digital subtraction angiography (DSA) [9, 10], magnetic
resonance imaging (MRI) [11], magnetic resonance angi-
ography (MRA) [12, 13], computed tomography angiog-
raphy (CTA) [14-16] and conventional transsurface ca-
rotid ultrasonography (TSCU) [17-20], TSCU is handy
and safe. However, ICA dissection typically occurs at
least 2 cm distal to the bifurcation, at the level of the sec-
ond and third cervical vertebrae, and extends over a vari-
able distance [3]. The distal extracranial ICA cannot be
examined by TSCU as it lies behind bones and cannot be
imaged in B-mode. Doppler on TSCU can provide infor-
mation about the distal ICA only if there is a flow-limit-
ing stenosis or occlusion that results in abnormal wave-
forms. Thus, the lesion may be underdiagnosed by rou-
tine TSCU examination.

Transoral carotid ultrasonography (TOCU), a new ul-
trasound technique that was developed in our institute
[21], can identify the distal extracranial ICA that is invis-
ible on TSCU [21]. We and others have reported the util-
ity of TOCU in evaluating various ICA pathologies, in-
cluding distal extracranial ICA stenosis, occlusion, pseu-
do-occlusion, moya moya disease and dissection [22-28].
In particular, TOCU seems to be superior to TSCU in
detecting ICA dissection during acute stroke because of
its ability to visualize the high portion of the extracra-
nial ICA. We previously reported some cases with ICA
dissection proven by TOCU [26-28]. However, the utility
of TOCU should be assessed not only in isolated cases. In
this study, the utility of TOCU in evaluating consecutive
patients with ICA dissection as the final diagnosis was
examined based on comparison with other imaging mo-
dalities, such as DSA, MRI and TSCU.

Subjects and Methods

Patients with stroke or transient ischemic attack (TTA) caused
by extracranial ICA dissection confirmed by DSA from our data-
base of 6,026 patients with ischemic stroke or TIA who were ad-
mitted to our hospital between 1999 and 2010 were reviewed.

Basically, all patients in our database underwent intracranial
MRI/MRA and TSCU unless MRI was contraindicated. When
ICA stenosis or occlusion was detected on these regular examina-
tions or when dissection was suspected as a cause of ICA lesions
based on typical histories and symptoms, including sports activi-
ties and cephalocervical pain, or absence of other obvious causes
for the lesions, DSA was performed after obtaining the patient’s
informed consent. Three-dimensional (3D) rotational angiogra-
phy with a standard Integris BY5000 biplane system (Philips
Medical System, Best, The Netherlands) was also performed if
needed. The system provides contrast angiographic vascular lu-
minal rotational X-ray image acquisition in multiple planes with
reconstruction on a 3D work station [10]. The diagnosis of ICA
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dissection was made by DSA based on the review by Provenzale
[11] and the criteria of the Spontaneous Cervicocephalic Arterial
Dissections Study [29]. Briefly, the presence of an intimal flap
with a double lumen was a direct finding for identifying ICA dis-
section. The pearl-and-string sign, string sign, pearl sign, reten-
tion of contrast, total occlusion with proximal distension, and ta-
pered occlusion on DSA needed further evidence, such as mor-
phological change on DSA or intramural hematoma on Ty MRIL
Thelevel of the dissection was established based on DSA findings.
The findings of TSCU, TOCU and MRI/MRA were compared us-
ing DSA as the gold standard. Patients’ clinical backgrounds,
stroke types, stroke risk factors, and prognoses were reviewed as
well.

TSCU and TOCU Examinations

TSCU and TOCU examinations were performed using an
ATL Ultramark 9 HDI (Advanced Technology Laboratories,
Bothell, Wash., USA) with a 5- to 10-MHz linear probe and a 5- to
9-MHz micro convex probe, respectively, or an Aplio™ XU
(Toshiba Co. Ltd, Tokyo, Japan) with a 7.5-MHz linear probe and
a 6-MHz micro convex probe, respectively. For TSCU examina-
tion, the standard approach using B mode, color flow imaging,
and pulsed Doppler was performed in the decubitus position. The
probes for TOCU examination were originally designed for trans-
rectal use. We performed TOCU in patients with ICA territory
stroke who were suspected to have pathological lesions at the ex-
tracranial distal ICA based on TSCU or intracranial MRI/MRA
findings; evaluation of the extracranial distal ICA was manda-
tory. We used a protocol for identifying patients who needed to
undergo further evaluations for ICA dissection, notably patients
with ICA territory ischemia or retinal ischemia of unknown etiol-
ogy based on standard evaluations including head computed to-
mography, head MRI and MRA, TSCU, electrocardiogram mon-
itoring and blood test. Those with concomitant symptoms or
signs, such as headache, neck pain, face pain, ipsilateral Horner’s
syndrome, pulsatile tinnitus or lower cranial nerve palsy, were
especially suspected of having ICA dissection. For such patients,
DSA or cervical MRI/MRA was preferentially performed and
TOCU was added if needed prior to mid-2008. After mid-2008,
TOCU was preferentially performed. TOCU was repeated to eval-
uate morphological changes every 1-3 days during hospitaliza-
tion when ICA dissection was detected on initial examination.
The details of the TOCU examination procedure have been re-
ported previously [21]. Briefly, the probe was covered with a dis-
posable probe cover made of sterile thin gum after covering the
tip of the probe with echo jelly. Then, the probe was inserted trans-
orally and touched the pharyngeal posterolateral wall. Basically,
we did not use local anesthesia because the pharyngeal reflex
rarely occurs. For patients with severe pharyngeal reflex, one or
two pushes of 8% xylocaine spray to the pharyngeal posterolat-
eral wall were used. The display was in the vertical plane to lon-
gitudinally detect and assess extracranial ICA, and in the axial
plane for horizontal assessment. The ICA was identified by delin-
eation of a vessel running linearly from the lower to the upper
pharynx and by confirming that flow was proceeding upward to
the skull base and that branching was absent using B-mode and
color flow imaging. The ICA was usually identified at the level of
the second and third cervical vertebrae, based on our unpublished
data, which show the spatial relationship between the TOCU
probe and the cervical vertebrae on the X-ray. B-mode was used
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Table 1. Clinical characteristics

Sex male male female male male male male male

Age, years 37 52 62 69 51 57 42 48

Type of stroke IS TIA 1S S S IS I 1S

Prior history of stroke  absent absent absent absent absent absent absent absent

Risk factors dyslipidemia, hypertension none none none none hypertension none
smoking,
drinking

Affected side right right right left right left right left

Cephalocervical pain headache absent absent orbital pain absent absent headache headache

Neurological findings  hoarseness,  hemiparesis  dysarthria, hyperesthesia, ~USN, dysarthria, aphasia =~ USN, dysarthria, aphasia,
hemiparesis hemiparesis  visual field hemiparesis, hemiparesis, hemiparesis

blurring hypoesthesia hypoesthesia
IS = Ischemic stroke; USN = unilateral spatial neglect.
to measure the distal ICA diameter from the near to the far ad- Results

ventitial edge. Pulsed Doppler was used to measure the flow ve-
locity of the distal ICA with an angle correction within 60° be-
tween the blood flow direction and the Doppler interrogation.
Color Doppler was used to identify flow signals in true and false
lumens. The lumen which tapered from the ICA was defined asa
true lumen and the other was defined as a false lumen [17]. When
flow signals were absent in false lumens, the lumens were consid-
ered to be thrombosed. An intimal flap with a double lumen was
a definite finding for identifying ICA dissection by both TSCU
and TOCU. Furthermore, the maximum diameter of the dilated
extracranial ICA was measured from the near to the far adventi-
tial edges and compared with the diameter of the contralateral
ICA atalmost the same distance from the carotid bifurcation. The
probe was carefully horizontally swept in the vertical plane to de-
tect the maximum diameter of the vessel’s center to avoid over-
measurement in case the vessel is tortuous or turning.

MR Examinations

MR of the cervical ICA was performed on a 1.5-tesla scanner
(Magnetom Vision or MAGNETOM Sonata, Siemens Medical
Systems, Erlangen, Germany) with standard neck array coils. The
MRI protocol was composed of T)-weighted images and 3D-time
of flight MRA. MRA was performed on both intracranial and ex-
tracranial vessels. Intracranial MRA was performed on admis-
sion and extracranial MRA was performed during hospitaliza-
tion. Gadolinium-enhanced MRA was not performed routinely.
Intramural hematoma and luminal diameter on both sides were
assessed by Ty MRI while intimal flap with double lumen, steno-
sis and dilatation, and pseudoaneurysm were evaluated by MRA
by an experienced radiologist. Patients who did not tolerate MRI
because of claustrophobia or because they had pacemakers were
diagnosed based on brain CT and DSA.

Data Evaluation

Continuous variables were compared with the Wilcoxon
signed rank test. A value of p < 0.05 was considered statistically
significant.

Carotid Dissection Identified by
Transoral Ultrasonography

Eight patients (7 men, age 37-69 years) with extracra-
nial ICA dissection were identified from the database.
Seven patients developed ischemic stroke and 1 devel-
oped TIA ipsilaterally to the affected ICA. The initial
TOCU examination was performed after confirmation of
dissection by DSA in 5 patients and prior to DSA in the
other 3 (cases 5, 6, 8), whose clinical history strongly sug-
gested ICA dissection. The detailed clinical presentations
of 3 of these 8 patients have been previously reported {26
28]. Table 1 summarizes the patients’ clinical character-
istics, and table 2 shows the results of the DSA, TSCU,
TOCU and MRI/MRA examinations. The basis of the
diagnosis by DSA was the double-lumen sign with an in-
timal flap in 2, dilatation and stenosis in 3, and tapered
occlusion in 4. On DSA, the dissection site was restricted
to the level between the first and third cervical vertebrae
in 4 patients, and the dissection extended from the third
cervical vertebra to the intracranial ICA in the remaining
4 patients. Four patients showed morphological changes
of dissection on follow-up DSA. In case 2, who initially
had an intimal flap with a double lumen on day 1, a sac-
cular type pseudoaneurysm was detected on day 16. In
case 4, who initially had severe stenosis on day 1, an inti-
mal flap with a double lumen with a fusiform-type pseu-
doaneurysm appeared on day 7. In case 5, who initially
had proximal dilatation and stenosis, and a distal saccu-
lar-type aneurysm on day 3, the stenotic lesion became
wider and an additional aneurysm was detected on day
19. In case 8, who initially had an ICA tapering occlusion
onday 1, the ICA was recanalized on day 17. Figures 1 and
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Table 2. Imaging findings

CT/MRI

ant-choroid, PCA

MCA cortex

MCA central

MCA cortex

MCA cortex MCA cortex

location of ischemia corona MCA cortex
radiata gyrus and deep area
DSA location of dissection C3-siphon C1-C2 Ci-C2 C1-C2 C1-C3 C3-distal IC ~ C3-distal IC  C3-distal IC
focation of carotid artery bifurcation  between C3 C3 between C3 C3 between C3 C4 C4 between C3 and
and C4 and C4 and C4 C4
intimal flap with double lumen! - - present present - - - -
dilatation and stenosis - present - present present - - -
tapering occlusion present - - - - present present present
pseudoaneurysm - saccular fusiform fusiform saccular - - -
morphological change - present - present present - - present
TOCU  intimal flap/double lumen' present present present present present present present present
false lumen thrombosed thrombosed ~ not thrombosed  thrombosed®  thrombosed thrombosed  thrombosed  thrombosed?
stenosis - present - present present - - -
occlusion - - - - - - - -
dissected arterial diameter, mm 7.1 7.3 6.3 7.0 7.9 6.5 7. 6.5
contralateral arterial diameter, mm 5.0 4.0 5.6 5.6 4.4 4.9 4.2 4.9
pseudoaneurysm - undetectable  fusiform fusiform saccular - - -
morphological change - present - present present - - present
initial Doppler flow abnormality present? present? - present’® - present’ present® present’
sequential flow pattern change - present? - present? present? - - present’
TSCU intimal flap/double lumen! - - - - - - - -
arterial narrowing present - - - present - - present
dissected arterial diameter, mm 8.8 9.9 4.3 6.7 58 4.5 4.8 8.5
contralateral arterial diameter, mm 7.3 5.9 4.0 5.3 6.0 4.8 4.3 54
arterial dilatation - present - - - - - -
morphological change - - - - present - - present
initial Doppler flow abnormality present® - - present’ - present’ present’ present’
sequential flow pattern change - - - present’ present* - - present®
Cervical  intimal flap with double lumen - - present present - - - -
MRIand intramural hematoma present present - - present present present present
MRA ICA stenosis - present - - present - - present
occlusion present - - - - present present present
pseudoaneurysm - present - - present - - -

ant-choroid = Anterior choroidal artery; C1 = first cervical vertebra level; C2 =

middle cerebral artery; PCA = posterior cerebral artery; siphon, carotid siphon; USN = unilateral spatial neglect; C1-3 = cervical vertebra levels; siphon, carotid siphon.
! Direct findings of arterial dissection.
% Normalized peak flow velocity.

* Absence of end diastolic velocity indicating distal occlusion.

* High peak flow velocity (>200 cm/s) indicating stenosis.
® Normalized end-diastolic flow velocity.

second cervical vertebra level; C3 = third cervical vertebra level; CT = computed tomography; MCA =




Fig. 1. Dissection of the extracranial ICA on a common carotid
DSA image in case 5. a Right anterior oblique view on day 3. Dil-
atation and stenosis in the proximal ICA (thick arrow) and an
aneurysm in the distal extracranial ICA (thin arrow) are shown.
b Right anterior oblique view on day 19. The stenotic lesion be-
comes wider (thick arrow). A new aneurysm appears in the prox-
imal ICA (thin arrow).

2 show sequential DSA images in cases 5 and 8, respec-
tively.

By TOCU, a double lumen with an intimal flap was
identified in all 8 patients. Color signals were absent in
false lumens of 7 patients on the initial TOCU, indicating
a thrombosed lumen; on the 2nd follow-up TOCU, little
forward blood flow was present in the false lumen and in
the course of time the flow volume increased gradually,
indicating disappearance of the intraluminal thrombi in
1 patient (case 4) [27]. The luminal diameter at the height

Carotid Dissection Identified by
Transoral Ultrasonography

Fig. 2. Dissected ICA on a common carotid DSA image in case 8.
a Lateral view on day 1, showing tapering ICA occlusion (arrow).
b Recanalized dissected ICA (arrow) on day 17.

of the second cervical vertebra was 7.3 ® 0.7 mm in the
dissected ICA and 4.9 * 0.6 mm in the contralateral ICA
in all patients (p = 0.008). No patient had a tortuous or
turning vessel at the measurement point. On the initial
Doppler examination, 5 patients displayed absence of
end-diastolic velocity, indicating distal ICA occlusion,
and 1 patient had ICA stenosis. As all the occluded arte-
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Fig. 3. Dissected ICA on TOCU images in
case 5. a, b Longitudinal B-mode image of
the right ICA on day 3. Narrowing of the
truoe lumen (thick arrow), thrombosed
false lumens (open arrows), and intimal
flaps (thin arrows) are shown more than
2 cn distal to the carotid bifurcation.
¢ Color Doppler image on day 3. Ante-
grade blood flow in the true lumen is ob-
served. d, e Follow-up B-mode images on
day 26. The true lumen turns wider (ar-
rowhead). * and ** indicate the carotid bi-
furcation and external carotid artery, re-
spectively. b, e Magnified images oflesions
surrounded by dotted frames in a and d,
respectively.

rial sites were at the level of the intracranial ICA, direct
findings of ICA occlusion were not made by TOCU. On
follow-up TOCU, dynamic changes of the dissected ar-
tery were detected in 4 patients (cases 2, 4, 5, 8). Narrow-
ing of the true lumen and increased flow velocity, indicat-
ing a stenotic change in the ICA, improved on sequential
follow-up TOCU (cases 2, 4, 5). In case 8, reperfusion
with antegrade blood flow of the true lumen was detect-
ed. A pseudoaneurysm was detected in 3 patients (cases
3-5), and a pseudoaneurysm was missed in case 2, prob-
ably due to its high position. Figures 3 and 4 show sequen-
tial TOCU images in cases 5 and 8, respectively.

In contrast, definite findings specific to dissections,
including a double lumen with an intimal flap, could not
be made by TSCU in any patients. Six patients (cases 1,
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4-8) showed nonspecific findings indicative of arterial
stenosis or occlusion; 3 had mild arterial narrowing
(<50%) with presumably a thin, echogenic intravascular
structure which probably represents an intimal flap was
found at a short distance above the bifurcation on B-
mode images [17], 5 (cases 1, 4, 6, 7, 8) had absent end-
diastolic flow of the ICA, suggesting distal ICA occlusion,
and 1 (case 5) had increased peak systolic flow velocity
exceeding 200 cm/s (203 cm/s), suggesting ICA stenosis.

Arterial dilatation of the proximal carotid ICA was
visualized in only 2 patients by TSCU whereas TOCU
identified arterial dilatation of the dissected extracranial
ICA using in all patients.

Cervical MRI/MRA was performed in all patients
from 6 days to 1 month after stroke onset. Gadolinium-
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Fig. 4. Dissected ICA on TOCU images in case 8. a, b Longitudi-
nal (a) and axial (b) B-mode TOCU images on day 8, showing
narrowing of the true lumen (filled arrows), thrombosed false lu-
mens (open arrows), and intimal flaps (thin arrows). ¢, d Follow-
up B-mode images on day 32. The wider true lumen (filled arrows)
and intimal flaps (thin arrows) are shown. * and ** indicate the
carotid bifurcation and external carotid artery, respectively. Dot~
ted lines in a and ¢ indicate the levels of axial B-modein band d,
respectively.

enhanced MRA was performed in 3 patients (cases 2, 5,
6). Cervical MRA images revealed an intimal flap with a
double lumen in 2 patients, ICA stenosis and a pseudoan-
eurysm in another 2 patients, and ICA tapering occlusion
and a thrombosed false lumen in 4 patients. On the axial
view of Ty-weighted MRI, 6 patients had intramural he-
matomas, with high signals between the first and third
cervical vertebrae in 2 and from the third vertebra to the
intracranial ICA in 4. The luminal diameter on T;-
weighted images was 7.7 = 0.9 mm in the dissected ICA
and 5.6 = 0.8 mm in the contralateral ICA (p = 0.008).

Carotid Dissection Identified by
Transoral Ultrasonography

Discussion

The utility of TOCU in the diagnosis of ICA dissection
has only been reported in isolated case reports, all from
our institute [26-28]. This is the first report on the iden-
tification of ICA dissection using TOCU in consecutive
stroke patients with ICA dissection as the final diagnosis.
The first major finding of this study is that TOCU pro-
vided results comparable with those made by DSA and
MRA for the diagnosis of dissection based on the pres-
ence of an intimal flap with a double lumen in all patients.
Although Benninger et al. [30] reported that TSCU plus
transcranial ultrasound was highly accurate in the diag-
nosis of ICA dissection, their definition of the diagnosis
was mainly based on indirect findings, such as changes
in the ICA blood flow pattern. It seems to be difficult to
identify direct findings such as intimal flap and double
lumens by TSCU. In addition, several unique signs, such
as arterial stenosis, patency and thrombotic changes in
true and false lumens, were also easily detectable using
TOCU. The second major finding is that sequential
changes in morphology and color flow signals, which are
other important findings indicative of dissection, were
identified in half of the present patients on follow-up
TOCU. Third, a larger luminal diameter of the dissected
ICA as compared with the contralateral ICA was measur-
able by TOCU. These results show the advantages of
TOCU over TSCU in the diagnosis of dissection. Since
the carotid artery bifurcation is generally higher in Asian
patients (at the lower part of the third cervical vertebra)
than in Western patients (approximately the fourth cervi-
cal vertebra) [31, 32], TOCU seems to be especially useful
in Asian patients.

The utility of TOCU in the diagnosis of ICA dissec-
tions has changed over the last 12 years. In 5 of 8 patients
in whom ICA dissections had already been proven by
DSA, TOCU was simply used to confirm the diagnosis
and to follow up changes over time. In 3 recent patients,
we used TOCU before DSA in those with suspected ICA
dissection whereas we preferred cervical MRI/MRA
evaluations for suspected lesions of the extracranial distal
ICA.

Since TOCU was not done in all of the patients of our
database, the specificity of the diagnosis of ICA dissec-
tion using TOCU cannot be assessed. Thus, we cannot
conclude that TOCU represents a gold standard for diag-
nosing dissections. At least, one can say that TOCU is
useful for identifying false lumens and obtaining infor-
mation as to their blood flow. For example, changes in the
color flow signals in the false lumen indicate growth or
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decrease of intramural clots. In contrast, DSA often de-
lineates false lumens as nonspecific arterial stenosis or
occlusion and requires a 3D rotational technique for de-
tailed identification. Tj-weighted MRI of an intramural
hematoma is better or more convincing, especially in cas-
es of ICA occlusion identified by DSA. TOCU is superior
to MRI and MRA for the documentation of real-time
blood flow visualization and flow velocity measurement;
such information reflects changes in arterial diameter
and arterial reopening. In patients with only flap and/or
aneurysmal dilatation TOCU might provide comple-
mentary information to that provided by DSA and MRI/
MRA. In addition, TOCU is noninvasive, does not aug-
ment the dissection, and is easily repeatable at the bed-
side. Thus, TOCU is available both as a screening and as
a frequent follow-up method of uncommon strokes. For
example, a patient with developing arterial dilatation or
aneurysmal change on follow-up within a short interval
is a candidate for emergent surgery or intra-arterial cath-
eter treatment.

The tip of the probe is about 2 cm across in diameter.
The pharyngeal reflex rarely occurs because the probe
just touches the posterolateral wall and the examination
usually takes only a few minutes. Based on our unpub-
lished data, ICA was visible without local anesthesia in
more than 95% of the patients and no patients had aspira-
tion pneumonia related to TOCU.

This study has some limitations. The first limitation is
the small patient number, which partly results from the
ethnic peculiarity; a nationwide survey in Japan indicates
that only 2.4% of all patients with cervicocephalic dissec-
tion had extracranial ICA dissection whereas 63% had
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Common Carotid Artery Dissection Caused by a Frontal
Thrust in Kendo (Japanese Swordsmanship)

Rieko Suzuki, MD; Masato Osaki, MD; Kaoru Endo, MD; Tatsuo Amano, MD;
Kazuo Minematsu, MD, PhD; Kazunori Toyoda, MD, PhD

66-year-old right-handed man suddenly developed
left hemiplegia after an opponent thrust at his neck
with a bamboo sword during a practice game of Kendo
(Japanese swordsmanship; Figure 1). Fifty minutes later,
he visited our emergency service. His blood pressure was
77/55 mm Hg in the left arm but could not be measured in
the right arm; his right radial artery was initially pulseless
but became palpable 1 hour later. He was somnolent and
had left unilateral spatial neglect, left complete hemiple-
gia, and left-sided sensory disturbance. Enhanced com-
puted tomography (CT) showed an occlusion 15 mm distal
to the origin of the right common carotid artery (CCA)
without any abnormal findings at the aorta and innominate
and right subclavian arteries. On emergent carotid ultra-
sonography, an intraluminal filling defect occupied the
right CCA and swung back and forth with pulsation. He
was diagnosed as having ischemic stroke, possibly caused
by traumatic CCA dissection, although an infarct was not
identified on brain CT.

On the second day, fresh infarcts were identified in the
right hemisphere on diffusion-weighted MRI, and the right
internal carotid, middle cerebral, and posterior cerebral
arteries were poorly demonstrated on magnetic resonance
angiography (Figure 2). On the fourth day, the right CCA
was recanalized, and the intimal flap was identified on
ultrasonography (Figure 3 and Movie I in the online-only
Data Supplement). A mobile thrombus was identified
within the true lumen, but its shape changed on the
follow-up ultrasonography 9 hours later. The false lumen
diminished, and the thrombus disappeared with a mild
aneurysmal change after day 30. The patient was diag-
nosed as having a definite dissection of the CCA. These
dynamic changes were also identified on CT angiography
(Figure 4). The right distal CCA was severely stenotic on
the fourth day. The stenosis became milder with aneu-
rysmal change on day 10. The intimal flap and double
lumens in the right CCA were detected on axial CT scans.
The small false lumen was also identified in the distal

Figure 1. A, A performance of tsuki in
Kendo. B, A bamboo sword is thrust at
the partner’s throat armor.
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Figure 2. Brain magnetic resonance (MR) images on day 2. A
through C, Diffusion-weighted MR imaging studies demonstrat-
ing fresh and scattered infarcts in the right middle and posterior
cerebral artery areas (arrows). D, MR angiography demonstrat-
ing poor visualization of the right internal carotid, middle cere-
bral (arrowhead), and posterior cerebral arteries.

innominate artery, indicating the existence of the revers-
ible innominate dissection that had caused pulselessness at
the time of the initial examination. At hospital discharge
on day 49, the patient still had severe hemiplegia. He did
not develop recurrent stroke.

A frontal thrust of Kendo can cause cervical artery
dissection and stroke,! although it has rarely been re-
ported.? The strength of this report is that dynamic changes
in the morphology of the dissected CCA were clarified
through the use of both ultrasonography and CT angiog-
raphy examinations.
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Figure 3. Changes in a B-mode image of
the right common carotid artery (CCA). A,
On day 2, the distal CCA is occluded with
a thrombosed false lumen (arrows). A
mobile thrombus is identified proximai
(Prox.) to the occlusion site (arrowhead).
B through E, Longitudinal (B-D) and axial
(E) B-mode images on day 4 at 10 am (B),
7 Pm (C), and 9 Pm (D and E). E, Axial
image of a dotted line on D. The distal
{Dis.) CCA is recanalized. The mobile
thrombus gradually changes in shape
(arrowhead). An intimal flap (small arrow-
head} and a thrombosed false lumen
(asterisk) are seen at the proximal CCA.
F, On day 48, the mobile thrombus and
the thrombosed false lumen disappear
compiletely. Aneurysmal formation is seen
(filled arrow).

Figure 4. Cervical computed tomography angiog-
raphy. A, On day 4, the right distal common
carotid artery (CCA) is stenotic (arrow). B, On day
23, the stenotic CCA becomes wider (arrow), and
aneurysmal formation is evident (arrowhead).
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%% (early recurrence of ischemic stroke: ERIS), #EBH:
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Table T END BE&IE END Btk

A END Ik END p value

n 200 (100) 30 (15) 170 (83)
R 74 % 11 76 = 9 73 = 11 0.22
WA 135 (68) 19 (63) 116 (68) 0.59
IR 133 (67) 20 (67) 113 (67) 0.82
BERAE 34 (17) 6 (20) 28 (16) 0.63
DR i 58 (29) 6 (20) 52 (31) 0.24
BN G AR 26 (14) 4 (15) 22 (14) 0.85
LAY 100 (52) 18 (60) 82 (49) 0.1
Tt 22 39 (20) 8 27 31(18) 0.29
i 8 (4) 0 (o) 8 (4.7) 0.23
R AR 17 (8.5) 2 6.7 15 (3.8) 0.7
TAY ¥R 50 (23) 12 (40) 38 (22) 0.039
TNT 7 ) v 25 (13) 4 (13) 21 (12) 0.88
A BERE NIHSS* 127, 17) 11 (7, 1) 1247, 17) 0.44
FERE — B BAAGEETH Gmin) #* 133 + 28 129 = 29 133 + 28 0.4
o 5T BTG MU (mmBg) ** 150 £ 21 151 = 21 150 = 22 0.68
ASPECTS* 9(8, 10) 9 (8, 10) 9 (7, 10) 0.52
rt-PA $ 5 o ISR 27 (14) 4(13) 23 (14) 0.95
24 W BAPI oo Bl AR e 1 6(3) 2 (6.7 4(24) 0.2
T g

oD B A 142 (71) 20 (67) 122 (61)

77— A g 28 (14) 4 (13) 24 (14) ns.

cal 30 (15) 6 (20) 24 (14)
[BiEAIR

ICA 28 {16) 7(23) 21 {12)

M1 68 (39) 6 (20) 62 (36)

M2 30 (17) 9 (30) 21 {12) ns.

BA 3(1.7) 1(3.3) 2 {1.1)
36 IR DL oo BEEE Py R 47 (24) 13 (43) 34 (20) 0.006
MRA OB ZEMmE M 76 (68) 9(47) 67 (72) 0.03
BB NIHSS* 31, 11 13 (5, 23) 2 (1. 10) <0.001
B mrS* 3(1, 4 43, 5) 2(1, 4) <0.001
3 7% J1# mRS* 3(1, 4) 4(3. 35) 2(1, 4) 0.001
n.8.; not significant n (%), *Median (IQR), **mean % SD

+: modified Mori Grade > 3

NIHSS: National Institute of Health Stroke Scale

ASPECTS: Alberta Stroke Program Early CT score

mRS: modified Rankin Scale

ICA: NEEBIIR, M1 RRREIIRKTE, M2 R EEBIRE R, BA: BUSEIR
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END: early neurological deterioration (FHIHEARIREIE)

PS: progressive stroke (BIZEHR O HELT) ;

SICH: symptomatic intracranial hemorrhage (ERRMEIRZEAMHIM)
ERIS: early recurrence of ischemic stroke (Fi#F 28 B FI8)
mRS; modified Rankin Scale
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Abstract

Early neurological deterioration in acute stroke patients
following intravenous rt-PA

Mayumi Fukuda, M.D.,» Masatoshi Koga, M.D.,)) Mayumi Mori, M.D.,” Masato Osaki, M.D.,»
Kazuyuki Nagatsuka, M.D.,2 Kazuo Minematsu, M.D.,") and Kazunori Toyoda, M.D.D
D Department of Cerebrovascular Medicine, National Cerebral and Cardiovascular Center
2 Department of Neurology, National Cerebral and Cardiovascular Center

Early recurrence of ischemic stroke (BRIS), as well a8 symptomatic intracranial hemorrhage (SICH)
and progressive stroke (PS), causes early neurclogical deterioration (END) after thrombolysis. This study's
goal was to investigate the incidence, characteristics, and mechanisms of END within 24 h after rt-PA infu-
sion. Of 200 patients (65 women, 7411 years) who were treated with intravenous rt-PA, 15.0% developed
END: 1.5% with BERIS, 3.0% with SICH, and 10.5% with PS. As compared to patients without END, those
with ERIS were older and had a higher D-dimer level on admission. Patients with SICH and those with P§
more frequently took oral warfarin and antiplatelets, respectively; prior to stroke onset. mRS at 3 months
were higher in patients with END than those without.

Key words: 1t-PA, acute stroke, early neurological deterioration, recurrence, progressive stroke
(Jpn J Stroke 34: 47-50, 2012)
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