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Abstract
Background and objective: To analyze the temporal evolution of imaging findings and clinical follow up in
craniocervical arterial dissection (CAD) patients.
Methods: 32 patients (M: F=23: 9, mean age=49) with radiographic evidence of at least one of the suggestive
imaging findings of CAD (arterial stenosis, arterial occlusion, luminal ectasia, pseudoaneurysm, and dissection flap)
were performed. Median imaging follow up period was 89 days (SD=36.69). Clinical symptoms on presentation and
follow up were also analyzed.
Results: 21 patients had spontaneous dissection (65.6%). 11 had a history of trauma (34.4%). 14 (43.8%)
patients presented with a stroke or TIA. Other presenting symptoms include headache (n=4, 12.5%), neck pain (n=9,
28.1%) and Horner’s syndrome (n=5, 15.6%).
Involved arteries included Internal carotid artery (n=21, 65.6%), vertebral artery (n=10, 31.3%), and common
carotid artery (n=3, 9.4%). Initial imaging findings included, arterial stenosis (n=23, 72%), arterial occlusion (n=6,
19%), ectasis of the lumen (n=7, 22%), pseudoaneurysm (n=12, 38%), and dissection flap (n=12, 38%).
21 patients were managed with anti-coagulation and 3 with an antiplatelet agent. On follow up imaging, arterial
stenosis was improved in 73.6% (14/19), worse in 5.3% and no interval change in 21.1%. Regarding the
pseudoaneurysm on presentation, no change in shape and size in 64% (7/11) and 2 patients developed new
pseudoaneurysm. One patient developed a TIA (3.7%, n=1/27) during follow up.
Conclusion: Post-dissection vascular imaging findings are dynamic. With medical management, more than 60%
of the arterial stenosis lesions have improved within 3 months, and the risk of repeated neurological events were
very low.
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Introduction
Craniocervical arterial dissection is an important cause of ischemic
stroke in relatively young age group [1,2]. Pathological definition of
craniocervical arterial dissection is formation of intramural hematoma
in the arterial wall. The development of intramural hematoma can be
resulted from either intimal tear or primary intramural hemorrhage
[3,4]. The natural history of spontaneous craniocervical artery
dissection is not entirely understood, but the outcome is considered
generally good to excellent with less than 10% of overall mortality rate
[5] On the other hand, about 5% of patients were left with major
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residual neurological sequelae, and 15% with minor residual deficits.
[6-8].
Acute dissections are frequently treated with either antiplatelet
agents or anticoagulation for a minimum of three months but duration
of medical treatment has not been standardized and could be
influenced by initial and follow up imaging studies.
Several imaging modalities, including Doppler ultrasonography, MR
and CT angiography, are available to confirm the initial diagnosis of
cervical arterial dissection, and to determine treatment planning and
options [9]. However, there are not many reports available regarding
progression of initial imaging findings and associated clinical
symptoms.
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The purpose of this study is to analyze the temporal evolution of
imaging findings and related clinical follow up in craniocervical
arterial dissection patients.

Patients and Methods
This retrospective imaging review study was approved by the
institutional review board.
From 2002 to 2009, 32 patients (M: F=23: 9, mean age=49,
SD=16.47) with at least one of the following imaging findings of
carotid dissection on either CT angiography or MR angiography were
included. Those imaging findings were: 1) arterial stenosis 2) arterial
occlusion 3) ectasis of the lumen 4) pseudoaneurysm and 5) dissection
flap.
The temporal evolution of above 5 imaging findings was determined
by consensus of 2 neuroradiologists. Patients who do not have any
available follow up CT angiography nor MR angiography were
excluded.

Definition of imaging findings
Arterial stenosis was defined as more than 20% of arterial luminal
narrowing comparing to normal appearing proximal segment of parent
artery. However, we did not measure individual arterial stenosis
degree. Segmental dilatation (more than 5 mm length) of a vessel with
maximum diameter of the lumen showed more than 20% than normal
appearing proximal segment of parent artery was defined as ectasis as
opposed to focal (less than 5mm length) widening or ballooning which
was considered pseudoaneurysm.

Clinical and imaging follow up
Clinical and imaging follow ups were available in 27 patients (27/32,
84%). There were 4 patients who had 1 follow up imaging study, 15
patients who had 2 follow ups and remained 8 patients had more than
3 follow up imaging studies.
The last clinical follow up was performed from 3 days to 1916 days
after the initial diagnosis [mean=557.1 days (about 1.5 years),
median=350days (about 11 months)].

CT Angiography technique
CT angiography was performed from aortic arch to the vertex with
multi-detector CT scanner (either 8 slices or 64 slices) with following
parameters: FOV 19-20 × 23-24 cm, Matrix size 512 × 512, Slice
thickness = 1.25 mm ~ 0.63 mm. Multiplanar reconstruction including
axial, sagittal and coronal plane as well as 3D reconstructions using
volume rendering technique was also performed.

Statistical analysis
The statistical significances of imaging finding changes on follow up
scan were assessed using 95% Confidence Interval (CI).

Results
Clinical presentations
21 patients were diagnosed as spontaneous dissection (12/32,
65.6%), on the other hand, 11 had a history of either significant or
suggestive trauma for possible cervico-cephalic vascular injury (11/32,
34.4%). 14 of the 32 patients (43.8%) presented with a stroke or TIA.
In 4 patients (4/32, 12.5%), headache was the only presenting
complaint. 9 (28.1%) patients had lancinating neck pain with or
without headache. Horner’s syndrome was noticed in only 5 patients
(5/32, 15.6%).

Clinical management
Clinical follow up with medical management regimen were available
in 27 patients. Among them, 21 patients were treated with anticoagulation alone, 4 with antiplatelet agent alone and 2 patients were
treated with both anticoagulation and antiplatelet agent.
One patient who received anticoagulation alone underwent
subsequent
carotid
endarterectomy
due
to
expanding
pseudoaneurysm. Another patient who was treated antiplatelet agent
alone underwent angioplasty and stenting due to progressive arterial
stenosis. During the follow up period, only one patient among 27
patients developed a TIA (3.7%, n=1/27).

Anatomical locations
There were 19 internal carotid artery (ICA) dissections (19/32,
59.4%), 9 vertebral artery (VA) dissections (9/32, 28.1%), 2 common
carotid artery (CCA) dissections (2/32, 6.3%) and 2 bilateral ICA
dissections (2/32, 6.3%). All common carotid artery dissections and
bilateral ICA dissections had history of trauma.
Dissections involving right ICA, left ICA, right VA, left VA, right
CCA and left CCA were 12, 7, 3, 6, 0, and 2 respectively. 38.1% (8/21)
patients with ICA dissections and 60% (6/10) with vertebral artery
dissections presented with a stroke or TIA.

Initial imaging findings
On presentation, among 32 patients, arterial stenosis was seen in 23
(72%), arterial occlusion in 6 (19%), ectasis of the lumen was noted in
7 (22%), pseudoaneurysm in 12 (38%), and dissection flap in 12 (38%).

MR Angiography technique

Follow up of Imaging findings

1.5 T MRI scanner with standard head and neck surface coil was
used. The MR angiography protocol included axial fat suppression T1
weighted (T1-FS) images from carotid bifurcation to the skull base and
diffusion weighted images of brain.

In 27 patients (84%), at least one follow up vascular imaging study
was available (mean=1.5 years). Among 23 patients who had “stenosis”
on initial imaging study, 19 patients had at least one follow up imaging
studies. On follow up, arterial stenosis improved in 73.6% (14/19) [95%
CI: 48.5% to 89.9%], worse in 5.3% (1/19) [95% CI: 0% to 28.1%] and
showed no interval change in 21.1% (4/19) [95% CI: 6.9% to 46.1%].

The T1-FS images were obtained with FOV 18cm, Matrix 256 × 192,
slice thickness 3 mm, gap 3.5 mm and MR angiography was performed
with FOV 28 cm, Matrix 320 × 190, Slice thickness 1.4 mm, Space 0.7
mm. For the Gadolinium enhanced head and neck MR angiography,
about 14 ~ 20 cc of Gadolinium was infused intravenously.
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The mean imaging follow up period which demonstrated luminal
narrowing improvement was 79 days (median=89 days, SD=36.69)
(Figure 1 and Table 1).
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Regarding patients who had pseudoaneurysm on initial imaging
study, there were 11 patients who had at least one follow up imaging
study. The pseudoaneurysm showed no change in shape and size in
63.6% (7/11) [95% CI: 31.6% to 87.6%], larger in size in 27.3% (3/11)
[95% CI: 7.3% to 60.7%], smaller in size in 9% (1/11) [95% CI: 0.5% to
42.9%] (Figure 2).

Two among 13 patients who did not have pseudoaneurysm on
initial imaging study developed a new pseudoaneurysm at the
dissection site on follow up imaging (2/13, 15.4%) (Figure 2).

Figure 1: Improvement of Stenosis on Follow Up Imaging (42 y-o male with sudden development of left side visual loss.) Initial CTA (A)
showed about 50% to 60% left ICA stenosis (arrows). 3 month follow up Gd enhanced MRA (B) showed near total recanalization of previously
stenotic segment.

Figure 2: Development of pseudoaneurysm from intramural hematoma (57 y-o male presented with right side Horner’s syndrome and right
neck pain). Initial CTA (A) shows significant wall thickening of distal right ICA (white arrow heads) which represents intramural hematoma
with luminal stenosis (white arrow). On 1 month follow up CTA (B), the wall thickening has been resolved and development of
pseudoaneurysm (white arrows) with stenotic parent artery (black arrow).
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There were 6 patients who had complete occlusion of affected artery
on presentation and in 4 patients; at least one follow up imaging study
was available. Among them, 75% (3/4) [95% CI: 21.9% to 98.7%]
demonstrated at least partial recanalization of previously occluded

parent artery. Specifically, there was 1 complete recanalization (1/4,
25%) (Figure 3) and 2 partial recanalization (2/4, 50%) but 1 remained
occluded on follow up scan.

Figure 3: Complete recanalization of occluded segment (49 y-o male presented with sudden onset of right arm and leg weakness). Initial CTA
(A to C) showed complete occlusion of the left ICA. There is subtle visualization of intimal flap (white arrow on A) and non-opacification of
left ICA (white arrow on C). One and half year follow up Gadolinium enhanced MRA (D) showed complete recanalization of the left ICA
(black arrow).

Discussion
In our series, about 60% of arterial stenosis improved (14/23,
60.9%), and 75% of completely occluded segment also have recanalized
at least partially (3/4, 75%). About 60% of arterial pseudoaneurysm did
not show significant interval change (7/12, 58%) on follow up imaging
and 15.4% of patient developed a new pseudoaneurysm on the
dissected segment.
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The improvement of stenosis has been reported in 40% to 80% of
patients [7,10,11]. In one study, a completely occluded or near
occluded artery on presentation is reported as less likely to recanalize
[12,13], however, other studies showed that the recanalization rates of
even completely occluded arteries as 42% to 69% [14-16]. In our series,
75% of completely occluded arteries showed either complete or partial
recanalization on follow up. Thus, our results support that the initial
presentation of arterial stenosis will likely improve with appropriate
medical management. Moreover, significant number of even
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completely occluded arteries may also reanalyze on follow up imaging
study.
Findings

Stenosis

Occlusion

Ectasia

Pseudoaneurysm

Intimal Flap

Initial Imaging

TIA or Stroke

Imaging FU

Presentation

(Pt.Number)

N (total=32)

%

N

%

23

72%

11

48%

6

7

12

12

19%

21.9%

38%

38%

3

3

3

6

19

50%

4

33%

7

25%

11

38%

7

FU imaging

Intv Changes

N

%

Imprv

14

73.6%

Unchg

4

21.1%

Worse

1

5.3%

CmplRecan

1

25%

PartRecan

2

55%

Unchg

1

25%

Imprv

1

14.3%

Unchg

5

71.4%

Worse

1

14.3%

Larger

3

27.3%

Unchg

7

63.6%

Smaller

1

9%

New

2/13

15.4%

Unchg

7

100%

TIA: Transient Ischemic Attack, Pt.:Patient, FU:Follow Up, Intv Changes: Interval Changes, Imprv:Improvement, Unchg:Unchanged, ComplRecan:Complete
Recanalization, PartRecan:Partial Recanalization

Table 1: Evolution of Imaging findings after craniocervical arterial dissection.
Pseudoaneurysm and intimal flap tend to remain stable once
developed. However, new pseudoaneurysm can develop as the wall
hematoma resolves. In addition, established pseudoaneurysm can
increased in size as wall hematoma resolves on follow up.
Thus follow up imaging study in craniocervical arterial dissection is
very important to monitor temporal evolution of dissected arterial
segment even completely occluded one.
The imaging appearance of thickening of the dissected arterial wall
which represents intramural hematoma and luminal stenosis are
representing arterial wall hematoma [3]. The temporal improvement of
arterial stenosis including complete occlusion might also be related to
the degree and speed of wall hematoma resorption process. Therefore,
if we can manage the resorption of wall hematoma relatively faster and
more complete, the luminal gain would be faster and more complete.
However, as far as authors know, there is no report showing any
significant differences of arterial wall hematoma resorption speed and
effectiveness between anti-platelet and anti-coagulation therapy. Our
study could not draw any conclusion either regarding this issue since
most of our cases were managed with anti-coagulation. Based on
previous studies [7,8,10,12], the speed and completeness of arterial
wall hematoma resorption does not appear to be affected by the
difference of anti-thrombotic therapy.
Stent assisted angioplasty has been regarded as an option for
craniocervical arterial dissection management especially when a
patient presented with significant carotid artery stenosis assuming
relatively higher risk of ipsilateral ischemic stroke. However, regardless
of the degree of carotid artery stenosis and clinical symptoms on
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presentation, both prior studies [6,8] and our results (1/26, 3.8%)
support that the risk of developing recurrent neurological symptoms
are very low in patients who have been medically managed. Therefore,
revascularization procedures such as stent assisted angioplasty should
be considered only when a patient shows recurrent neurologic
symptoms in spite of anti-thrombotic therapy. Since neither
anticoagulation nor antiplatelet therapy seem to alter the natural
course of the wall hematoma resorption process, when a patient is
symptomatic despite medical treatment, active revascularization
procedure may need to be considered promptly. However, if a patient is
asymptomatic but shows significant luminal stenosis on imaging study
(for example, more than 70% stenosis), we recommend continuing
anti-thrombotic therapy since the recurrence rate of neurological
symptom appears to be very low and most of luminal stenosis will get
better on follow up.
There are limitations on our study. Since our study is a retrospective
in nature, it may not reflect the actual progression of imaging findings
after craniocervical dissections. However, our results were very
consistent to other reports regarding the imaging progression after the
diagnosis of craniocervical dissection. Second, our follow up imaging
was performed empirically as a part of our clinical protocol which was
about 3 months after the initiation of medical management, so the
luminal improvement was only identifiable around that period of time
(mean=79 days, median=89 days). Thus, the luminal improvement
after initiation of medical management could have happened earlier
time period than our results. In addition, our imaging follow up period
showed wide standard deviation thus estimation of the time period for
interval imaging finding change is challenging.
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7.

Unfortunately, the best management strategy for craniocervical
arterial dissection remains controversial and is based on applying
rational physiological principles. There is not a single randomized trial
or even a large registry to inform management. Our study along with
other observational studies can be used as a basis for designing such
trials. Given the increasing recognition of craniocervical arterial
dissection, such trials are long overdue.

8.

In conclusion, post-dissection vascular imaging findings are
dynamic. With medical management, more than half of the arterial
stenosis after craniocervical dissection improved within a relatively
short period of time (about 2.5 months) and the risk of repeated
neurological event appears to be very low.

10.
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