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ABSTRACT 
We identified eight patients with a distinct MRI pattern of inhomogeneous cerebral white 
matter abnormalities and selective involvement of brainstem and spinal tracts. Proton MRS 
showed increased lactate in the abnormal white matter. Clinically the patients had slowly 
progressive pyramidal, cerebellar and dorsal column dysfunction. The uniform, highly 
characteristic MRI pattern and the similarities in clinical and MRS findings provide 
evidence for a new disease entity. Autosomal recessive inheritance is likely.  
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INTRODUCTION 
  
White matter disorders of unknown etiology constitute a considerable problem in 
childhood1. MRI and MRS have been used to identify “new” diseases among them. In two 
MRI-defined disorders, megalencephalic leukoencephalopathy with subcortical cysts2 and 
vanishing white matter3, the gene defects have recently been identified4-6, confirming the 
value of this MRI-oriented approach. 
 We describe a novel distinct MRI pattern, shared by eight patients. Apart from 
cerebral and cerebellar white matter abnormalities, striking findings are the involvement of 
specific brainstem and spinal cord tracts and elevated lactate in the abnormal white matter. 
These findings are paralleled by a homogeneous clinical presentation, reinforcing the 
concept of a new syndrome.  

 
PATIENTS AND METHODS 
 

In all patients except patient 8, at least the last study was performed on the same 1.5 T MRI 
machine. The protocol included brain and spinal MRI, and short-echo time proton MRS of 
volumes of mid-parietal cortex (8 ml) and abnormal white matter in the centrum semiovale 
(5 ml), as described previously7. Metabolite concentrations, calculated with LCModel in 
mmol/l8, were compared with results of 12 controls (age range 9.3-26.3) using the two-
tailed unpaired student T-test. 

Diffusion tensor imaging (DTI) and magnetization transfer (MT) imaging were performed 
in patients 1-7 and 12 controls. For DTI a multi-slice EPI sequence was used9. Mean 
diffusivity, <D>, and fractional anisotropy (FA) were calculated9,10 for the same white 
matter and cortex volumes as selected for MRS. MT imaging was performed with a 3D-
FLASH sequence. MT ratio (MTR) maps were obtained from pairs of identical images 
acquired with and without MT saturation pulse. Mean MTR was calculated for again the 
same volumes. The DTI and MTR results of patients and controls were compared using the 
one-tailed unpaired student T-test. 
 
RESULTS 
 
Clinical profiles and laboratory examinations 
  

Neurological deterioration started in childhood or adolescence (table 1). Spasticity and 
ataxia affected legs more than arms. Patients 1 and 2 are presently wheelchair-dependent 
and have severely decreased manual dexterity. Patients 3, 5, 6 and 7 have a spastic-ataxic 
gait, but can still walk unsupported and have moderately decreased manual dexterity.  
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Patients 4 and 8 show mild abnormalities on neurological examination but have no 
functional problems. Four patients have a distal decrease in position and vibration sense. 
Four patients have learning problems. 

The following laboratory investigations were performed in all or multiple patients 
and unrevealing: in blood  hematology and chemistry panels, blood gases, ammonia, 
creatine kinase, cholesterol, vitamin E, vitamin B12, folic acid, thyroid function, karyotype, 
amino acids, lactate, pyruvate, very long-chain fatty acids, phytanic acid, transferrin iso-
electric focusing, carnitine, copper, ceruloplasmin, cholestanol, and lysosomal enzymes 
(arylsulfatase-A, galactocerebrosidase, beta-galactosidase and hexosaminidase-A); in urine 
organic acids, oligosaccharides, purines, pyrimidines, sialic acid and sulfatides; in CSF cell 
count, protein and lactate. Analysis of mitochondrial function in fresh mitochondria from 
muscle and mitochondrial DNA did not reveal abnormalities.  

Somatosensory evoked potentials with stimulation of tibial and median nerves, 
obtained in five patients, were delayed in four and absent in one. Sensory and motor nerve 
conduction velocities (six patients) were normal. Sural nerve biopsy revealed no 
abnormalities in patient 4.  
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Magnetic Resonance 
 
Thirty brain MRIs were obtained (for ages see table 1). The full-blown pattern consisted of 
extensive signal changes within the periventricular and deep cerebral white matter, 
relatively or completely sparing the temporal lobes and the U-fibers throughout (Fig. 1, 2).  
There was some increase in extent over time in three of the patients. The signal changes 
were inhomogeneous with a spotty aspect. The spots had a lower signal intensity on FLAIR 
images suggesting focal rarefaction3. The posterior corpus callosum was always affected; the 
anterior part was not involved or less seriously. The posterior limb of the internal capsule 
was abnormal. The cerebellar white matter became involved later, initially in the subcortical 
regions (Fig. 1d) and subsequently diffusely (Fig. 2d). The oldest patient had some 
cerebellar atrophy. Within the brainstem, the superior and inferior cerebellar peduncles 
were involved early, whereas the middle cerebellar peduncles became affected in a late stage. 
Within the midbrain, the pyramidal tracts and medial lemniscus were abnormal. Within the 
pons, the structures typically involved were the pyramidal tracts, medial lemniscus, 
intraparenchymal trajectories of the trigeminal nerves and mesencephalic trigeminal tracts. 
In late stages, the transverse pontine fibers became abnormal. Within the medulla, signal 
changes were typically present in the pyramids, medial lemniscus, inferior cerebellar 
peduncles and anterior spinocerebellar tracts. After contrast (two patients) no enhancement 
was found.   

The clinical severity correlated with the severity of disease on brain MRI. Patient 4 
had the mildest clinical picture and MRI abnormalities; patient 1 had the most severe 
clinical symptoms and MRI abnormalities. 
Fifteen spinal MRIs were obtained. They showed abnormalities in the dorsal columns and 
lateral corticospinal tracts uniformly over the entire length in all patients (Fig. 1). There 
were no changes on follow-up. There was no evident atrophy. 

White matter <D> was significantly higher in patients (mean 1.07 x 10-3 mm2/s; 
s.d. 0.30) than in controls (mean 0.81 x 10-3 mm2/s, s.d. 0.07). However, there was a 
considerable variability and in some patients <D> was normal. The increase in cortical <D> 
was also significant but less pronounced (1.07 x 10-3 mm2/s, s.d. 0.05 in patients; 0.94 x 10-3 
mm2/s, s.d. 0.03 in controls). White matter FA was significantly lower in patients (mean 
0.22, s.d. 0.04) than in controls (mean 0.37, s.d. 0.04), while cortical FA was normal (mean 
0.17, s.d. 0.01 in patients; mean 0.18, s.d. 0.01 in controls). MTR was significantly lower in 
the white matter of patients (mean 20.5%, s.d. 2.8) than controls (mean 31.8%, s.d. 1.5), and 
normal in the cortex (mean 24.6%, s.d. 1.5 in patients; mean 25.4%, s.d. 1.2 in controls). 

In MRS a significant decrease in N-acetylaspartate (NAA) and increase in myo-
inositol (mIns) were found in the white matter of patients (mean NAA 4.6 mmol/l, s.d. 0.8; 
mean mIns 5.9 mmol/l, s.d. 0.7) as compared to controls (mean NAA 7.7 mmol/l, s.d. 1.0; 
mean mIns 3.6 mmol/l, s.d. 0.3). The increase in white matter choline (Cho) was also 
statistically significant, but less pronounced (in patients mean 1.8 mmol/l, s.d. 0.3; in 
controls mean 1.3 mmol/l; s.d. 0.2). White matter creatine (Cr) was normal (in patients  
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Figure 1 shows T2-weighted images 
of the brain (a - e) and spinal cord (f 
- h) in patient 6. There are irregular, 
spotty signal abnormalities in the 
periventricular white matter (a, b), 
extending into the posterior limb of 
the internal capsule (b). Within the 
brainstem, the intraparenchymal 
trajectories of the trigeminal nerves 
(arrow head in c), the mesencephalic 
trigeminal tracts (white arrow in c), 
the superior cerebellar peduncles 
(black arrow in c), the inferior 
cerebellar peduncles (bold arrow in 
e) and the pyramids (small arrow in 
e) are involved. The subcortical 
cerebellar white matter contains 
signal abnormalities (d). The sagittal 
spinal image (f) shows that the cord 
contains signal abnormalities over its 
entire length. Transverse images at 
the cervical (g) and thoracic (h) 
levels show that the dorsal columns 
(black arrow) and lateral 
corticospinal tracts (white arrow) 
have an abnormal signal. The low 
signal behind the spinal cord (h) 
represents flow artefacts. 
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Figure 2 shows the 
corresponding images in the 
more severely affected patient 
3. The periventricular white 
matter changes have an 
inhomogeneous, spotty 
appearance (a,b). The posterior 
part of the corpus callosum is 
more severely involved than 
the anterior part (b). The 
posterior limb of the internal 
capsule is abnormal. Within 
the brainstem, the 
intraparenchymal trajectories 
of the trigeminal nerves (white 
arrow head in c), the 
mesencephalic trigeminal tracts 
(white arrow in c), medial 
lemniscus (black arrow in c, 
white arrow in e), pyramidal 
tracts (c), transverse pontine 
fibers (c), superior cerebellar 
peduncles (black arrow head in 
c), inferior cerebellar peduncles 
(bold black arrow in e), 
pyramids (small black arrow in 
e), and anterior spinocerebellar 
tracts (arrow head in e) are 
abnormal in signal. All white 
matter of the cerebellar 
hemispheres is abnormal (d). 
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mean 4.6 mmol/l, s.d. 0.8; in controls mean 4.5 mmol/l, s.d. 0.6). White matter lactate was 
elevated in all patients except one (mean 2.4 mmol/l, range 0.5-4.1, s.d. 1.1; in controls 0.2 
mmol/l, s.d. 0.3). MRS of white matter in patient 8 in another center showed increased 
lactate. Cortical spectra were normal. 

DISCUSSION 
 
Definition of the syndrome 
 
A novel leukoencephalopathy is described. It is clinically characterized by slowly 
progressive pyramidal and cerebellar dysfunction, often with concomitant dorsal column 
dysfunction. The MRI pattern is distinct and includes inhomogeneous cerebral white 
matter abnormalities and strikingly selective tract involvement. The pyramidal tracts 
extending downwards through the internal capsule and the brainstem into the lateral 
corticospinal tracts are affected over their entire length. The sensory tracts, including dorsal 
columns, medial lemniscus up to the level of the thalamus, and corona radiata above that 
level are also affected over their entire length. Cerebellar connections are selectively 
involved. The consistent involvement of the intraparenchymal trajectories of the trigeminal 
nerve and mesencephalic trigeminal tracts is remarkable. This MRI pattern is uniform 
among the patients and different from patterns in both classical and recently defined 
leukoencephalopathies2,3,11. It does not resemble the pattern of pontocerebellar atrophy 
observed in the familial spinocerebellar ataxias12 or the white matter changes observed in 
some hereditary spastic paraparesis syndromes13. At present the diagnosis is MRI-based 
and requires the presence of typical spinal cord abnormalities in combination with spotty 
cerebral white matter abnormalities and specific brainstem abnormalities.    
 
Pathophysiology 
  

MRI is very sensitive in detecting white matter abnormalities but lacks specificity with 
respect to underlying pathology. Other MR techniques may contribute in this respect. In 
MRS, the abnormal cerebral white matter showed normal to mildly elevated Cho 
concentrations, suggesting low-grade demyelination14. The decrease in NAA and increase 
in mIns were more pronounced, indicating considerable axonal damage or loss15 and 
gliosis16, respectively. Gliosis can contribute to Cho elevations17. DTI and MTR provide 
information about tissue microstructure. Within the abnormal white matter of our patients, 
<D>, a measure for isotropic water diffusivity, was increased in most, whereas FA, a 
measure for the degree of diffusion anisotropy, was decreased in all; these changes indicate 
an enhanced mobility of water molecules in all directions as a result of damage to the tissue 
matrix18. The MTR of the abnormal white matter was decreased, probably reflecting loss of 
axons19 and myelin sheaths20.  

Overall, our findings suggest considerable axonal damage or loss in the white 
matter. The involvement of entire tracts argues in favor of primary axonal degeneration. 
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There is an element of myelin loss, which could be secondary. It is difficult to explain the 
early discrepancy between MRI abnormalities and clinical problems. At present the 
pathologic basis of the disease remains unsolved.   

Extensive laboratory investigations did not reveal a cause. Considering the 
presence of two affected sib-pairs among our patients, an autosomal recessive mode of 
inheritance is likely. We will initiate a genetic linkage study as soon as sufficient informative 
families are available. 
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