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Spinal cord transient ischemic attack
Insights from a series of spontaneous spinal cord infarction
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Abstract
Objective
To define the prevalence and characteristics of spinal cord transient
ischemic attack (sTIA) in a large retrospective series of patients who
met diagnostic criteria for spontaneous spinal cord infarction (SCI).

Methods
An institution-based search tool was used to identify patients eval-
uated at the Mayo Clinic in Rochester, MN, from 1997 to 2017 with
spontaneous SCI (n = 133). Cases were subsequently reviewed for
transient myelopathic symptoms preceding infarction that were
suspected ischemic in nature. We performed a descriptive analysis of
patients with sTIA before SCI.

Results
Of 133 patients with a diagnosis of spontaneous SCI, we identified 4
patients (3%) who experienced sTIA before SCI. The median age at
presentation was 61.5 years (range 46–75 years), 2 (50%) were
women, and 3 (75%) had traditional vascular risk factors. Localiza-
tion was cervical cord in 2 cases (50%) and thoracic cord in 2 cases (50%); all patients
developed SCI in the same distribution as their preceding sTIA symptoms. All patients ex-
perienced recurrent sTIA before SCI. Symptoms ranged from seconds to a few minutes before
returning to baseline. No patients had pain as a feature of sTIA.

Conclusions
sTIAs are possible but rare in patients who subsequently have a SCI. Clinical features are similar
to those of SCI, with rapid onset of severe myelopathic deficits, followed by prompt resolution.
Vascular risk factors are common in these patients. Thus, recognition of a sTIA may represent
a valuable opportunity for vascular risk factor modification and stroke prevention. However,
given the rarity, physicians should explore other possible explanations when sTIA is considered.

Spinal cord infarction (SCI) is an uncommon but underrecognized cause of acute myelopathy.
New guidelines for the diagnosis of spontaneous SCI have been proposed with emphasis on
severe nontraumatic myelopathic deficits within 12 hours.1 Based on our understanding of
mechanisms underlying cerebral ischemia, we anticipate some patients with SCI have tran-
sient symptoms analogous to a transient ischemic attack (TIA). Although stuttering symp-
toms involving fluctuating myelopathic deficits without full resolution were seen in 23% of
patients in a recent study of spontaneous SCI, an assessment for patients qualifying as a true

Department of Neurology (SWE), Emory University, Atlanta, GA; and Department of Neurology (AAR, EPF, NLZ), Mayo Clinic, Rochester, MN.

Funding information and disclosures are provided at the end of the article. Full disclosure form information provided by the authors is available with the full text of this article at
Neurology.org/cp.

RELATED ARTICLES

Editorial
Diagnosing spinal cord
ischemia: Are we doing
enough catheter
angiography?

Page 469

480 Copyright © 2019 American Academy of Neurology

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

mailto:Zalewski.Nicholas@mayo.edu
https://cp.neurology.org/lookup/doi/10.1212/CPJ.0000000000000778


TIA was not evaluated.1 Spinal cord TIA (sTIA) is a di-
agnosis proposed at times for patients with transient bilateral
neurologic symptoms, but with trace literature support and
a poor understanding of characteristics. We sought to eval-
uate the prevalence and characteristics of sTIA in a large
series of patients who ultimately met diagnostic criteria
for SCI.

Methods
We used an institution-based search tool to identify patients
with spontaneous SCI at Mayo Clinic, Rochester, MN, from
January 1, 1997, to December 1, 2017. We searched clinical
notes for the terms spinal cord infarction, spinal cord stroke,
anterior spinal artery, posterior spinal artery, and vascular
myelopathy. We subsequently reviewed the data of all
patients to verify the diagnosis. None of the included cases
had spinal cord trauma, compression, or a recent procedure
within 1 month. Inclusion criteria were final diagnosis of
spontaneous SCI and adequate clinical and radiologic data to
exclude other etiologies. Patients with periprocedural SCI
were excluded.

Two neurologists (S.W.E. and N.L.Z.) reviewed the medical
records of patients whomet the inclusion criteria to assess for
transient myelopathic symptoms before SCI.1 sTIA was de-
fined as acute myelopathic neurologic deficits lasting less
than 24 hours with full recovery before subsequent in-
farction, not due to alternative identifiable etiology. Patients
with incomplete recovery, patients with a more likely ex-
planation, and patients with pain alone were excluded. We
only included patients diagnosed with SCI, given the pur-
pose of including a well-defined population for this study. All
patients included have been reported in the literature pre-
viously, without a focus on TIA.1

Standard protocol approvals, registrations,
and patient consent
This study was approved by the Institutional Review Board of
Mayo Clinic, Rochester, MN. All patients provided written
consent to use their medical records for research.

Data availability
Anonymized data and statistical analysis will be shared by
request from any qualified investigator for 5 years after the
date of publication.

Results
Patient characteristics
Of 133 patients 18 years or older with a diagnosis of spon-
taneous SCI,1 we identified 4 patients (3%) with sTIA
(table). The median age at presentation was 61.5 years
(range 46–75 years), 2 (50%) were women, and 3 (75%) had
traditional vascular risk factors. Risk factors that were not
adequately controlled at the time of sTIA included patient 1
without antiplatelet medication for coronary artery disease,
patient 3 diagnosed with hyperlipidemia at SCI presentation,
and patient 4 had subtherapeutic international normalized
ratio on multiple occasions in months preceding her neu-
rologic presentation. Notably, patient 1 had severe abdom-
inal aortic atherosclerosis and patient 3 had extensive cervical
and lumbar spondylosis. No patients had a history of cerebral
TIA or stroke. However, 2 patients (50%) had a cerebral
infarction after SCI: patient 4 had an incidentally discovered
ischemic stroke as part of a delirium evaluation during her
initial SCI hospitalization (warfarin was held in the setting of
gastrointestinal bleed), and patient 1 had a posterior circu-
lation ischemic stroke 2 years after SCI.

Clinical features
Ischemia localization was cervical spinal cord in 2 cases
(50%) and thoracic spinal cord in 2 cases (50%); all
patients eventually developed SCI in the same distribution
as their sTIA symptoms. Symptoms consisted of abrupt
bilateral upper extremity numbness and paresthesias in 2
patients (50%), paraparesis in 1 patient (25%), and para-
paresis with sensory loss in 1 patient (25%). Recurrent
sTIA occurred in all patients before SCI; the frequency was
specified in 2 patients, reporting 3 and 8 recurrent spells.
Duration ranged from seconds to a few minutes before
returning to baseline. One patient had recurrent symptoms
for 3 years before SCI (long cervical segment ASA occlu-
sion), 2 endorsed symptoms over the year preceding SCI,
and 1 developed symptoms in the month before SCI. All 4
patients experienced sTIA within the year of SCI. No
patients reported pain as a feature of sTIA. No patients had
documentation of evaluation or imaging performed at the
time of sTIA.

We sought to evaluate the prevalence

and characteristics of sTIA in a large

series of patients who ultimately met

diagnostic criteria for SCI.

sTIA was defined as acute

myelopathic neurologic deficits

lasting less than 24 hours with full

recovery before subsequent

infarction, not due to alternative

identifiable etiology.
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Discussion
We report sTIA before infarction in 4 of 133 patients (3%)
from a large series of SCI. In each case, the transient
symptoms were similar in character and localized to the
same vascular distribution as the subsequent SCI. Symp-
toms were abrupt, brief, and reached maximal intensity al-
most immediately, followed by resolution within minutes.
Although back and/or limb pain are common features of
SCI,1 no patients endorsed pain as a component of their
sTIA.

There is a paucity of literature regarding sTIA, but other
studies of SCI have reported similarly low rates of the phe-
nomenon. A series from 1996 describing 44 patients with
vascular myelopathy found 3 cases (7%) of isolated sTIA. All
3 cases had ASA syndrome with deficits lasting 1 minute to 1
day, followed by complete resolution. Etiologies were
reported as aortic atheroembolic, cardioembolic, and un-
known.2 Another series analyzed 27 patients with sponta-
neous SCI from 1990 to 2003 and found 2 (7%) patients
with sTIA preceding the diagnosis of SCI. One patient ex-
perienced recurrent spells for 6 years preceding SCI with
cervical ASA occlusion, similar to our patient with 3 years of
recurrent symptoms with ASA occlusion.3 Several other case
series of spontaneous SCI do not report any patients with
preceding sTIA.4,5 Although back pain has been previously
reported with sTIA,6 most of the cases in the literature do
not describe pain as a major feature.2,3,7,8

The relative infrequency of spinal cord ischemia has been
previously explored. Anatomical studies of the spinal cord
vasculature have demonstrated a rich collateral network of
segmental arteries at each vertebral level that help reinforce
the anterior and posterior spinal arteries. Furthermore, there

is a strong network of anastomoses from nearby paraspinal
muscles and other paravertebral tissues, supporting the no-
tion that spinal cord circulation is a longitudinally connected,
flexible system with intrinsic autoregulatory and anastomotic
mechanisms that can compensate in the case of hypo-
perfusion.9 In addition, several common mechanisms of ce-
rebral ischemia seem less likely to affect the spinal cord
vasculature, including large vessel atherosclerotic disease
with increased exposure to shear forces with turbulence, and
cardioembolism with a more likely route of embolism to the
cerebral vasculature.

Although these studies suggest that sTIA is rare, the true
incidence of spinal cord ischemia is unclear. SCI itself has
been reported to represent 1% of all strokes, but recent ev-
idence suggests that it is frequently misdiagnosed as trans-
versemyelitis.10 A large series of SCI has highlighted clinical,
laboratory, and MRI data with proposed diagnostic criteria
to help differentiate SCI from alternative etiologies such as
inflammatory myelitis.1 Specific imaging features to confirm
the diagnosis of SCI in the right clinical setting include focal
diffusion restriction (diffusion-weighted imaging/apparent
diffusion coefficient) of the spinal cord, associated
vertebral body infarction, and/or adjacent arterial
dissection/occlusion. Several supportive but less specific
T2-hyperintensity patterns include “owl eyes,” anterior
“pencil-like” hyperintensity, anteromedial spot, anterior
U/V, and holocord or hologrey signal among other features.
Lesions are frequently longitudinally extensive (≥3 vertebral
segments), noncontiguous, and at times respect a clear ar-
terial territory (ASA or posterior spinal artery). Gadolinium
enhancement is frequently present subacutely, highlighting
the predominant area of ischemia, typically in a craniocaudal
linear strip/arterial territory.1 By contrast, the appearance of
spinal cord lesions in inflammatory myelopathies is

Table Demographics, clinical features, and imaging findings of patients experiencing spinal TIA before SCI

ID Patient Medical history TIA description SCI presentation SCI imaging

1 65F CAD, HTN, HLD, smoker,
abdominal aortic
atherosclerosis

8 episodes of sudden-onset BLE
weakness and numbness lasting
≤1 min within a year before SCI

Hyperacute (1.5 h) flaccid
paraplegia, thoracic sensory level

MRI: Anterior T2-hyperintense
signal T8 to conus
MRA: no sDAVF

2 46M None 2–3-year history of abrupt-onset,
brief bilateral arm numbness and
paresthesias

Sudden severe left scapular pain
and BUE sensory loss and
weakness progressing over 30min

MRI: Anterior T2-hyperintense
signal C6-C7
MRA: Long segment cervical ASA
occlusion, no sDAVF

3 58M HTN, HLD, cervical and
lumbar spondylosis

Sudden-onset BUE numbness and
paresthesias lasting from seconds
to a few minutes throughout the
year preceding SCI

Acute-onset bilateral arm sensory
loss progressing to severe bilateral
arm weakness within 3 h

MRI: Anterior T2-hyperintense
signal C4-T2 with anterior
craniocaudal strip of Gad
enhancement
MRA: Normal

4 75F HTN, HLD, atrial fibrillation,
T2DM, OSA

3 episodes of abrupt BLE paralysis
with recovery in ≤1 min 1 month
before SCI

Woke from sleep paraplegic,
severe sensory loss, urinary
incontinence

MRI: T2-hyperintense signal
holocord T9-conus with anterior
horn cell Gad enhancement
MRA: no sDAVF

Abbreviations: ASA = anterior spinal artery; BLE = bilateral lower extremity; BUE = bilateral upper extremity; CAD = coronary artery disease; Gad = gadolinium;
HLD = hyperlipidemia; HTN = hypertension; ID = patient number; MRA = magnetic resonance angiography; OSA = obstructive sleep apnea; SCI = spinal cord
infarction; sDAVF = spinal dural arteriovenous fistula; T2DM = type 2 diabetes mellitus; TIA = transient ischemic attack.
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generally different (e.g., T2-hyperintensity features and
gadolinium enhancement patterns).11,12 However, it is im-
portant to note that at times, imaging features can overlap
with nonspecific T2-hyperintense imaging patterns in SCI,
and thus, critical clinical details should always be taken into
consideration to help differentiate etiologies. An extensive
review of inflammatory myelopathies and imaging findings
to help differentiate from SCI has been previously
highlighted.1,13

Although many patients with SCI present with stuttering
myelopathy deficits (23%),1 our data suggest that a true sTIA
is a very rare clinical syndrome, even within a large series of
spontaneous SCI. Therefore, clinicians need to carefully
consider differential diagnoses in patients with suspected
transient acute myelopathy symptoms including spinal dural
arteriovenous fistula, spondylosis with dynamic compres-
sion, and demyelination with the Lhermitte phenomenon.
Other diagnoses that may cause similar symptoms include
lumbar stenosis, compressive radiculopathy or neuropathy,
cerebral ischemia, presyncope, cataplexy, functional spells,
drop attack with seizure or hydrocephalus, and periodic
paralysis.

Limitations of our study include the retrospective design
and lack of criterion standard for the diagnosis of sTIA. We
only identified patients with sTIA who eventually had SCI;
our findings may not be applicable to patients with sTIA not
followed by SCI. However, the fact that we identified our
sTIA cases from a large series of patients with confirmed
SCI confers greater reliability to our case identification.
The cases identified were highly dependent on carefully
delineated history, and it is possible that other cases were
overlooked. Conversely, the study design is subject to recall
bias after SCI and symptoms may have been attributable to
other possible etiologies, although none were identified on
careful review.

This study indicates that sTIAs occurred infrequently among
patients who ultimately had a SCI. Patients report similar
clinical features as those described in SCI,1 with rapid onset
of severe myelopathic deficits, followed by prompt resolu-
tion. Given the rarity, physicians should explore other pos-
sible explanations for the symptoms. However, typical
features should raise suspicion for sTIA because prompt
recognition of sTIA can offer a valuable opportunity for
vascular risk factor modification and possible stroke
prevention.
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TAKE-HOME POINTS

sTIA is a rare clinical entity, and alternate etiologies
should be strongly considered.

sTIA typically presents with rapid onset of severe
myelopathic deficits, followed by prompt symptom
resolution.

Typical features should raise suspicion of vascular
etiology because early recognition provides a valu-
able opportunity for risk factor modification.

Appendix Authors

Name Location Contribution

Stephen W. English,
MD, MBA

Emory University,
Atlanta, GA

Designed and conceptualized
study, gathered and analyzed
the data, and drafted the
manuscript for intellectual
content

Alejandro A.
Rabinstein, MD

Mayo Clinic,
Rochester, MN

Critically revised the
manuscript for intellectual
content

Eoin P. Flanagan,
MD

Mayo Clinic,
Rochester, MN

Critically revised the
manuscript for intellectual
content

Nicholas L.
Zalewski, MD

Mayo Clinic,
Rochester, MN

Designed and conceptualized
the study, analyzed the data,
and critically revised the
manuscript for intellectual
content

Neurology.org/CP Neurology: Clinical Practice | Volume 10, Number 6 | December 2020 483

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

https://cp.neurology.org/lookup/doi/10.1212/CPJ.0000000000000778
http://neurology.org/cp

