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SYSTEMATIC REVIEW
Magnetic resonance spectroscopy and magnetic resonance spectroscopic
imaging in Cerebral Autosomal-Dominant Arteriopathy with Subcortical Infarcts
and Leukoencephalopathy: A literature review
Ali Sibtain Farooq Sheikh,1 Mona Adel Mohamed2

Abstract
This review focuses on the current literature directed
towards the brain metabolite findings in Cerebral
Autosomal-Dominant Arteriopathy with Subcortical
Infarcts and Leukoencephalopathy (CADASIL) disease
using magnetic resonance spectroscopy (MRS) and
magnetic resonance spectroscopic imaging (MRSI). Using
search terms "metabolites", "spectroscopy", and
"CADASIL", six articles were found on PubMed database,
Scopus and Google Scholar. Changes in metabolites
concentrations and relative ratios (RR) were found not
only in abnormal but also in normal-appearing brain
regions.
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Introduction
Cerebral Autosomal Dominant Arteriopathy with
Subcortical Infarcts and Leukoencephalopathy (CADASIL)
is a disease which manifests as migraine headaches and
transient ischaemic attacks (TIA) between the ages 40 and
50 years.1 It is an inherited disorder, with mutations in
NOTCH3 gene. The abnormal NOTCH3 receptor protein
accumulates in cerebral arteries and result in ischaemic
manifestations of the disease.2,3 CADASIL has a worldwide
distribution. The prevalence of CADASIL has been
estimated as 1 per 100, 000 in United Kingdom,4 1.98 per
100, 000 in the west of Scotland,5 and 4.1 per 100, 000 in
central Italy.6 Besides migraine and recurrent strokes,
patients suffer from dementia and psychiatric
disturbances.7 Most patients experience migraine attacks
for a long time, which are followed by TIA and strokes.
Eventually, frontal lobe involvement and symptoms of
subcortical dementia are often experienced.8 Gait apraxia,
urinary incontinence and pseudobulbar palsy have also
been noted in CADASIL patients.2 Difficulties in
diagnosing CADASIL have been well appreciated due to
the heterogeneity of genetic defects.9 Nevertheless, it
remains important to correctly diagnose CADASIL from
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other more common causes of stroke, as risk reduction
through modifiable risk factors can be more effective in
'benign' causes of stroke, whereas more concrete
treatment options needs to be explored for genetic
defects causing stroke in CADASIL-like diseases.

MRS and MRSI in CADASIL patients
Magnetic resonance imaging (MRI) is a valuable tool for
imaging brain parenchyma, but carries the disadvantage
of missing pathology on the molecular level. Magnetic
resonance spectroscopy (MRS) overcomes this difficulty
by measuring metabolite concentrations along with
taking images of the area examined. The method is
suitable for measuring levels of different metabolites in
vivo,10 and has been used to study CADASIL patients. A
big advantage of MRS is that it is a safe non-invasive
technique,11 which can be performed to detect early
molecular changes before any detectable structural
magnetic resonance findings.
According to our knowledge, articles focusing on MRS in
CADASIL patients have not been reviewed. This review
was planned to summarise the metabolic profile of brain
regions in CADASIL patients. Six articles were found on
PubMed database, Scopus and Google Scholar over the
1998-2010 period using the search terms "metabolites",
"spectroscopy", and "CADASIL".

Metabolite Findings
Imaging technique and metabolite findings of the studies
under review were compared (Table). Individual
metabolites have been elaborated below:

N-Acetyl Aspartate (NAA)
N-Acetyl Aspartate (NAA) is a marker of axonal integrity. It
is made and stored in the neurons and regulated by
hydrolysis in the oligodendrocytes. Decreased amount of
NAA in the brain has been viewed as a reduction in
neuron number or viability. Non-viability is difficult to
assess from NAA alone, since decreased NAA have been
recorded in viable neurons as well,12 reflecting neuronal
or axonal dysfunction.
The absolute concentration of NAA has been found
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Table: Literature review of MRS and MRSI findings in CADASIL patients.
Author

Imaging Method/
Magnetic
Voxel placement/ Strength/TR
Voxel size (cm3) (sec)/TE(msec)

Desmond et al. 199818

1H-MRSI/at level
of Centrum semiovale
and Frontal lobe/NA
1H-MRS/Corpus
Callosum/180

Oliveri et al. 200115

Auer et al. 200113

1H-MRSI and
1H-MRS/WM

NA/NA/NA

1.5T/2.0/272

1H MRSI/at level

1H-MRSI/at level
of Corpus Callosum
/180 cm3

Akhvlediani et al. 201014 1H-MRSI/Periventricular
WM/0.96 and 3.92

-NAA
-Lac

-No evidence of focal reduction in NAA or elevation of Lac in three patients.
-Elevated levels of Lac, but no focal reductions in NAA in one patient.

-2 CADASIL

-NAA
-Cho
-Cr
-NAA
-Cho
-Cr
-Lac
-mI
-Mettot
(NAA+C
ho+Cr)

-Diffuse reduction in NAA/Cr in the corpus callosum (WM) of CADASIL patients.
-No change in Cho/Cr.
-Lactate not elevated.
1H-MRSI findings
-Decrease in NAA, Cho, Cr and total metabolite content in all three regions of CADASIL patients.
-Significant reductions in NAA, Cho and Mettot in the area of WM hyperintensity and NAWM of
CADASIL patients.
-Significant reductions in Cr and NAA/Cho in WM hyperintensity area of CADASIL patients.
-NAA/Mettot was decreased in all regions of CADASIL patients.
-Cho/Mettot was increased in WM hyperintensity area of CADASIL patients.
-Cr/Mettot was increased in WM hyperintensity area and NAWM of CADASIL patients.
1H-MRS findings
-Decrease in NAA, NAA/Mettot, Cr and Mettot in CADASIL patients.
-Increase in mI/Mettot in CADASIL patients.
-Increase in Lac in CADASIL patients as compared to HC.
-Severely affected patients had larger metabolite changes as compared to patients with less
severe disease.
-A negative correlation was found between Rankin scores and NAA/Mettot in all regions and
NAA/Cho in WM hyperintensity area.
-A positive correlation was found between Rankin scores and Cho/Mettot in WM hyperintensity
area and Cr/Mettot in NAWM.
-No significant correlation was found between SIDAM scores and metabolite concentrations.
-Significant decrease in NAA/Cr, NAA/Cho, and Cho/Cr in the anterior areas of centrum
semiovale as compared to posterior areas in both symptomatic and asymptomatic patients
(p=0.0425, 0.0195, and 0.0046 respectively). A significant larger difference was seen in
symptomatic patients as compared to asymptomatic subjects.
-In HC, both anterior and posterior parts of centrum semiovale had similar concentrations of
NAA/Cr, NAA/Cho, and Cho/Cr (p=0.1902, 0.0633, and 0.0554 respectively).
-A trend towards increased Lac/Cr in the anterior part as compared to posterior parts of centrum
semiovale of CADASIL patients was seen. This was particularly evident in asymptomatic
patients with Notch3 gene mutation.
-NAA/Cr was decreased in the corpus callosum of CADASIL patients as compared to HC
(p<0.01).
-Cho/Cr was not significantly different in corpus callosum of CADASIL patients and HC (p>0.7).
-NAA/Cr was decreased in corona radiata of CADASIL patients as compared to HC (P<0.01).
-Cho/Cr was not significantly different in corona radiata of CADASIL patients and HC (p>0.7).
-Cr/Cho, Glx/Cho, and Glx/Cr were significantly decreased in WM hyperintensity area of CADASIL
patients as compared to NAWM (p<0.030, p<0.023, and p<0.0001 respectively).
-NAA was decreased in WM hyperintensity area of severely affected patients as compared to
healthy WM.
-Glx/Cr and mI/Cho were increased in NAWM of CADASIL patients as compared to HC
(p<0.0001 and p<0.094).
-mI/Cr and NAA/Cr were not significantly different between WM hyperintensity areas, NAWM
and HC.
-Neither CADASIL patients nor HC had any increase in Lac levels.

1.5T/1.5/135

-7 CADASIL {3
asymptomatic (2M,
1F), 4 symptomatic
(1M, 3F); family
members}
-5 HC

-NAA
-Cho
-Cr
-Lac

1.5T/2.0/272

-12 CADASIL (6M, 6F)
-13 HC (6M, 7F)

-NAA
-Cho
-Cr

-8 CADASIL (3M, 5F)
-8 HC (3M, 5F)

-NAA
-Cho
-PCr
-Cr
-Lac
-mI
-Glx

3.0/1.520/
288 and 35

Findings

-4 CADASIL (3M, 1F)
(family members)

-20 CADASIL (11M, 9F)
-21 HC (7M, 14F)
(6 severely affected
patients with Rankin
score >2 or dementia)

of Centrum
Semiovale/NA

Stromillo et al. 200916

Metabolites

1.5 T/1.5 and
2.0/144 and 35

Hyperintensity
area, NAWM region
and Parietal
Gray Matter/1.5
and 6 to 8

Macri` et al. 200617

Subjects

MRI: Magnetic Resonance Imaging. MRS: Magnetic Resonance Spectroscopy. MRSI: Magnetic Resonance Spectroscopic Imaging. PET: Positron Emission Tomography. TR: Repetition time. TE: Echo time. T: Tesla.
NAA: N-Acetyl Aspartate. Cho: Choline. Cr: Creatine. PCr: Phosphocreatine. mI: myo-Inositol. Lac: Lactate. Glx: Glutamate + Glutamine. Mettot: Total metabolite (NAA + Cho + Cr). WM: White matter.
NAWM: Normal Appearing White Matter. CADASIL: Cerebral Autosomal-Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalopathy. TIA: Transient Ischemic Attack. HC: Healthy controls.
SIDAM scores: Structured Interview for the Diagnosis of the Alzheimer-type, Multi-infarct dementia, and dementias of other aetiology. M: Male. F: Female. NA: Not available.
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reduced in the white matter (WM) hyperintensities,13,14
normal appearing white matter (NAWM) and the parietal
gray matter of CADASIL patients.13 NAA/Creatine
(NAA/Cr) was found decreased in the corpus callosum,15,16
corona radiata,16 and anterior portion of centrum
semiovale of CADASIL patients.17 NAA/Choline (NAA/Cho)
was also found decreased in the anterior portion of
centrum semiovale,17 and WM hyperintensities of affected
patients.13 Desmond et al. in 1998 reported no significant
change in NAA in the centrum semiovale and the frontal
lobe in CADASIL patients.18

Glutamate, Glutamine and Lactate
Human neurons have a great capacity to increase glucose
transport, and support glycolysis and respiration in a
glucose-rich environment. The energy pathways are
largely stimulated by glutamate (Glu). Lactate (Lac)
produced from the glucose contributes to only a minor
fraction of the total amount found in the brain. Lac is an
energy-rich molecule for the brain. High blood Lac causes
a large influx of Lac into the brain tissue, which is
particularly evident in strenuous exercise.19 The converse
is also true. Although, glucose acts as a major source of
energy in the brain, Lac acts as a valuable substrate when
high concentrations are available in the blood,19 for
example in conditions leading to increased anaerobic
glycolysis.
Increased Lac in WM hyperintensities,13 and in the
anterior portion of centrum semiovale as compared to the
posterior portion has been recorded in CADASIL
patients.17 Desmond et al. in 1998 found no change in Lac
in the centrum semiovale and frontal lobe of three
affected patients, but a rise in Lac in the subcortical WM of
right sided frontal lobe in one patient.18 Akhvlediani et al.
in 2010 found increased concentration of the ratio (Glu +
Glutamine)/Creatine (Glx/Cr) in NAWM of CADASIL
patients. They also found a decreased concentration of
Glx/Cho in WM hyperintensities; however, neither the
patients nor the healthy controls had any significant rise
in Lac concentration.14
CholineCho is a molecule which is linked to lipid
metabolism and formation of membranes. Increased
turnover of lipid metabolism results in higher peak of Cho
recorded during MRS.20 A fall in Cho peak has been shown
to signify an ischaemic event of even a short duration in a
brain of normal neuronal integrity.21
In CADASIL patients, a decrease in Cho concentration has
been found in the parietal cortex, NAWM and WM
hyperintensities.13 The ratio Cho/Cr has also been found
decreased in the anterior part of centrum semiovale of
CADASIL patients.17 In the corpus callosum, Cho/Cr was
Vol. 67, No. 6, June 2017
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not significantly changed in affected individuals.15,16
Similarly in corona radiata, Cho/Cr was not different in
patients and healthy controls.16 Although a decrease in
Cho was found in WM hyperintensities, an increase was
noted in the ratio Cho/(NAA+Cho+Cr), signifying a greater
fall in NAA and Cr peaks.13

Creatine
Cr is a rich source of energy for cells. Creatine kinase is an
enzyme which links Cr to phosphate, making it a good
reserve of energy in the brain tissue. Cr is actively
transported into tissues like muscles and brain, requiring
a great amount of energy.22
A decrease in Cr concentration has been found in regions
of WM hyperintensities, NAWM, and parietal gray matter
of CADASIL patients.13 The ratio Cr/Cho was significantly
decreased in WM hyperintensity regions of CADASIL
patients as compared to healthy controls.14 However, the
ratio Cr/(NAA+Cho+Cr) was increased in both normal and
abnormal appearing WM.13

Myoinositol
Myoinositol (mI) is abundantly found in the human brain,
mainly in the glial tissue. It functions as an important
osmolyte and its levels vary in different diseases. An
increase in mI signifies increased turnover of cell
membranes or damage to myelin encircling the
neurons.23 In CADASIL patients, a trend towards increased
mI/Cho has been found in the NAWM of the brain
(p<0.094).14 An increase in the ratio mI/(NAA + Cho + Cr)
has also been seen in the WM hyperintensity regions.13

Discussion
Magnetic resonance has improved our understanding
towards CADASIL disease. Although CADASIL patients
usually present with symptoms in their 40s or 50s, but MRI
can show the signs of disease much earlier. The patients
and their families have been extensively evaluated with
MRI for early diagnosis of disease. Ischaemic lesions in the
cortical and subcortical areas have been noticed in
CADASIL patients. The WM regions are among the most
commonly affected areas. In 90% of patients there are
hyperintensities located in WM regions of brain on T2weighted MRI images. They are more numerous in
periventricular WM compared to superficial WM.1
Hyperintensities also occur in brainstem and basal
ganglia. Many patients show hypointensities on T1weighted images. It is clear that different parts of the
brain have different vulnerability to ischaemia in CADASIL
disease.1 Ischaemic lesions are predominantly found in
the periventricular regions and the centrum semiovale.
Additional lacunar infarcts are often seen in WM and basal
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ganglia.24,25
MRS has the added advantage over MRI of focussing at a
molecular level. The beauty of MRS and MRSI is evident
from the findings of reviewed articles, illustrating changes
in metabolite levels in NAWM areas on an MRI scan. WM
hypertintensities in the external capsule and
temporopolar region have been widely accepted as
pathognomic for CADASIL,26 but MRS goes beyond to
detect changes in normal-appearing regions. MRS thus
forms an ideal tool for detecting pathology earlier on in
the disease progression of CADASIL patients.
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Decreased levels of NAA in the regions like centrum
semiovale, corona radiata, grey matter and WM suggest
neuronal dysfunction. There is a dire need to perform and
interpret spectroscopic data in more patients to better
understand this disease.
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