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Introduction
Spinal cord infarction (SCI) is among the infre-
quent causes of acute non-traumatic myelopathies 
and ischemic stroke.1 The rarity can be explained, 
on one hand, by the high level of collaterals main-
taining the vascular supply of the spinal cord.2 On 
the other hand, spinal arteries are less susceptible 
to atheroma formation than their cerebral counter-
parts. Still, atherosclerosis is among the most fre-
quent causes of spontaneous SCI.3 The spectrum 
of conditions leading to spontaneous SCI is broad; 
among the more frequent reasons are aortic 

disease, systemic hypoperfusion, cardiogenic 
embolism, vertebral artery dissection, and patholo-
gies of the spine.4 Spontaneous SCI needs to be 
distinguished from periprocedural SCI. Compli
cations of aortic surgery, spinal decompression, 
and epidural steroid injection are among the more 
frequent causes of the latter.5

Abrupt onset of back and limb pain, which is usu-
ally located at the dermatomal level of the affected 
spinal cord, followed by the development of neu-
rological symptoms, is the characteristic clinical 
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condition needs to be expanded.
Objective: To describe the characteristics of spontaneous SCI in a large retrospective series of 
patients treated at two tertiary care centers in Austria.
Methods: We performed a descriptive and comparative analysis of spontaneous SCI treated at 
the University Hospitals of Salzburg and Graz between the years 2000 and 2020. The analysis 
included pre- and in-hospital procedures, clinical presentation, etiology, diagnostic certainty, 
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manifestation of SCI.3,6,7 The neurologic presen-
tation of SCI depends on the affected level of the 
spinal cord and vascular territory involved. The 
symptoms peak within the first 12 h in four out of 
five patients.7 Transient ischemic attack (TIA) 
with rapid onset of severe myelopathic deficits fol-
lowed by prompt resolution precedes spontaneous 
SCI in just 3% of the cases.8 Anterior spinal artery 
(ASA) syndrome is the most common clinical 
presentation characterized by pronounced motor 
and sensory deficits that develop abruptly or over 
a few to several hours. If the cervical cord is 
affected, all four limbs are involved, which may 
also be accompanied by respiratory compromise. 
The disability caused by spinal stroke is frequently 
severe and permanently disabling, with about half 
of the patients requiring gait aid.7 Significantly, 
the outcome is determined by the initial severity of 
neurological defects.6 Prognosis may be improved 
by treatment strategies translated from a cerebral 
stroke. This concept includes strategies directed at 
reperfusion, and however, the translation of stroke 
unit standards. Yet, the efforts are hampered by 
delayed hospital presentation and awareness of a 
potentially treatable condition.3 In addition, 
standardized and rapid exclusion of differentials is 
challenging. SCI is, therefore, a frequently under- 
and misdiagnosed condition. Thus, the introduc-
tion of diagnostic criteria for spontaneous SCI 
proposed by Zalewski in 2019 was well-received.7 
Yet, inception studies in independent cohorts are 
lacking. Moreover, prior studies of SCI were 
monocentric and mainly incorporated small 
patient numbers, and a subsequent reporting bias 
is likely. Furthermore, only a few larger studies 
focused exclusively on spontaneous SCI and there 
is heterogeneity for the classification of the indi-
vidual etiology of the condition.9–11

This study aimed to analyze pre-and in-hospital 
procedures, clinical presentation, etiology, diag-
nostic certainty, reperfusion therapy, and func-
tional outcome at the discharge of spontaneous 
SCI in two tertiary care centers in Austria.

Materials and methods

Study design and patient selection
We performed a retrospective study of patients 
admitted to the Departments of Neurology at 
Christian Doppler University Hospital and the 
Medical University of Graz. Both are tertiary care 
centers in Western and Southern Austria, 

respectively. The study period included the years 
between 2000 and 2020, and searches within the 
institutional electronic patient record databases 
aimed to identify cases of spontaneous SCI. The 
search terms were SCI, spinal cord stroke, ante-
rior spinal artery, posterior spinal artery, ischemic, 
and vascular myelopathy. We subsequently 
reviewed the data of all patients to verify the diag-
nosis. The ethics committee of Bundesland 
Salzburg evaluated and approved the study (415-
EP/73/750-2017). Written informed consent was 
not required according to national regulations for 
the analysis of retrospective anonymized data.

Diagnostic criteria
We used the diagnostic criteria for spontaneous 
SCI proposed by Zalewski et al.7 These included 
‘definite’ (1, 2A, 2B, 2C, 4), ‘probable’ (1, 2A, 
2B, 3, 4), and ‘possible’ SCI (1, 4). The criteria 
are as follows:

1.	 Acute non-traumatic myelopathy with 
onset to the nadir of severe motor or sen-
sory deficits within 12 h;

2.	 MRI:
(a)	 No spinal cord compression;
(b)	 Supportive intramedullary 

T2-hyperintense spinal cord lesion;
(c)	 Specific (1 of): DWI/ADC restriction, 

vertebral body infarction, arterial dis-
section/occlusion adjacent to the lesion;

3.	 Cerebrospinal fluid (CSF): non-inflamma-
tory (normal cell count, IgG Index within 
limits, no oligoclonal bands);

4.	 Exclusion of alternative diagnoses.

Spinal cord TIA was defined as acute myelopathy 
that lasted less than 24 h in patients who made a 
full recovery. Paraplegia was classified as no 
movement of the lower extremities, and quadri-
plegia as no movement in all extremities.

Diagnostic workup: laboratory and CSF 
examination
A comprehensive diagnostic workup was under-
taken at both centers. Brain and spinal cord mag-
netic resonance imaging (MRI) were mandatory 
investigations to curtain the causal condition and 
exclude differentials. The examinations commonly 
included cervical CT or MR angiography, sonogra-
phy of the carotid and vertebral arteries, thoracoab-
dominal CT or MR angiography, digital subtraction 
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angiography, spinal tap, and transthoracic/esopha-
geal cardiac echocardiography. Metabolic, infec-
tious, and autoimmune conditions were evaluated 
when deemed relevant. The investigations included 
serum levels of vitamin B12, copper, zinc, serology 
for syphilis, Borrelia, varicella-zoster virus, human 
immunodeficiency virus, human T-lymphotropic 
virus 1, antinuclear antibody, antibodies to extract-
able nuclear antigens, anti-cyclic citrullinated pep-
tide, and antineutrophil and cytoplasmic antibodies. 
The vascular profile was evaluated by the study of 
coagulation parameters and antiphospholipid anti-
bodies. Further serological exams included aqua-
porin-4/IgG and paraneoplastic antibodies. Some 
patients had electromyography/nerve conduction 
studies.

CSF evaluations included white blood cell count, 
red blood cell count, protein, glucose, and cytol-
ogy. Further examinations, when deemed rele-
vant, were testing for IgG index, oligoclonal 
bands, Gram stain, and bacterial culture, as well 
as appropriate examination to exclude neurologi-
cal manifestations of syphilis and borreliosis, 
cryptococcal antigen, and angiotensin-converting 
enzyme. Further optional examinations were 
PCR for a varicella-zoster virus, Epstein–Barr 
virus, cytomegalovirus, enterovirus, and myco-
bacterium tuberculosis.

Clinical evaluation
The medical records were reviewed for age, sex, 
and time from onset to hospital admission. 
Further parameters of interest included motor 
deficits, presence of acute pain at neck, shoulder, 
scapula, chest, abdomen, and back; sensory level 
(the most caudal segment of the spinal cord with 
normal bilateral sensory functions); joint position 
sense and vibration tests; urine or stool retention; 
and acute respiratory failure requiring mechanical 
ventilator support.

Vascular risk factors
Vascular risk factors included hypertension defined 
as systolic blood pressure  > 140 mmHg, diastolic 
blood pressure  > 90 mmHg, or current use of anti-
hypertensive medication; diabetes mellitus: symp-
toms of diabetes plus fasting blood glucose  > 126 mg/
dl and postprandial blood glucose  > 200 mg/dl or 
current use of antidiabetic agents; hyperlipidemia: 
cholesterol  > 200 mg/dl, triglyceride  > 150 mg/dl, 
or use of lipid-lowering drugs; atrial fibrillation. 

Previous stroke or TIA (clinical history and chart 
records); myocardial infarction (clinical history, 
chart records, and ECG); heart diseases (congestive 
heart failure, arrhythmia, and valvular heart dis-
ease); and cigarette smoking.

Assessment of etiology
The etiology adapted from the classification by 
Nedeltchev et al.:12

1.	 High risk of atherosclerosis: history or 
objective examinations indicating previous 
stroke or TIA, myocardial infarction, or 
multiple vascular risk factors;

2.	 Aortic disease: aortic aneurysm, dissection, 
or atheroma, with or without surgery;

3.	 Cardiac embolism;
4.	 Adjacent spinal disease/degenerative dis-

ease: coincident with spinal cord ischemia, 
which might be caused by spinal artery 
compromise in patients without multiple 
vascular risk factors;

5.	 Systemic hypotension;
6.	 Iatrogenic;
7.	 Unknown cause.

The category ‘undetermined’ was used if an 
examination was missed to classify for points 1–7.

MRI
The minimum requirements for spinal cord MRI 
were sagittal T1-weighted fast spin-echo 
sequences, sagittal T2-weighted images, and axial 
T2-weighted images at the lesion level. All images 
were re-examined. The spinal columns were eval-
uated for vertebral body infarction. The diagnosis 
of longitudinally extensive lesions required the 
presence of T2-hyperintensities expanding over 
three or more vertebral segments.

Definition of clinical syndromes
We distinguished anterior spinal artery (ASA), 
posterior spinal artery (PSA), and transverse SCI. 
Further options for ASA infarctions included 
anterior unilateral, anterior bilateral, and central 
cord involvement.

Outcome
The outcome was based on ambulation at dis-
charge and dichotomized as good (able to walk 
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independently or with one aid) and poor (death, 
unable to walk, or able to walk with two aids).

Statistical analysis
We used the χ2 test, with Yate’s correction or 
Fisher’s exact test, to compare qualitative varia-
bles and the non-parametric Kruskal–Wallis test 
to compare quantitative variables. Values of p 
less than 0.05 were considered statistically sig-
nificant. The analysis was performed using 
STATA SE 13.0 for Windows (StataCorp LP, 
TX, USA).

Results

Patient demographics and hospital transfer
We identified a total of 96 patients. Excluded 
were four patients with spinal TIA and four in 
whom the time from symptom onset to imaging 
of the spine was more than 10 days (4.2% 
each).

In the study cohort of 88 patients, 48 (54%) 
patients were from the center in Salzburg. Thirty-
nine patients from the Salzburg cohort were 
reported in a previous study. In addition, a subset 
of patients with PSA infarctions from Graz was 
summarized in a short communication.3,13

The median age was 65.5 years [interquartile range 
(IQR) = 56–74], and 45 (51%) were women. 
There were no differences in demographics (age, 
gender) between Salzburg and Graz. The time 
trends for case identification revealed that 39% of 
cases were ascertained in the first and 61% in the 
second half of the study period (Figure 1). The 
annual patient numbers peaked in 2011 (n = 8) in 
Salzburg and 2014 (n = 6) in Graz. The exact time 
from symptom onset to hospital admission was 
available in 36 patients (40%). The median time 
(IQR) was 258 min (110–528) and did not differ 
between the centers.

Vascular risk factors
One or more vascular risk factors were present in 
79 patients (82%). Most frequent were hyperten-
sion (69%), hyperlipidemia (33%), and diabetes 
mellitus (25%). There were no differences regard-
ing the frequencies of these comorbidities between 
the two centers. However, a higher prior stroke 
and TIA rate were recorded in Salzburg (19% 
versus 2%). Further comparative details are shown 
in Table 1.

Etiology of SCI
There were eight different etiologies present in 
the Salzburg cases, whereas only four were in the 

Figure 1.  Number of cases with spontaneous SCI per year (2000–2020) treated at two Austrian tertiary 
centers: Salzburg (N = 48) and Graz (N = 40).
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Table 1.  Demographics, presumed etiology, and comorbidities of spontaneous spinal cord infarction..

Entire cohort
(N = 88)

Salzburg
(N = 48)

Graz
(N = 40)

p-value

Agea, years (IQR) 65.5 (56.3–74.2) 67.9 (58.7–75.0) 62.0 (49.8–74.0) 0.200

Female gender (%) 45 (51.1) 17 (42.5) 26 (54.2) 0.293

Etiology (%)  < 0.001

  Atherosclerosis 40 (45.5) 24 (50.0) 16 (40.0)  

  Aortic pathology 5 (5.7) 4 (8.3) 1 (2.5)

  Degenerative spinal disease 5 (5.7) 5 (10.4) 0 (0.0)

  Cardiac embolism 3 (3.4) 3 (6.2) 0 (0.0)

  Iatrogenic 3 (3.4) 3 (6.2) 0 (0.0)

  Hypotension 2 (2.3) 2 (4.2) 0 (0.0)

  Vasculitis 1 (1.1) 0 (0.0) 1 (2.5)

  Dissection of the vertebral artery 1 (1.1) 1 (2.1) 0 (0.0)

  Various causes 1 (1.1) 0 (0.0) 1 (2.5)

  Unknown 27 (30.7) 6 (12.5) 21 (52.5)

Vascular comorbidity (%)  

  Hypertension 52 (59.1) 28 (58.3) 24 (60.0) 1.000

  Diabetes 22 (25.0) 12 (25.0) 10 (25.0) 1.000

  Angina pectoris/peripheral arterial occlusive 
disease

17 (19.3) 8 (16.7) 9 (22.5) 0.591

  Hyperlipidemia 29 (33.0) 12 (25.0) 17 (42.5) 0.111

Medical history (%)

  Prior TIA/stroke 10 (11.4) 9 (18.8) 1 (2.5) 0.019

  History of neoplasia 10 (11.4) 8 (16.7) 2 (5.0) 0.104

Number of vascular comorbidities 0.840

  0 17 (19.3) 10 (20.8) 7 (17.5)  

  1 28 (31.8) 15 (31.2) 13 (32.5)

  2 23 (26.1) 12 (25.0) 11 (27.5)

  3 16 (18.2) 9 (18.8) 7 (17.5)

  4 3 (3.4) 1 (2.1) 2 (5.0)

  5 1 (1.1) 1 (2.1) 0 (0.0)

Time from symptom onset to hospital admission 
(min)b

258.5 (109.5–527.5) 225.0 (96.0–486.0) 315.0 (110.0–510.0) 0.657

IQR, interquartile range; TIA, transient ischemic attack.
aMedian.
bDetails are missing in 52 patients (59%), which included 29 (60%) in Salzburg and 23 (57%) in Graz.
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cohort from Graz. Although cases of aortic 
pathology, degenerative spine disease, hypoten-
sion, and iatrogenic made up a substantial pro-
portion in the cohort from Salzburg (29%), this 
either was either rare (total 2% for aortic pathol-
ogy) or absent (degenerative, cardiac, iatrogenic) 
in Graz. Atherosclerosis was the most common 
etiology in Salzburg (50%), whereas most fre-
quently, the cause remained unknown in Graz 
(52.5%). The group of patients with unknown 
etiology was on average 8 years younger 
(median = 57 years, IQR = 45–69, p = 0.003) 
when compared to the group with atherosclerotic 
pathogenesis (median = 69 years, IQR = 61–76) 
and other etiologies (median = 64 years, 
IQR = 53–75). Moreover, the rate of women was 
higher in the group with unknown etiology (67% 
versus 51% in the entire cohort, p = 0.115).

Certainty according to diagnostic criteria
Applying the Zalewski et  al.7 criteria, 32 (36%) 
were classified as definite, 35 (40%) probable, 
and 21 (24%) possible SCI. The diagnosis of def-
inite SCI was more frequent in the Salzburg 
cohort than in Graz [20 (42%) versus 12 (30%)]. 
However, the cases classified as possible SCI were 
lower in Salzburg than in Graz [11 (23%) versus 
24 (60%), p < 0.001].

Clinical presentation and syndromes
Motor dysfunction was the most consistently 
found neurological impairment and present in 76 
(86%). The pain was reported from 65% and 
localized adjacent to the level of the spinal cord 
lesion in 54 (61%). Sensory disturbances (pares-
thesia or dysesthesia) were noted by 60% of the 
patients. A stratification of clinical symptoms at 
presentation and etiology is shown in Table 2.

The predominant syndrome was bilateral ASA 
infarction (73%). The less frequent manifesta-
tions are illustrated in Table 3.

CSF and evoked potentials
A total of 64 patients (72%) underwent CSF 
examination. A pleocytosis was found in 4 patients 
(4%) and elevated CSF protein in 39/47 (83%). 
There was no case with the presence of CSF-
specific oligoclonal bands. Evoked potentials were 
done in 31 (36%) of patients; the rates did not dif-
fer among the centers (p = 0.07).

Neuroimaging
The details of in-hospital triage were recon-
structed in 56 patients. The median time from 
admission to spinal cord MRI was 148 min 
(IQR = 90–312) and did not differ between the 
centers. Time to first MRI in the period from 
2016–2020 (median = 127 min, IQR = 60–234) 
shortened by almost half an hour compared to  
the first 15 years of study (median = 155 min, 
IQR = 104–350).

Regardless of positivity on T2 or DWI sequences 
(radiological reports missing in 12% of patients), 
the first MRI was diagnostic for SCI in 40 
(45%). An unremarkable neuroimaging result 
was reported in 29 (33%), whereas the remain-
ing cases were rated as unspecific. A second 
MRI was performed in 70 patients (80%). At 
this examination, lesions (T2 or DWI) were 
defined as SCI in 42 (60%). The second MRI 
was specific for SCI in 19 (70%) patients with 
initially normal or unspecific MRI. In nine 
patients (13%), the second MRI did not show a 
spinal cord lesion. The median time from admis-
sion to the second MRI was 3 days (IQR = 2–5), 
N = 41/88 (46%).

DWI was part of the first MRI exam of the spi-
nal cord in 43 cases (49%). DWI positivity was 
present in 13 (30%). In the second MRI exam, 
DWI was used in 19 patients with a previously 
normal examination. In this group, 15/19 
patients (78%) had newly appearing DWI 
lesions (i.e. DWI conversion). DWI positivity 
(first and second MRI combined) was more fre-
quent in younger patients (p = 0.033). The 
median age of patients with DWI positivity was 
61 (IQR = 52–69) and 68 (59–75) without 
changes. Also, the chance of detecting a DWI 
lesion was higher in the isolated cervical spine 
(9/27, 33%) and combined thoracolumbar 
involvement (8/27, 30%) than in other localiza-
tions. There was a trend for a higher chance of 
DWI positivity later in the period, that is, after 
the year 2015; however, this observation was 
not statistically significant (p = 0.089).

Spinal angiography was performed in 17 (19%) of 
patients. There was a non-significant difference 
between the centers for this exam (27% in 
Salzburg and 10% in Graz, p = 0.058). One 
patient had a vertebral body infarction at the level 
of the sixth thoracic vertebra, which corresponded 
to the spinal infarction level.
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First MRI: a combined analysis of T2 and DWI
The presence of SCI-specific findings in the first 
MRI (including those with DWI positivity) in the 
cohort of 77 patients was significantly associated 
with motor symptoms compared to patients with 
unspecific or normal MRI findings (p = 0.004). 
The most common spinal MRI localization with 
SCI-specific findings on the first MRI was the 
combined thoracolumbar region (40%). In addi-
tion, the most common presentation of motor 
deficits in patients with SCI-specific MRI find-
ings was monoparesis (42%), whereas the least 
common was paraparesis (5%).

Time to hospital presentation and the location 
of the spinal cord lesion
The analysis of pre-hospital transfer times 
revealed that 17/36 (47.2%) presented at the ER 
within the potential time window for intravenous 
(IV) thrombolysis (< 4.5 h). The mean times did 
not differ between the centers (47% in Salzburg 
and 58% in Graz, p = 0.73). DWI was positive in 
three patients (19%), arriving within 4.5 h, 
whereas SCI-specific findings employing positiv-
ity in either DWI or T2 were present in 6/17 
(37%) patients.

IV thrombolysis
Two patients (2.2% of the entire cohort and 6% 
of patients with available time from symptom 
onset to arrival) received systemic IV thromboly-
sis. The cases were admitted within the 4.5 h time 
window, one each in Graz (initially assumed to be 
middle cerebral artery stroke syndrome) and 
Salzburg (initially processed as SCI). Patient #1 
was a 57-year-old woman, she presented with an 
ASA syndrome and had a corresponding MRI 
lesion at the cervical level. The etiology was clas-
sified as unknown, and her outcome was poor 
(mRS = 5). Patient #2 was a 57-year-old man 
who had a clinical syndrome involving the ante-
rior and posterior segment of the spinal cord, and 
repeat MRI did not show a lesion. The etiology 
was classified as atherosclerosis, and the outcome 
was good (mRS = 3).

Outcome
The outcome was studied at hospital discharge, 
and the exact clinical condition was available to 
77 patients (88%). There were 40 cases (46%) 
with good outcomes and no differences between 

the two centers. The rate of patients with 
unknown outcome was ten folds higher in 
Salzburg (21% versus 2%, p = 0.013). Four 
patients died in hospital in the Salzburg cohort, 
contrasting one in Graz. Almost half of the 
patients had vegetative disturbances at discharge 
39 (48%), most frequently with overlapping 
localization 19 (39%) and anterior artery syn-
drome 38 (78%). Eighteen patients (20%) were 
able to walk home at discharge, 14 (16%) needed 
help to ambulate, 32 (36%) were mobile with a 
wheelchair, and 11 (13%) were bedridden. The 
bedridden patients were significantly younger 
than other functional outcomes (age 57 years, 
IQR = 53–61 years versus 63, 55–73; p = 0.037). 
Patients with cervical localization of the SCI had 
a good outcome, with seven patients (39%) fully 
ambulatory at discharge. Further details of the 
outcome concerning different etiologies are 
shown in Table 2.

One patient in the Graz cohort had recurrent 
SCI. He presented initially with paraparesis; DWI 
positivity was located at the ASA territory and 
spanned from the Th10 to the L1 levels. The eti-
ology was classified as unknown, presumably 
coagulopathy. At the end of his first hospitaliza-
tion, he could walk with help and be discharged 
with anticoagulation therapy. The second event 
occurred five months later and involved the same 
spinal cord region.

Clinical outcome at discharge in relationship 
with localization and SCI syndrome
The combined analysis of MRI localization (eight 
categories) and SCI syndrome (seven categories) 
yielded 56 entities distributed over three outcome 
categories. Patients with cervical localization and 
anterior spinal cord syndrome (n = 12, 14%) had 
the best prognosis, with 8/40 (20%) falling into 
the category of a good outcome. The worst out-
come was observed with overlapping affection of 
the spinal cord (i.e. two or more segments in 
MRI) and ASA syndrome. In this subgroup, 
15/37 (41%) had a poor outcome. Most of our 
patients were discharged with antiplatelet ther-
apy, as shown in Table 2.

Discussion
This retrospective study of 88 patients with spon-
taneous SCI treated at two tertiary care centers in 
Austria over 20 years corroborates the current 
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understanding and extends the knowledge of this 
rare condition. In this cohort, 32 cases were clas-
sified as definite (36%), 35 as probable (40%), 
and 21 as possible spontaneous SCI (24%). The 
clinical presentation varies, and the classical apo-
plectic onset, presence of pain, and motor impair-
ment may be missing in a subgroup of patients. 
While SCI is framed as a diagnosis of exclusion in 
the acute setting to be considered after eliminat-
ing alternative etiologies such as spinal cord com-
pression, we found delays in hospital admission 
and workup. Furthermore, almost half of the 
patients had a poor outcome. In addition, we 
identified four cases of spinal cord TIA (4.2% of 
the entire cohort), which is in line with the 3% 
reported in the only comprehensive study on this 
topic so far.8

Most importantly, there were no site-related dif-
ferences concerning age and gender. Our study 
confirms that spontaneous SCI, despite a signifi-
cant heterogeneity in the etiology, is a disease at 
the transition from the end of middle to advanced 
age. The median age was 65.5 years, 51.5% of the 
patients were women. Our findings are mainly 
comparable to the prospective multi-center study 
in France study with 28 patients and a median 
age of 62 years (29% women), and the US 
American retrospective study with 102 patients 
and a median age of 60 years (53% women).6,7 
The study period for the French study was 
January 2001 to January 2004 and for the mono-
centric US American series 1997 to 2017. A study 
from Taiwan reported that patients with dissec-
tion as the cause of SCI are younger than with 
other etiologies (39.8 versus 59.8 years).9 Of note, 
a series of 75 cases of procedural SCI reported a 
median age of 68 years.5 Our study summarizes 
patients diagnosed with spontaneous SCI between 
2000 and 2020 and disclosed an increasing num-
ber of case identification after 2015. The reason 
for this observation remains speculative but may 
be related to a combination of increased aware-
ness, consideration of SCI in elderly patients, and 
increasing availability of MRI. Transverse myeli-
tis has been a significant differential of SCI, and 
misdiagnosis may have occurred less fre-
quently.14,15 We need to acknowledge the change 
from 1.5 to 3 Tesla scanners throughout the 
study. Differences in the sensitivity of field 
strength to identify lesions related to SCI have 
not been studied so far but the analysis of lesions 
related to multiple sclerosis at 1.5 and 3 T did not 
reveal discrepancies.16 While we found an equal 

distribution across gender, several recent series 
also confirmed a male predominance for sponta-
neous SCI. There might be a sample bias for 
these studies; the rate of women in a Spanish 
series of 41 patients, an Indian series of 17 
patients, and a Korean series of 14 patients were 
41.5%, 35.3%, and 42.9%, respectively.11,17,18

In our series, patients without vascular comor-
bidities were in the minority (18%). The front 
runners among vascular risk factors were hyper-
tension and hyperlipidemia. In the US American 
series, the rate of patients lacking vascular risk 
factors was even higher (24%).7 There were no 
differences between the sites for vascular comor-
bidities but a higher rate of prior stroke and a his-
tory of neoplasia in the Salzburg cohort. The 
finding of a distinct distribution of suspected eti-
ologies at the two sites is interesting. This may be 
related to differences in the classification of the 
causative condition, as Graz had a predominance 
of cases with unknown etiology and the rate of 
patients with possible SCI was higher. The find-
ings from Graz are in line with a recent study of 
41 cases of spontaneous SCI, which classified the 
etiology as undetermined (29%), despite the 
presence of vascular comorbidities in 9/12 
patients (75%).11 This calls for the necessity to 
refine the etiological classification and subsequent 
inception studies. We also evidenced changes for 
the etiological classification in the scientific litera-
ture over time. In a Swiss study of 27 patients 
(study period between 1990 and 2003) and a 
Taiwanese study of 22 patients (1993–2007), the 
causative condition was not identifiable in 74% 
and 60%, respectively.19,20 These observations 
contrast our study, where we defined a cause in 
two-thirds of the cases. Fibrocartilaginous embo-
lism (FCE) was the proposed etiology in a sub-
group of patients in case series from the United 
States (5.5% and 14%, respectively).7,21 We did 
not classify FCE as the cause of SCI in our cohort, 
mostly due to the high rate of vascular comorbidi-
ties and prior cerebrovascular events. It needs to 
be acknowledged that the diagnostic criteria for 
FCE are inconsistent, and have not been evalu-
ated in inception studies.21,22

It is also likely that the rate of unclear etiologies 
further diminishes over time as rarer and less con-
sidered causes are considered in clinical practice. 
For instance, there is emerging evidence that 
degenerative cervical spondylosis is frequently 
overseen as a cause of SCI. Some authors assume 
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that dynamic cord compression may cause vascu-
lar redistribution phenomenon, leading to spinal 
cord ischemia.23 The pathophysiology may be 
shared in part with surfer’s myelopathy, a condi-
tion that develops in the aftermath of abrupt 
hyperextension.24 Intersegmental artery dissec-
tion proximal to the artery of Adamkiewicz was 
reported recently as a cause of spontaneous SCI.25 
The diagnosis required catheter angiography, a 
procedure that was performed in less than one-
fifth of our cohort.

As corroborated in our study, back or neck pain 
often adjacent to the level of the infarction accom-
panies spontaneous SCI. Two-thirds of the 
patients presented with bilateral ASA syndrome, 
mostly related to infarction in the thoracolumbar 
area. However, 14% of our patients did not have 
any motor dysfunction. Clinical presentations 
with isolated sensory disturbance and autonomic 
symptoms were noted in almost one-third of our 
patients. Thus, increased awareness for the clini-
cal heterogeneity and the stuttering course of SCI 
in some patients might be required to assure rapid 
recognition of the potentially treatable condition 
and initiation of appropriate diagnostic measures. 
In this regard, almost every second initial MRI 
revealed SCI-specific findings. The remainder, 
however, had a normal spinal cord exam or 
unspecific findings, primarily due to susceptibility 
artifacts. The second MRI revealed SCI-specific 
findings in half of initially negative MRIs in our 
cohort. Physicians, therefore, need to be aware of 
this time gap where normal imaging findings can 
be expected in a substantial proportion. While a 
CT scan in acute cerebral stroke is used to rule 
out brain hemorrhage and other differentials but 
is insensitive for detecting early brain infarction, 
the translation to SCI might not be obvious. DWI 
was positive in only 30% of cases, and DWI con-
version on the second MRI was observed in only 
23% of initially DWI-negative patients. T2 posi-
tivity on the second scan occurred in substantially 
more cases (77%), supporting the use of this 
sequence as a primary imaging modality. In turn, 
further studies are required to assess whether the 
time-consuming DWI is obsolete in SCI. Younger 
age, cervical localization, and ASA syndrome was 
significantly associated with diagnostic MRI find-
ings (including DWI positivity). Contrast-
enhanced MRI is sometimes ordered in an acute 
setting and could obscure the diagnosis and hin-
der approaches toward reperfusion therapy when 
positive. Indeed, contrast-enhancing lesions are 

relatively common in SCI (up to 39%). The 
enhancement pattern is rather typical, that is, a 
linear craniocaudal strip of enhancement.7 
Furthermore, the median time from admission to 
MRI of the spine was 176 min needs to be empha-
sized. SCI is a neurological emergency and needs 
to be prioritized for rapid workup as this has been 
implemented for cerebral stroke.26

If the brain stroke therapeutic paradigm can be 
translated to spontaneous SCI, most patients 
arrived at the ER beyond the theoretical thera-
peutic opportunity of 4.5 h for recanalization 
therapy. In contrast, 17 patients arrived within 
this potential therapeutic window. Two patients 
received IV thrombolysis in an off-label setting. 
Currently, there are just anecdotal reports on the 
use of alteplase in spontaneous SCI.27–29 Given 
the characteristic stuttering nature of clinical pro-
gress, one can conceive more penumbra to be sal-
vaged when timely intervention ensues. With 
recent extensions of the thrombolytic therapeutic 
window for acute ischemic stroke for up to 9 h, 
based on advanced imaging, there is a chance that 
future studies could translate this paradigm to the 
treatment of SCI.26 Certainly, aortic dissection, 
which accounted for SCI in 14% of the Chinese 
study patients and 6% in our cohort, is a clear 
contraindication for thrombolysis.20 Whether IV 
thrombolysis is contraindicated with aortic aneu-
rysm or intimal aortic wall bleeding as a potential 
cause of SCI is unclear. At the upper cervical 
level, vertebral dissection could cause SCI, as 
seen in one of our cases. This pathology is not a 
contraindication for IV thrombolysis in case of 
cerebral stroke. Of note, there is an ongoing clini-
cal trial examining the safety and efficacy of IV 
thrombolysis in patients with ASA infarcts who 
present within 6 h from symptom onset 
(NCT02232084). There is also recent evidence 
for the feasibility of direct intra-arterial throm-
bolysis using selective angiography.30 What are 
the practical considerations for possible thrombo-
lytic administration in the setting of SCI? When 
the lesion is high (i.e. cervical) and there is no 
clinical evidence for aortic pathologies, such as 
pulse divergence and sharp interscapular pain, 
one could proceed with IV thrombolysis follow-
ing exclusion of major differentials on spinal cord 
MRI. Whether tissue can be saved by reperfusion 
therapy in the presence of a T2 lesion in the spi-
nal cord remains to be determined, and a T2/
DWI mismatch concept may not be feasible in 
this setting. Furthermore, in case DWI and T2 
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are both negative, does this preclude the usage of 
recanalization therapies?

However, when the lesion is mid-thoracic, as in 
44% in our cohort, there could be some chance of 
aortic pathology, and acute CT angiography 
should be ordered. Both CTA and MR angiogra-
phy have a near 100% sensitivity and specificity 
for detecting major aortic pathologies such as 
aneurysm or dissection. However, MRA is better 
at imaging the aortic vessel wall that could benefit 
in evaluating a possible cause of SCI.31 From our 
experience, aortic pathology in the form of aortic 
vessel wall bleeding can be seen as a potential 
cause of SCI.

Hemodynamic augmentation would make sense 
but has not been investigated for spontaneous 
SCI in clinical trials.4 Studies with continuous 
intra-arterial blood pressure monitoring and 
sequential spinal cord MRI would be of value to 
understand the impact of the autonomic nervous 
system on the evolution of reversible tissue dam-
age. Thus, the current management approach 
relies on risk factor modification, tailored second-
ary prevention, and symptomatic treatment.10,32 
Admission to the intensive care unit (ICU) may 
be required in case of respiratory compromise, 
complications, and intensified pain treatment.33 
Given that most SCI is due to atherosclerotic 
pathology, secondary prevention for recurrent 
cerebrovascular events will be in line with brain 
stroke guidelines. Most of our patients received 
antiplatelet therapy.

Conclusion
Spontaneous SCI is a rare but often devastating 
disorder caused by a wide array of pathologic 
states. Our study disclosed the need for a harmo-
nization of diagnostic procedures and inception 
studies for the classification of the cause. 
Moreover, concepts for therapeutic measures are 
eagerly awaited.
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