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Figure 1 Results of voxel-based regression analysis between
FA value and PM score. Regression analysis of FA value with a
measure of prospective memory in DA patients revealed four
clusters, which are shown on (A) orthogonal projections (red
arrowhead indicates the region of global maxima) and (B) axial view
of MNI T1 template images. The clusters were observed in the right
parietal lobes (Brodmann’s area (BA) 40), left parahippocampal gyrus
(BA19), left inferior parietal lobe (BA40), and left anterior cingulate
gyrus (BA 32). The cluster located in the right inferior parietal lobe
was excluded due to its location over the Sylvian fissure. Color bar
indicates T value. (R = right hemisphere)

studies, except for anterior prefrontal cortex (aPFC),
which has been suggested to be of central importance to
PM by several researchers [6-10]. On post-hoc testing,
the reduction of FA value in white matter close to aPFC
was not significant compared with that in normal con-
trols (data not shown). It is likely that an artifact origi-
nating from air in the frontal sinus masked the lesion in
aPPC determined by FA value.

Table 2 Covariate regions between FA value and PM score
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The present study is the first to evaluate the neuronal
basis of PM using voxel-based regression analysis with
FA maps in DAI subjects. An advantage of our metho-
dology is that no experimental PM task was required;
we could instead adopt the widely used clinical PM
assessment battery. However, among the regions elicited
by our method, we could not discriminate that attributa-
ble to core PM from that attributable to supportive
function for PM.

Other limitations of our study include the following.
First, we examined a relatively small number of subjects.
Future studies with larger samples of patients are
needed to augment the reliability of our findings. Sec-
ond, DTI data were acquired with diffusion weighting
encoded along only 6 independent orientations. To
obtain more accurate tensor parameters, a larger num-
ber of gradient sampling orientations must be adopted
in further studies. Third, the interval between injury and
testing varied widely between 3 to 51 months. In a pre-
vious study, longitudinal decline of FA values was
observed in brains subjected to trauma [29], suggesting
that longitudinal changes in FA values may have affected
our results. However, post-hoc examination revealed no
significant decline in FA value with time from injury.
Hence, FA values were not adjusted for time from
injury. Despite these limitations, we believe that we
were able to map the neuronal basis for PM perfor-
mance in a daily life situation.

Conclusions

Using lesion-symptom analysis, we demonstrated that
lesions in the left parahippocampal gyrus, left inferior
parietal lobe, and/or left anterior cingulate resulted in
PM failure. These structures may thus be included in
the neuronal circuit of PM. Our findings reinforce those
of previous activation studies with loading of experimen-
tal PM tasks.

Methods

Subjects

Fourteen DAI patients (males 13, female 1, age: range of
18-36, median 24) without focal brain injury participated
in this study. They all meet Gennarelli’s diagnostic cri-
teria for DAI [30]. Diagnosis was confirmed by the

Cluster size Peak T value

Peak Z score

Peak coordinates Structure name Nearest BA
X Y z

128 7.0 4.3 -20 -60 -8 left parahippocampal gyrus 19

77 6.7 4,2 -30 -34 38 left inferior parietal lobe 40

108 63 4. -4 38 12 left anterior cingulate 32

p < 0.001{uncorrected), minimum cluster size = 50 voxels, voxel size 2 x 2 x 2 m; x, y, and z values localize regions according to Montreal Neurological Institute

stereotactic coordinates. (BA: Brodmann area)
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Figure 2 Correlations between FA value and PM score in each cluster and comparison with normal subjects. Significant correlations
between FA value and PM score were found in (A) the left parahippocampal gyrus (r = 0.89), (B) left inferior parietal lobe {r = 0.93), and (O left
anterior cingulate (r = 0.90). FA values of DAl subjects with full PM score (score = 6) were preserved compared with those of normal volunteers
in each cluster (D: left parahippocampal gyrus, E: left inferior parietal lobe, F: left anterior cingulate cortex). (Rt: right, Lt: left, FA: fractional
anisotropy, PM: prospective memory, PH: parahippocampal gyrus, IPL: inferior parietal lobe, ACC: anterior cingulate cortex, n.s.: not significant).

presence of traumatic microbleeding on conventional
T2*-weighted MR images [31]. Patients under 18 or
over 40 years of age were excluded in order to prevent
FA reduction related to lack of completion of develop-~
ment or aging [32]. All participants were right-handed.
GCS at the time of injury was 3-7 (median 3, inter-quar-
tile range 2), and all patients were classified as having
severe TBI, according to the severity grading advocated
by Narayan [33]. All participants with DAI were at least
3 months post-injury, with a mean time from injury of
16.3 (SD 16.1) months. Mean number of years of educa-
tion was 13.6 (SD 2.4). The Wechsler Adult Intelligence
Scale-III test was performed by all DAI subjects. Four-
teen healthy age- and sex-matched volunteers without
history of TBI, neurological disorder, or psychological
disorder were participated. The mean number of years
of education was 15.6 (SD 0.4). FA values of healthy
participants were measured for the comparison of FA
values in the extracted ROI analysis, between those of
DALI patients. Informed consent for this study was given
by the subject before the experiments. The experimental
protocol was approved by the local ethics committee of
Hiroshima Prefectural Rehabilitation Center.

PM assessment

Everyday memory performance was evaluated using stan-
dardized profile scores of the Rivermead Behavioural

Memory Test (RBMT) in DAI patients [34]. PM failure
was assessed using the following three sub-tests of
RBMT. First, the belonging sub-test required the partici-
pants to ask for a personal belonging, which was taken
from them at the beginning of the assessment, when the
examiner indicated that the assessment had finished.
Participants were also required to remember where the
item was concealed. The second measure of PM was the
appointment sub-test, in which participants were
instructed to ask about a future appointment when a
timer sounded. The final measure required the partici-
pants to deliver a message at a designated place while
completing the RBMT route test. This sub-test had
immediate and delayed (30 minutes later) components.
In this study, we summed the standardized profile scores
of these three sub-tests to obtain a measure of PM failure
(scores range 0-6).

MR data acquisition

All MRIs were performed on a 1.5 T MR scanner
(Siemens, 1.5 T Symphony, Erlangen, Germany) in all DAI
and normal volunteers. Conventional axial T2-weighted
and coronal fluid attenuated inversjon recovery (FLAIR)
images were obtained beforehand to rule out cerebral con-
tusion or other lesions. Moreover, to confirm traumatic
microbleeding, T2*-weighted transverse echo-planar
images were obtained (data matrix, 256 x 256 with field of
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view (FOV) 230 x 230 mm?; 20 axial slices; repetition time
(TR) 800 milliseconds; echo time (TE) 26 milliseconds; flip
angle 20 degrees). DTI was performed using a single-shot
spin echo planar imaging technique. Diffusion weighting
was encoded along 6 independent orientations and the
b-value was 1,000 s/mm?, together with acquisition with-
out diffusion weighting (b = 0). The diffusion-weighted
imaging parameters were as follows: data matrix 256 x
256 with FOV 220 x 220 mm? 19 axial slices; 6 mm slice
thickness; TR 4600 milliseconds; TE 137 milliseconds.

Data processing

In this study, DTI data processing was performed using
DTI Studio software (Jiang H and Mori S, Johns
Hopkins University, Kennedy Krieger Institute) to create
FA maps [35]. For voxel-based statistical analysis, first
the b = 0 images of all subjects were normalized to the
standardized MNI T2 template of Statistical Parametric
Mapping 2 (SPM2) software (Welcome Department of
Imaging Neuroscience, London, UK) using an affine and
nonlinear spatial normalization algorithm. Then the FA
maps were normalized by applying the normalization
parameters determined by normalization of the b = 0
images. The spatially normalized FA maps were then
smoothed with a 6-mm isotropic Gaussian kernel to
improve the signal-to-noise ratio, increase the validity of
statistical inference, and improve normalization.

Statistics

Correlations between PM scores and clinical characteristics
Spearman’s r correlation coefficients were calculated
between PM scores and clinical parameters such as
years of education, duration from onset, GCS at time of
injury, and other neuropsychological scores.

Voxel-based regression analysis between PM score

and FA value

Voxel-based regression analysis between FA value and
PM score was performed using SPM2. In this study, sta-
tistical significance was defined by a voxel level thresh-
old set at p < 0.001 (uncorrected for multiple
comparisons) and clusters with a size larger than 50
contiguous voxels [36-39].

Cluster extracted statistics

Each cluster was automatically extracted using software
(MarsBaR: http://marsbar.sourceforge.net/). Then, the
location of each cluster was visually checked, and the
adequacy of its anatomical location confirmed. Spear-
man’s correlation coefficients were determined between
the FA value of each cluster and PM score, and the
times from injury, respectively. To evaluate whether the
FA values were reserved in the patients whose PM per-
formance were normal, we compared FA values in each
cluster between DAI patients with full PM score and
normal volunteers using the ¢-test.
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These calculations were performed with SPSS Statis-
tics for Windows version 17.0. P values less than 0.05
were considered significant unless otherwise indicated.

Additional material

Additional file 1: Results of voxel-based regression analysis
between FA value and Trail making test-B. This figure demonstrates
that the regions correlated with Trail making test-B (TMT-B) scores in the
same DAl subjects. Thirteen patients were performed TMT-B, and the
mean scoré was 1402 (SD 50.6) seconds. There was no correlation
between the measures of PM and TMT-B {r = -0371, p = 0.213).
Regression analysis of FA value with the score of TMT-B in DA patients
revealed three clusters, which are shown on (A) orthogonal projfections
{red arrowhead indicates the region of global maxima} and (8) coronal
view of MNI T1 template images. The clusters were observed in the
white matter of left pre-frontal lobes, right anterior cingulate, and left
inferior parietal lobe. (Q) Compared the duster correlated with TMT-B
(blue) with that correlated with PM (yellow), the cluster located in the
left inferior parietal lobe was closed to each other. Color bar indicates T
value. (R = right hemisphere}

Additional file 2; Covariate regions between FA value and Trail
making test-B score. Regression analysis of FA value with the score of
Trail Making Test-B in DAl patients revealed three clusters (x, y, and z
values localize regions according to Montreal Neurological Institute
stereotactic coordinates, BA = Brodmann area).
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LETTERS

Bilateral hypogeusia in a patient
with a unilateral paramedian
thalamic infarction

Compared with other neurological deficits in
patients with stroke, clinicians often over-
look taste disoyders, even though more than
30% of patients with acute stroke have taste
disturbances.! Some authors have reported
cases with Dilateral taste disorders induced
by a unilateral lesion in the brainstem,
putamen, insular cortex or the parietal lobe.
We present the first case of a bilateral taste
disorder due to a unilateral paramedian
thalamic infarction.

CASE REPORT

A 40s healthy person suddenly developed
double vision on downward gaze and tran-
sient weakness of the right limbs. After
5 days, the patient became aware of paraes-
thesia and dullness of taste on both sides of
the tongue. On the next day, the patient
consulted our hospital and was admitted
with a diagnosis of cerebral infarction.

The admission physical  examination
showed a blood pressure of 110/54 mm Hg,
with a regular pulse of 60 beats/min. No
abnormal sounds were heard on chest auscul-
tation. On  neurological examination, the
patient was alert, and the visual felds
were full. On downward gaze, the patient
complained of double vision due to limitation
of the left eve's downward movement. The
pupils were isocoric, and both had prompt
and complete light reflexes. The patient
complained of paraesthesia and dullness of
taste on bath sides of the tongue. No abnormal
findings were noted in the sensory and motor
systems, including the deep tendon reflexes.
Simple gait was stable and not ataxic.

The patient had a normal sifius rhythm;
no atrial fibrillation was detected on either
12-lead electrocardiogram or 24 h -Holter
electrocardiogram monitoring. Transthoracic
echocardiography was normal, and trans-
esophageal echocardiography did not reveal
an intracardiac  right-to-left  shunt or
atherosclerotic lesions in the aortic arch. On
electroencephalography, there were no
epileptic discharges. Laboratory and haema-
tological data were normal, including fibri-
nolytic and coagulation markers. Both lupus
anticoagulant and antiphospholipid anti-
bodies were negative. On brain diffusion-
weighted MRI, there was evidence of an
acute infarction in the paramedian region of
the left thalamus (figure 1). Intra-arterial
digital  subtraction = angiography
showed that the left posterior cerebral artery
(PCA} had an irregular wall, and there was
fenestration of the right PCA. On 3D-rota-
tional DSA, an intimal fap was detected in
the left PCA. Thus, a left perforating
thalamic artery occluded by spontaneous
dissection of the left PCA was diagnosed.

700

(DSA)-

Oral aspisin 100 mg/day was prescribed
on the day of admission. The patient’s sense
of taste was evaluated using the filter paper
disc method of a commercial assay kit {Taste
Disk, Sanwa Chemicals, Nagoya, Japan).
This kit can be used to distinguish each
fundamental taste (sweet, salty, sour and
bitter) in the various regions corresponding
to the appropriate nerves. A severe taste
disturbance was seen on both sides 11 days
postinfarction. In chorda tympani newve
area, hypogeusia was seen only in the left
side, while severe hypogeusia was seen in
both sides of glossopharyngeal nerve and
greater petrosal nerve area. The taste distur-
bance partially improved by the 20th post-
infarction day; the patient’s subjective taste
perceptions and paraesthesia of tongue had
almost completely recovered by then. No
ischaemic events occurred during the
patient’s hospital stay, and the patient’s
visual disturbance also improved gradually.

DISCUSSION

While hypogeusia caused by Dbilateral
thalamic lesions was previously reported,’
this is the first case of bilateral hypogeusia
caused by a unilateral thalamic infarction.
The lesion included the ventral poster-
omedial nucleus, which was found to have
a strong association with the sense of taste

-in cat experiments.

In previous reports, unilateral supra-
tentorial lesions tend to cause both bilateral
and unilateral dysgeusia, while unilateral
brainstem lesions under the midbrain or the
pons tend to cause unilateral dysgeusia. This
is probably due to the anatomy of the
gustatory pathways. Custatory pathways
from the facial nerve, the glossopharyngeal
nerve and vagus nerve connect to the ipsilat-
eral solitary nucleus. Then, the tract ascends
via the medial lemniscus to the contralateral
parietal operculum. (Brodmann's 43rd feld),
through the contralateral ventral posterior
medial nucleus of the thalamus. However,

Figure 1 r
the paramedian lesion of the left thalamus.
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controversy exists about this aspect” The
exact crossing area has also not yet been
clarified® Some authors suggest that the
crossing cccurs in the upper pons or midbrain,

In our case, a unilateral thalamic lesion
caused bilateral taste dysfunction. We propose
three possible mechanisms for this patient’s
dysgeusia. First, there may be a gustatory
tract Jocated both on the ipsilateral side and
on the contralateral side of the gustatory
receptor” Second, the crossing site may be
adjacent to the ventral posterior medial
nucleus of the thalamus. Third, taste infor-
mation from both sides of the tongue may be
projected to the left insular cortex before
ascending to the higher-order taste areas.
However, the last hypothesis does not explain
the cases reported with hemilateral dysgeusia
due to supratentorial lesions on the left side.'

One of our patient’s main symptoms was
hypogeusia. Our patient was voung and alert
enough to complain of this subtle stroke
symptom. The patient’s dysgeusia improved
over a short period of time, perhaps because
of incomplete involvement of the unilateral
gustatory tract. On the other hand, some
authors have reported cases that lost weight
over a period of years due to dysgeusia,

Our patient complained paraesthesia of
tongue on admission. However, no objective
trigeminal disorder was seen in sensory
testing, and the symptoms decrzased with
improvement of taste disturbance. We spec-
ulated that severe taste disturbance might
cause the subjective paraesthesia.

In conclusion, we report a case with left
paramedian  thalamic  infarction  who
presented with bilateral hypogeusia. This case
suggests the existence of a gustatory tract
that ascends on the ipsilateral side from the
solitary nucleus to the thalamus, or crosses
near the level of the thalamus. To clarify the
central gustatory pathway, patients’ symp-
toms should be carefully elicited and the
sense of taste examined, even in patients with
stroke who do not complain of hypogeusia.
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Is tongue atrophy reversible in
anti-MuSK myasthenia gravis?
Six-year observation

Approximately 13% of myasthenia gravis
(MC} patients do not have any detectable
antiacetylcholine receptor (AChR) antibodies
and are referred to as ‘seronegative.” Of these,
antibodies against muscle-specific tyrosine
kinase (MuSK) are positive in 30—50%." *
Tongue muscle atrophy is frequent in MuSK-
positive MG.® The pathophysiology of muscle
atrophy is unclear, and it has not yet been
reported whether tongue muscle atropby in
MuSK-MG is reversible or not. We herein
report a G-year observation of tongue muscle
atrophy with its MRI evaluation in a MuSK-
MG patient.

In 2002, a 46-year-old woman was admitted
with an 8-month history of progressive neck
weakness, hoarseness and dysphagia. These
symptoms did not fluctuate throughout the
day. The patient had lost her body weight by
14 kg over 8 months. Neurological examina-
tion showed equivocal blepharoptosis on the
right, prominent nasal voice and dysphagia,
and mild atrophy of the tongue. There was
moderate weakness in the neck muscles and
mild weakness in the limbs. No fasciculations
were observed. Tendaon reflexes were active in
all four limbs.

J Neurol Neurosurg Psychistry June 2010 Vol 81 No 6

Serum anti-AChR antibodies were nega-
tive. The patient’s percentage vital capacity
(%VC) was decreased to 62%. An edropho-
nium test was negative. A repetitive nerve
stimulation test showed no  significant
decremental responses in the nasalis, trape-
zius and abductor digiti minimi muscles.
Axonal-stimulating single fibre electromy-
ography (SFEMG) performed in the extensor
digitorum communis (EDC) muscle showed
slightly increased jitter (mean consecutive
difference (MCD)=32 ms; normal <25 ms),
and blocking was found in only in one
of the 20 endplates examined. On electro-
myography, no resting potential was
observed, and motor unit potentials were
slightly polyphasic in the trapezius, first
dorsal interosseous and tiblalis anterior
muscles.

The patient was tentatively diagnosed as
having amyotrophic lateral sclerosis. The
anti-MuSK antibody assay was not generally
available in 2002. Seven months later, the
patient developed COj narcosis and under-
went a trachectomy, and mechanical venti-
lation was started.

In 2008, the patient was admitted again
because of the lack of progression of limb
weakness and amyotrophy for 3 years.
Neurological examination revealed mild
bilateral prosis and weakness in the facial,
bulbar, neck and respiratory muscles. Tongue

muscle atrophy was substantially more
prominent compared with findings in 2002.

Edrophonium test was negative, and
repetitive nerve stimulation tests were also
negative. On  axcnal-stimulating  SFEMC,
jitter was normal in the EDC (mean MCD=
23 ms) but clearly increased in the frontalis
muscle (mean MCD=128 ms with blocking
in 65% of the endplates). Anti-MuSK anti-
body was found to be positive, with a titre of
8.8 nmol/! (normal <0.05 nmol/N). The diag-
nosis of MuSK-MG was made.

Plasmaphacresis was performed four times.
The patient’s respiratory function rapidly
improved, and 9 days after the initiatjon of
plasmaphaeresis, mechanical ventilation was
no longer required. Intravenous methylpred-
nisolone (1000 mg/day for three consecutive
days) was administered, followed by oral
prednisolone 80 mg every other day. Her
clinical improvement was dramatic; 5 weeks
later, she had almost no difficulty in swal-
lowing, or breathing, although tongue muscle
atrophy and nasal voice remained.

The improved condition was maintained
for 3 years after the start of treatment. Her
tongue muscle awrophy was gradually

improved, when prednisolone was discon-
tinued in June 2007. [n March 2008, the
patient presented with only mild weakness
of the facial and neck muscles. Daily living
activities were not limited by the MC
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Figure 1 Squential findings of tongue MR, the tongue cross-sectional areas, and quantitative
myasthenia gravis (QMG) score. The arrow indicates the point when plasmaphaeresis and
corticosteroid treatment were started. The dosage of predenisolone was reduced gradually and

discontinued in June 2007.
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Association between central systolic blood pressure,
white matter lesions in cerebral MRI and carotid

atherosclerosis

Isha Shresthal, Tetsuya Takahashi!, Fiichi Nomura?, Toshiho Ohtsuki’, Tomohiko Ohshita!, Hiroki Ueno?,

Tatsuo Kohriyama! and Masayasu Matsumoto!

White matter hyperintensities (WMHSs) observed on cerebral magnetic resonance images (MRIs) are associated with age and
hypertension, suggesting a vascular mechanism of pathogenesis. Central systolic blood pressure (cSBP) correlates more closely
with measures of cardiovascular disease risk than brachial pressure. We sought to determine whether ¢cSBP correlates with
WMHs and if cSBP is predictive of cerebrovascular disease. Radial applanation tonometric measurements for cSBP and
augmentation index (Al) were carried out in unselected individuals undergoing carotid ultrasound. WMHs were assessed
retrospectively using fluid-attenuated inversion recovery (FLAIR)-MRIs as periventricular (PVH) and deep white matter
hyperintensities (DWMH), and they were rated using the Fazekas scale. A total of 179 patients, 94 (53%) men and 85 (47%)
women, with a mean age of 66 = 13 years were included in the study. On MRI, 17, 74, 67 and 21 patients had PVH grades 0,
1, 2 and 3, respectively. Forty-eight, 69, 49 and 13 had DWMH grades 0, 1, 2 and 3, respectively. In our study population,
PVH correlated with age, brachial SBP, cSBP and Al (r=0.49, 0.28, 0.23; P<0.002 and r=0.13; P<0.03, respectively).
DWMH also correlated with age, brachial SBP and ¢SBP (r=0.41, 0.30, 0.22; P<0.003, respectively), but not with Al.

cSBP values were associated with PVH/DWMH grades 2 and 3, but brachial SBP correlated only with grade 3. Mean carotid
intima-media thickness (common carotid arteries (CCA)-IMT) was 0.68 + 0.13 mm. CCA-IMT and plaque score (PS) correlated
with PVYH/DWMH. Multivariate regression analysis showed cSBP, age and PS to be independently associated with PVH and
DWMH. Correlation of cSBP with PVH and DWMH was independent of PS. Central SBP correlated with PVH and DWMH in
FLAIR-MRIs and can better predict WMHSs than brachial SBP in earlier stages.

Hypertension Research (2009) 32, 869-874; doi:10.1038/hr.2009.121; published online 31 Jjuly 2009

Keywords: arterial stiffness; atherosclerosis; carotid

cerebral white matter hyperintensities

artery

INTRODUCTION

White matter lesions (WMLs) are frequently observed on cerebral
magnetic resonance images (MRIs) of elderly patients without appar-
ent neurological symptoms.! These WMLs appear as hyperintense
areas in T2-weighted and fluid-attenuated inversion recovery (FLAIR)
MRIs and as isointense areas in Tl-weighted MRIs. Their presence
correlates with gait disturbances,? cognitive impairment, dementia®
and mood disorders. Epidemiological studies have shown that age,
hypertension and diabetes, the principal risk factors of cerebrovascular
disease (CVD), are associated with white matter hyperintensities
{(WMHs). This association is suggestive of a vascular mechanism in
WMH pathogenesis.»>7 The presence of WMHs is an independent
risk factor for stroke® Pathological studies have shown definite
structural vascular abnormalities associated with WMHs, strengthen-
ing the argument that WMHs have a vascular etiology,»'® and thus

intima-media thickness; central systolic blood pressure;

suggesting that WMHs are associated with atherosclerotic changes in
small vessels.

Ultrasonographic findings of increased atherosclerotic plaques and
carotid artery intima-media thickness (IMT) are also regarded as the
subclinical markers of early atherosclerosis. The presence of these
markers is associated with non-modifiable and modifiable risk factors
and with the subsequent risk of new or recurrent stroke and myo-
cardial infarction.V13 Conversely, studies show that the presence
of atherosclerosis is predictive of WMHs.>!* The severity of IMT
and the presence of plaques in the carotid arteries are also predictive of
periventricular WMULs.1

Recently, several non-invasive parameters have been introduced to
assess vascular stiffness. Central systolic blood pressure (cSBP) and
augmentation index (AI) are parameters obtained non-invasively from
central arterial waveforms through radial arterial pulse wave analysis

IDepartment of Clinical Neuroscience and Therapeutics, Hiroshima University, Hiroshima, Japan and 2Department of Neurology, Suiseikai Kajikawa Hospital, Hiroshima, Japan
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(PWA).1618 AT and cSBP are closely related to several risk factors for
atherosclerosis and future cardiovascular events.!8-21

In this study, we investigated the relationship between WMHs
and enhanced arterial stiffness and sought to determine whether
cSBP correlates with WMHs and can serve as a predictor of CVD.
We obtained cSBP and Al through PWA and recorded WMHs as
detected by FLAIR-MRIs. We also investigated the association of ¢SBP
with carotid atherosclerosis.

METHODS

Study population

Study participants were recruited from unselected consecutive cases attending
the carotid ultrasonography clinic for clinically indicated ultrasonographic
examination of the extracranial carotid arteries. The study population encom-
passed a wide range of age groups and underlying diseases including patients
with CVD, coronary artery disease, and other neurological and systeric
problems. Also included were patients undergoing carotid ultrasonography
for preoperative screening. Exclusion criteria included inability to perform the
tonometric PWA as in patients with atrial fibrillation, chronic renal failure with
patent arteriovenous fistulas in bilateral wrists for hemodialysis, aortitis with
makers and other implants), inability to obtain a good carotid sonograph, and
inability to obtain informed consent from the patient. Informed consent was
obtained from all participants before they were enrolled in the study.

Ultrasound evaluation

The common carotid arteries (CCA) were evaluated using high-resolution
B-mode duplex ultrasonography with a 7.5-MHz linear type probe (Aplio,
Toshiba Medicals, Tokyo, Japan). Bilateral optimal visualization of the carotid
artery was performed with the patients lying in the supine position with their
necks slightly hyperextended. We obtained the mean value of maximal IMT
measured in the distal CCA far wall {CCA-IMT), thé 10-mm section of the
artery proximal to the starting point of the carotid bulb. Measurements were
taken from the best longitudinal images obtained after multiple visualizations.
Plaques in the accessible segments of the CCA as well as the internal carotid
artery were described in terms of plaque number and plague score (PS).
Plaques are defined as IMT 1.1 mm. Plaque number is the total number of
plaques recorded in the CCA-internal carotid artery segments bilaterally. PS is
the sum of the heights of all the plaques present bilaterally.?%23

Pulse wave analysis
Measurements were taken in a quiet, temperature~controlled room with the
patient sitting comfortably on a bed after completing the carotid ultrasono-

graphy. Applanation tonometry of the radial artery was performed in the left
wrist using the commercially available automated applanation tonometry
systern (HEM-9000AL, Omron Healthcare, Kyoto, Japan). The built-in software
in the Omron system was used to obtain the following measurements:
Al, brachial SBP, cSBP, diastolic blood pressure (DBP) and pulse pressure.
The validity of the device has already been established.?

MRI data acquisition

Participants’ MRI findings were obtained retrospectively from the hospital’s
electronic data bank. We used the most recent images (within the past 6
months, except for three cases where images as old as 10 months were
included). The patients were examined on the 1.5T MRI unit (SIGNA,
GE Medical Systems, Fairfield, CT, USA). The WMHs in MRIs were classified
into periventricular hyperintensities (PVH) and deep white matter hyperinten-
sities (DWMH). PVH and DWMH were defined as showing high intensity in
FLAIR-MRIs and low intensity in T1-weighted MRIs. PVH includes WMHs in
contact with the ventricular wall, and DWMH includes the WMHs situated in
the deep white matter and separated from the ventricular wall by a strip of
normal-appearing white matter. The severity of PVH and DWMH was rated
visually on axial-FLAIR images using the Fazekas scale?® to assign grades 0-3. A
single person performed visual ratings of PVH and DWMH in a blinded
manrer.

Risk factors

Data regarding the patients’ risk factors for atherosclerosis, such as hyper-
tension, diabetes mellitus, dyslipidemia, history of stroke or transient
ischemnic attack, ischemic heart disease or coromary artery disease, and
smoking habits were obtained from hospital records. Risk factors were
defined as follows: hypertension: SBP > 140 mm Hg and/or DBP 290 mm Hg
or using antihypertensive medication; diabetes mellitus: fasting blood
glucose >7.0mmoll™! or using oral hypoglycemic agents or insulin;
dyslipidemia: low-depsity lipoprotein-cholesterol 323.6mmoll™' or using
lipid-lowering agents; smoking was defined as ‘current smokers’ or ‘nonsmo-
kers?

Statistical analysis

Statistical amalyses were performed using the Statistical Package for the
Social Sciences (version 11.5. for Windows, SPSS Inc., Chicago, IL, USA). Data
are expressed as meants.d. or %, unless stated otherwise. Pearson’s and
Spearman’s correlation coefficients were used for continuous and ordinal
variables, respectively. Comparison of the variables between groups was carried
out using the y*-test for categorical variables and analysis of variance and post
hoc tests (Tukey HSD) for continuous variables. Univariate correlation analyses
were used to assess the relationships between variables of interest. Multivariate

Table 1 Characteristics of patients with different grades of PVH and DWMH

MRI-PVH grades MRI-DWMH grades
Characteristics Total 0 1 2 3 0 1 2 3
N 179 17 74 67 21 48 69 49 13
Male (%) 94 {52.5) 10 (58.8) 39 (52.7) 33 (49.3) 11 (52.4) 30 (62.5) 32 (46.4) 26 (53.1) 5(38.5)
Age {years) 66+13 43+ 14 65+11 71£10 71+9 57+16 67+%11 72+10 71+11
cSBP (mmHg) 137£18 123+19 137124 141 +£22 152+28 129%20 140£21 141+27 161£30
SBP (mm Hg) 131+12 122+16 131x21 136+21 148+24 125+16 134£20 137+24 153£26
Al (%) 83+17 74%15 82+15 85+18 85+17 78+17 85+16 82+17 91£11
HR (beats min—1) 73%£13 75%15 72x12 74+14 71£11 7514 72%11 75415 67%9
DBP (mm Hg) 78+13 75+14 77%11 79%+13 77+14 75%12 78+12 79+£12 74+15
PP (mm Hg) 56+18 48x15 54+17 5717 71+24 5014 55+ 16 58+ 20 78+25
CCA-IMT (mm) 0.68+0.13 0.62+0.14 0.77+0.15 0.8340.17 0.91+£0.35 0.72+0.15 0.79+0.17 0.83£0.15 0.98+0.41
Plaque score 3.37+3.57 1.12+2.50 2.0£2.26 2.93+2.51 3.57%£3.52 1.59+2.62 2514223 2.84%2.57 3691374

Abbreviations: Al, augmentation index; CCA-IMT, common carotid artery intima—media thickness; cSBP, central systelic blood pressure; DBP, diastolic blood pressure; DWMH, deep white matter
hyperintensities; HR, heart rate; N, number; PYH, periventricular hyperintensities; SBP, brachial systolic blood pressure; PP, pulse pressure; PS, plague score.

Data are presented as mean £s.d, or as the number (%) of patients.
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linear regression analysis was carried out to check the independent relation-
ships of cSBP with WMHs. All P-values <0.05 were considered statistically
significant.

RESULTS

A total of 179 patients were included in the study. Of the total
participants, 94 (52.5%) were males. The mean#s.d. age of the
participants was 66+ 13 years (median, 68 years). Clinical character-
istics for each grade of PVH and DWMH are shown in Table 1. Of the
total patients, 88 had a history of stroke and 14 had a history of
coronary artery disease or ischemic heart disease. Among the stroke
patients, 12.1% had transient ischemic attacks, 4.0% had hemorrhagic
strokes and 83.9% had ischemic strokes. With respect to subtypes of
ischemic stroke, 34.3% had large artery atherosclerosis, 12.1% had
cardioembolic events, 29.3% had small artery occlusion, 2.0% had
strokes of other determined cause, and 6.1% had strokes of undeter-
mined cause according to the TOAST classification.

Table 2 shows the diagnosis and risk factors of the study partici-
pants. The number of patients with PVH grades 0, 1, 2 and 3 was 17,
74, 67 and 21, respectively. Similazly, the number of patients with
DWMH grades 0, 1, 2 and 3 was 48, 69, 49 and 13, respectively. Of the
total patients, 41 (22.9%) were taking antihypertensive medications.
PVH and DWMH correlated with the diagnosis of hypertension
(r=—0.36, P<0.0001 and r=-0.36, P<0.0001, respectively) and
past history of CVD (r=-0.22, P<0.003 and r=-0.16, P<0.036),
but they did not show any association with diabetes mellitus,
dyslipidernia, past coronary artery disease or smoking habits. Investi-
gation of the association between the MRI findings and ¢SBP in
men and women separately showed that women had a stronger
association than men.
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Univariate analysis revealed that ¢SBP is correlated with brachial
SBP and also moderately with AI (Figure 1). CCA-IMT showed a
significant positive correlation with c¢SBP, as well as Al but the
association was weaker with Al compared with ¢SBP (Figure 1).

Table 2 Clinical characteristics of the study participants

Men (h=94)  Women (n=85) P-vaiue
Age (years) 66 65 <0.001
Hypertension (%) 56.4 45.9 NS
Antihypertension therapy 22.3 24.7 NS
Calcium channel blocker 5.6 8.9
Angiotensin receptor blocker 6.7 3.9
ACE inhibitor 22 5.0
Diuretics/B-blockers/others 6.1 3.4
Diabetes mellitus (%) 34.5 24.7 <0.002
Dyslipidemia (%) 29.8 44.7 <0.0001
Smoking habits (%) 55.3 14.1 0.0002
History of CVD (%) 50.0 47.1 NS
History of CAD (%) 4.3 9.4 <0.001
Parkinsonism (%) 10.6 14.1 NS
Dementias (%) 3.2 9.4 0.042
Other newrological diseases (%)? 18.1 23.5 NS
Other systemic diseases (%)° 16.0 11.8 NS

Abbreviations: ACE, angiotensin-canverting enzyme; CAD, coronary artery disease; CYD,
cerebrovascular disease; IHD, ischemic heart disease; NS, not significant; n, number;

TIA, transient ischemic attack. :

Values are the mean or frequency. P-values refer to un-paired ttest for continuous variables and
42-analysis for categorical variables,

2Includes cases with vertigo, neuropathies, seizure disorders, migraine and so on.

®Includes patients with renal and hepatic disorders, various cancers, those undergoing carotid
ultrasonography for preoperative screening.
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Figure 1 Univariate analyses among the parameters: scatter plots showing the relationships between brachial systotic blood pressure (SBP) and central
SBP (y=17.64+0.89x) (a); carotid intima-media thickness (IMT) and central SBP (y=0.38+0.00x) (b); central SBP and augmentation index (Al)

(y=71.76+0.81x) (c); and carotid IMT and Al (y=0.59+0.00x) (d).
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Figure 2 Central systolic blood pressure (cSBP) values showed a significant association with the periventricular hyperintensities (PVYH) and deep white matter
hyperintensities (DWMH) grades 2 and 3, but brachial SBP had a significant association with only the extreme grades (grade 3) of both PVH and DWMH
(panels a and b). The grades of both PVH and DWMH did not correlate with the augmentation index (Al). Analysis of variance, post hoc test (Tukey HSD).

*P<0.05; NS, not significant.

In the correlation analysis, the presence of PVH showed positive
correlations with age (r=0.49, P<0.0001), SBP (r=0.28, P<0.0001)
and cSBP (r=0.23, P<0.002). DWMH also showed associations with
age (r=0.41, P<0.0001), SBP (r=0.30, P<0.001) and ¢SBP (r=0.22,
P<0.003). PVH was correlated with Al (r=0.13, P<0.05), but
DWMH was not. The presence of PVH was positively correlated
with CCA-IMT, PS and plaque number but not with DBP or pulse
pressure. Positive correlation was also seen between DWMH and
CCA-IMT, PS, plaque number and pulse pressure but not with DBP.

The cSBP values in the PVH grades 0, 1, 2 and 3 were 123 £ 19,
137 + 24, 141 + 22 and 152 + 28 mm Hg, respectively. The cSBP values
in the DWMH grades 0, 1, 2 and 3 were 129 £20, 140+ 21, 141 £24
and 161 + 30 mm Hg, respectively. When the relationships between the
increasing PVH grades and parameters of PWA were investigated,
cSBP showed a significant positive correlation with PVH grades,
whereas Al was not correlated (Figure 2a), DWMH grades also showed
significant correlations with ¢SBP but not with AI (Figure 2b). The

Hypertension Research

differences in the ¢SBP values in PVH and DWMH grades 0 and 3 as
well as 0 and 2 were significant, but for the brachial SBP, the
differences were significant only for grades 0 and 3 (Figures 2a and b).

The mean CCA-IMT in the total study sample was 0.68 £ 0.13 mm.
CCA-IMT increased along with increases in PVH and DWMH grades.
Similarly, PS also increased with the increase in PVH and DWMH
grades (Table 1).

The results of multivariate linear regression analysis in stepwise
manner, with PVH and DWMH grades as dependent variables,
are shown in Table 3. In model 1, we adjusted for age, male sex, Al
CCA-IMT and PS. In model 2, we also adjusted for ¢SBP. We found
that ¢cSBP, but not Al, was independently related to PVH and DWMH.
Age and PS also showed independent relationships with PVH and
DWMH.

Patients with PVH and DWMH grades 0 or 1 (PVH Iand DWMH I)
and grades 2 and 3 (PVH Il and DWMH II) were stratified into two
groups on the basis of their PS grades (Figure 3). PS grades were
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divided into PS I (no or mild PS that is, PS<5) and PS II (moderate-
to-severe PS that is, PS> 5) groups. T-test analysis of the differences in
the mean cSBP values between the two groups of PVH and DWMH
against PS I and II groups showed significant differences in the PS I
groups.

DISCUSSION
The main finding of this study is that cSBP is positively correlated with
the presence of PVH and DWMH in FLAIR-MRIs in an unselected
sample. Our results show that the cSBP values are more closely
associated than the brachial SBP with PVH and DWMH grades.
Although we found that cSBP also tended to correlate with the
atherosclerotic changes in the carotid arteries, the association between
cSBP and WMHs was independent of the atherosclerotic changes.
The cSBP values showed significant association not only with high-
grade (grade three) lesions but also with the lower grade PVH and
DWMH lesions. By contrast, brachial SBP is only significantly
associated with these lesions for the extreme grades but not for the
lower grades. Though brachial SBP has been and still is an important
risk factor, we can suggest from our data that cSBP might be a better
predictive indicator, especially to predict the PVH/DWMH lesions in
their earlier stages. Further studies with much larger sample sizes are
needed to validate the results. To the best of our knowledge, our
study is the first to examine the relationships of ¢SBP with PVH
and DWMH.

Table 3 Stepwise linear regression analysis of white matter
hyperintensities with other parameters

PVYH presence DWMH presence

Model 1 Model 2 Model 1 Model 2
Correlate B P B P B P B P
Age 0.49 <0.001 0.42 <0.001 040 <0.001 0.31 <0.001
Gender (malesex) 0.07 NS 003 NS 011 NS 0.15 NS
Al 002 NS 003 NS 003 NS 005 NS
CCA-IMT 015 NS 012 NS '0.16 NS 010 NS
Plague score 0.17 002 017 002 0.22 0004 021 0.006
cSBP 0.14 0.03 0.19 0.008

Abbreviations: Al, augmentation index; ¢SBP, central systolic biood pressure; CCA-IMT, common
carotid artery intima~media thickness; DWMH, deep white matter hyperintensities; NS, not
significant; PVH, periventricular hyperintensities.

Results of correlation analysis of PVH presence and DWMH presence to parameters of radial
wave analysis; cSBP and Al; and carotid atherosclerosis. Model 1 adjusted for age, gender
(male sex), Al, CCA-IMT or plaque score. Model 2 adjusted for variables in Model 1, cSBP.

The strength of correlation is expressed by the regression coefficients B,
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White matter lesions are frequently observed on cerebral MRIs of
elderly patients without apparent neurological symptoms.! These
WMLs appear as hyperintense areas in T2-weighted and FLAIR-
MRIs and as isointense areas in T1-weighted MRIs. They reportedly
correlate with gait disturbances,? cognitive impairment, dementia®
and mood disorders.* These WMLs are likely to result from ischemic
injury to the brain.2® Exposure of vessels to high pressure results in
impairment of cerebral autoregulation®” or microvascular structural
damage,?® and these are potential mechanisms that may lead to
cerebral WMHs. This would represent the cerebral manifestation of
hypertensive target organ damage. In a population-based study,
Roman et al? showed that central pressures more accurately reflect
the loading conditions on the cerebral vasculature than brachial
pressures do. There are also data suggesting that central pressure
and indices correlate more closely with the measures of cardiovascular
risk than brachial pressure and that they can independently predict
future cardiovascular events.!”*%32 Furthermore, the results of a large-
scale ASCOT-CAFE study show that brachial blood pressure is not
always a good surrogate for the effects of blood pressure-lowering
drugs on arterial hemodynamics, emphasizing the importance of
central blood pressure measurements over traditiomal peripheral
blood pressure measurements.>®

Differing from most of the other studies?%3%3% that focus on the
association between WMHSs and arterial stiffness with brachial artery
pulse wave velocity parameters, this study examined the relationships
of WMHSs with ¢SBP and AL Increased brachial artery pulse wave
velocity is reported to be closely associated with the appearance of
PVH in elderly populations® and also with the risk of small vessel
disease in hypertensive elderly persons.3* Although the measurement
techniques are different, our results support similar findings that
stiffness of arteries, in our case cSBP, is associated with WMLs.

In our study, we established a good association between the MRI-
WMHs and ¢SBP, but no such association existed with AL The
different relationships of Al and c¢SBP with WMHs in our study
could be explained by assuming that these two measurements provide
different information about arterial stricture and function. As age,
height, DBP36 and heart rate’” are known determinants of AI, Al does
not reflect arterial stiffness alone. We suppose, for this very reason,
that the association between Al and WMHs was weaker in this study.

In this study, we uniquely investigated the MRI-WMHs in unse-
lected patients, unlike earlier studies in which within risk-factor
groups were included. Similar to earlier studies,“? our study also
showed that age is independently associated with both PVH and
DWMH. Females had a stronger association between the MRI findings
and ¢SBP. In addition, cerebral WMHs are associated with carotid
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Figure 3 Central systolic Etood pressure (¢SBP) in patients with periventricular hyperintensities (PVH) grades 0 or 1 (PVH 1) and PVH grades 2 or 3 (PYH 1)
and in patients with deep white matter hyperintensities (DWMH) grades O or 1 (DWMH |) and DWMH grades 2 or 3 (DWMH 1), stratified into two groups
according to the plaque score (PS) grades, PS | (PS<5) and PS Il (PS>5). Pvalues refer to ttests. *P<0.05; NS, not significant.
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IMT and PS, as suggested by this study, and also supported by earlier
studies.>'>15 The presence of aortic atherosclerosis at middle age is
predictive for the development of WMLs later in life.!* But, with
further analysis, only PS was independently associated with both PVH
and DWMH. The results show that differences in c¢SBP values between
the higher and lower grades of PVH/DWMH were significantly
independent of PSs.

In summary, we found that ¢SBP and brachial SBP show varying
degrees of association with PVH and DWMH detected in MRIs. ¢SBP
is more strongly correlated with both PVH and DWMH. We believe
that cSBP shows a stronger association with different grades of MRI
lesions and systemic atherosclerotic changes. For economical and
technical reasons, the measurement of c¢SBP using radial applanation
tonometry could serve as a practical and reliable tool to predict
cerebral WMLs and assess atherosclerotic changes.

This study had some limitations. First, the relatively small sample
size limits our statistical power. In addition, we cannot establish a
causal relationship between the parameters because of the cross-
sectional study design. Larger longitudinal studies capable of support-
ing the relationship between ¢SBP and the increased risk of CVD
found in this study are needed.

In conclusion, this study shows that increased cSBP is closely related
to cerebral WMHs in unselected patients. Thus, cSBP might not only
serve as a better predictor of CVD but also be used in the regular
clinical setting.
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Diagonal Ear-Lobe Crease is Correlated With
Atherosclerotic Changes in Carotid Arteries

Isha Shrestha, MD; Toshiho Ohtsuki, MD; Tetsuya Takahashi, MD;
Eiichi Nomura, MD*; Tatsuo Kohriyama, MD; Masayasu Matsumoto, MD

Background: The diagonal ear-lobe crease (ELC) is reported to be a marker of cardiovascular disease. Very few
reports have assessed the relationship of ELC with atherosclerosis. This relationship is investigated here using a
Japanese population.

Methods and Results: A prospective cross-sectional study included 212 consecutive patients. Bilateral ear lobes
were checked for the ELC and this was followed by carotid ultrasonography to measure the far wall common
carotid artery intima-media thickness (CCA-IMT), plaque score (PS) and plaque number (PN). Patients with
ELC had significantly higher carotid IMT than controls (0.90+0.24 vs 0.77£0.15, respectively, P<0.001). ELC
presence correlated significantly with carotid IMT, PS, and PN (r=0.306, P<0.0001; r=0.198, P<0.008 and
r=0.221, P<0.0001, respectively), and also with age, male sex and hypertension. ELC presence and absence in
mild or no PS and moderate or severe PS subgroups was significant, with a chi-squared value of 7.59 (P<0.006).
In multivariate regression analysis, ELC presence correlated with CCA-IMT independently. The odds ratio for
the presence of ELC in patients with CCA-IMT of <0.8 mm vs patients with CCA-IMT of 20.8 mm (the median
value) was 0.41 (95% confidence interval, 0.22-0.76).

Conclusions: The present study showed an association between ELC and increased CCA-IMT, PS and PN.

Circ J2009; 73: 1945-1949

(Circ J 2009; 73: 1945-1949)

Key Words: Atherosclerosis; Carotid intima-media thickness; Diagonal ear-lobe crease; Plaque score

of the ear-lobe, first described by Frank in 1973.!

Since then, there have been many other reports
about ELC as a risk factor for coronary artery disease
(CAD). While many studies have been reported regarding
the relationship of ELC with CAD, very few have been
reported regarding the correlation with atherosclerosis of
the carotid artery.>? The carotid artery intima-media thick-
ness (IMT) is not only taken as one of the risk factors for
cerebrovascular disease (CVD), but it is also considered as
a reliable marker of systemic atherosclerosis.#-6 This study
has been designed in this regard, to study the prevalence of
the ELC in relation to the carotid atherosclerosis, and to
find out whether it can be used as a marker of carotid
atherosclerosis and thus an indicator of future stroke. In
this study, we also investigated the association of ELC with
other established risk factors for atherosclerosis (ie, hyper-
tension, hyperglycemia, dyslipidemia and smoking habits).

Editorial p1801

Ear-lobe crease (ELC) is the fold or crease in the skin

Methods

- A continuous prospective cross-sectional study was con-
ducted. Patients were recruited from consecufive cases

undergoing clinically indicated ultrasonographic examina-
tion of the extracranial carotid artery systems, and included
a wide age-group range and underlying diseases or diag-
noses, including patients with CVD history, CAD history,
patients with other neurological and systemic problems
and also the patients undergoing carotid ultrasonography
for pre-operative screening purposes, in the department of
Neurology, Hiroshima University Hospital. Exclusion crite-
ria included the inability to obtain a good carotid sonograph,
and the inability to obtain informed consent from the patient.
Informed consent was obtained from all the participants
before they enrolled in the study.

The bilateral ear lobes were assessed manually for the
presence of typical diagonal EL.C, with the patients in sitting
position using an evaluation sheet (Figure 1). The structure
of the ear lobe, presence or absence of the ELC and if
present, the length and depth of the crease were recorded
on the sheet. An illustration of an ear lobe was also included
on each sheet where the ELC was drawn exactly as present
and later on tallied with a photograph of a typical ELC. The
typical ELC was recorded as being present if a subject had
a deep diagonal crease extending obliquely from the tragus
towards the outer border of the ear lobe, covering at least
two-thirds of the ear lobe length. Whenever there was more
than 1 crease, at least 1 should have met the above criteria.
A typical ELC in one of the patients is shown in Figure 1
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Evaluation sheet for the Ear -Lobe crease

Name:
Age Sex: M/ F
Pt 1D No.:
Assessment of ears:
Right Ear

1.Ear lobe structure:
2. Ear lobe crease: P {Present)
A (absent)
N {not clear)
3.Length of crease:

{in relation with sar lobe)
4 Depth of crease:

5 Inclination of crease:

a. Shallow b. Deep
a. Chlique b. Diagonal
c. Vertical

& Number of creages: 1.2, 3, or more

7 Past medical history:

S{soldered) Alattached) F(fres)

<12, 1/2-213, 2/3 or more

HT, DM, HL, hio IHD / stroke or TIA

S MNo.
Date:
Diagnosis:

Left Ear
S{soldered) Af{attached) Fifree)
P (Present)
A (absent)
N (not clear)
<12, 1/2-2{3, 2/32 or more

a. Shallow b. Deep

a. Oblique b. Diagonal
c. Vertical

1,2,3,0or more

Left

8. Personal history: smoking
9.Carotid Echo finding: Right
CCA-IMT
PS
PN

10.Remarks:

Figure 1. Ear-lobe crease evaluation sheet used in the study (Above). Ear with a typical ear-lobe crease and the marking

of the same in the evaluation sheet illustration (Below).

as an example, along with the recording of the crease in the
evaluation sheet illustration (Figure 1). To minimize the
tisk of examiner’s bias, the ear lobes were evaluated prior
to the ultrasonographic examination. The examiner con-
ducting the ultrasonography was blinded to the patient ELC
findings.

Comrmon carotid arteries were evaluated with high reso-
lution B-mode duplex ultrasonography with a 7.5MHz
linear type probe (Aplio, Toshiba Medicals, Tokyo, Japan).
Bilateral optimal visualization of the carotid arteries was
performed with the patients lying comfortably in the supine
position with their neck slightly hyper-extended. The mean
value of the maximal IMT measured in the distal common
carotid artery (CCA) far wall (10mm section of the artery

proximal to the starting point of the carotid bulb) on the both
sides was taken. IMT is the distance between the lumen-
intima interface and the media-adventitia interface. Based
on multiple visualizations, the measurements were taken
from the best longitudinal images possible to obtain for the
segment of the artery. The plaques in the accessible seg-
ments of the CCA as well as internal carotid arteries ICA)
were recorded in terms of plaque number (PN) and plaque
score (PS). Plaques are defined as an IMT of >1.1 mm, and
the PN includes the total number of plaques recorded in the
CCA-ICA segments bilaterally. The PS is the sum of the
heights of all the number of plaques present, bilaterally.78
Data regarding other established risk factors for athero-
sclerosis, namely hypertension, hyperglycemia, dyslipid-
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Table. Characteristics of the Study Subjects

1947

All subjects (n=212) ELC group (n=61) No ELC group (n=151) P value
Age (years) 67£12 7248 65+13 6.001
Male (%) 102 (50) 42 (69) 64 (42) 0.0001
H/o stroke/TIA (%) 93 (46) 33 (54) 61 (40) NS
H/o CAD/THD (%) 24 (11) 5(8) 19 (12) NS
H/o PAD (%) 8(4) 2(3) 6(4) NS
Hypertension (%) 117 (53) 41 (67) 76 (50) <0.05
Diabetes mellitus (%) 65 (31) 23 (37) 42 (27) NS
Dyslipidemia (%) 77 (36) 20 (33) 5737 NS
Smoking (%) 76 (36) 27 (44) 49 (32) NS
SBP (mmHg) 135422 141425 132421 0.001
DBP (mmHg) 7712 T6£13 7712 NS
CCA max IMT (mm) 0.8240.19 0.90+0.24 0.7740.15 0.0001
Plaque score (PS) 3.61£3.59 5.7243.84 4218273 0.001
Plaque number (PN) 2.3442.39 3.834£2.50 2.53£1.61 0.001

Data are presented as meanstandard deviations or as the number (%) of patients.
ELC, ear-lobe crease; H/o, history of; TIA, transient ischemic attack; NS, not significant; CAD, coronary artery disease; IHD, ischemic
heart disease; PAD, peripheral arterial disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; CCA, common carotid

artery; max, maximum; IMT, intima-media thickness.

1.25

T
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ELC present ELC absent
N =61 N =151

Figure 2. Common carotid artery intima-media thickness (CCA-
IMT) in patients with and without ear-lobe crease (ELC). Data are
presented as mean tstandard deviation. P<0.0001.

emia, smoking habits and significant past medical illnesses
such as transient ischemic attack (TIA)/stroke or ischemic
heart disease (THD)/CAD were drawn from hospital records.
Risk factors were defined as follows: hypertension: SBP of
2140 mmHg and/or DBP of 290 mmHg or using antihyper-
tensive medication; hyperglycemia: fasting blood glucose
of 27.0mmol/L. and/or glycosylated hemoglobin of >5.8%
or using oral hypoglycemic agents or insulin; dyslipidemia:
LDL-cholesterol of 23.6mmol/L or using lipid lowering
agents. Smoking was defined as “current smokers” or “non-
smokers”.

Statistical Analysis
Data were expressed as meantstandard deviation or %
-unless stated otherwise. P values of <0.05 were considered
statistically significant. Comparison of the variables between
groups was carried out using a chi-squared test for categori-
cal variables and a t-test for continuous variables. Spearman
and Pearson correlation analysis were performed to assess
the relationship between ELC and other parameters. Mul-
tivariate regression analysis was conducted to check the
independent relationship between ELC and carotid IMT.
Cross tabulation and an odds ratio calculation was con-

Circulation Journal Vol.73, October 2009
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Figure 3. Common carotid artery intima-media thickness (CCA-
IMT) in ear-lobe crease (ELC)-present and EL.C-absent groups against
quartiles of age.

ducted to check the ELC in the 2 IMT groups. All statistical
analysis was conducted using SPSS (Statistical Package for
Social Sciences, release 11.0) for Windows.

Results

The study subjects consisted of 212 patients, 61 with typical
ELC and 151 without ELC (as control group). Of the total
212, 106 (50%) were male. The mean age of the subjects
was 67x12 years. The clinical characteristics of the study
subjects are shown in Table. Of the total patients, 93 had a
history of stroke or TIA, 24 had a history of CAD/IHD and
8 had peripheral vascular disease.

IMT was significantly higher in the ELC group than in
the control group (0.90£0.24 vs 0.7740.15, respectively,
P<0.001) (Figore 2). The presence of ELC showed a sig-
nificant correlation with carotid IMT (r=0.31, P<0.0001).
The presence of ELC was also significantly correlated with

— 867 —



1948

3 No plaque
PS < 5 (mild)
B PS 5 - 10 (moderate)
B PS >10 (severe)

ELC absent

ELC present
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Figure d. Atherosclerosis expressed as plaque score
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age (r=0.24, P<0.001), male sex (r=0.24, P<0.0001) and
presence of hypertension (r=0.15, P<0.05) but not with
other risk factors, such as hyperglycemia, dyslipidemia and
smoking habits.

The odds ratio for the presence of ELC in patients
with CCA-IMT of <0.8 mm vs patients with CCA-IMT of
>0.8mm (the median value) was 0.41 (95% confidence
interval, 0.22-0.76).

The subgroup analysis showed a graded and independent
association of ELC and quartiles of age. The t-test analysis
of the differences in the mean IMT in ELC-present and
ELC-absent groups in different age quartiles showed signifi-
cant differences between the 2 groups (0.72+0.02 vs 0.6+
0.16 mm, P=0.036; 0.84+0.09 vs 0.7810.13 mm, P<0.027;
0.96+0.34 vs 0.7840.11 mm, P=0.008; respectively for the
1st, 2nd and 3t quartiles but not for the 4% quartile (0.97+
0.11 vs 0.91£0.15mm, P=0.193, Figure 3)). ELC also
showed an independent association with carotid IMT in the
multivariate regression analysis (£=0.306, P<0.0001) when
adjusted for age, sex and hypertension.

Our results showed that the PS and PN were higher in
ELC-present group compared to the control group. In the
ELC-present group, almost 48% had modefate-to-severe ath-
erosclerotic findings, whereas in the control group had only
27% moderate-to-severe atherosclerotic changes (Figure 4).

There was significant correlation between ELC and PS,
as well as PN (r=0.198, P<0.008 and r=0.221, P<0.0001,
respectively). Grading of atherosclerotic changes is con-
ducted based on the PS, where a PS of <5 is considered as
mild, 5-10 as moderate and >10 as severe.8 PSs in the sub-
jects were further divided into mild or no PS and moderate
to severe PS sub groups, and compared between ELC-
present and -absent groups. The chi-squared value for this
analysis was 7.59 (P<0.006).

Discussion

The main finding of this study is that ELC is significantly
associated with carotid artery IMT and also with the PS and
PN, the markers of atherosclerotic changes in the arteries.
Since the first reporting of ELC by Frank in 1973, many
other studies about ELC as a risk factor for CAD have
been reported.19-19 While many studies have been reported
regarding the relationship of ELC with CAD, very few
have been reported on the correlation with atherosclerosis
of the carotid artery.23 Few have studied the correlation of

100 (PS) grades in patients with ear-lobe crease (ELC)
and without ELC. PS <5=mild; PS 5-10=moderate
and PS >10=severe.

ELC with carotid atherosclerosis, but they also have studied
only the relationship with carotid IMT, not other indices
of carotid artery ultrasonography such as PS and PN. Celik
et al have reported a significant association between ELC
and the carotid IMT in a population sample of middle-aged
adults without known atherosclerotic disease. In this regard,
the present study also supports the association between
ELC and carotid IMT. To the best of our knowledge, this is
the first published report regarding the association between
carotid IMT, carotid PS and ELC in an oriental population.

Studies in the past have examined the clinical and patho-
logical correlations and found degeneration of elastin in the
ELCs, tear in elastic fibers and pre-arteriolar wall thicken-
ing.20.2! In contrast, atherosclerotic changes in the arterial
wall could include smooth muscle cell proliferation, deposi-
tion of lipid and accumulation of collagen, elastin and pro-
teoglycans, without the compensatory development of scar
collagen. Changes in the ratio of collagen to elastin have
been known to structurally affect the elastic behavior of the
arterial wall.2224 This pathological mechanism might be
the possible explanation for the correlation we found for the
first time between the ELC and the atherosclerotic changes,
especially the plaques in the carotid artery. Thus, in addi-
tion to the primary role of ageing and hypertension, some
other atherogenic stimuli might be involved in the develop-
ment of the ELC and also the atherosclerotic changes in the
arteries.

Most studies in past agree that, although the prevalence
of the ELC increases with advancing age, the correlation of
the ELC with CAD is independent of this phenomenon,1©
however, some reports have tried to attribute the relation-
ship between ELC and CAD as being solely dependent on
age. On par with most of the past studies, we also found an
increasing trend of ELC prevalence with increasing age, but
the relationship of ELC with IMT was independent of age
and sex. Tranchesi Jr et al have also reported a significant
association between ELC and CAD in quite a large sample
of patients (1,424 patients), irrespective of patient’s chron-
ological age and sex, however, they did find the growing
prevalence of ELC with advancing age.!> Many other inves-
tigators have also reported similar findings.!1:13.14,19,20,25
Studies have shown that ELC has a reasonably high predic-
tive value for cardiac events.13.26 Kirkhim et al and Elliot
and Karrison have reported the association of ELC with an
increased risk of cardiovascular cause of death.!6:17 Higuchi
et al, in a recent study, demonstrated an association between
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ELC and atherosclerotic cardiovascular disease in metabolic
syndrome patients.?” Various studies have found varying
degrees of association between ELC and CAD, and various
mechanisims of association are suggested. Systemic arterial
atherosclerosis is a progressive condition and involves
various arteries leading to some of the most devastating out-
comes. Hoshino et al report that metabolic syndrome and
intracranial large artery atherosclerosis might be potential
predictors for identifying patients with cerebral infarction
who are at the highest risk of asymptomatic CAD.28 Li et al
have demonstrated the importance of the detection of the
vulnerable plaques.?® These and many other studies high-
light the importance of the simple and reliable predictors of
atherosclerosis like ELC for the detection of the atheroscle-
rotic changes as early as possible. Identification of the
persons at risk of such major outcomes in the earlier stages
would lower the burden of morbidities and mortalities asso-
ciated with these disorders.

Agreeing with the previous studies, we also suggest that
ELC should be promoted as a marker of possible athero-
sclerotic changes, and it might serve as a reminder to those
patients who might not otherwise be screened for modifi-
able risk factors for atherosclerosis and also provide caution
for possible future diagnosis of CAD or CVD. As ELCis a
very easily detectable sign, it can be promoted as a simple
index of carotid atherosclerosis, and therefore a simple pre-
dictor of a possible devastating consequence. It can easily
be applied in any setting, even by primary level health-care
professionals for the screening of the patients in terms of a
future risk of stroke. _

The present study had some limitations; small sample
size, and having a cross-sectional study design. In conclu-
sion, this study suggests that the presence of ELC might be
considered as a possible sign of underlying atherosclerotic
disease, although further studies are still required to estab-
lish it as a reliable (diagnostic) sign in clinical practice.
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A Case Report
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Introduction

It may be possible to use the mismatch in perfusion- and dif-
fusion-weighted images (PWI, DWI) on scans acquired within
& b of symptom onset to identify salvageable tissues in patients
with acute ischemic stroke [1]. Although it has been shown that
DW1 is sensitive for the diagnosis of acute ischemic lesions, there
is ingreasing evidence that in some situations it may initially fail
to detect acute lesions. We show that DWI obtained with ahigh b
value may represent a useful diagnostic tool for the rapid and ac-
curate identification of acute ischemic brain infarctions.

Fig. 1. All radiological examinations were
performed ona 3-T MR scanner (Signa Ex-
cite HD 3.0T; GE Medical Systems, Mil-
waukee, Wisc.,, USA); the effective gradi-
enl was 40 mT/m, the slew rate was 150
mT/mims. The parameters of b = 1,000
and b = 4,000 DWIwere: §-channel phased
array head coil, TR, 5,000 ms and TE, 66.2
ms (b = 1,000) and TR, 5,000 ms and TE,
96.4 ms (b = 4,000), NEX, 1; field of view
{FOV), 2205 slice thickness, 6 mm; gap, 1.0
min; number of slices, 20; data acquisition
matrix 128 X 128, and scan time, 20 and
40 s for b = 1,000 and b = 4,000, respec-
tively. Images obtained within 6 h of symp-
torm onset (a, b, €). MRA (a) shows occlu-
sion of the left superior cerebellar artery
(arrow). Noischemiclesionsare evidenton
diffusion-weighted axial MR image (b val-
ue 1,000 s/mm?) (b). However, the image
acquired with a b value of 4,000 s/mm” (¢)
clearly shows an ischemic lesion in the cer-
ebellum as an area of high signal intensity.
FLAIR axial (d) MR images obtained 8
days after symptom onset show clear isch-
emic lesion in the cerebellum.

616

Case Report

A 73-year-old man with acute-onset dizziness and ataxia was
admitted to Hiroshima University Hospital. MR angiography
(MRA) performed within 6 h of symptom onset showed that the
left superior cerebellar artery was occluded (fig. 1a), aithough
DWT based on b value of 1,000 s/fmm® (DWT ggp) failed to iden-
tify any obvious changes in the cerebellum (fig. 1b). On the other
hand, on DWI based on a bvalue of 4,000 sfmm? {DWT, y00), there
was an obvious high-intensity area in the upper left cercbellum
supplied by the superior cerebellar artery (fig. 1c).

We administered anticoagulant therapy. A MRI study per-
formed on the 8th day post-onset (fig, 1d) showed cerebellar le-
sions that were closely associated with the high-intensity lesion
noted on the initial DW1, pgo. MR A revealed recanalization of the
superior cerebellar artery.

Discussion

Early and accurate detection of acute ischemic stroke is re-
quired for treatment success and achieving improved quality of
life for survivors. DW1 detected infarcted tissue within 1 h of the
insult in rats [2]. In clinical studies, DWT was 93-100% sensitive
for the detection of stroke if the scans were acquired within 6 h of
symptom onset [3, 4]. According to Lam et al. [5] up to 12.5% of
hyperacute ischemic stroke was missed on the initial DWT scan.
Some researchers [6, 7] have argued that a high b value at DWI
does not confer a diagnostic advantage. We suspect that these
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findings were acquired on 1.5-T scanners and that this entails
some limitations. High b-value DW1 requires a hardware upgrade
because most scanners cannot generate a 40-mT/m gradient field
16]. Despite the lower MR signal intensity and lower signal-to-
noise ratio on high b-value images [8], 3-T DW1is atleast as good
as, and in some ways superior to, 1.5-T DWT for assessing hyper-
acute stroke [9].

We postulate that one reason for missed acute ischemic stroke
wight be the conspicuity of acute ischemic lesions on diffusion-
. weighted images, which is related to the b-value. In some cases (as
in this one) higher b-values might offer an opportunity for earlier
lesion detection. We found that DWT, g0 performed on the 3-T
scanuer was superior for the identification of ischemic lesions.
Our tindings suggest that the PWI-DWI mismatch time window
is shorter than was previously thought. Studies are underway in
our laboratory to determine the optimal b value for the assess-
ment of acute stroke. Based on our findings, we suggest that high
b-valune DWTis useful for the selection of thrombolytic therapy in
patients with acute stroke.
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Fig. 1. Intra- and extracranial angio-CT.
‘Coronal and lateral projections showed a
large thrombus in the right internal carot-
il artery (arrows, red in the online ver-
sion).
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Large Carotid Thrombus
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A 76-year-old female with high blood pressure and atrial fi-
brillation as cerebrovascular risk factors as admitted because
of sudden left hemiparesis and disarthria swith a right perior-
bital headache. Transcranial Doppler ultrasound showed in-
creased velocity in the right carotid siphon. Her cranial CT was
normal. She was anticoagulated because of carotid siphon ste-
nosis with low-molecular-weight heparin (0.6 ml subcutaneous
nadroparin calcium every 12 h). An angio-CT showed calcified
plaque in the right carotid siphon with alarge thrombus (fig. 1A,
B), resulting in a high-grade stenosis. We suggested the throm-
bus formation was due to a cardiac embolus stopped in the right
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