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Small infarctions of the medulla produce typical neurologic deficits and can be 
clinically recognized fairly reliably. High-field magnetic resonance imaging with a 1.5 T 
prototype scanner successfully demonstrated very tiny medulla infarctions in three of 
five patients. These lesions were imaged readily by a fairly rapid (approximately 1-2 
min scan time) partial-saturation technique and confirmed on multiple spin-echo images. 
In addition, in two cases vertebral occlusion ipsilateral to the infarction was suggested 
by high signal on T2 weighted spin-echo images. 

Infarctions in small areas of the medulla produce typical neurologic deficits [1, 2] . 
The specific anatomic location of such a localized medullary infarction can be 
suggested quite confidently on the basis of specific neurologic findings. Normally, 
clinical anatomic verification in specific cases has not been available; in vivo imaging 
has been unreliable and many of these patients recover reasonably well so that 
neuropathologic verification is not available. CT scans in this region cannot produce 
good anatomic detail because of bone-hardening artifacts. 

Magnetic resonance imaging (MRI) does not have artifacts like CT does, and it 
is the ideal imaging approach in the posterior fossa [3-8]. Infarctions in the 
brainstem have been demonstrated with low-field magnetic imagers [3, 4, 9, 10] 
including one case in the lateral medulla [3] . We report the results of an attempt to 
demonstrate small medulla infarctions using a 1.5 T imager. 

Subjects and Methods 

Five patients who had some recovery from localized medulla infarctions clinically were 
studied on a 1.5 T MRI scanner. Four of these had clinical evidence for lateral medullary 
infarction and one for medial medullary infarction. These patients had been evaluated and 
cared for at University Hospital , London, Ontario, during their acute phase, and they were 
reevaluated at the time of the MRI study 1-39 months later (mean, 16 months). Four of these 
patients had had CT (GE 8800) during the acute phase, and all had unenhanced CT follow
up at the time of the MRI studies. The CT slices were 5 mm thick and were obtained through 
the posterior fossa. Four of the CT scans were obtained along the radiographic baseline to 
anatomically compare with MR scans obtained in the same way . In one patient, the CT scan 
was obtained 20° from the baseline in the usual CT format. Two patients underwent cerebral 
angiography by arterial catheterization , and one had digital intravenous angiography. 

MR images were obtained using the prototype 1.5 T imager at GE NMR Center, Milwaukee. 
The primary technique was a single and multislice partial-saturation (PS) recovery sequence 
with a repetition time (TR) of 300-600 msec, generally using a 128 x 256 matrix and one to 
two averages. Using such sequences, the scan time was 1-2 min. Consecutive 5 mm slices 
were obtained in an axial projection through the brainstem, either by single-slice acquisition 
or by interleaved multislice acquisition. In areas of specific interest additional SE sequences 
were performed using a TR of 2 sec and echo times (TEs) of 25, 50, 75, and 100 msec. 
Midline sagittal slices were obtained initially as scout images, and additional coronal and 
sagittal slices were obtained as well in selective instances. 
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Fig . 1.-50-year-old woman with moderate recovery from right lateral me
dulla infarction 17 months earlier. Angiography showed intracranial right ver
tebral occlusion. A, Unenhanced CT scan through medulla. Beam-hardening 

A B 
Fig. 2.-64-year-old woman who had good recovery from right lateral 

medulla infarction 14 months earlier. A, Unenhanced CT scan. Beam-hardening 
artifacts. B, PS scan, TR 300 msec. Infarction is area suggesting prolonged T1 

Results 

In all five cases with medullary infarctions, the CT scans 
(figs. 1 A and 2A) showed artifacts through the lower brain
stem. The expected infarction was imaged by MRI in three 
cases: two lateral medulla infarctions (figs. 1 B, 1 C, 2B, and 
2C) and one medial medulla infarction (figs. SA and 5C). The 
areas of infarction were seen in the expected region as low 

c 
artifacts. B, PS scan, 300 msec TR . Low signal suggests prolonged T1 in 
medulla infarction (arrow). C, SE scan, 2 sec TR , 75 msec TE . High signal 
suggests prolonged T2 in infarction (arrow) . 

c 
(arrow) . c, SE scan, 2 sec TR , 100 msec TE. High signal suggests prolonged 
T2 in infarction (arrow). 

signal suggesting prolonged T1 on PS scans and high signal 
suggesting prolonged T2 on SE studies. In two cases the PS 
scans (figs. 3 and 4A) failed to show a definitely abnormal 
signal in the expected region, and SE studies were also not 
definitive. In two cases, absence of signal void in the region 
of the vertebral artery on SE studies (figs. 4B, 4C, 5B, and 
5D) suggested vertebral occlusion, which was confirmed an
giographically in one case. 
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Discussion 

One patient with lateral medulla infarction was imaged 
previously with low-field MRI [3] , although other authors have 
been unable to demonstrate lateral medullary lesions [9] . The 
identification of small lesions such as lacunar infarction can 

Fig . 3.-67-year-old man who had good recovery 
from left lateral medulla infarction 39 months earlier. PS 
scan, 300 msec TR , failed to demonstrate infarction. 
Additional SE sequences in coronal projection (not 
shown) were noisy. Infarction was not demonstrated 
definitively. 

A B 
Fig. 4.-61 -year-old man who had good recovery from left lateral medulla 

infarction 5 weeks earlier. A, PS scan, TR 400 msec, through medulla did not 
demonstrate infarction present clinically, although left side of medulla is slightly 
atrophic. B, PS scan, TR 400 msec, at level of cord medullary junction. Left 

be a problem, especially if the slice thickness is large [5]. Thin 
sections are useful, but an improved signal-to-noise ratio is 
required ; this can be accomplished by either increased signal 
averaging or using a scanner of high magnetic strength [6] or 
both. 

In three of our five cases, the very small medullary infarc
tions, two lateral and one medial , clinically present were well 
seen as areas of low signal suggesting prolonged T1 on the 
PS images. The sequences for these T1 -weighted images 
require only 1 or 2 min of scanning and yield good anatomic 
clarity . Confirmation of these lesions was obtained by addi
tional SE sequences, following with the approach that a 
genuine lesion can be considered if abnormal signals are 
reproducible on multiple pulse sequence images [5]. In the 
two cases in which the PS images failed to show the expected 
lateral medullary infarction , it is uncertain as to the cause. 
Those two patients may actually have had smaller anatomic 
lesions than the other patients. They recovered sooner than 
the other three patients, 2 weeks and 3 months, as opposed 
to 8 months and 10 months. The infarctions in those cases, 
if smaller, may have been lost in the partial-volume averaging 
of the 5-mm-thick slices [5 , 6] . Theoretically , clinicallocaliza
tion of a lesion may be inaccurate, though it is believed that 
this is unlikely because of the very specific medullary syn
dromes we studied . The imaging parameters chosen for the 
PS studies show very well the infarctions that were demon
strated, but they may not be appropriate for those lesions not 
demonstrated. More noise was seen on the SE images than 
on the PS slices, making the interpretation of a small lesion 
more difficult if not seen on the PS studies. In a proper clinical 
context, all of these five cases, including the "negative" ones, 
stand as correctly excluding a mass compressing the medulla 
or enlarging the medulla, and in all five cases information 

c 
vertebral artery (arrow) surrounded by CSF. C, SE scan, TR 2 sec, TE 75 
msec, at same level. High signal instead of signal void within lumen of left 
vertebral artery (arrow) suggests vertebral occlusion, confirmed angiographi
cally. 



232 FOX ET AL. AJNR :7, March/April 1986 

A B 

c o 

provided by MRI in the medulla was far superior to anything 
previously available with CT. 

That a major intracranial artery is occluded in a patient with 
stroke can be suggested on occasion on CT, at least for 
acute cases [11] if there is a high density of that vessel. Since 
a vessel with a calcified plaque in its wall may also have high 
density in certain areas, the distinction between an occluded 
artery and a calcified artery may be somewhat imprecise on 
CT. With MRI , a flowing artery will show a signal void [12] . 
However, an occluded artery [12] will have a signal, though 
the specific T1 and T2 characteristics will depend on the 
exact material contained in that part of the vessel. Because 
calcification in an artery wall will not produce a magnetic 
signal , it may not interfere with the determination of whether 
a vessel is occluded or patent, but it may be difficult to 
separate flow from calcification if the residual lumen is too 
small . The finding of a high signal on T2-weighted images of 

Fig. 5.-51 -year-old man with poor recovery 
from right medial medulla infarction 12 months ear
lier. A, PS scan, TR 470 msec. Atrophic area 
believed to be infarction is low signal suggesting 
prolonged T1 (arrow) . B, PS scan, TR 470 msec, 
in cord medullary junction region. Vessel, presum
ably right vertebral artery (arrow) , is surrounded by 
CSF. C, SE scan, TR 2 sec, TE 100 msec, at level 
similar to A. Area of medial medullary infarction is 
high signal suggesting prolonged T2 (arrow) . D, SE 
scan, TR 2 sec, TE 100 msec, at same level as B. 
High signal (arrow) in center of presumed right 
vertebral artery, instead of signal void , suggests 
right vertebral occlusion. 

the vertebral artery ipsilateral to the infarction in two of our 
five cases is a useful adjunct in the assessment of infarction. 
The same may be true of infarcts involving the territory of the 
intracranial carotid artery [13]. 

The medulla infarctions shown convincingly in our cases 
had dimensions as small as a very few millimeters in a 
structure (the medulla) 1.5-2.0 cm in diameter. This confirms 
the application of MRI to such a small region of the brain and 
also confirms that the 1 .5 T magnet can produce these images 
in a time-efficient way with good anatomic detail. The applica
bility to acute medullary lesions and eventual monitoring of 
therapy appears feasible. 
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