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BACKGROUND AND PURPOSE: Fluid attenuated inversion recovery (FLAIR) MR imaging of the brain has
become a routine tool for assessing lesions in patients with suspected neurologic disorders. There is
growing interest in 3T brain FLAIR MR imaging but little normative data are available. The purpose of
this study was to evaluate the frequency and topography of cerebral hyperintensities seen with FLAIR
MR imaging of the brain at 3T in a normal population and compare those findings to 1.5T.

MATERIALS AND METHODS: Whole-brain 2D FLAIR MR imaging was performed in 22 healthy controls
(mean age, 44 � 8 years; range, 30–53 years) at 3T. Fifteen of these subjects also underwent 2D
FLAIR at 1.5T, with similar optimized parameters and voxel size. Cerebral hyperintense areas, including
discrete foci, anterior and posterior periventricular capping, diffuse parenchymal hyperintensity, septal
hyperintensity, corticospinal tract hyperintensity, and CSF flow artifacts were assessed. The Spearman
rank test assessed the correlation between discrete hyperintense foci and age. The Wilcoxon signed
rank test compared foci detectability at 3T versus 1.5T.

RESULTS: FLAIR at 3T commonly showed hyperintensities such as discrete foci (mean, 10.68 per
subject; at least 1 present in 68% of subjects), anterior and posterior periventricular capping, diffuse
posterior white matter hyperintensity, septal hyperintensity, corticospinal tract hyperintensity, and
ventricular CSF flow artifacts. FLAIR at 3T showed a higher hyperintense foci volume (170 � 243
versus 93 � 152 mm3, P � .01) and number (9.4 � 13 versus 5.5 � 9.2, P � .01) than at 1.5T. No
significant differences (P � .68) in the length/diameter of individual discrete hyperintense foci were
seen between 3T and 1.5T. Discrete foci volume (r � 0.72 at 3T, r � 0.70 at 1.5T) and number (r � 0.74
at 3T; r � 0.69 at 1.5T) correlated with age to a similar degree on both platforms. All discrete foci were
confined to the noncallosal supratentorial white matter. The other nonfocal hyperintensities (anterior
and posterior periventricular capping, diffuse parenchymal hyperintensity, septal hyperintensity, corti-
cospinal tract hyperintensity, and CSF flow artifacts) were generally more common and prominent at
3T than at 1.5T.

CONCLUSIONS: Discrete and diffuse parenchymal brain white matter FLAIR hyperintensities are more
common and prominent at 3T than at 1.5T in healthy volunteers.

Fluid-attenuated inversion recovery (FLAIR) MR imaging
of the brain has become a routine tool for assessing lesions

in patients with suspected neurologic disorders such as multi-
ple sclerosis (MS).1,2 FLAIR is particularly useful for assessing
supratentorial pathology but is less useful for assessing the
posterior fossa and spinal cord.3 FLAIR hyperintensities seen
in healthy subjects have been characterized at 1.5T,4 but not at
higher field strengths.

As interest in FLAIR has grown during the past decade, so
too has interest in brain MR imaging at field strengths higher
than 1.5T (eg, 3T and higher). The availability of high-field-

strength scanners (ie, 3T and higher) has the potential to rev-
olutionize research and clinical care in various neurologic dis-
orders.2,5,6 Such higher field approaches have held the promise
of increasing diagnostic sensitivity and specificity in a variety
of neurologic conditions. For example, prior studies have de-
tected a greater number of lesions at higher field strengths (3T
and higher) than at 1.5T in patients with MS.7,8 Another study
demonstrated that not only does 3T MR imaging detect in-
creased lesion volume compared with 1.5T MR imaging, but it
can increase diagnostic yield in confirming MS.9 Furthermore,
FLAIR diffusion tensor imaging uncovers anisotropic paren-
chymal tissue normally obscured by CSF signal intensity.10

With such profound opportunities in the transition to higher
fields, it is critical to establish normative data to maximize
diagnostic accuracy and specificity.

The present study had 3 principal aims: We first sought to
describe both qualitatively and quantitatively brain hyperin-
tensities detected in healthy volunteers with FLAIR at 3T. Sec-
ond, we tested the hypothesis that FLAIR would show in-
creased sensitivity to brain hyperintensities at 3T versus 1.5T.
Finally, we tested the association between discrete hyperin-
tense foci and age.

Materials and Methods

Subject Characteristics and Image Acquisition
We examined 22 adult healthy volunteers (mean age, 44 � 8 years; range,

30–53 years). This Health Insurance Portability and Accountability
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Act�compliant study included institutional review board (IRB) ap-

proval and informed consent. Participants for this study were recruited

by using an IRB-approved advertisement that was posted in a local news-

paper and our hospital Website. A telephone interview was conducted by

using a questionnaire, and any potential participants with a history of

major medical, neurologic, or neuropsychiatric disorders and current or

previous history of substance abuse were excluded. For example, ques-

tions were asked to exclude subjects who had a history of hypertension,

diabetes, head trauma, migraine, learning disabilities, depression, bipolar

disorder, alcohol/tobacco/recreational drug abuse, or any conditions that

would preclude MR imaging. Regarding tobacco, we excluded any indi-

viduals with current or recent (within 5 years) use. Entry into the study

was on the basis of patient-reported history: no formal bedside physical

or neurologic examination or neuropsychiatric testing was performed.

Imaging of the brain was performed in 15 of these subjects (mean age,

43 � 8 years; range, 30–53 years) at both 1.5T and 3T; an additional 7

subjects were interested in having only 1 scan due to the time commit-

ment and thus were scanned at 3T only. There was no significant (P �

.75) age difference between the subject groups studied at 1.5T and 3T.

Subjects underwent 2D fast FLAIR MR imaging of the brain; technical

details on the scan protocol are provided in Table 1. Due to the potential

at 3T to exceed specific absorption rate, patient safety limitations, and

scanning time considerations, TR, TE, and echo-train length varied be-

tween the 2 platforms, though voxel size was nearly equivalent.11

Due to a change in scanning protocol early in the project, the

section thickness for the scans was slightly variable between but gen-

erally not within subjects. Of the total 22 subjects scanned at 3T, 18

were scanned with the main protocol shown in Table 1 by using

2-mm-thick axial sections and 4 were scanned with a similar protocol

by using a 3-mm section thickness. Of the 15 subjects scanned at 1.5T,

14 were scanned with the 2-mm protocol and 1 subject was scanned

with the 3-mm protocol. Only 1 subject scanned at both 1.5T and 3T

had variable section thicknesses between platforms; but because this

subject did not show any discrete hyperintense foci, we did not ex-

clude this subject from the analysis. Otherwise, the scanning protocol

for the 22 subjects was similar within and across subjects.

Image Analysis
Image analysis was performed by using the software package Jim,

Version 3.0 (Xinapse Systems, Northants, UK; http://www.xinapse.

com). Scans were anonymized and randomized for analysis. Discrete

areas of increased signal-intensity abnormality on FLAIR images, re-

ferred to as “hyperintense foci,” were identified by the consensus of 3

trained observers and confirmed by an experienced observer to re-

solve any discrepancies. We avoided using the term “lesions” to de-

scribe the foci because of the normative population being studied.

The number and volume of FLAIR hyperintense discrete foci were

assessed through an edge-finding tool based on local thresholding

that was applied to each axial section to identify discrete foci contours.

Manual adjustments were applied where necessary. The maximum

width or length of each hyperintense focus and the anterior hyperin-

tense capping of the ventricles were assessed with a measurement tool.

Hyperintense areas not well suited to quantitative analysis, such as

diffuse white matter hyperintensity, septal hyperintensity,4 cortico-

spinal tract hyperintensity,4 and ventricular CSF flow artifacts,12 were

qualitatively described.

Fig 1. Comparison of 1.5T and 3T axial 2D FLAIR MR images in a 50-year-old healthy woman. Images of the same regions with equivalent pulse sequences display the improved sensitivity
in discrete foci�detecting capabilities (arrows) and tissue resolution (tissue-CSF distinction) of the 3T scanner. Representative images are shown. In total, FLAIR showed 11 discrete foci
in the whole brain (total brain volume of discrete hyperintense foci � 310 mm3) at 1.5T and 26 discrete foci (total volume � 521 mm3) at 3T. The 1.5T FLAIR scan (A) shows less prominent
number and conspicuousness of discrete foci than seen at 3T (B). The arrows show some of the differences between the images. Note that anterior capping is present on both platforms.
However, a striking diffuse posterior white matter hyperintensity is present only at 3T, part of which is related to posterior capping.

Table 1: MR imaging protocol and technique

Parameters 1.5T 3T
Head coil Quadrature Receive-only phased array
Number of channels 4 8
Pulse sequence 2D fast FLAIR 2D fast FLAIR
FOV (cm) 24 � 24 25 � 25
Matrix size 256 � 256 256 � 256
Section thickness

(mm)
2 (no gap) 2 (no gap)

TR (ms) 10,000 9,000
TE (ms) 125 157
Inversion time (ms) 2700 2250
NSA 3 1
Flip angle 90° 90°
Pixel size (mm) 0.938 � 0.938 � 2 0.976 � 0.976 � 2
Scanning time (min) 8.2 9.1

Note:—NSA indicates number of signal averages; FLAIR, fluid-attenuated inversion re-
covery.
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Statistical Analysis
The Spearman rank correlation analysis was used to assess the rela-

tionship between FLAIR discrete hyperintense foci number or vol-

ume and age. Wilcoxon signed rank test was used to assess the differ-

ence between age and discrete hyperintense foci detectability on the

1.5 and 3T platforms. A modified Wilcoxon test13 for clustered data

was used to assess the difference between discrete hyperintense foci

length on the 1.5 and 3T platforms. The Choi test14 assessed the dif-

ferences between correlations on the 1.5T versus 3T platform. For all

analysis, a P value � .05 was considered statistically significant in this

exploratory study.

Results

Discrete Parenchymal Hyperintense Foci
In general, discrete hyperintense foci were small and punctate,
linear, or curvilinear (Fig 1). In the 22 subjects scanned with
3T FLAIR, we found 10.68 � 14.39 such foci (range, 0 – 47),
with each focus having a volume of 188.43 � 257.58 mm3

(range, 0 – 871.68 mm3) and a length of 2.92 � 1.28 mm
(range, 0.759.89 mm) (Tables 2 and 3). Foci were present in 15
(68%) of the 22 subjects at 3T (Fig 2). Analysis revealed differ-
ences between the platforms; 3T FLAIR showed a larger num-

Fig 2. A and B, Graphs show a larger hyperintense foci number (A, P � .0066) and volume (B, P � .0054) on 3T FLAIR scans than on 1.5T FLAIR scans. Histograms indicate mean; bars,
standard error of the mean. Asterisks indicate a significant difference (P � .05) when comparing 1.5T with 3T in the 15 subjects scanned on both platforms. C, Distribution of total brain
hyperintense foci number for each subject; squares indicate individual cases. See also Table 2.

Table 2: Brain FLAIR discrete hyperintense foci 1.5T versus 3T

1.5T (n � 15) 3T (n � 15)
3T vs 1.5T* (n � 15),

P Value 3T (n � 22)
No. discrete hyperintense foci 5.46 � 9.15 9.4 � 13.08 .0066 10.68 � 14.39
Range 0–33 0–47 0–47
No. subjects with �1 discrete hyperintense focus 10 10 15
Total cerebral discrete hyperintense foci volume (mm3) 92.69 � 151.62 170.33 � 242.51 .0054 188.43 � 257.58
Range 0–536.65 0–871.68 0–871.68

* Wilcoxon signed rank test. See also Fig 2.

Table 3: Length/diameter of FLAIR discrete hyperintense foci

1.5T (n � 15) 3T (n � 15) 3T (n � 22)
Maximum length/diameter (mm)* 2.94 � 1.14 2.75 � 1.22 2.92 � 1.28
Range (mm) 1.24–8.36 0.91–9.89 0.75–9.89

* No significant group differences (P � .68) when comparing 1.5T and 3T.
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ber and increased global volume of discrete hyperintense foci
compared with 1.5T FLAIR (Table 2 and Figs 1 and 2). How-
ever, there was no significant difference in the length/diameter
of the individual discrete hyperintense foci at 1.5T (2.94 �
1.14 mm; range, 1.24 – 8.36 mm) versus 3T (2.75 � 1.22 mm;
range, 0.91–9.89 mm) (P � .68). Thus, the larger total hyper-
intense foci volume with 3T FLAIR was driven by a larger
number of small hyperintense foci, not an increased size of
hyperintense foci already detected with 1.5T FLAIR. Discrete
hyperintense foci number (1.5T, r � 0.69, P � .005; 3T, r �
0.74, P � .0001) and volume (1.5T, r � 0.70, P � .004; 3T, r �
0.72, P � .0002) correlated strongly with age (Table 4 and Fig
3). According to the Choi test for comparing correlations
(Table 4), there was no difference in the correlation between
age and number of hyperintense foci (P � .2) or age and hy-
perintense foci volume (P � .3) when comparing the 2 field
strengths. No cortical/juxtacortical, callosal, or infratentorial
discrete hyperintense foci were seen with either 1.5T or 3T
FLAIR; all foci were localized in the deep or periventricular
supratentorial white matter (Fig 1). Although some were close
to the ventricles, none directly abutted the ventricular
ependyma. The shape and morphology of the hyperintense
foci were similar on both platforms.

Other Hyperintensities
Capping hyperintensity immediately anterior to the frontal
horns of the lateral ventricles was present on all scans (Figs 1
and 4). For the 22 subjects scanned with 3T FLAIR, the thick-
ness of the capping appeared symmetric and thin (1.48 � 0.42
mm; range, 0.90 –2.54 mm). The results were similar for the
subgroup of 15 subjects scanned with both 3T FLAIR (1.42 �
0.35 mm; range, 0.99 –2.22 mm) and 1.5T FLAIR (1.53 �
0.19 mm; range, 1.23–2.05 mm). Paired Wilcoxon analysis
failed to detect a significant difference in anterior cap thick-
ness between the field strengths (P � .21).

Posterior periventricular capping hyperintensity was ob-

Table 4: Brain FLAIR discrete hyperintense foci associated with age

Correlation with Age

rs P
1.5T discrete foci: total cerebral number 0.69 0.005
1.5T discrete foci: total cerebral volume 0.70 0.006
3T discrete foci: total cerebral number 0.74 0.0001
3T discrete foci: total cerebral volume 0.72 0.0002

Note:—rs � Spearman correlation coefficient. According to Choi’s test for correlations,
there was no difference in the correlation between age and number of hyperintense foci
(p � 0.2) or age and hyperintense foci volume (p � 0.3) when comparing the 2 scanners.
See also Fig 3.

Fig 3. Relationship between total brain FLAIR hyperintense foci volume/number and age at 1.5 and 3T. Scatterplots show the relationship between total FLAIR hyperintense foci volume
(A and B) or number (C and D) and age on 1.5 and 3T scans in the healthy volunteers (n � 15). Each square represents a subject. Total FLAIR hyperintense foci volume (r � 0.70, P �
.004) and number (r � 0.69, P � .005) at 1.5T and total FLAIR hyperintense foci volume (r � 0.74, P � .0001) and number (r � 0.72, P � .0002) at 3T show a significant correlation
with age. See also Table 4.
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served in all subjects with 3T FLAIR (Figs 1B and 4B, D–F).
This referred to both a thin line and hazy area of hyperinten-
sity adjacent to the occipital horns of the lateral ventricles.
Although faint posterior capping was also observed with 1.5T
FLAIR (Figs 1A and 4A), it was more prominent with 3T
FLAIR. In addition, a diffuse posterior parenchymal white
matter hyperintensity was present on 3T FLAIR scans of all
subjects (Figs 1B and 4B, D–F). This diffuse posterior white
matter hyperintensity was not seen in any subject with 1.5T
FLAIR (Figs 1A and 4A, C, E).

Flow artifacts, such as CSF pulsation, were similar in both
platforms and included hyperintensities in the third and
fourth ventricles (Figs 1 and 4). Bilateral and symmetric hy-
perintensity of the corticospinal tract (Fig 4A–F) and a thin
periventricular lining around the lateral ventricles (Figs 1 and
4A–H), third ventricle (Fig 4E, F) and fourth ventricle (Fig 4G,
H), and cerebral aqueduct (Fig 4E, F) were present in all cases
and were seen to a similar extent and frequency with 1.5T and
3T FLAIR MR imaging. Septum pellucidum hyperintensity
was also observed to a similar extent and frequency at both
platforms (Fig 4A, B).

Discussion
The present study demonstrates that healthy controls com-
monly display a wide variety of hyperintensities on 3T FLAIR
images, which include all of those previously known at 1.5T.
However, the 3T platform shows several of the hyperintensi-
ties as more numerous and prominent, such as discrete hyper-
intense foci and diffuse posterior white matter hyperintensity.
These normative findings should be taken into account when

interpreting 3T FLAIR images of patients with suspected
pathologic conditions.

It was striking how common and numerous discrete hyper-
intense foci were on the 3T FLAIR scans. Most (68%) of the
subjects’ 3T FLAIR scans revealed discrete hyperintense foci,
with an average of 10.68 of these foci per subject. The total
cerebral number and volume of discrete hyperintense foci
were significantly higher on 3T FLAIR versus 1.5T FLAIR
scans, both nearly double at 3T. However, the discrete hyper-
intense foci were confined to previously known locations4

for incidental hyperintensities in healthy individuals (ie, the
deep periventricular white matter with sparing of the corpus
callosum, cortical, juxtacortical, and posterior fossa regions).
In addition, the size and morphology were similar to what has
been described previously4 at lower field strengths—small
and punctate, linear, or curvilinear. The underlying pathology
relating to these hyperintense foci is unknown but most
likely represents a heterogeneous collection of age-related
changes.15-17 One finding was of particular interest because it
was seen only on 3T FLAIR scans—diffuse posterior white
matter hyperintensity. This was seen in all 22 cases and may
represent normal hypomyelination relative to the anterior
white matter, leading to higher water content.18,19 This would
be consistent with the known development of cerebral white
matter in which the posterior area is the latest to myelinate and
usually does so incompletely.19,20 Alternative explanations in-
clude pathologic changes with aging such as demyelination
and gliosis.

Several other findings including periventricular capping,
septal hyperintensity, CSF flow artifacts, and hyperintensity of

Fig 4. Comparison of 1.5T and 3T FLAIR images from healthy adult subjects. A and B, Representative paired axial FLAIR images of a 47-year-old woman. Both platforms show a bright
periventricular lining of the lateral ventricles (arrows) and septum pellucidum hyperintensity (arrowhead). Also note the prominent hyperintense CSF flow artifacts in the frontal horn of
the left lateral ventricle (arrows). C and D, Representative paired axial FLAIR images of a 50-year-old woman. Both platforms show bilateral corticospinal tract hyperintensity (arrows). E–H,
Representative paired axial FLAIR images of a 53-year-old man. Both platforms show hyperintensities (arrows) of the third ventricular lining (E and F), cerebral aqueduct lining (E and F),
and within the fourth ventricle due to CSF flow (G and H). Ventricular CSF pulsation artifacts are seen to a similar degree between platforms, but only 3T FLAIR shows diffuse posterior
parenchymal white matter hyperintensity (F, arrowhead).
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the corticospinal tracts were seen on 3T FLAIR scans to a sim-
ilar character and extent than present at 1.5T. The above-men-
tioned findings were consistent with previous reports of inci-
dental hyperintensities on FLAIR images.4,12,21,22

There are several limitations in our study. Because of the
small sample size, the findings should be considered prelimi-
nary. Because subject enrollment was based solely on inter-
view, we cannot exclude the possibility that some of the pa-
tients had undetected illnesses in a presymptomatic stage
(though most volunteers were receiving regular health main-
tenance with a primary care physician). We did not compare
the findings in our healthy volunteers with those of patients
with known neurologic diseases such as MS and cerebrovas-
cular disease. Such comparisons will be vital to understanding
how the 3T platform affects the specificity of findings. There
were small differences in section thickness in the MR imaging
protocol among the subjects scanned at 3T. However, this did
not seem to influence the results and conclusions of the study.
Finally, the 1.5T versus 3T FLAIR comparison was hampered
by differences in vendors and other scan parameters, though
we attempted to make the protocols as similar as possible,
given the hardware and software differences.

Our findings have several implications for patient care. The
simple presence of hyperintense foci, even in large numbers,
or the presence of posterior white matter hyperintensity
should not necessarily be interpreted as reflecting a pathologic
condition, because these may occur in the healthy population.
Although 3T FLAIR has the potential to become a more accu-
rate investigative tool than 1.5T FLAIR, new standards will
have to be developed and caution should be exercised when
applying 3T FLAIR MR imaging to the study of neurologic
disorders such as MS when determining the clinical relevance
of detected hyperintensities. It is likely that the size, morphol-
ogy, and location of hyperintensities will help to guide clinical
decisions. Additional studies should be undertaken, with a
larger number of subjects and comparisons with abnormal
conditions, to extend and confirm our findings.

Conclusions
Brain 2D FLAIR MR imaging at 3T commonly shows a range
of discrete and diffuse hyperintensities in healthy individuals
that are more prominent than those with FLAIR at 1.5T. When
interpreting 3T FLAIR scans of the brain in patients with sus-
pected cerebral disorders, one should be mindful of hyperin-
tensities that may represent “normal” rather than pathologic
findings.
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