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PURPOSE: To assess the prevalence of vertebral artery dissection in Wallenberg syndrome. 
METHODS: Sixteen patients (12 men, 4 women; mean age at ictus, 51 .6 years) with symptoms 

of Wallenberg syndrome and an infarction demonstrated in the lateral medulla on MR were 
reviewed retrospectively. The study items were as follows: (a) headache as clinical signs, in 

particular, occipitalgia and/ or posterior neck pain at ictus; (b) MR findings, such as intramural 
hematoma on T1-weighted images, intimal flap on T2-weighted images, and double lumen on 

three-dimensional spoiled gradient-recalled acquisition in a steady state with gadopentetate 
dimeglumine; (c) direct angiographic findings of dissection, such as double lumen, intimal flap, 

and resolution of stenosis on follow-up angiography; and (d) indirect angiographic findings of 

dissection (such as string sign, pearl and string sign, tapered narrowing, etc). Patients were 
classified as definite dissection if they had reliable MR findings (ie, intramural hematoma, intimal 

flap, and enhancement of wall and septum) and/ or direct angiographic findings; as probable 
dissection if they showed both headache and suspected findings (ie, double lumen on 3-D spoiled 

gradient-recalled acquisition in a steady state or indirect angiographic findings); and as suspected 
dissection in those with only headache or suspected findings. RESULTS: Seven of 16 patients 

were classified as definite dissection, 3 as probable dissection, and 3 as suspected dissection. Four 
patients were considered to have bilateral vertebral artery dissection on the basis of MR findings. 

CONCLUSIONS: Vertebral artery dissection is an important cause of Wallenberg syndrome. 

Index terms: Arteries, dissection; Arteries, vertebral; Arteries, magnetic resonance; Brain , infarc

tion; Cerebral angiography; Headache 
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It is well recognized that Wallenberg syndrome 
(lateral medullary syndrome) is caused by occlu
sion or stenosis of the vertebral artery, and its 
most important cause is arteriosclerosis. How
ever, Wallenberg syndrome is more common in 
young men compared with other more usual 
types of strokes, and its onset is characterized 
clinically by headache. Because these clinical 
features are similar to those of vertebral artery 
dissection, which has become more evident with 
the development of imaging technology, vertebral 
artery dissection as a cause of Wallenberg syn
drome has been observed recently (1-5). We 
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investigated the presence of headache and neuro
radiologic findings on MR and angiography to 
assess the prevalence of vertebral artery dissec
tion in Wallenberg syndrome. 

Materials and Methods 

The present study was based on retrospective review of 
16 patients (12 men and 4 women) aged 40 to 67 years 
(mean 51 .6) presenting with clinical signs and symptoms 
of Wallenberg syndrome (such as loss of pain and temper
ature sensation in the unilateral face and contralateral body, 
ataxia, and dysphagia) who underwent MR from 1988 to 
1992. In all an infarction was demonstrated in the lateral 
medulla on T2-weighted images. The study items were 
headache, in particular, occipitalgia and/ or posterior neck 
pain at ictus, MR findings , and angiographic findings . Clin
ical information at ictus was obtained by records of the 
patients. 

MR images were obtained with a 1.5-T system in 12 
cases and a 0.5-T system in 4 cases. With the 1.5-T system, 
we used spin-echo sequences with 400/ 18/ 2 (repetition 
time/ echo time/ excitations) for T1-weighted images in 9 
cases and spin-echo sequences with 2500/ 30,100/ 1 or fast 
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Clinical, MR, and angiographic findings in 16 patients with Wallenberg syndrome 

MR Angiography 
Case Age/ Sex Headache VA Dissection< 

Period' T1-Weighted T2-Weightedb 3-D SPGR Period' Findings 

40/ M + 9y Normal Double intensity 1 wk String sign Definite 
(right VA) (right VA) 

5 wk Resolution of 
stenosis 

2 41 / M + 7 y Normal Normal Double lumen 2 wk String sign (left Probable 
(left VA) VA) 

3 41 / M + 1 wk Normal Normal 6 rna String sign (left Probable 
VA) 

4 42/ M + 1 wk Normal Normal Normal 1 rna Wall irregularity Suspected 
(right PICA) 

5 45/ M ? 2y High lesion Flow void Enhancement Definite 
(Bi l VA-BA) (-) of wall and 

(right septum (right 
VA) VA) 

Double lumen 
(left VA) 

6 46/ F + 3y Normal Flow void 3 wk Tapering steno- Probable 
(-)(left sis and oc-
VA) elusion (left 

VA) 

7 49/ F + 5y High lesion Normal Double lumen Od String sign (left Definite 
(left VA) (left VA) VA) 

Double intensity 
(left VA) 

8 49/ M + 4 rna High lesion Flow void 3 rna Tapering steno- Definite 
(left VA) (-) sis and oc-

elusion (left 
VA) 

9 50/ M + 3y Normal Flow void 5 wk Occlusion (left Suspected 
(-)(left VA) 
VA) 

Focal stenosis 
(right VA) 

10 52/ M + 1 y High lesion Intimal flap 6 rna Double lumen Definite 

(Bil VA) (right (pooling) and 
VA) pearl and 

string sign 
(right VA) 

Smooth steno-
sis (left VA) 

11 58/ M + 3 wk Intimal flap Enhancement Definite 
(left VA) of wall and 

septum (left 
VA) 

Double lumen 

(right VA) 

12 58/ M + By Normal Normal Enhancement Definite 
of wall and 

septum (Bil 

VA) 

13 60/ F 7 y Normal 2y Occlusion (left No 
VA) 

14 64/ M ? 4 mo Normal Normal Double lumen 4 rna Occlusion (left Suspected 
(left VA) VA) 

15 64/ M 4y Normal Normal No 
16 67/ F 2 rna Normal Normal Normal 2 rna Wall irregularity No 

(left PICA) 

• Period from ictus to examination. 

b All showed high-signal lesions at lateral medulla on T2-weighted images. 
c See text for classification of vertebral artery dissection. 

Note.-Bil indicates bilateral ; VA, vertebral artery; and PICA, posterior inferior cerebellar artery. 
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Fig. 1. Case 8. Third axial Tl-weighted image in the multi
image sequence shows a high-intensity lesion (arrow) and narrow
ing of the residual signal void of the left vertebral artery. 

spin-echo sequences with 3200/19,95/1 for proton den
sity-weighted images and T2-weighted images in all cases. 
Five-millimeter-thick sections with 2.5-mm spacing be
tween adjacent sections were obtained routinely in an axial 
plane. Furthermore, in 9 cases three-dimensional imaging 
using spoiled gradient-recalled acquisition in the steady 
state (SPGR) sequences with 26/4.5/2, 35° flip angle, 16-
to 18-cm of field of view, 1.0 mm section thickness, 0 mm 
space, 256/192/64 (matrices) was performed after injec
tion of 0.1 to 0.15 mmol/kg (up to 20 ml) of gadopentetate 
dimeglumine (6). With the 0.5-T system we used spin-echo 
sequences with 500/30 and 2000/100 for Tl- and T2-
weighted images with 1 0-mm-thick sections without spac
ing. In this study, we set the most inferior section of all MR 
examinations at the junction of C-1 and C-2 to avoid inflow 
artifacts at the level of interest. MR findings relating to 
vertebral artery dissection such as intramural hematoma 
(7, 8) on T1-weighted images, intimal flap (9) on T2-
weighted images, and enhancement of wall and septum on 
contrast-enhanced 3-D SPGR were taken as a reliable MR 
finding. We considered double lumen on 3-D SPGR to be 
a suspected MR finding even through the possibility of flow 
artifacts could not be denied completely because this 
finding had not been detected in any patient without stroke. 

Vertebral angiography by selective catheterization using 
biplane stereo magnification radiography and/ or a digital 
subtraction angiography system was performed in 12 cases 
(bilateral in 7 cases). Angiographic findings were grouped 
into direct findings and indirect findings. The former in
cluded double lumen or intimal flap (5, 10-12), indicating 
the presence of a false lumen and resolution of stenosis on 
follow-up exam (2, 4, 13), considered as a direct angie
graphic sign of vertebral artery dissection. The latter in
cluded pearl and string sign (11 , 13), tapered narrowing 
(11, 14), total occlusion with proximal distension (11), and 
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retention of contrast medium (1 , 12), which were consid
ered specific for vertebral artery dissection but not as a 
pathognomonic sign. 

The patients were classified as definite dissection, prob
able dissection , suspected dissection, or no dissection, after 
review of the presence of characteristic headache at ictus, 
MR findings, and angiographic findings. The criteria of the 
classification were as follows: definite dissection in patients 
with reliable MR findings and/ or direct angiographic find
ings; probable dissection in those with both headache and 
suspected findings (suspected MR findings or indirect an
giographic findings); suspected dissection in those with 
only with headache or suspected findings; and no dissection 
in those with no headache or abnormal finding. 

Results 

The clinical , MR, and angiographic findings of 
16 patients with Wallenberg syndrome are sum
marized in the Table. 

Headache 

Eleven of 16 patients presented with sudden 
onset occipitalgia and/ or posterior neck pain pre
ceding or simultaneous with the symptoms of 
Wallenberg syndrome. In 5 of 11 patients the 
headache was unilateral. Three had no headache, 
and 2 had vague headache. 

MR 

Intramural hematoma (Fig 1) of the intracranial 
vertebral artery on T1-weighted images was 
shown in 4 of 13 patients. Intimal flap was seen 
in 2 of 16 on T2-weighted images {Fig 2A), and 
enhancement of wall and septum in 3 of 9 on 
contrast-enhanced 3-D SPGR images {Figs 2C 
and 2D). Contrast-enhanced 3-D SPGR also re
vealed a double lumen {Figs 28 and 2D) in 5 
patients. MR findings suggested bilateral vertebral 
artery dissection in 4 patients. 

Angiography 

Two of 12 patients showed direct angiographic 
findings of double lumen and resolution of ste
nosis. Indirect findings were detected in 6 pa
tients, all of whom presented with headache at 
ictus. 

Vertebral Artery Dissection in Wallenberg 
Syndrome 

Seven ( 44%) of 16 patients were classified as 
definite dissection , 3 as probable dissection, and 
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Fig. 2. Case 11 . MR images obtained in a patient with left Wallenberg syndrome at 24 days after ictus. 
A, Axial T2-weighted image shows a curvilinear high-signal structure (arrow) in the left vertebral artery. 
8 and C, Contrast-enhanced 3-D SPGR reveals an enhanced intimal flap (arrow) in the left vertebral artery and a double lumen of 

the right vertebral artery. 
D, Reformatted image of the contrast-enhanced 3-D SPGR. 

3 as suspected dissection. Only 3 were classified 
as no dissection. The frequency of definite and 
probable dissection, which comprised 8 men and 
2 women (mean age 47.9), in Wallenberg syn
drome was 63%. 

Discussion 

Wallenberg syndrome is characterized by onset 
with headache, and its clinical features are very 
similar to those of vertebral artery dissection. 
Recently , patients with Wallenberg syndrome 
caused by vertebral artery dissection have been 
reported (1-5). Vertebral artery dissection is con-

sidered an important cause of Wallenberg syn
drome. 

To assess the prevalence of vertebral artery 
dissection in Wallenberg syndrome, we investi
gated the presence of headache at ictus in addi
tion to MR and angiographic findings , because 
unilateral occipital headache has been empha
sized as one of the most important clinical symp
toms of the spontaneous vertebral artery dissec
tion (1-5, 11). 

Vertebral angiography had previously been the 
only method of preoperative diagnosis of verte
bral artery dissection before the development of 
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MR. Of the angiographic findings described by 
many authors, reliable findings of arterial dissec
tion are considered to be the presence of a false 
lumen (double lumen or intimal flap) (5, 10, 11) 
and resolution of stenosis (2, 4, 13). These find
ings, however, have been confirmed in only a few 
cases, and it is known clinically that some pa
tients with vertebral artery dissection have been 
diagnosed as having fusiform aneurysm (1, 3, 11) 
or occlusion of vertebral artery (2, 3, 8) by an
giography. In our study, there were only two 
patients with reliable angiographic findings. 

On the other hand, MR can reveal an intramural 
hematoma directly as a semilunar hyperintensity 
causing narrowing of the residual eccentric signal 
void of the lumen (7, 8), and an intimal flap as a 
linear structure in the artery (9). These are con
sidered reliable findings of arterial dissection and 
were actually observed together with direct or 
indirect angiographic findings in all three cases in 
which angiography was performed. 

Contrast-enhanced 3-D SPGR has been used 
for imaging of cranial nerves and intracranial 
vessels (6). This has offered high-quality images 
as MR angiotomography with good spatial reso
lution. It seems that this sequence, which is al
most the same as 3-D time-of-flight MR angiog
raphy, is appropriate to demonstrate true and 
false lumens with different flow velocities. Of the 
various abnormalities, two are considered to be 
abnormal findings suggesting vertebral artery dis
section. One is enhancement of the wall and 
septum, shown as a linear enhanced structure in 
the lumen with enhancement of the wall of the 
artery. This must be a reliable finding of dissec
tion of the occluded artery, because in other 
patients with such findings vertebral angiogram 
shows occlusion of the vertebral artery . And the 
other is double lumen, appearing as a semilunar 
hyperintensity circumscribing an eccentric 
greater hyperintensity with a low-intensity border. 
We considered this finding on 3-D SPGR as a 
suspected MR finding, even though the possibility 
of the flow artifacts could not be denied com
pletely because it had not been detected in any 
patient without stroke. Five arteries out of seven 
with these findings had other abnormalities sug
gesting arterial dissection. Sometimes double in
tensity (different intensity in the lumen without 
low-intensity border) was shown. This may indi
cate arterial dissection but may be caused by 
different flow velocities. 
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It is believed that vertebral artery dissection is 
dangerous because it causes subarachnoid hem
orrhage resulting in death (1 , 5 , 11, 13). Our 
finding that vertebral artery dissection was the 
most frequent cause of Wallenberg syndrome 
suggests that vertebral artery dissection is a fre
quent cause of vertebrobasilar ischemic strokes 
and may not be so dangerous. It also has been 
reported that bilateral vertebral artery dissection 
is not rare (2, 3), and our observation on the basis 
of MR findings is in agreement. 

In conclusion, our results indicate a probable 
association between vertebral artery dissection 
and Wallenberg syndrome and that the incidence 
may be higher than previously suspected. Thus, 
clinical examination should be performed to de
tect not only infarction of the lateral medulla, but 
also vertebral artery dissection , in cases of Wal
lenberg syndrome. 
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