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ABSTRACT

Background and purpose Medullary infarction (MI)
caused by spontaneous vertebral artery dissection (SVAD)
is an important type of stroke. It is important to distinguish
sVAD from other causes of stroke since the treatment
strategies and prognosis were different between them. In
this study, we aimed to explore the clinical and radiological
features of Ml in patients with acute MI caused by sVAD.
Methods Patients with acute MI caused by sVAD and
non-sVAD in a single tertiary hospital were enrolled from
2010 to 2020. Epidemiologic, clinical and image features
were collected and analysed. Ml lesions were categorised
into three levels rostrocaudally and four arterial groups:
anteromedial, anterolateral, lateral and posterior.

Results A total of 128 patients with MI were enrolled
with 47 cases of sVAD and 81 cases of non-sVAD. Patients
with sVAD were younger than those with non-sVAD (med
44 years old vs 58 years old). The sVAD group was less
likely to have hypertension (44.68% vs 67.90%; p=0.010)
and diabetes (19.15% vs 45.69%; p=0.003), but more
likely to have non-sudden onset (27.66% vs 9.87%,
p=0.009), minor neck injury (19.15% vs 1.23%; p=0.001)
and headache (46.81% vs 7.41%; p=0.000). Vertically,
SVAD became more common in caudal medulla than in
rostral medulla. Horizontally, the sVAD group was more
likely to have lateral Ml (91.48% vs 2.96%, p=0.000). In
multivariable logistic regression analysis, age, non-sudden
onset and headache were independently associated with
sVAD with ORs of 0.935 (95% CI 0.892 to 0.981, p=0.006),
3.507 (95% C1 1.060 to 11.599, p=0.040) and 5.426 (95%
Cl1.673 to 17.599, p=0.005).

Conclusion sVAD was not uncommon in patients with MI,
especially in patients with lateral MI. Young patients with
headache and non-sudden onset should remind clinician
the possibility of sVAD.

INTRODUCTIONS

Medullary infarction (MI) is a rare but impor-
tant type of ischaemic stroke. Increasing atten-
tion has been paid to the relationship between
lesion topography of MI and different stroke
mechanisms.'™ Spontaneous vertebral artery
dissection (sVAD) is an important cause of
stroke mainly affecting young adults.* > Some
patients with sVAD achieve partly or fully
recovery of vertebral artery. The treatment
strategies of sVAD are different from strokes
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of other causes, making it imgortant to iden-
tify sVAD in clinical practice.’

However, underestimation of sVAD in clin-
ical practice was not uncommon as it requires
more extensive investigations regarding arte-
rial vessel walls. So far, little has been known
about clinical and radiological features of MI
caused by sVAD. The purpose of this study
is to investigate clinical and radiological
features in patients with MI caused by sVAD
and to analyse characteristics that distinguish
sVAD from other conditions.

METHODS
Study design
This is a hospital-based retrospective study.
We performed a keyword search of ‘medul-
lary infarction’ in the digital medical history
system and picture archiving and commu-
nication system between May 2010 and May
2020 in a tertiary hospital. Inclusion criteria
consisted of (1) acute neurological defect
within 2 weeks, (2) acute infarction involving
the medulla oblongata on diffusion weight
imaging (DWI), (3) underwent at least one
of the following vascular imagings: magnetic
resonance angiography (MRA), CT angiog-
raphy (CTA) or digital subtraction angiog-
raphy (DSA). Exclusion criteria included: (1)
patients after a major trauma,’ (2) patients
younger than 18 years old. A total of 692 cases
were screened and 128 patients were enrolled
in this study (figure 1).

This study was approved by the Institutional
Review Board of Huashan Hospital. The
board waived the need for patient consent.

Definition

Stroke was defined as an acute disturbance
of focal neurological function with symptoms
lasting more than 24 hours. Non-sudden
onset was defined as progressive development
of symptoms/signs for longer than 1day.
Cardiovascular risk factors obtained from
medical records were determined based on
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| 692 cases were reviewed

181 cases were not acute
ischemic stroke

193 cases were not with medulla
infarction

318 cases were with medulla
infarction

177 cases without diffusion image
13 cases missed key clinical
information

| 128 cases were included

Figure 1 Flow chart for patient inclusion.

previous diagnoses and current medication as follows:
diabetes (diagnosis or taken insulin or oral hypogly-
caemic medication), hypertension (diagnosis or taken
hypertension medication), coronary heart disease (diag-
nosis of angina pectoris, myocardial infarction, under-
went percutaneous coronary intervention or coronary
artery bypass grafting) and dyslipidaemia (diagnosis or
total cholesterol >5.17mmol/L or low dinsity lipoprotein
(LDL) 23.36 mmol/L). Smoking was defined as currently
smoking.

The diagnosis of sVAD was based on typical radiolog-
ical characteristics (intimal flap, double lumen, dissecting
aneurysm or luminal dilation plus stenosis) in at least one
confirmatory angiographic examination including CTA,
MRA and DSA. For an artery exhibiting non-specific
stenosis or occlusion, sVAD will be diagnosed if intra-
mural hematoma was identified in high-resolution MRI

Table 1 Clinical features of Ml caused by sVAD and non-sVAD

sVADN=47 Non-sVADN=81 P
Sex, N (%)
Female 10 (21.28) 12 (14.81) 0.350
Male 37 (78.72) 69 (85.19)
Age, Med (IQR) 44 (34,53) 58 (52,66) 0.000
Onset, N (%)
Sudden onset 34 (72.34) 73(90.12) 0.009
Non-sudden onset 13 (27.66) 8 (9.87)
Hypertension, N (%) 21 (44.68) 55 (67.90) 0.010
Coronary heart disease, N (%) 1(2.13) 5(6.17) 0.413
Diabetes, N (%) 9 (19.15) 37 (45.69) 0.003
Dyslipidaemia, N (%) 11 (23.40) 26 (32.10) 0.296
Atrial fibrillation, N (%) 1(2.13) 2 (2.47) 1.000
Past stroke history, N (%) 1(2.13) 10 (12.35) 0.054
Smoker, N (%) 20 (42.55) 27 (33.33) 0.297
Alcohol, N (%) 10 (21.28) 10 (12.35) 0.180
Family history of stroke, N (%) 1(2.13) 5(6.17) 0.157
Minor neck injury, N (%) 9 (19.15) 1(1.23) 0.001
Headache, N (%) 22 (46.81) 6 (7.41) 0.000
Neck pain, N (%) 2 (4.26) 4 (4.94) 1.000
Side of infarction, N (%)
Left 25 (53.19) 37 (45.68) 0.147
Right 22 (46.81) 38 (46.91)
Bilateral 0 6 (7.41)
Medial Ml 3(6.38) 30 (37.04) 0.000
Lateral Ml 43 (91.48) 51 (62.96) 0.000
Both medial and lateral Ml 1(2.13) 0 0.367
Vertebral perforative infarction, N (%) 39 (82.98) 62 (76.54) 0.390
Multi-level medulla involvement, N (%) 8 (17.02) 19 (23.46) 0.390
Cerebellum involvement, N (%) 7 (14.89) 13 (16.05) 0.862
Involvement of other posterior vascular territories, N (%) 2 (4.26) 9 (11.11) 0.326

MI, medullary infarction; sVAD, spontaneous vertebral artery dissection.
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Figure 2 Aetiologies of medullary infarction. Stroke
aetiologies of medullary infarction (A); vertical and horizontal
division of medulla (B); proportion of dissection in different
lesion locations of medullary infarction vertically (C) and
horizontally (D). AL, anterolateral; AM, anteromedial; C,
caudal medulla; CE, cardiogenic embolism; L, lateral; LAA,
large artery atherosclerosis; M, middle medulla; P, posterior;
R, rostral medulla; SVO, small vessel occlusion.

(HRMRI).? Stroke mechanisms other than dissection
were classified as follows: (1) large artery atherosclerosis
(LAA) was determined by 250% stenosis or occlusion of
the relevant vertebral artery, (2) cardiogenic embolism
(CE) was diagnosed when there was emboligenic heart
disease, (3) small vessel occlusion (SVO) was defined
when there was infarction confined to a single perforator
territory without evidence of LAD and CE, (4) the aeti-
ology was considered as undetermined when: (1) two or
more stroke causes were determined and (2) no mecha-
nism could be determined after a thorough evaluation.’*

Imaging interpretation

Images were reviewed on a Picture Archiving and Commu-
nication System workstation, and windowing was allowed.
MI was identified on DWI and further evaluated on T2
and T1-weighted images for the determination of lesion
locations by the consensus of two trained neurologists
who had more than 3 years experience and with a focus
on cerebral vascular diseases. In case of disagreement,
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Figure 3 Example of lesion topography of medullary
infarction Medial Ml (A) ; Lateral MI with ipsilateral hemiplegia
(B); Avellis syndrome (C). CE, cardiogenic embolism; LAA,
large artery atherosclerosis; MI, medullary infarction; SVO,
small vessel occlusion.

Table 2 Neurologic symptoms and signs of lateral Ml

Non-sVAD

sVAD N=43 N=51 P
Ipsilateral facial paralysis, N 4 (9.30) 11 (21.57) 0.157
(%)
Contralateral facial paralysis, 2 (4.65) 4 (7.84) 0.684
N (%)
Bilateral facial paralysis, N (%) O 1(1.96) 1.000
Ipsilateral motor weakness, 8 (18.60) 11 (21.57) 0.721
N (%)
Contralateral motor weakness, 2 (4.54) 5(9.80) 0.448
N (%)
Ipsilateral facial dysesthaesia, 23 (53.49) 19 (37.25) 0.115
N (%)
Contralateral facial 5(11.63) 4 (7.84) 0.727
dysesthaesia, N (%)
Ipsilateral hemianesthaesia, 6 (13.95) 5(9.80) 0.533
N (%)
Contralateral hemianesthaesia, 30 (69.77) 24 (47.06) 0.027
N (%)
Ataxia, N (%) 30 (69.77) 27 (52.94) 0.096
Dizziness, N (%) 27 (62.79) 29 (56.86) 0.560
Dysarthria, N (%) 16 (37.21)  20(39.22) 0.842
Dysphagia, N (%) 27 (62.79) 27 (52.94) 0.336
Vertigo, N (%) 17 (39.53) 16 (31.37) 0.409
Nystagmus, N (%) 13 (30.23) 14 (27.45) 0.767
Nausea or vomiting, N (%) 27 (62.79) 24 (47.06) 0.127

MI, medullary infarction; sVAD, spontaneous vertebral artery
dissection.

images were further reviewed by an experienced radiol-
ogist. According to the location of infarction lesions, MI
was divided into lateral MI and medial MI. Then the MI
lesions were categorised into those involving the rostral,
middle and caudal medulla oblongata.' According to
previous published templates for arterial territories,
infarctions were classified into four groups (anterome-
dial, anterolateral, lateral and posterior).10 1 Vertebral
perforative infarct referred to a small perforative arte-
rial infarction in the medulla, including lateral MI and
medial MI, without involvement of cerebellum and other
areas of posterior circulation.'

All patients underwent at least one vessel lumen
imaging, including 89 CTA, 13 MRA, 7 DSA, 10 both
CTA and MRA, 3 both CTA and DSA, 2 both MRA and
DSA, 4 CTA+MRA+DSA. HRMRI was performed in 52
patients. The scanning protocol of HRMRI including
3D-Time-of-Flight (TOF) sequence, Fast spin echo (FSE)
sequence with 3D CUBE sequence (GE Medical Systems)
or 3D SPACE sequence (SIEMENS Medical Systems).
The vascular morphologies of sVADs were evaluated by
another two neurologists who had over 5 years experi-
ence and with a focus on cerebral vascular diseases and
further reviewed by an experienced neurologist in case
of disagreement. The most proximal part (entry point)
of a vascular dissection was defined as the site of artery
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dissection.® Morphologies of sVAD are classified into
five groups: (1) an intimal flap was defined as a layer
crossing the arterial lumen, (2) double lumen was deter-
mined as blood flow that was divided into true plus false
lumens, (3) luminal dilation was considered as dissecting
aneurysm, (4) pearl-and-string sign was defined as aneu-
rysmal dilation alternating with stenosis, (5) tapered
steno-occlusion plus evidence of intramural haematoma
(crescent-shaped, intermediate-to-high signal intensity
thickgrllgi?_g of the arterial wall according to haemorrhagic
age).”

Statistical analysis

Statistical analysis was performed using SPSS V.26 (IBM
Corporation). Categorical variables were reported as
percentage and compared with the %* test or Fisher’s
exact test. Continuous variables were reported as median
and IQR and compared with the Mann-Whitney test. Clin-
ical features and infarction lesion topographies between
the sVAD and non-sVAD groups were compared using the
x” test or the Mann-Whitney test according to the variable
types. Variables with a p<0.05 in the univariate analysis
were entered into multivariate analysis model. Multivar-
iate logistic regression analysis with enter method was
conducted to determine factors independently associated
with sVAD. P<0.05 was considered to be statistical signifi-
cance. We also compared clinical and physical features in
patients with lateral MI.

RESULTS

Baseline characteristics

A total of 128 cases of MI were included in this study with
47 (36.72%) sVAD and 81 (63.28%) non-sVAD (table 1).
There were more male patients than female patients
in both groups. Patients with sVAD were younger and

more likely to have history of minor neck injury (19.15%
vs 1.23%; p=0.001) and headache (46.81% vs 7.41%;
p=0.000) but less likely to have hypertension (44.68%
vs 67.90%; p=0.010) and diabetes (19.15% vs 45.69%;
p=0.003) (table 1).

Clinical and lesion topography of MI caused by sVAD

MI was unilateral in all patients with sVAD and 92.59%
in the non-sVAD group. The sVAD group was more likely
to have lateral MI than the non-sVAD group (91.48% vs
62.96%, p=0.000) (table 1). Vertically, sVAD became more
common in caudal medulla than in rostral medulla. Hori-
zontally, sVAD was more common in patients with lateral
and posterior medullary lesions than those with anterior
medullary lesions (figure 2).

Most of medial MIs in our study were in rostral medulla
oblongata. sVAD was uncommon in patients with medial
MI. LAA and SVO were the two most frequent causes of
medial MI (figure 3A). There were 94 patients with lateral
MI (43 sVAD and 51 non-sVAD). Patients with lateral MI
caused by sVAD more frequently presented with contralat-
eral hemianaesthesia (sVAD 69.77% vs non-sVAD 47.06%,
p=0.027) (table 2). Nineteen cases of patients with lateral
Ml displayed ipsilateral motor weakness, where eight cases
(42.10%) were caused by sVAD (figure 3B). Five cases in
our cohort had a possible diagnosis of Avellis syndrome,
four of which were with sVAD (figure 3C).

Vascular characteristics of sVAD and MI

We also analysed the relationship between the character-
istics of sVAD and MI. As shown in table 3, all medial MIs
and 79.07% of lateral MIs in the sVAD group had dissec-
tions involving the V4 segment of vertebral artery. 66.67%
of medial MI and 81.39% of lateral MI in the sVAD group
had vertebral artery stenosis (pearl-and-string sign or

Table 3 Vascular characteristics of sSVAD in medial Ml and lateral Ml

Medial Mi Lateral Ml Both medial and lateral Ml

N=3 N=43 N=1 P
Bilateral vertebral arteries dissection, N (%) 0 9 (20.93) 0 0.596
V4 segment involvement, N (%) 3 (100.00) 34 (79.07) 1 (100.00) 0.596
The site of artery dissection, N (%) 0.532
V1 0 2 (4.65) 0
V2 2 (66.67) 10 (23.26) 0
V3 1 (33.33) 15 (34.88) 0
V4 0 16 (37.21) 1 (100.00)
Dissecting aneurysm, N (%) 0 2 (4.65) 0 0.907
Intimal flap, N (%) 0 2 (4.65) 0 0.907
Pearl-and-string sign, N (%) 1(33.33) 6 (13.95) 0 0.604
Double-lumen, N (%) 1(33.33) 4 (9.30) 0 0.401
Tapered steno-occlusion plus evidence of 1(33.33) 29 (67.44) 1 (100.00) 0.372

intramural haematoma, N (%)

MI, medullary infarction; sVAD, spontaneous vertebral artery dissection.
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Table 4 Independent factors associated with Ml caused by sVAD
Univariate analysis Multivariable analysis

Factors OR (95% Cl) P OR (95% Cl) P
Age 0.907 (0.873 to 0.943) 0.000 0.935 (0.892 to 0.981) 0.006
Non-sudden onset 3.489 (1.322 to 9.206) 0.012 3.507 (1.060 to 11.599) 0.040
Hypertension 0.382 (0.182 to 0.801) 0.011 1.085 (0.370 to 3.179) 0.882
Diabetes 0.282 (0.121 to 0.658) 0.003 0.559 (0.187 to 1.669) 0.297
Minor neck injury 18.947 (2.316 to 155.00) 0.006 2.653 (0.264 to 26.676) 0.408
Headache 11.000 (4.007 to 30.196) 0.000 5.426 (1.673 to 17.599) 0.005
Lateral M 6.665 (2.178 to 20.391) 0.001 2.477 (0.674 to 9.108) 0.172

MI, medullary infarction; sVAD, spontaneous vertebral artery dissection.

tapered steno-occlusion plus evidence of intramural
haematoma).

Association of clinical and lesion features with Ml caused by
sVAD

Age, non-sudden onset, hypertension, diabetes, minor
neck injury, headache, lateral MI showed significant asso-
ciations with sVAD in the univariate analysis. In multivar-
iable logistic regression analysis, age, non-sudden onset
and headache were independently associated with sVAD
with ORs of 0.935 (95% CI 0.892 to 0.981, p=0.006), 3.507
(95% CI 1.060 to 11.599, p=0.040) and 5.426 (95% CI
1.673 to 17.599, p=0.005) (table 4).

DISCUSSION
In this study, we compared clinical and lesion topog-
raphy between patients with MI caused by sVAD and
non-sVAD. Patients with sVAD tended to be younger with
more frequently non-sudden onset and headache. Lateral
MI was the most common type of MI caused by sVAD.
Stenosis-occlusion was the most common angiography
finding of sVAD in patients with MI.

sVAD was previously considered as a rare condition.
The prevalence of sVAD was reported at 1.0 per 100000
per year (95% CI 0.5 to 1.4) in Olmsted County, Minne-
sota.'® However, Inamasu reported that sVAD accounted
for approximately 30% of cerebellar infarction in their
cohort.'” In our cohort, 36.7% of MIs were caused by
sVAD. Lateral MI was more common than medial MI in
patients with sVAD, which was consistent with previous
studies that the frequency of dissection in medial MI
was not as high as in lateral ML'™'® Previous studies also
found that there were distinct stroke mechanisms between
patients with medial and lateral MI. Artery dissection was
the second most common cause in lateral MI, while SVO
was more frequently observed in medial MI.” '* 1

Most patients with sVAD presented with vertebral artery
stenosis or occlusion, which was also the most common
angiography finding of sVAD in previous studies.”’™’
There might be different mechanisms of infarction
between sVAD and carotid artery dissection (CAD).
Artery-to-artery embolism is the major mechanism of

CAD while vertebral perforator infarct and small scat-
tered infarct constituted most of the sVAD.'? " ! In our
cohort, involvement of V4 segment and vertebral perfo-
rator infarct were common in sVAD, suggesting that
occlusion of vertebral perforator might be a major mech-
anism of MI caused by sVAD.

It should be noted that, in our cohort, more than 40%
of patients with sVAD had hypertension and about 20%
had diabetes. This result implied that even in patients
with vascular risk factors, sVAD might be a possible cause
of stroke, highlighting the importance of vascular wall
imaging in clinical practice.

There were several limitations in our study. First, this was
a retrospective study and clinical features were based on
areview of medical records. Second, all patients included
in this study were from Asian population, which might
not well represent the whole picture of patients with MI.
Third, during the 10-year study period, with the improve-
ment in MRI technology, it is probable that some cases
with sVAD would not be missed if the patient presented
today. Finally, our study only demonstrated the character-
istics between sVAD and non-sVAD, whether or not sVAD
would increase the incidence of MI remains uncertain.
More studies were needed to answer this question.

CONCLUSIONS

Dissection was not uncommon in patients with MI, espe-
cially in patients with lateral MI. Young patients with
headache and non-sudden onset should remind clinician
the possibility of sVAD.
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