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Abstract

Background: Spontaneous cervical artery dissection (SCAD)
is a nonatherosclerotic vascular disease of unknown etiolo-
gy. Mild elevation of total plasma homocysteine (tHcy) levels
may be a risk factor for sCAD, but the precise mechanism re-
mains unknown. On the other hand, mild hyperhomocyste-
inemia is also associated with ischemic stroke related to ath-
erothrombotic or small artery disease. We undertook a
case-control study to compare the prevalence of mild hyper-
homocysteinemia and tHcy levels between patients with a
first ischemic stroke due to sCAD and healthy volunteers, as
well as patients with a first ischemic stroke due to athero-
thrombotic or small artery disease. Methods: Fasting tHcy
levels were determined in 346 consecutive patients with a
first ischemic stroke due to sCAD (n = 86) and atherothrom-
botic or small artery disease (n = 260) within 24 h after the
onset of symptoms, and in 100 healthy volunteers. Results:
Mild hyperhomocysteinemia was more prevalentin patients

with sCAD causing ischemic stroke (n = 33, 38%) than in
healthy volunteers (n =23, 23%; p =0.034), and less prevalent
than in patients with ischemic stroke due to atherothrom-
botic or small artery disease (n = 149, 57%; p = 0.001). Mean
fasting tHcy levels of patients with ischemic stroke caused
by sCAD showed a trend to be higher (11.4 £ 3.8 wmol/l)
than those of healthy volunteers (10.2 * 3.0 pmol/Il, p=0.61),
but were lower than those of patients with stroke due to ath-
erothrombotic or small artery disease (13.6 = 6.6 wmol/I,
p = 0.002). Conclusion: Our results suggest that mild hyper-
homocysteinemia may be arisk factor for sCAD causing isch-
emic stroke, but further studies are needed to identify a pos-
sible mechanism. This study confirms the association of
hyperhomocysteinemia with ischemic stroke due to athero-
thrombotic or small artery disease.
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Introduction
Spontaneous cervical artery dissection (SCAD) is a

major cause of ischemic stroke in young adults [1, 2], but
the pathogenesis of this disease remains poorly under-
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stood. Case-control studies reported a significant asso-
ciation of sCAD with total plasma homocysteine (tHcy)
[3-5] and the TT methylenetetrahydrofolate reductase
genotype, which predisposes to hyperhomocysteinemia
[5, 6]. Mild hyperhomocysteinemia is also a risk factor for
ischemic stroke [7], probably by enhancing the develop-
ment of atherosclerosis in large [8] and small [9, 10] cere-
bral arteries. In contrast, patients with sCAD typically
have no or minimal atherosclerosis, and are not known
to have small artery disease [11, 12]. Therefore, these
findings suggest that mild hyperhomocysteinemia may
predispose to sCAD and also to ischemic stroke due to
atherothrombotic or small artery disease.

We undertook this case-control study to compare the
prevalence of mild hyperhomocysteinemia and tHcy lev-
els between patients with sSCAD causing a first ischemic
stroke and: (1) healthy volunteers, and (2) patients with a
tirst ischemic stroke due to atherothrombotic or small
artery disease.

Methods

Patients and Healthy Volunteers

Patients were taken from the Ziirich Stroke Data Bank [13],
and the recruitment period lasted from January 1999 until De-
cember 2004. Patients were included if: (1) they had had a first
ischemic stroke due to sCAD, or due to atherothrombotic or small
artery disease according to the criteria of TOAST [14], and (2)
tHcy levels had been determined within 24 h after the onset of
stroke symptoms as levels progressively increase in the acute
phase of stroke [15]. The local ethics committee approved the pro-
tocol. All patients underwent a thorough evaluation, which in-
cluded the assessment of medical history, medical and neurolog-
ical examination, risk factors for ischemic stroke, routine blood
examinations, 12-lead ECG, extracranial, transorbital and trans-
cranial color duplex sonography, and brain CT or MRI, or both
[13]. sSCAD was detected using cervical MRI and magnetic reso-
nance angiography or digital subtraction angiography, or both
[16]. A sCAD was diagnosed when a string sign, an intimal flap
or a pseudoaneurysm was identified by angiography, a wall hema-
toma by cervical or cerebral MRI, or both [16]. Echocardiography,
24-hour ECG and additional laboratory analyses were performed
if the treating physician deemed them necessary.

The following stroke risk factors were differentiated: current
cigarette smoking that included by definition cigarette smoking
within the last 5 years [17]; former cigarette smoking defined as
abstention from cigarette smoking that started more than 5 years
ago [17]; arterial hypertension defined as a history of hyperten-
sion or the use of antihypertensive drugs, or both; diabetes mel-
litus defined as a history of diabetes mellitus, fasting venous plas-
ma glucose concentration of =7.8 mmol/l on at least 2 separate
occasions, or venous plasma glucose concentration following the
ingestion of 75 g of glucose of =11.1 mmol/l at 2 h and at one
other occasion during the 2-hour test; hypercholesterolemia de-
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fined as a total venous plasma cholesterol level above 5.0 mmol/l;
abnormal high-density lipoprotein (HDL) cholesterol defined as
values below 1.0 mmol/l, abnormal low-density lipoprotein (LDL)
cholesterol defined as values above 3.0 mmol/l; abnormal total/
HDL cholesterol ratio defined as values above 5, and abnormal
triglyceride levels defined as values above 1.6 mmol/l; history of
migraine with aura.

Healthy volunteers (n = 100, 50 men; mean age 43.6 + 13.1
years, range 20-68) were blood donors who were selected after
exclusion of a multitude of diseases precluding blood donation by
rigorous screening according to the published standards of the
Swiss Red Cross (www.zhbsd.ch), which also provided more re-
cent reference values of homocysteine plasma levels for clinical
purposes.

Determination of Fasting tHcy Levels

The fasting levels of tHcy were determined in stroke patients
within 24 h after the onset of symptoms and in healthy volunteers
with an immunoassay that uses sample pretreatment and mono-
clonal mouse antibodies (Immulite 2500, Abbott IMX, Abbot
Park, Ill., USA). Hyperhomocysteinemia was defined as fasting
tHcy levels above 12.0 pmol/l.

Statistics

Normality of data distribution was checked with skewness
and kurtosis tests. Unpaired t tests were used to compare para-
metric data between: (1) patients with sCAD, and (2) patients with
atherothrombotic or small artery disease; x? tests or Fisher exact
test were used to compare nominal data. Logistic regression mod-
els were performed to evaluate the association between tHcy lev-
els and: (1) patients with sCAD, and (2) patients with athero-
thrombotic or small artery disease (considered either as a con-
tinuous or as a binary variable with an increased level defined at
=12 pmol/l), while adjusting for 12 covariates (sex, age, current
and past smoking, hypertension, diabetes mellitus, hypercholes-
terolemia, decreased HDL cholesterol levels, increased LDL cho-
lesterol levels, increased total/HDL cholesterol ratio, increased
triglyceride levels, migraine with aura). Current antiplatelet or
anticoagulant therapy was not considered in the analysis, as no
influence on tHcy levels has been proven [5]. Analysis of covari-
ance was used to compare tHcy levels among: (1) patients with
sCAD, (2) patients with atherothrombotic or small artery disease,
and (3) healthy controls, while adjusting for age and gender. Bon-
ferroni correction was applied in multiple group comparisons.

Sensitivity analysis was also applied to find the best discrimi-
nating threshold value of tHcy for predicting sCAD. Statistical
analysis was carried out with Stata, release 9.2 (College Station,
Tex., USA).

Results

Six hundred and sixty-eight consecutive patients (445
men; mean age 62.5 * 13.6 years, range 20-90) had a
first-ever ischemic stroke due to sSCAD (n = 108) or ath-
erothrombotic or small artery disease (n = 560). All 344
(52%) of the 668 patients who presented within 24 h after
the onset of symptoms (235 men; mean age 60.5 £ 13.8
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Table 1. Presenting characteristics of patients with stroke due to sSCAD (n = 86) and atherothrombotic or small artery disease (n =
260), and simple and multiple logistic regression models evaluating the association between sCAD and tHcy levels

sCAD Atherothrom-  p Crude models Adjusted model

botic or small

artery disease OR and 95% CI p OR and 95% CI p
Male sex, n 58 (67) 177 (68) 0.913 0.97 (0.58-1.64) 0.913 1.63 (0.59-4.46) 0.344
Mean age, years 46.1£10 653+11.1 <0.0001 0.86 (0.84-0.89) 0.000  0.86 (0.83-0.90) 0.000
Smoking actual, n 30 (35) 91 (35) 0.984 0.99 (0.60-1.66) 0.984  0.37 (0.16-0.86)  0.020
Smoking past 5 years, n 10 (12) 59 (21) 0.026 0.45(0.22-0.92) 0.029  0.80(0.26-2.44) 0.696
Hypertension, n 22 (26) 190 (73) <0.0001 0.13(0.07-0.22) 0.000  0.30(0.14-0.64) 0.002
Diabetes mellitus type II, n 1(1) 38 (15) 0.001 0.07 (0.01-0.51) 0.009  0.10 (0.01-1.44) 0.090
Migraine with aura, n 10 (12) 8 (3) 0.002 4.14 (1.58-10.87) 0.004 1.18 (0.26-5.22) 0.832
Mean total cholesterol, mmol/l 551x1.24 578%1.31 0.092 0.84 (0.69-1.03) 0.100 1.08 (0.38-3.01) 0.890
Mean HDL cholesterol, mmol/I 1.40£0.34 1.55*+0.89 0.019 0.71 (0.46-1.09) 0.122  0.11(0.01-1.34) 0.084
Mean LDL cholesterol, mmol/l 356+1.26 3.40%1.16 0.326 1.11 (0.91-1.36) 0.305  2.61(0.94-7.25) 0.065
Mean ratio total/ HDL cholesterol 4.08*+1.49 431%x141 0.204 0.89 (0.74-1.06)  0.191 0.42 (0.20-0.89)  0.024
Mean triglyceride, mmol/l 1.59+x1.16 1.89*x1.24 0.043 0.79 (0.62-1.00)  0.052 1.38 (0.86-2.22) 0.185
Mean homocysteine, pmol/l 11.4£3.8 13.6£6.6 0.002 0.92 (0.87-0.97) 0.002  0.89(0.81-0.98) 0.019

Figures in parentheses are percentages or 95% CI. Regression models were adjusted for 12 covariates (sex, age, current and past
smoking, hypertension, diabetes mellitus, hypercholesterolemia, decreased HDL cholesterol levels, increased LDL cholesterol levels,
increased total cholesterol/HDL cholesterol ratio, increased triglyceride levels, migraine with aura).

years, range 20-87; sSCAD, n = 86, 80%; atherothrombot-
ic or small artery disease, n = 260, 46%) were included in
the study. The remaining 322 (48%) patients presented
after 24 h. Their presenting characteristics (table 1) did
not differ from those of the study population, with the
exception of a higher mean age (64.6 * 13.2 years, range
22-90; p = 0.0001) and frequency of diabetes mellitus
(20.0vs. 11.3%; p = 0.002), and a lower frequency of sSCAD
(6.8 vs. 24.9%; p < 0.001).

The 86 patients (58 men; mean age 46.1 = 10.4 years,
range 20-68) with stroke due to sSCAD had 68 dissections
of the internal carotid artery (sICAD) and 24 dissections
of the vertebral artery (sVAD). sCAD included unilateral
sICAD in 64 patients, unilateral recurrent sICAD in 1
patient, unilateral sVAD in 15 patients, bilateral sVAD in
3 patients, and both SICAD and sVAD in 3 patients. In the
260 patients (177 men; mean age 65 * 11 years, range
35-90) with stroke due to atherothrombotic or small ar-
tery disease, the etiology of stroke was atherothrombotic
artery disease in 158 (60.8%) and small artery disease in
102 (39.2%).

Compared to patients with atherothrombotic or small
artery disease (table 1), those with sCAD were younger,
had a higher prevalence of migraine with aura, a lower
prevalence of former smokers, less hypertension and dia-
betes mellitus, lower triglyceride levels, and higher HDL
cholesterol levels.

Hyperhomocysteinemia in Cervical
Artery Dissection Causing Stroke

Hyperhomocysteinemia and tHcy Levels. Hyperhomo-
cysteinemia was more prevalent in patients with sCAD
(n =33, 38%) than in healthy volunteers (n = 23, 23%; p =
0.034), and less prevalent than in patients with athero-
thrombotic or small artery disease (n = 149, 57%; p =
0.001). tHcy levels of patients with sSCAD causing stroke
(11.4 %= 3.8 wmol/l) were: (1) higher than in healthy vol-
unteers (10.2 = 3.0 wmol/l), but this difference was not
significant (p = 0.61), and (2) lower than in patients with
stroke due atherothrombotic or small artery disease (13.6
+ 6.6 wmol/l, p = 0.002; crude OR: 0.92, 95% CI: 0.87-
0.97, p = 0.002) which remained significant after adjust-
ing for age and sex (adjusted OR: 0.89, 95% CI: 0.81-0.98,
p = 0.019; table 1).

Consideringall patients, increasing tHcy levels showed
a weak association with stroke due to atherothrombotic
or small artery disease (R? = 0.029; p = 0.002), age (R? =
0.026; p = 0.003) and male gender (R? = 0.025; p < 0.004).
In multiple regression analysis, just the weak association
with sex remained significant (R? = 0.062; p = 0.0011).

Discussion
In the present case-control study, we found that pa-

tients with ischemic stroke due to sCAD had: (1) a higher
prevalence of mild hyperhomocysteinemia, but similar
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Table 2. tHcy levels in healthy subjects, patients with sCAD with
and without ischemic stroke, and patients with ischemic stroke
due to a cause other than cervical artery dissection

First authors Subjectsand  Mean tHcy, wmol/l

patients
Healthy subjects
Gallai [3] 30 6.00£0.99
Kelly [7] 2,554 11.1
Konrad [4] 95 10.7£3.7
Pezzini [5] 36 8.9 (5-17.3)?
Soriente [33] 182 125%£7.8
Present study 100 10.2+3.0
Patients with sCAD with/without stroke
Konrad [4] 95 122%£4.0
Pezzini [5] 25 13.2 (7.0-32.8)!
Patients with sCAD and stroke
Gallai [3] 26 17.88 £7.99 (5.94-40)
Present study 86 11.4%3.8
Patients with stroke not due to sCAD
Kelly [7] 1,487 13.5
Pezzini [5] 31 10.9 (6-30.2)?
Soriente [33] 60 15.8£14.6
Present study 260 13.6£6.6

Figures in parentheses are ranges.

! Median.

2 Ischemic stroke due to atherothrombotic or small artery dis-
ease.

tHcy levels compared to healthy volunteers, and (2) alow-
er prevalence of mild hyperhomocysteinemia and lower
tHcy levels than patients with ischemic stroke caused by
atherothrombotic or small artery disease, also after ad-
justment for age.

Prevalence of mild hyperhomocysteinemia was lower
in the present patients with ischemic stroke due to sCAD
(38%) compared to previous studies reporting values of
57-92% [3-5]. An explanation could be that the preva-
lence of mild hyperhomocysteinemia varies according to
the geographical area and ethnic background of the pop-
ulation under investigation. However, a similar preva-
lence of mild hyperhomocysteinemia in the control
groups of the present study (23%) and previous investiga-
tions (14-27%) [4, 5] counters this argument. Another ex-
planation of those differences could be that tHcy levels
have been shown to increase on the third and subsequent
days after a stroke [15]. Blood samples for determining
tHcy levels were obtained in the present study within
24 h after the onset of stroke symptoms — while in the 2
of 3 studies demonstrating higher tHcy levels [3, 5], they
were taken within 3 [5] and 7 [3] days after the onset of
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the stroke. In the third study [4], blood samples were tak-
en at a median delay of 833 days after the onset of sSCAD
symptoms. Lindgren et al. [18] reported an increase in the
median tHcy level from 11.4 to 14.5 wmol/l from the
acute (mean 2 days after stroke onset) to the chronic
phase (median 583 days after stroke onset). Thus, the lat-
er blood sampling might explain the higher tHcy values
and prevalence of mild hyperhomocysteinemia reported
in previous studies [3-5]. Another cause of the difference
in prevalence might be the low number of included pa-
tients with sCAD (table 2) [3-5].

tHcy levels were higher in patients with sSCAD than in
healthy volunteers, although the difference failed to reach
statistical significance. In contrast, the difference be-
tween patients with sSCAD and healthy volunteers was
significant in previous studies [3-5] (table 2).

Total tHcy levels of the present patients with ischemic
stroke due to atherothrombotic or small artery disease
were similar compared to those of a meta-analysis in-
cluding 1,487 patients with ischemic stroke (table 2) [7].
Thus, our findings underscore that patients with isch-
emic stroke have mild hyperhomocysteinemia [7].

In conclusion, this study suggest that patients with
ischemic stroke due to sCAD have a small increase in
prevalence of hyperhomocysteinemia compared to
healthy volunteers, and the prevalence of hyperhomocys-
teinemia and tHcy levels are lower compared to patients
with ischemic stroke due to atherothrombotic or small
artery disease. The higher prevalence of hyperhomocys-
teinemia in stroke patients with atherothrombotic or
small artery disease is evident, and explanations have
been extensively discussed [7]. In contrast, the precise
pathomechanism of tHcy levels slightly above normal
values predisposing to the development of SCAD remains
undetermined. The small difference in tHcy levels and
prevalence of hyperhomocysteinemia between healthy
volunteers and patients with sCAD might well be an ar-
tifact. This assumption is underscored by several find-
ings: this study, like previous studies, does not have an
assessment of tHcy levels before stroke onset. Even though
the tHcy samples are collected soon after the event, there
is still time for them to be affected by the stroke. Homo-
cysteine has been suggested to be an acute-phase reactant
[19, 20]. Therefore, elevated tHcy could be the conse-
quence of cerebral ischemia or also an infection which
has been shown to be associated with sCAD [21, 22] rath-
er than a cause of the disease. Also, food deprivation in-
creases the tHcy levels [18, 23, 24]. In acute stroke, pa-
tients are kept fasting, and tHcy may therefore increase
independently of the ischemic process.
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The levels of tHcy increase with age and are higher in
men than women [25-28], and latter has been recon-
tirmed in this study. Increasing tHcy levels are not asso-
ciated with age, and, also after adjustment, the difference
in age between patients with stroke due to sCAD and pa-
tients with stroke due to atherothrombotic or small ar-
tery disease does not account for the different tHcy levels
observed between the 2 groups. These results are also in
accordance with those of another study in patients with
acute ischemic stroke [29], which found no association
between tHcy levels and gender or age.

In the present study, patients with stroke due to sCAD
were younger, had less vascular risk factors and lower
tHcy levels compared to those with stroke due to athero-
thrombotic or small artery disease, and more often had a
history of migraine with aura (table 1). The significantly
higher age of patients with atherothrombotic or small ar-
tery disease is the most likely explanation of the observed
differences in vascular risk factors [30]. The higher prev-
alence of migraine with aura in the sSCAD patients re-
flects the observation in 3 case-control studies that mi-
graine was an independent risk factor for sCAD [31].

In this study, total and LDL cholesterol levels as well
as the ratio total/HDL-cholesterol were similar in pa-
tients with stroke caused by sCAD and atherothrombot-
ic or small artery disease. Patients with sSICAD causing
ischemia have higher cholesterol levels than those with-
out ischemia [32], which may explain the surprising lack
of difference for cholesterol levels between both groups.

A limitation of the present and also previous studies is
the fact that tHcy levels were obtained after and not be-

References

fore the onset of stroke or sCAD, which may explain the
higher tHcy levels. Another limitation is the retrospec-
tive nature of the analysis, although the data have been
collected prospectively. We had to exclude 20% of pa-
tients with stroke due to sCAD and 54% patients with
stroke due to atherothrombotic or small artery disease. A
possible explanation could be that the patients with sCAD
are younger, and thus referred more rapidly. Another
limitation is that the vascular risk factors, with the excep-
tion of tHcy, were determined by a comprehensive clini-
cal screening procedure alone in the healthy subjects.
Also, cofactors of the tHcy metabolism such as folate, vi-
tamin B6 and B12, were not included in the routine in-
vestigation, and were just measured if the treating physi-
cian deemed it necessary. However, previous studies re-
ported that the plasma levels of folate, vitamin B6 and B12
were in the normal range in patients with sCAD, and did
not differ between patients with stroke due to sCAD and
other causes [3, 4].

In conclusion, this case-control study suggests that pa-
tients with ischemic stroke caused by sCAD have an in-
creased prevalence of hyperhomocysteinemia compared
to healthy subjects, but a lower prevalence of hyperhomo-
cysteinemia and lower tHcy levels compared to patients
with stroke due to atherothrombotic or small artery dis-
ease. Mild hyperhomocysteinemia may be a risk factor
for sCAD causing ischemic stroke, but further studies are
needed to identify a possible pathomechanism. This
study confirms the association of hyperhomocystein-
emia with ischemic stroke due to atherothrombotic or
small artery disease.

| @)

>3

Ducrocq X, Lacour JC, Debouverie M, Bra-
card S, Girard F, Weber M: Cerebral isch-
emic accidents in young subjects: a prospec-
tive study of 296 patients aged 16 to 45 years
(in French). Rev Neurol (Paris) 1999;155:
575-582.

Nedeltchev K, der Maur TA, Georgiadis D,
Arnold M, Caso V, Mattle HP, Schroth G, Re-
monda L, Sturzenegger M, Fischer U,
Baumgartner RW: Ischaemic stroke in young
adults: predictors of outcome and recur-
rence. ] Neurol Neurosurg Psychiatry 2005;
76:191-195.

Gallai V, Caso V, Paciaroni M, Cardaioli G,
Arning E, Bottiglieri T, Parnetti L: Mild
hyperhomocyst(e)inemia: a possible risk fac-
tor for cervical artery dissection. Stroke
2001;32:714-718.

Hyperhomocysteinemia in Cervical
Artery Dissection Causing Stroke

>4

»s5

»6

Konrad C, Muller GA, Langer C, Kuhlen-
baumer G, Berger K, Nabavi DG, Dziewas R,
Stogbauer F, Ringelstein EB, Junker R: Plas-
ma homocysteine, MTHFR C677T, CBS
844ins68bp, and MTHFDI1 G1958A poly-
morphisms in spontaneous cervical artery
dissections. ] Neurol 2004;251:1242-1248.
Pezzini A, Del Zotto E, Archetti S, Negrini
R, Bani P, Albertini A, Grassi M, Assanelli D,
Gasparotti R, Vignolo LA, Magoni M, Pado-
vani A: Plasma homocysteine concentration,
C677T MTHEFR genotype, and 844ins68bp
CBS genotype in young adults with sponta-
neous cervical artery dissection and athero-
thrombotic stroke. Stroke 2002;33:664-669.
Kloss M, Wiest T, Hyrenbach S, Werner I,
Arnold ML, Lichy C, Grond-Ginsbach C:
MTHER 677TT genotype increases the risk
for cervical artery dissections. ] Neurol Neu-
rosurg Psychiatry 2006;77:951-952.

»7

>3

»9

»10

Kelly PJ, Rosand J, Kistler JP, Shih VE, Sil-
veira S, Plomaritoglou A, Furie KL: Homo-
cysteine, MTHFR 677C—T polymorphism,
and risk of ischemic stroke - Results of a
meta-analysis. Neurology 2002;59:529-536.
Hackam DG, Anand SS: Emerging risk fac-
tors for atherosclerotic vascular disease — a
critical review of the evidence. JAMA 2003;
290:932-940.

Fassbender K, Mielke O, Bertsch T, Nafe B,
Froschen S, Hennerici M: Homocysteine in
cerebral macroangiography and microangi-
opathy. Lancet 1999;353:1586-1587.

Hassan A, Hunt BJ, O’Sullivan M, Bell R,
D’Souza R, Jeffery S, Bamford JM, Markus
HS: Homocysteine is a risk factor for cerebral
small vessel disease, acting via endothelial
dysfunction. Brain 2004;127:212-219.

Cerebrovasc Dis 2009;27:241-246

245

£20Z AeIN 0g U Jasn uleg ayjolqiasinyyisiaaiun Aq ypd-zz8961000/€8.LvYEe/ L ¥2/E/ Lz Pd-8loie/peo/wod 1ebiey//:dpy woly papeojumoq



»11

> 12

»13

> 14

Gauthier G, Rohr J, Wildi E, Megret M:
Spontaneous dissecting aneurysm of the in-
ternal carotid artery. General review of 205
published cases with 10 personal cases (in
French). Schweiz Arch Neurol Psychiatr
1985;136:53-74.

Benninger DH, Georgiadis D, Kremer C,
Studer A, Nedeltchev K, Baumgartner RW:
Mechanism of ischemic infarct in spontane-
ous carotid dissection. Stroke 2004;35:482—
485.

Baumgartner RW, Sidler C, Mosso M, Geor-
giadis D: Ischemic lacunar stroke in patients
with and without potential mechanism other
than small-artery disease. Stroke 2003;34:
653-658.

Adams HP, Bendixen BH, Kappelle L], Biller
], Love BB, Gordon DL, Marsh EE, Kase CS,
Wolf PA, Babikian VL, Licatagehr EE, Allen
N, Brass LM, Fayad PB, Pavalkis FJ, Wein-
berger JM, Tuhrim S, Rudolph SH, Horowitz
DR, Bitton A, Mohr JP, Sacco RL, Clavijo M,
Rosenbaum DM, Sparr SA, Katz P, Klonows-
ki E, Culebras A, Carey G, Martir NI, Ficarra
C,Hogan EL, Carter T, Gurecki P, Muntz BK,
Ramirezlassepas M, Tulloch JW, Quinones
MR, Mendez M, Zhang SM, Ala T, Johnston
KC, Anderson DC, Tarrel RM, Nance MA,
Budlie SR, Dierich M, Helgason CM, Hier
DB, Shapiro RA, Brint S, Hoff ], Karanjia PN,
Madden KP, Ruggles KH, Mickel SF, Gott-
schalk PG, Hansotia PI, Sorenson RW, Jacob-
son DM, Hiner BC, Mancl K, Gorelick PB,
Riskin B, Mirza D, Kelly M, Bijari A, Kofman
], Dollear WC, Gomez CR, Malkoff MD, Riaz
G, Schmidt JG, Malik MM, Banet G, Byer JA,
GamboaE, Stacy M, Bonnett A, Feldmann E,
Wilterdink JL, Ricks L, Bruno A, Lakind E,
Jeffrey DR, Mladinich EK, King M, Chapin
JE, Carter S, Fisher M, Ameriso S, Macko RF,
Martin A, Rothrock JF, Lyden PD, Brody ML,
Kelly NM, Coull BM, Briley DP, Clark WM,
Austin T, Degarmo PL, Adams HP, Dyken E,
Yasar E, Bendixen B, Wojcieszek J, Kappelle
], Mitchell V, Frank J, Saver JL, Chadwick L,
Mayman CI, Warach S, Tijerina ML, Miller
A, Keilson M, Drexler E, Morgante L, Man-
delbaum MA, Hassan R, Abbas DH, Olm-
stead CG, Sedlacek L, Gordon DL, Dendinger
], Love BB, Struck LK, Mueller C: Classifica-
tion of subtype of acute ischemic stroke: def-
initions for use in a multicenter clinical trial.
TOAST. Trial of Org 10172 in Acute Stroke
Treatment. Stroke 1993;24:35-41.

»15

» 16

»17

»18

»19

»20

»21

»22

»23

»24

»25

Howard V7, Sides EG, Newman GC, Cohen
SN, Howard G, Malinow MR, Toole JF:
Changes in plasma homocyst(e)ine in the
acute phase after stroke. Stroke 2002;33:
473-478.

Arnold M, Kappeler L, Georgiadis D, Berthet
K, Bousser MG, Baumgartner RW: Gender
differences in spontaneous cervical artery
dissection. Neurology 2006;67:1050-1052.
KawachiI, Colditz GA, Stampfer MJ, Willett
WC, Manson JE, Rosner B, Speizer FE, Hen-
nekens CH: Smoking cessation and time-
course of decreased risk of coronary heart-
disease in middle-aged women. Arch Intern
Med 1994;138:169-175.

Lindgren A, Brattstrom L, Norrving B, Hult-
berg B, Andersson A, Johansson BB: Plasma
homocysteine in the Acute and convalescent
phases after stroke. Stroke 1995;26:795-
800.

Brattstrom L, Wilcken DE: Homocysteine
and cardiovascular disease: cause or effect?
Am J Clin Nutr 2000;72:315-323.

Christen WG, Ajani UA, Glynn R], Hennek-
ens CH: Blood levels of homocysteine and
increased risks of cardiovascular disease:
causal or casual? Arch Intern Med 2000;160:
422-434.

Grau AJ, Brandt T, Forsting M, Winter R,
Hacke W: Infection-associated cervical ar-
tery dissection: three cases. Stroke 1997;28:
453-455.

Guillon B, Levy C, Bousser MG: Internal ca-
rotid artery dissection: an update. ] Neurol
Sci 1998;153:146-158.

Nurk E, Tell GS, Nygard O, Refsum H,
Ueland PM, Vollset SE: Plasma total homo-
cysteine is influenced by prandial status in
humans. The Hordaland Homocysteine
Study. ] Nutr 2001;131:1214-1216.

Ubbink JB, Vermaak W7J, Van der Merwe A,
Becker PJ: The effect of blood sample aging
and food consumption on plasma total ho-
mocysteine levels. Clin Chim Acta 1992;207:
119-128.

Nygard O, Vollset SE, Refsum H, Stensvold I,
Tverdal A, Nordrehaug JE, Ueland M, Kvale
G: Total plasma homocysteine and cardio-
vascular risk profile. The Hordaland Homo-
cysteine Study. JAMA 1995;274:1526-1533.

246

Cerebrovasc Dis 2009;27:241-246

»26

»27

»238

»29

»30

»31

»32

»33

Must A, Jacques PF, Rogers G, Rosenberg IH,
Selhub J: Serum total homocysteine concen-
trations in children and adolescents: results
from the third National Health and Nutri-
tion Examination Survey (NHANES III). J
Nutr 2003;133:2643-2649.

Jacques PF, Bostom AG, Wilson PW, Rich S,
Rosenberg IH, Selhub J: Determinants of
plasma total homocysteine concentration in
the Framingham Offspring cohort. Am J
Clin Nutr 2001;73:613-621.

Jacques PF, Rosenberg IH, Rogers G, Selhub
J, Bowman BA, Gunter EW, Wright JD, John-
son CL: Serum total homocysteine concen-
trations in adolescent and adult Americans:
results from the third National Health and
Nutrition Examination Survey. Am ] Clin
Nutr 1999;69:482-489.

Bushnell CD, Goldstein LB: Homocysteine
testing in patients with acuteischemic stroke.
Neurology 2002;59:1541-1546.

Thom T, Haase N, Rosamond W, Howard V7,
Rumsfeld J, Manolio T, Zheng ZJ, Flegal K,
Donnell C, Kittner S, Lloyd-Jones D, Goff
DC Jr, Hong Y, Members of the Statistics
Committee and Stroke Statistics Subcom-
mittee, AdamsR, Friday G, Furie K, Gorelick
P, Kissela B, Marler J, Meigs J, Roger V, Sid-
ney S, Sorlie P, Steinberger J, Wasserthiel-
Smoller S, Wilson M, Wolf P: Heart Disease
and Stroke Statistics - 2006 Update. A Re-
port From the American Heart Association
Statistics Committee and Stroke Statistics
Subcommittee. Circulation 2006;113:e85—
el51.

Rubinstein SM, Peerdeman SM, van Tulder
MW, Riphagen I, Haldeman S: A systematic
review of the risk factors for cervical artery
dissection. Stroke 2005;36:1575-1580.
Baumgartner RW, Arnold M, Baumgartner
I, Mosso M, Gonner F, Studer A, Schroth G,
Schuknecht B, Sturzenegger M: Carotid dis-
section with and withoutischemic events:lo-
cal symptoms and cerebral artery findings.
Neurology 2001;57:827-832.

Soriente L, Coppola A, Madonna P, Cerbone
AM, Di Minno G, Orefice G, D’Angelo A,
Markus HS: Homozygous C677T mutation
of the 5,10 methylenetetrahydrofolate reduc-
tase gene and hyperhomocysteinemia in
Italian patients with a history of early-onset
ischemic stroke. Stroke 1998;29:869-871.

Benninger et al.

€20z AeN 0g uo Jasn uieg dayjolqigsinyisienun Aq ypd-zz8961000/€8.YvEZ/ L b2/c/ Lz /spd-8jonie/peojwoo 1ebies//:dpy woly pepeojumoq



	1

