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Background: The natural history of acute symptomatic ICA occlusion remains unclear. Short term follow-up studies have been rarely re-
ported. Therefore, the objective of this study was to determine the natural history of acute ICA occlusion through short-term follow-up. In 
addition, we determined factors associated with recanalization and poor outcome. 
Methods: We consecutively enrolled acute ischemic stroke patients within 7 days who had acute symptomatic internal carotid artery oc-
clusion. Demographic data, stroke subtypes, National Institute of Health Stroke Scale (NIHSS) score, and modified Rankin scale score at 3 
months were recorded. Carotid duplex ultrasonography, CT angiography, or digital subtraction angiography in 2-9 days after the initial 
angiography was conducted to check recanalization pattern of ICA. Recanalization was classified into complete, partial, or no recanaliza-
tion. 
Results: A total of 64 patients with acute symptomatic ICA occlusion were enrolled in this study. Follow-up vessel studies were completed 
for 53 patients. Follow-up carotid duplex sonography was performed for 23 patients. CT angiography was performed for 9 patients. Both 
carotid duplex sonography and CT angiography were performed for 21 patients. Complete recanalization was observed in 5 (9.4%) of the 
53 patients. All five patients received thrombolysis. Partial recanalization was observed in 8 (15.1%) patients. The remaining 40 (75.5%) 
patients did not show recanalization. Cardioembolism (P=0.008) and thrombolytic treatment (P=0.025) were factors associated with com-
plete recanalization. However, recanalization (P>0.999) was not associated with favorable clinical outcome. 
Conclusion: Recanalization of symptomatic internal carotid artery occlusion was identified in 13 (24.5%) patients. Cardioembolism and 
thrombolytic treatment were factors significantly associated with complete recanalization. 
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INTRODUCTION

Occlusion of internal carotid artery (ICA) accounts for 
6–15% of all acute cerebrovascular events.1 The outcome of 
patients with acute occlusion of the ICA is rather poor, with 
disability historically reported at 40% to 69% and a 16% to 
55% mortality rate.2,3 Recanalization of the ICA after an acute 
occlusion —either spontaneous or possibly induced by throm-
bolysis— has been reported and usually occurs early, between 
6 hours and 2 weeks after the event.4-7 But there is limited data 
on the frequency, time course, stroke mechanisms and clinical 
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outcome involved in recanalization with short term follow-up 
studies. We aimed to investigate the natural history of acute 
ICA occlusion through short-term follow-up and the factors 
which are associated with recanalization and poor outcome.

METHODS

Patients

We consecutively enrolled acute ischemic stroke patients 
within 7 days, in whom acute symptomatic internal carotid 
artery occlusion was observed. The ischemic stroke was diag-
nosed with diffusion-weighted MRI and clinical examination. 
The ischemic stroke lesion should be relevant to ICA occlu-
sion. We obtained the demographic data (age, sex, risk factors), 
previous medical history, etiology of stroke, acute manage-
ment, National Institute of Health Stroke Scale (NIHSS) score, 
modified Rankin scale score at 3 months after the stroke. Mod-
ified Rankin scale was obtained through telephone interview 
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Figure 1. Three cases of acute symptomatic ICA occlusion. Initial diffusion-weighted MRIs (left column), initial CTA images (middle column) 
and follow up CTA images (right column). The first row: A 71-yo-male presented with left facial palsy and left arm weakness. DWI shows 
acute infarction in the right MCA territory (A). The right proximal ICA occlusion was not recanalized after 6days (B, C). He was treated 
with antiplatelet due to his initial NIHSS was 3(minor symptoms). The second row: A 83-yo-female presented with right hemiparesis (Initial 
NIHSS 13). Initial brain images showed right MCA territory infarction with occlusion of right ICA from carotid bifurcation (D, E). Follow-up ex-
amination on day 7 after thrombolysis shows partial recanalization of right proximal ICA (F). The patient was discharged with improved neu-
rological situation (NIHSS 5, MRS 1). The third row: A 65-yo-male presented with global aphasia and right side weakness. Acute left MCA 
territory infarction is observed (G). Complete recanalization of left distal ICA occlusion was observed after 5 days (H, I). Stroke subtype was 
cardioembolism due to paroxysmal atrial fibrillation. He was treated with IV tPA and IA thrombolysis and mRS at 3 months was 2.
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or outpatient clinic exam. As stroke work-ups, routine blood 
tests, chest X ray, electrocardiography, echocardiography, 24-
hour Holter monitoring were performed. Stroke subtype was 
defined according to the TOAST classification.8 

Imaging protocol

The stroke MRI protocol consisted of a diffusion-weighted 
image, a gradient echo image, a fluid-attenuated inversion 
recovery image, and a T2-weighted image. CT or MR angiog-
raphy was also performed as a routine vessel work-up. Helical 
(3D) CT angiography was performed with a LightSpeed VCT 
(General Electric Medical System, Milwaukee WI, USA). A 
three-dimensional CT angiogram was made with a computer 
workstation (Rapidia, Infinitt). The MR angiography parame-
ters included a flip angle of 20°, a matrix number of 320ｘ224, 
and a field-of-view of 200ｘ200. Three-dimensional contrast-
enhanced MR angiography from the aortic arch to the level of 
the central skull base was obtained using an intravenous bolus 
injection of 15mL gadopentetate dimeglumine with a repeti-
tion time of 27 msec and an echo time of 6.9msec. We further 
conducted carotid duplex ultrasonography, CT angiography 
or digital subtraction angiography in 2-9 days after the initial 
angiography to check recanalization pattern of ICA. 

Interpretation of data

Recanalization was classified into complete, partial, and no 
recanalization. Complete recanalization was defined when 
there was no remained luminal stenosis. Partial recanalization 
was defined when focal luminal stenosis was remained. No 
recanalization was defined when there was no change from 
the initial study (Fig. 1). To minimize the possibility of mis-
interpreting the pseudo-occlusion as complete occlusion, the 
axial images of the CTA and the reconstructions were carefully 
reviewed.

Statistical analysis 

A descriptive analysis was done for frequency data. To 
compare characteristics between patients with recanalization 
and those without, we used Mann-Whitney test for continuous 
variables, Fisher’s exact test and Chi-square test for categori-
cal variables. SPSS software for Windows version 13.0 (SPSS 
Inc., Chicago, IL, USA) was used. This study was approved by 
institutional review board of our hospital. An informed consent 

was not obtained because this study was retrospectively per-
formed.

RESULTS

Baseline characteristics

Between June 2009 and July 2014, a total of 64 patients with 
acute symptomatic ICA occlusion were consecutively includ-
ed. 32 (50%) were males, and their mean age was 73.16±10.35 
(SD). Of the 64 patients, 11 patients could not perform follow-
up vessel studies due to poor neurological condition (n=5) or 
death (n=6). Therefore, 53 (82.8%) patients were included 
in the analysis. The median time of follow-up was 3 days 
(interquartile range, 2 to 5). Carotid duplex sonography as a 
follow-up examination was done in 23 patients and CT angi-
ography in 9 and both of them in 21. The most common stroke 
mechanism was large vessel diseases (n=34), followed by car-
dioembolism (n=17) and other causes (cryptogenic, dissection, 
n=2). 15 patients received intravenous thrombolysis (one had 
additional intra-arterial thrombolysis), 37 patients received an-
tiplatelet treatment and one patient was treated with anticoagu-
lation (low molecular weight heparin) as an acute treatment. 
Among the 15 patients with thrombolysis, recanalization was 
observed in four. 

Recanalization

Complete recanalization was observed in 5 (9.4%), all of 
whom were cardioembolic stroke and four patients received 
intravenous thrombolysis. Partial recanalization was observed 
in 8 (15.1%) patients. Eventually, 40 (75.5%) patients did not 
show recanalization. Cardioembolism (P=0.008) and throm-
bolytic treatment (P=0.025) were significantly associated with 
the complete recanalization (Table 1). 

Clinical outcome and hemorrhagic transformation

Regarding clinical outcome, mRS could be obtained in 51 
patients. Among them, 23 (43.4%) patients had favorable clini-
cal outcome. However, complete recanalization was not as-
sociated with the favorable clinical outcome (P>0.999). Forty-
two patients underwent a follow-up brain CT scan to look for 
hemorrhage as a part of our routine follow-up or if there was 
clinical deterioration. Hemorrhagic transformation (symptom-
atic 1 and asymptomatic 2) was observed in 3 patients, all of 
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whom were those with recanalized (complete or partial) inter-
nal carotid artery.

DISCUSSION

While not a frequent phenomenon, several reports have 
documented small numbers of patients with late spontaneous 
recanalization of ICA occlusions. Most prior studies have fo-
cused on chronic ICA occlusion with long term follow-up.9,10 
They found that most probable etiology of the occlusion was 
atherosclerotic plaque and partial recanalization was produced 
by spontaneous lysis. Sometimes recanalization of the oc-
cluded internal carotid is heralded by a disabling neurologic 
deficit and a thromboembolic occlusion of other arteries.10,11 
However, a retrospective study of eight patients with carotid 
artery occlusion showed that spontaneous late recanalization 
was seen in six patients with few or no clinical sequelae.12

Our study was designed to evaluate early recanalization rates 
of the occluded ICA in acute stroke patients. To date, only a 

few scattered reports have documented follow-up data about 
acute symptomatic ICA occlusion.5,9,10 Our study has several 
strengths. First, our subjects are prospectively included 64 con-
secutive patients with 3-month clinical outcome. Second, most 
patients underwent follow-up study by means of the carotid 
duplex scans or the CTA. Finally, the endovascular treatment 
was not performed in all our subjects. This finding suggests 
more natural recanalization history of acute ICA occlusion in 
our real clinical field. 

In our 13 (24.5%) cases of acute ICA occlusion leading to 
ischemic stroke, subsequent vessel reopening was observed 
between the second and ninth day after the initial angiogra-
phy. This is a little higher rate than the previous study which 
showed 15.8% of recanalization.5 The discrepancy is probably 
due to a different population and different treatment protocols 
for acute ICA occlusion between those two studies. 

Early recanalization was more complete in patients with 
cardioembolic stroke compared with other stroke subtypes. 
This data indicate that mechanisms of vessel occlusion are 

Table 1. Clinical characteristics and outcome according to the recanalization patterns 

CR,
n=5

Non-CR
P-value

Total, n=48 PR, n=8 NR, n=40

Age 68.4±6.0 73.3,8.6 74.1,10.7 73.1,8.2 0.192

Male 1 (20.0) 28 (58.3) 5 (62.5) 23 (57.5) 0.164

Hypertension 3 (60.0) 40 (83.3) 7 (87.5) 33 (82.5) 0.235

DM 2 (40.0) 16 (33.3) 3 (37.5) 13 (32.5) > 0.999

Dyslipidemia 3 (60.0) 20 (41.7) 5 (62.5) 15 (37.5) 0.642

Smoking 1 (20.0) 12 (25.0) 2 (25.0) 10 (25.0) > 0.999

Initial NIHSS (median, IQR) 14 (10-19) 7 (3-13)  13.5 (7.25-16.75)   5.5 (2.25-12.75) 0.04

Follow-up study 0.065

CT angiography 2 (40.0) 7 (14.6) 2 (25.0) 5 (12.5)

Sonography 0 23 (47.9) 1 (12.5) 22 (55.0)

Both 3 (60.0) 18 (37.5) 5 (62.5) 13 (32.5)

Thrombolysis 4 (80.0) 11 (22.9) 5 (62.5) 6 (15.0) 0.025

TOAST subtype 0.008

LVD 0 (0) 34 (70.8) 5 (62.5) 29 (72.5)

Cardioembolism 5 (100.0) 12 (25.0) 2 (25.0) 10 (25.0)

Others 0 (0) 2 (4.2) 1 (12.5) 1 (2.5)

Favorable outcome (mRS 0-2) 2 (40.0) 21 (45.7) 4 (50.0) 17 (42.5) > 0.999

Hemorrhagic transformation 2 (40.0) 1 (2.1) 1 (12.5) 0 (0) 0.033

Values are number of patients (%) or mean ± SD unless otherwise indicated.
CR, complete recanalization; PR, partial recanalization; NR, no recanalization; SD, standard deviation; DM, diabetes mellitus; NIHSS, national 
institute of health stroke scale; IQR, interquartile range; LVD, large vessel disease; mRS, modified Rankin Scale; p value suggests the results of 
comparison between CR and non-CR.
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thought to be relevant for the chance of recanalization. It might 
therefore be hypothesized that cardioembolic arterial occlu-
sions might have the best chance of recanalization even total 
ICA occlusion with large clot burden. Also most cases of com-
plete recanalization were observed in patients who received 
intravenous thrombolysis. This may suggest that intravenous 
thrombolytic therapy might facilitate vessel reopening in acute 
symptomatic ICA occlusion. However, we have to be prudent 
in this interpretation because this result was drawn by a uni-
variate analysis. 

Partial recanalization of the ICA occlusion was considered 
when the occluded vessel was partly recanalized allowing 
some residual flow improvement with a severe ICA stenosis or 
when the embolus moved and partly occluded a distal vessel. 
Other possible explanation for partial recanalization with distal 
occlusion is that the proximal vessels were never completely 
occluded but extremely slow flow by high-grade obstructions 
of the distal arteries. Strokes in these conditions are ascribed 
to partial resorption of distal ICA atherosclerotic thrombus, 
whereas distal migrations of embolic fragments discussed ear-
lier are thought to be more common in cardioembolic stroke 
than other etiologies.13

Establishing the strength of the association between recanali-
zation and clinical outcomes is critically important. It has often 
been suggested that recanalization might have a deleterious 
influence on tissue injury by promoting reperfusion injury, 
excessive cerebral edema and hemorrhagic conversion of the 
infarct.14 However, a prior meta-analysis of published data 
between 1985 and 2002 reported that recanalization is strongly 
associated with improved functional outcomes and reduced 
mortality.15 In our study, patients who experienced complete 
recanalization of an ICA were not related to early neurologi-
cal deterioration and also not associated with a more favorable 
outcome compared with no recanalization group. 

In conclusion, acute symptomatic ICA occlusion is now con-
sidered to be a dynamic process involving multiple systemic 
and local mechanisms. Serial assessment of recanalization of 
symptomatic ICA occlusion might be useful for identifying a 
stroke subtype and provide adequate evidence to guide acute 
treatment decision. It would also suggest that patients who ex-
perience partial recanalization with atherosclerotic pathology 
might be reasonable candidates for a carotid endarterectomy or 
carotid stent to reduce long-term stroke risks.
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