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Standard Diffusion-Weighted Imaging in the Brain Can
Detect Cervical Internal Carotid Artery Dissections
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ABSTRACT

BACKGROUND AND PURPOSE: The ICA is the most common site of cervical artery dissection. Prompt and reliable identification
of the mural hematoma is warranted when a dissection is clinically suspected. The purpose of this study was to assess to
capacity of a standard DWI sequence acquired routinely on the brain to detect dissecting hematoma related to cervical ICA
dissections.

MATERIALS AND METHODS: This was a retrospective study of a cohort of 110 patients younger than 55 years of age (40 women;
mean age, 46.79 years) admitted at the acute phase of a neurologic deficit, headache, or neck pain and investigated by at least a
standard 3T diffusion-weighted sequence of the brain. Among them were 50 patients (14 women; mean age, 46.72 years) with sub-
sequently confirmed ICA dissection. In the whole anonymized cohort, both a senior and junior radiologist separately assessed, on
the DWI sequences only, the presence of a crescent-shaped or circular hypersignal projecting on the subpetrosal segment of the
ICA arteries, assuming that it would correspond to a mural hematoma related to an ICA dissection.

RESULTS: The senior radiologist found 46 subpetrosal hyperintensities in 43/50 patients with ICA dissection and none in patients
without dissection (sensitivity, 86%; specificity, 100%). The junior radiologist found 48 subpetrosal hyperintensities in 45/50 patients
with dissection and none in patients without dissection (sensitivity, 90%; specificity, 100%).

CONCLUSIONS: In our cohort, a standard DWI sequence performed on the brain at the acute phase of a stroke or for a clinical

suspicion of dissection detected nearly 90% of cervical ICA dissections.

ABBREVIATION: FSs = fat-saturated

Cervical artery dissection is defined by the spontaneous or
posttraumatic onset of a hematoma in the wall of an artery.
The cervical ICA is the most common site for dissection of su-
pra-aortic trunks." While cervical artery dissections are responsi-
ble for nearly 25% of ischemic strokes in young or middle-aged
adults,” dissections may be diagnosed without or before the onset
of a stroke. These ischemic complications occur in 82% of
patients in the first week following dissection.® It is, therefore,
essential to be able to diagnose cervical artery dissection as soon
as possible following the appearance of a mural hematoma to
implement an adapted treatment, medical or endovascular, and
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reduce the risk of thromboembolic or hemodynamic complica-
tions.* In this context of dissection and in case of stroke due to a
large-vessel occlusion, noninvasive imaging of the extra- and in-
tracranial arteries is essential for planning, if necessary, an endo-
vascular recanalization strategy, both cervical and cerebral,>
because tandem occlusions may occur and can be treated at the
same time.”

MR imaging allows the diagnosis of cervical artery dissection
by directly visualizing the wall hematoma through fat-saturated
(FS) TIWL. It appears as a crescent-shaped hypersignal around
an eccentric residual arterial lumen. This T1 hyperintensity is
associated with the presence of intracellular and extracellular
methemoglobin in the hematoma.® Because these hemoglobin-
degradation products only appear 72 hours after the formation of
the hematoma, T1 hypersignal is only visible after this period.
Before 72hours, oxyhemoglobin and deoxyhemoglobin appear
isointense on T1-weighted sequences; this feature makes diagno-
sis difficult in the acute phase and can be the cause of false-nega-
tives.” The sensitivity of the FS TIWI is, therefore, more reliable
after the first 72 hours of the onset of a dissection.'”
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FIG 1. DWI (A) and FS TIWI (B) show a crescent-shape hypersignal of
a mural hematoma of a right carotid artery dissection. MR angiogra-
phy (C) shows the subsequent near-occlusion stenosis of the arterial
lumen.

DWTI is generally the first sequence acquired during a brain
MR imaging performed to explore an acute neurologic deficit to
identify early signs of cerebral ischemia. On this sequence, acute
cerebral hemorrhage also appears hyperintense'' and wall hema-
tomas of cervical artery dissections are sometimes also visible as a
hypersignal.'>'® Brain MR imaging usually covers the subpetrous
segment of the ICA, where the wall hematoma of the dissections
is most frequently seen.

In our experience, DWI shows a crescent or circular hypersig-
nal in the projection of the subpetrous ICA in cases of dissection
(Fig 1), even during the hyperacute phase of a stroke, while FS
TIWTI is usually not acquired, to minimize the overall acquisition
time of the examination, or the findings were negative because it
was performed too early.

The aim of this work was to evaluate the capacity of DWI
alone, without knowledge of other sequences, to detect wall hem-
atomas of ICA dissections.

MATERIALS AND METHODS

Patients

From June 2014 to December 2016, we retrospectively included
50 consecutive patients younger than 55 years of age from a regis-
ter of our university hospital (14 women; mean age, 46.72 years;
range, 21-65 years) with a final diagnosis of carotid dissection.
This diagnosis was confirmed secondarily, either by Doppler so-
nography when an intimal flap or a parietal hematoma was visi-
ble (10 patients, 20%), or by MR imaging showing a hyperintense
parietal wall hematoma on FS T1WI (22 patients, 44%), or finally

during follow-up showing either restoration to the original condi-
tion of the caliber of the cervical ICA, which presented at the
acute phase with a postbulbar irregular stenosis (18 patients,
36%), or the development of a pseudoaneurysm (14 patients,
28%). Patients were admitted to the neurovascular emergency
department due to neck pain (18 patients, 36%), headache (35
patients, 70%), Horner syndrome (28 patients, 56%), or neuro-
logic deficit (30 patients, 60%) such as visual disturbances (14
patients, 28%), speech disorders (12 patients, 24%), or sensory
(13 patients, 26%) or motor disorders (24 patients, 48%) (On-line
Table). The average NIHSS score on arrival at the neurovascular
emergency department was 5 (range, 0-24). The patients were
examined with at least routine DWI on a 3T MR imaging.
Among these 50 patients, 28 patients (56%) had acute cerebral is-
chemic injury on initial MR imaging. The time between the onset
of any symptoms reported by the patient (ie, neck pain, head-
aches, or neurologic deficit), considering that it might correspond
to the onset of the internal carotid artery wall hematoma, and ac-
quisition of MR imaging was calculated for each patient.

A control group of 60 individuals had the same distribution in
sex and age. This group consisted of 2 subgroups: 35 patients (11
women; mean age, 47.91 years; range, 20-65 years) who had an
ischemic stroke unrelated to carotid dissection and 25 patients
(15 women; mean age, 45.36 years; range, 21-65 years) who had a
clinical suspicion of carotid dissection due to aggressive symp-
toms such as neck pain or Horner syndrome, but for whom the
dissection diagnosis was rejected by the complete radiologic
assessment. The final diagnoses for those patients were ischemic
stroke (35/60 patients, 58%); functional disorder (9/60 patients,
15%); transient ischemic attack (7/60 patients, 12%); migraine
with aura (5/60 patients, 8%); ear, nose, and throat pathology
(2/60 patients, 3%); rupture of an aneurysm (1/60 patients, 2%);
and a vasovagal episode (1/60 patients, 2%). The control popula-
tion was admitted during the same period and underwent the
same 3T cerebral DWI as the 50 patients with carotid dissection
not have been consecutively enrolled to match with the dissection
group in age and sex and presence of stroke on DWI.

The 50 patients with a final diagnosis of carotid dissection
and the 60 controls without dissection showed no significant dif-
ference regarding the presence of ischemic stroke: Twenty-eight
of 50 (56%) patients with carotid dissection had an ischemic
stroke, while 35/60 (58%) patients from the control group had
one (P=.4). Two patients (4%) had a transient ischemic attack in
the “dissection” group. In the control group, 35 patients (58%)
had acute cerebral ischemic lesions and 7 patient (12%) had a
transient ischemic attack.

MR Imaging

All brain MRIs included at least 1 DWI sequence with 4-mm-
thick sections on 3T magnets, either a Magneton Skyra (Siemens,
Erlangen, Germany) (TR/TE: 5300/96 ms; matrix: 110 x 110; ac-
quisition time: 53 seconds) or an Achieva TX (Philips Healthcare,
Best, the Netherlands) (TR/TE: 2756/57 ms; matrix: 112 x 89; ac-
quisition time: 33 seconds), from the vertex to the upper part of
the second cervical vertebra, including the distal, subpetrous cer-
vical segment of the cervical internal carotid arteries.
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FIG 2. DWI in 3 different patients with cervical internal carotid artery dissections. Crescent-
shaped hypersignal of wall hematomas (A—C, solid arrows), ring-shaped hypersignal of a wall he-
matoma (B, solid arrow), linear hyperintensity of pharyngeal lymphoid tissue (A and B, arrow-

heads), and nodular hypersignal of a ganglion (B, dashed arrow).

MR Imaging Analysis

The DWIs of patients and controls were isolated from the rest of
the examinations, grouped together, anonymized, randomized,
and randomly numbered.

Two observers, a senior radiologist (F.B.) and a junior radiol-
ogist (G.A.), with no knowledge of the patients or controls, the
other sequences, and the clinical information, independently ana-
lyzed the DWI sequences separately. They had to determine
whether a hypersignal with a crescent or ring shape suggestive of
a wall hematoma was present in the projection of the distal cervi-
cal internal carotid arteries (Fig 2).

Other DWT high signal intensities, either located at a distance
from the subpetrous segments of internal carotid arteries or of dif-
ferent shapes, were not retained. In particular, pharyngeal lymph-
oid tissue and lymph nodes, respectively, in the form of linear
and nodular hypersignals, were not taken into account (Fig 2).

In a second step, among patients with dissections, after ano-
nymity was waived, we calculated the time between the onset of
symptoms and MR imaging; and when FS TIWI was performed,
we compared it visually with the DWI sequence to evaluate their
respective capacities in detecting a wall hematoma. Among the 50
patients with dissections, we also analyzed the shape of the DWI
hyperintensities of those who had an occlusion based on MRA or
CTA data (On-line Table 1).

Statistical Analysis

We calculated the sensitivity and specificity of the crescent- or
ring-shaped DWT hypersignal along the expected wall of the sub-
petrosal ICA for the detection of carotid dissections. A k coeffi-
cient was calculated to measure the interobserver agreement
between the senior and the junior radiologists in the detection of
crescent- or ring-shaped DWI hyperintensites.

RESULTS

The senior radiologist found 46 abnormal DWI hyperintensities
in the projection of the distal portion of cervical internal carotid
arteries in 43/50 patients with carotid artery dissection (bilateral
hypersignal for 3 patients) and none in patients without dissec-
tion (sensitivity, 86%, specificity 100%). The junior radiologist
found 48 abnormal DWT hyperintensities in the distal portion of
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in 45/50
patients with carotid dissection (bilat-

internal carotid arteries

eral hypersignal for 3 patients) and
none in patients without dissection
(sensitivity 90%; specificity 100%).

The « coefficient was calculated at
0.99, meaning excellent interobserver
agreement.

Finally, after consensus, 90% (45/
50) of patients with dissections could
be correctly diagnosed due to the
DWTI sequence alone, and none of the
subjects of the control group were
misclassified. For patients who had a
dissection, the time between the onset
of their symptoms and their MR imag-
ing was <24 hours for 24/50 patients
(48%), between 24 and 72 hours for
11/50 patients (22%) and >72 hours for 15/50 patients (30%).

FS T1WI was part of the initial MR imaging protocol in 26/50
(52%) patients with dissection. For these MR images, the wall
hematoma appeared hyperintense on both DWI and FS TIWI
in 20/26 (77%) patients. It was visible only on DWI in 4/26
(15%) patients (Fig 3). These MR images were obtained, on av-
erage, 15hours 20 minutes after the onset of symptoms (range,
80 minutes to 32 hours). On the other hand, the hyperintensity
of the wall hematoma was only visible on FS TIWT in 2/26 (8%)
patients; these MRIs were performed, on average, 6 days after
the onset of symptoms (5-7 days).

DISCUSSION

The primary result of our study is that 90% of cervical ICA dis-
sections could be detected by a standard, routine DWT sequence,
acquired of the brain in the event of clinical suspicion of ischemic
stroke or cervical artery dissection. Other authors' had already
investigated the possibility of diagnosing a dissection of the upper
cervical portions of the internal and vertebral carotid arteries by
analyzing 5 different brain sequences (sagittal T1 WI, axial
FLAIR imaging, axial gradient recalled-echo T2-weighted imag-
ing, DWI, and 3D time-of-flight angiography of the circle of
Willis). In that study, the dissection diagnosis was made if the he-
matoma was seen on 3 different sequences. The authors showed
that 59/77 (77.6%) patients with a cervical artery dissection
included in the field covered during the brain acquisition had a
correct diagnosis using this method. The diagnosis was more fre-
quent for carotid dissections (54/58 patients, 93.1%) than for ver-
tebral dissections (5/19 patients, 26.3%). The sensitivity of each
sequence assessed independently for detecting wall hematomas
was not indicated. Our study shows comparable sensitivity of the
DWTI sequence alone in the detection of ICA dissections, inde-
pendent of FS TIWT in particular.

However, contrary to this previous study, we analyzed not
only the carotid dissections that were included in the field of ac-
quisition of the DWI, but we included all carotid dissections
without prejudging their locations and their extensions to sub-
petrous segments of the cervical ICA. Our results would, there-
fore, suggest that most carotid dissections reach the distal,



FIG 3. Hyperacute dissection with a wall hematoma appearing hyperintense on DWI (A, arrow),
with apparent diffusion coefficient restriction (B, arrow), not visible on FS TIWI (C, dotted arrow)
or the axial source image of time-of-flight MR angiography (D, dotted arrow).

subpetrous segments of the internal carotid arteries. Curiously,
there are scant data in the literature regarding the accurate fre-
quency of damage of the subpetrous segment in carotid dissec-
tions, even if it appears to be affected “in most cases.”*
According to some authors, dissections usually originate 2 cm
above the carotid bulb and extend over a variable length, often
up to the carotid canal, covering the subpetrous segment.'

In our study, 1 dissection of 10 was not diagnosed by DWI, ei-
ther due to the absence of hyperintensity despite a subpetrous to-
pography included in the field of acquisition or because the
hematoma was likely situated lower in the wall of the cervical ICA.
The association between the tortuosity of cervical arteries and dis-
sections is known.'® In 1 study,'” these loops were shown in 22%
of dissections compared with 8% in healthy controls. In view of
our results, these loops were often subpetrous, therefore included
in the field of exploration, but some might be postbulbar and,
therefore, not included in the field, and this feature may explain
some of the false-negatives of the routine DWT brain sequences.

Among cervical artery dissections reported in the study of
Naggara et al,' 67 ICA dissections were included in the fields of
acquisition of brain MRIs and 21 carotid dissections were
excluded, 76% of high dissections. This determination was made
by analyzing axial FS T1WI performed on 1.5T magnets.
Compared with our results, which indicate 90% of ICA dissec-
tions seen on subpetrous segments, it is possible that the findings
of their sequence were faulty, particularly for the small wall hem-
atomas or hematomas seen early, before 72hours, and there
were, in actuality, more carotid dissections included in the fields
of acquisition of brain MRIs but not detected by their restrictive
method. Although no studies have shown the superiority of 3T
MR imaging compared with 1.5T in the detection of cervical

artery dissections, with the intensity of
the MR imaging signal being directly
proportional to the intensity of the
primary magnetic field, the signal-to-
noise ratio is higher on a sequence
performed at 3T than at 1.5T. It is
likely that the wall hematomas of our
series were more visible on 3T. Several
studies have also shown interest in 3T
MR imaging using T1 Cube (GE
Healthcare)'® or black-blood'® sequen-
ces for detecting wall hematomas of
dissections, but without comparing
them with 1.5T.

In our study, DWI at 3T revealed a
parietal hematoma of ICA dissection
very early because most of our patients
with a dissection were examined by
MR imaging within 24 hours after the
onset of their symptoms. DWI was
even better than FS TIWTI in detecting
wall hematoma in 15% of our patients,
having undergone both sequences on
their initial MR imaging performed,
on average, 15hours 20 minutes after
the onset of symptoms. On the other
hand, the later the MRIs were performed, the more likely it was
that DWI findings were faulty. The hyperintensity of the wall he-
matoma was only visible on FS TIWT in 2/26 (8%) patients; these
MRIs were then performed, on average, 6 days after the onset of
symptoms (range, 5-7 days). The intracerebral hematoma signal
intensity on DWI is the lowest during the early subacute phase of
intracellular methemoglobin (between 4 and 7days) before
increasing again in the late subacute phase (after 7 days)."" This
phenomenon could, therefore, explain the poorer sensitivity of
DWI in detecting dissecting hematomas during this subacute
phase.

The DWI and FS TIWI sequences, therefore, appear comple-
mentary in detecting ICA dissections: DWI could detect wall
hematomas in the acute phase, even before the appearance of a
FS T1WTI hypersignal, while the latter could enable diagnosis of
dissections beyond 72 hours and later than DWI. These consider-
ations about the temporality are accurate if the wall hematoma
occurs at the same time as the first symptoms of patients, which
is not always the case.

Our study showed not only the very good sensitivity of DWI
in the detection of ICA dissections but also an excellent specificity
with no false-positives. Crescent- or ring-shaped hypersignals
were likely to represent wall hematomas of dissections, not hem-
orrhagic plaques, because these are not supposed to appear with
DWTI hypersignal®® and are not usually located in the subpetrosal
aspect of the distal ICA. However, it is important to learn to dis-
tinguish crescent- or ring-shaped dissections of hematomas from
linear and nodular hyperintensities of pharyngeal lymphoid tis-
sue and lymph nodes. Once this sign is learned, it enables detec-
tion of wall hematomas with excellent specificity and excellent
interobserver agreement. In clinical routine, the radiologist will
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naturally be aided by other classic protocol sequences such as
FLAIR and gradient recalled-echo T2* to more easily locate the
hypersignal on DWI. However, in practice, in view of our results,
if the hematoma clearly appears hyperintense on DWT at the acute
phase of a neurologic deficit or neck pain, then the specificity of
our sign can be obtained without FS TIWT and thus save acquisi-
tion time. It also does not appear necessary to re-examine the
patient later to confirm the presence of a dissection if the hypersig-
nal of the hematoma is visible in DWT on the initial MR imaging.

The primary limitation of our study is its retrospective nature,
including 50 patients with dissections and 60 patients without dis-
sections, a prevalence of 45% dissections in our total population,
or an overrepresentation of dissections compared with the general
stroke population. However, knowing this prevalence, if the sensi-
tivity was increased, the observers would also have seen more
hematomas than there were in reality, with a consequent decrease
in specificity. This did not occur, as no false-positives were found.

Some patients with dissections had visible cerebral ischemic
lesions on DWI. This could have been a bias in the analysis of the
presence of a crescent- or ring-shaped hypersignal along the
expected wall of the subpetrosal ICA, particularly if this hypersig-
nal was on the same side as the ischemic lesions. This bias was
removed by the same proportion of ischemic lesions in the dis-
section group as in the control group.

We chose to investigate ICA dissections; we do not know the
sensitivity and specificity of DWI in the detection of vertebral ar-
tery dissections. One study'? observed DWI hyperintensity in
connection with vertebral dissections in a small cohort of 4
patients on 1.5T MR imaging. A future study, including a greater
number of patients and performed with 3T MR imaging will ana-
lyze the capacity of DWI in detecting wall hematomas of vertebral
dissections. Finally, this following study may also compare the re-
spective sensitivities and specificities of DWI and FS T1WI
sequences in detecting cervical artery dissections as a function of
the time of onset of symptoms.

CONCLUSIONS

In our study, a standard diffusion-weighted sequence routinely
performed on the brain at the acute phase of a stroke or for a clin-
ical suspicion of cervical artery dissection detected nearly 90% of
cervical ICA dissections by showing a crescent- or ring-shaped
hypersignal along the expected wall of the subpetrosal ICA. This
sign, present on the first sequence generally acquired during MR
imaging performed for a suspicion of acute ischemic stroke,
makes it possible to confidently discuss the dissection diagnosis
and initiate medical treatment adapted to very quickly reduce the
risk of thromboembolic complications, and also to better predict
the material necessary for a potential endovascular procedure.

Disclosures: Christophe Cognard—UNRELATED: Consultancy: Medtronic, Stryker,
MicroVention, Cerenovus, MIVI. Zuzana Meluchova—UNRELATED: Employment:
University Hospital Toulouse.
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