absence of flat ‘pancake-like’ disc of en-
hancement or spondylotic stenosis, tumor, or hematoma on
imaging ruled out a compressivemyelopathy.Multiple sclerosis
(MS), aquaporin-4 (AQP4)-IgG-seropositive neuromyelitis
optica spectrum disorder (NMOSD), and MOG antibody
disease (MOGAD)-associated myelitis often reaches nadir
between 1 and 21 days5 Although our patient had periven-
tricular and spinal cord lesions (dissemination in space), the

periventricular lesions were not Dawson finger in appearance,
and the spinal cord lesion was longitudinally extensive and
central rather than short and subpial, atypical for MS.6 AQP4-
IgG NMOSD and MOGAD can both present with longitudi-
nally extensive myelitis. However, AQP4-IgG seropositive
myelitis is associatedwith severe deficits (e.g., paraplegia), tonic
spasms, and patchy or ring enhancement, whereas MOGAD
typically affects the central grey matter (H sign) with faint or
absent enhancement on imaging. Autoimmune connective
tissue disease (e.g., sarcoidosis, Behçet, lupus, Sjögren) was less
likely without systemic symptoms.5,7 Neurosarcoidosis may
cause longitudinally extensive lesions, but lesions tend to be
avidly enhancing with dorsal subpial and central canal pre-
dilection (trident sign). Supportive nucleic acid detection and
serology may rule in infectious myelitis. Paraneoplastic mye-
lopathies are rare and tend to cause lateral or dorsal tract-
specific signal changes on imaging (tractopathy).5

Symptom progression beyond 21 days suggests a metabolic
myelopathy (e.g., B12, copper, and vitamin E deficiency) or
spinal dural arteriovenous fistula (sDAVF).5 The UMN py-
ramidal signs and sensory ataxia could suggest a subacute
combined degeneration because of B12 or copper deficiency.
Still, there was no dorsal inverted “V” appearance or lateral
column involvement on axial T2 imaging.8 In an older patient,
with progressive lower thoracic myelopathy involving the
conus, with or without T2-hypointense flow voids, worsening
with steroids, sDAVF must be investigated by spinal vascular
imaging as early intervention to obliterate the fistula improves
outcome.4

Question for Consideration:
1. What are the next steps in evaluation and management?

GO TO SECTION 3
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Section 3
Initial digital subtraction angiography (DSA) was negative for
sDAVF. CSF showed one white blood cell (WBC)/μl, 4 red
blood cells (RBC)/μl, normal glucose (57 mg/dL), mildly ele-
vated protein (55 mg/dL), no oligoclonal bands, negative cy-
tology, and flow cytometry. He noticed substantial worsening
after lumbar puncture. HSV2 PCRwas positive in CSF, for which
he received intravenous acyclovir for 2 weeks then oral valacy-
clovir for 2 weeks outpatient. Additional laboratory studies were
negative for HSV1, varicella zoster virus (VZV), west Nile virus
(WNV), enterovirus, Borrelia burgdorferi, human immunodefi-
ciency virus (HIV), antinuclear antibody, myeloperoxidase anti-
body, proteinase 3, and lupus anticoagulant. B12 (490 mg/dL),
folate (11.6 mg/dL), and vitamin D (23.6 mg/dL) were normal.

Seven months later, he sought readmission for worsening
paraparesis (4/5 on right and 4+/5 on left with UMN dis-
tribution), gait imbalance requiring a walker, intensified

lower extremity dysesthesia and numbness, and pronounced
urinary retention and constipation, amplified by exertion.
Imaging redemonstrated the lower thoracic/conus lesion
(Figure 1, C-D) in addition to cauda equina enhancement
(Figure 1E) and subtle flow voids (Figure 1C.b.). Nerve
conduction studies and electromyography were normal. He
started tamsulosin and finasteride for urinary retention and a
bowel regimen for constipation. Repeat CSF studies dem-
onstrated xanthochromia, 3,690 RBCs/μL, no WBCs, ele-
vated protein (70 mg/dL), and normal glucose (64 mg/dL).
Repeat HSV2 PCR was negative in CSF. Serum AQP4 and
MOG antibody testing were negative. Paraneoplastic auto-
antibody (Mayo Clinic) panel was negative. He continued to
worsen on outpatient follow-up (e.g., 3/5 lower limb
weakness with UMN distribution).

Questions for Consideration:
1. What are additional diagnostic considerations?
2. What further testing can help make the diagnosis?

GO TO SECTION 4
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Section 4
Elsberg syndrome (ES) first described in the 1930s is a
myeloradiculitis related to herpes infection (e.g., HSV-2
and VZV).9 Owing to rapid viral clearance, the highest
yield for nucleic acid detection is 3–14 days after onset.10

HSV and VZV IgG index or IgM is preferred when CSF is
obtained late.10 Savoldi et al. defined diagnostic criteria for
ES and established exclusion criteria (e.g., myelitis rostral
to T9) to distinguish ES from other mimics. Among pa-
tients with suspected ES and identified alternative di-
agnosis, 41 of 213 (19%) had vascular myelopathy (sDAVF
and infarction).10

We identified red flags arguing against ES in our patient. He
had no history of herpetic rash, no CSF pleocytosis, in-
adequate antiviral treatment response, sequential rather than
contemporaneous nerve root and spinal cord enhancement,
and thoracic lesion rostral to T9, extending continuously
rather than discontinuously to the conus. Owing to these red
flags and a high index of suspicion for sDAVF, we recom-
mended repeat angiography. Spinal MRA was initially pre-
ferred due to periprocedural risks (e.g., bleeding risk on
apixaban) and demonstrated dilated right dorsal perimedul-
lary veins from T10 to T11 (Figure 2, A–B). Repeat DSA
revealed a right T10 sDAVF (Figure 2C) confirmed by
DynaCT (Figure 2D). Embolization seemed an unsafe option
because of fistula location and risk of ischemic complication.

Microsurgical disconnection of the fistula was successful
without complication (Figure 2, E–G), with significant im-
provement in motor/gait, sphincter, and to a lesser extent
sensory function after inpatient rehabilitation 3 weeks
postoperatively.

Discussion
sDAVF results from an acquired arteriovenous connection
between a radiculomeningeal artery and vein, causing arterial-
ization of the vein, venous hypertension, venous stasis, and
spinal cord ischemia.4 Valsalva, corticosteroids, and lumbar
puncture may worsen deficits by elevating venous pressure.4,11

Treatment is by endovascular embolization (80% efficacy) or
microsurgical interruption of the fistula (98% efficacy). Early
treatment may improve or stabilize neurologic deficits. Clinical
severity before treatment predicts outcome.4 Although DSA is
the gold standard for diagnosis, it is not perfect. In one study, 53
of 80 patients (66%) received delayed diagnosis of sDAVF, of
which 19% had previously normal angiogram.12 Atherosclero-
sis of segmental arteries and thrombosis or vasospasm of veins
may negatively affect angiographic sDAVF detection.4

Trauma4 or local venous occlusion3,13 may contribute to fis-
tula development. Onset preceded any trauma in our patient
by several weeks suggesting an atraumatic etiology. Disrupted
outflow by venous occlusion may enlarge pre-existing vascular

Figure 2 Spinal Vascular Imaging and Microsurgical Fistula Obliteration

Spinal MRA demonstrates dilated right dorsal perimedullary veins from T10 to T11 on sagittal (A, arrows) and coronal (B, arrows) views. Digital subtraction
angiography of the right T10 radicular artery showing the fistula (C, single arrow) leading to arterialized dorsal spinal veins (C, arrowhead). DynaCT during
right T10 contrast injection showing similar findings (D). Intraoperative image of proximal arterialized vein exiting the fistula (E, arrow) and the engorged
arterialized veins of the posterior aspect of the spinal cord. Intraoperative indocyanine green (ICG) infusion via intravenous route showing early arterial filling
of the posterior spinal veins (F). Postsuccessful disconnection of the fistula with ICG infusion no longer showing early arterialized veins (G).

Neurology.org/N Neurology | Volume 98, Number 5 | February 1, 2022 e559

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


channels leading to incompetence of any valves and persistent
arteriovenous shunt, even after thrombus resolution. Venous
ischemia and vascular distension may also induce the release
of angiogenic factors, vascular endothelial growth factor
(VEGF), and hypoxia-inducible factor-1 (HIF-1) that pro-
mote collateralization.14 Whether indolent HSV2 angiopathy
promotes sDAVF development is unknown. Yet, the positive
predictive value of viral PCR is imperfect (;54%).15 Viral
nucleic acid detection in CSF may be unrelated to the neu-
rologic disorder.

Identifying imaging patterns may improve early detection and
outcome. In one study of 44 patients with sDAVF and
intraparenchymal enhancement, 19 (43%) exhibited the
missing-piece sign, defined by at least one nonenhancing area
within a long segment of holocord enhancement.12 We
detected a mismatch between the length of T2-hyperintensity
and enhancement, rather than the missing-piece sign. Better
contrast egress in nonenhancing portions of lesion underlies
this finding. Spinal MRA can be helpful in indirectly locating
the fistula by demonstrating dilated perimedullary veins with a
sensitivity of 80%–95%.4 In our patient, spinal MRA helped
localize the level and laterality of the fistula within one
segment.
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The study by Tsukita et al.1 explores the prolonged benefits of vigorous exercise for patients with
Parkinson disease over long intervals (>5 years). This research builds on 2 recent trials, which
demonstrate that engaging in vigorous exercise stabilizes the clinical progression of Parkinson
disease (PD) over 6 months.2,3 The study also suggests that maintaining a high total volume of
physical activities, even at low intensity, may yield additional benefits.

Because this was not a randomized controlled trial, some of the observed associationsmay reflect
reverse causality. However, taken together with the results from animal models, previous ob-
servational studies, and 2 clinical trials, there is now converging evidence that regularly engaging
in exercisemay slow the progression of PD.4 This should not onlymotivate people with PD to be
physically active but could also open up avenues for the prevention of PD.

Editors’ Note: Long-term Effect of Regular Physical Activity and
Exercise Habits in Patients With Early Parkinson Disease
In “Long-term effect of regular physical activity and exercise habits in patients with early
Parkinson disease,” Tsukita et al. reported that average regular physical activity levels over
time were associated with slower deterioration of gait stability, activities of daily living, and
processing speed in patients with Parkinson disease (PD). Darweesh et al. contextualized
these findings by noting they are consistent with the results of other studies, suggesting that
regular exercise may slow progression of PD. They further proposed that vigorous exercise
may reduce the risk of PD, implying that the findings of Tsukita et al. may also be attributed
to reverse causality. Tsukita et al. agreed that reverse causality is feasible, although other
data suggest that exercise may change the brain, modifying the course of PD. However,
Gupta questioned the pathophysiologic mechanism by which exercise changes the brain
and affects disease progression in PD, commenting that perhapsmotivation to exercisemay
be relevant to disease progression in PD. In light of these comments, Tsukita et al. rein-
forced the need for the following types of future research: (1) international, multicenter
randomized controlled trials on the effect of exercise on disease progression (for patients
with PD) and development of clinical symptoms of PD (for patients with prodromal PD)
which include neuroimaging; (2) evaluation of the motivation for patients with PD to
exercise; and (3) animal studies on the effect of exercise on the brain, which include
neuropathology assessment of α-synuclein.

Ariane Lewis, MD, and Steven Galetta, MD

Neurology® 2022;99:131. doi:10.1212/WNL.0000000000200921
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Prospective studies show that vigorous exercise and a high total volume of physical activities are
both associated with a reduced risk of PD.5 A possible explanation is that exercise may slow the
pathologic processes of PD already during the decade-long prodromal phase of the disease. The
findings by Tsukita et al. should inspire intervention studies for patients suspected of having
prodromal PD, to determine whether regular exercise over long intervals may prevent or delay
the manifestation of overt clinical symptoms of PD.

1. Tsukita K, Sakamaki-Tsukita H, Takahashi R. Long-term effect of regular physical activity and exercise habits in patients with early
Parkinson disease. Neurology. 2022;98(8):e859-e871. doi: 10.1212/WNL.0000000000013218
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We thank Darweesh et al. for their comment on our article.1 Because of the observational nature
of our study, the possibility of reverse causality or that it reflects a symptomatic effect cannot be
denied. However, in light of the recent highlighted evidence,2 it is quite possible that the results
demonstrate the disease-modifying effects of physical activities. In addition to our study,
a recent study showed that exercise may change the brain network to some extent, thus
providing additional support for the possible disease-modifying effects of exercise and physical
activities.3

We hope that this study will motivate patients with Parkinson disease (PD) to keep engaging in
physical activities and inspire future randomized clinical trials (RCTs) to focus on sustained
exercise, for example, through remote supervision.2,4 We also hope that in the future those
RCTs will include many ethnic groups through international multicenter studies,5 and a way to
modify the pathogenesis of PD and delay its onset through exercise and physical activities will
eventually be found for patients with PD and “prodromal” subjects all over the world.
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Reader Response: Long-term Effect of Regular Physical Activity and
Exercise Habits in Patients With Early Parkinson Disease
Vinod K. Gupta (New Delhi)

Neurology® 2022;99:133. doi:10.1212/WNL.0000000000200924

Tsukita et al.1 emphasize the value of regular physical activity and exercise habits for improving
the clinical course of Parkinson disease (PD), with each type of physical activity offering
different benefits. Their study also recommends a change in attitude toward exercise as
a therapy.

In the absence of further evolution of the interrelated pathophysiologic processes linked to PD,
exercise (like stress) remains a mechanistic euphemism.2 The greater the lack of clarity on
related alteration of pathophysiologic mechanisms, the more attractive the therapeutic role for
exercise (high/low impact) becomes.2,3 Even randomized controlled trials or meta-analyses
including exercise do not supplant the need for the therapy to be placed in a biologically
plausible, overarching theoretical matrix.3,4 In order for exercise to emerge as a scientifically
valid therapy for nonmotor and motor symptoms of PD, it is essential to maintain hyperfocus
on toxicity and the spread of α-synuclein.

Motivation is a key factor for evaluating benefits of staying physically active in health and
disease.5 Basal and stimulated motivation for exercise varies widely between individuals.
Comparison of a cohort of patients with PD with and without the motivation profile for
a particular physical exercise is important to critically differentiate the value of such therapy.5
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We thank Dr. Gupta for the comment on our article,1 which requested further elucidation of the
biological basis of the effect of exercise, especially in relation to α-synuclein toxicity.2 The
comment also highlighted the importance of motivation for continued engagement in physical
activities. The results of our study support the long-term effects of exercise, although the
possibility of reverse causality cannot be denied. Whether these effects are “symptomatic” or
“disease-modifying” warrants further studies in future. In this respect, further clinical trials with
a delayed-start design, imaging studies exploring changes in the brain network after exercise,
and animal studies exploring the effect of exercise on disease-relevant changes in Parkinson
disease (PD) including α-synuclein pathology are important.3-5

In addition, we believe that future research should clarify the impact of different motivations for
exercise in the course of PD and strategies to support long-termmotivation of patients with PD,
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for example, through remote supervision using mobile applications. We hope that further
research in this direction will eventually lead to the establishment of strategies that enable
patients with PD to live better lives through physical activity and exercise.
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Clinical Reasoning: A 57-Year-Old Man With Stepwise Progressive
Paraparesis, Sensory Loss, Urinary Retention, and Constipation
Neurology® 2022;99:134. doi:10.1212/WNL.0000000000200703

In the Resident & Fellow Section Clinical Reasoning article “A 57-Year-OldManWith Stepwise
Progressive Paraparesis, Sensory Loss, Urinary Retention, and Constipation” by Alkabie et al.,1

the in-text references to Figure 1 do not correlate with the figure’s labels. The article has now
been replaced by a corrected version with the figure references updated. The original version
with the changes highlighted is available from a link in the corrected article. The editorial staff
regret the errors.
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