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Abstract. Late spontaneous recanalization (SR) of an occluded 
internal carotid artery (ICA) has been rarely reported and the 
prognosis of affected patients remains elusive. In the present 
study, the incidence of late SR of atherosclerotic occlusion 
of the ICA and associated outcomes were assessed in a 
single center. A total of 36 patients with ICA occlusion, who 
underwent carotid artery stenting or vertebral artery stenting 
in arteries other than the occluded ICA, were prospectively 
included and followed up for ≥18 months. SR was diagnosed 
by color Doppler ultrasound imaging. The incidence of late 
SR, the functional outcome and the incidence of adverse 
cardiovascular events in these patients were evaluated. During 
the follow‑up, three patients had late SR of the occluded ICA 
(8.3%). All patients had vascular events prior to the confirma-
tion of late SR of the ICA. Subsequent to SR, the patients were 
clinically stable with preserved functional ability, based on 
the Modified Rankin Scale. Of these patients, one suffered 
from re‑occlusion of the recanalized ICA without presenting 
with any novel significant symptoms. In conclusion, patients 
with late SR of the ICA appear to have preserved functional 
ability and favorable clinical outcomes. Large‑scale cohorts 
are required to determine the clinical characteristics that 
contribute to the incidence of late SR of the ICA.

Introduction

Occlusion of the internal carotid artery (ICA) is common 
in patients with stroke or transient ischemic attack, and 
certain patients with chronic occlusion of the ICA may be 
asymptomatic. Furthermore, spontaneous recanalization (SR) 

may occur in patients with ICA occlusion, which may be 
further categorized as early or late SR, based on the cut‑off 
duration of the mean hospitalization of these patients (usually 
two weeks). The results of previously published studies have 
indicated that early SR of an occluded ICA may occur within 
1‑2 h to two weeks after occlusion (1‑4), and early SR of the 
ICA appears to be common in patients with extracranial ICA 
occlusion caused by arterial dissection (57‑68% of the evaluated 
cohorts)  (3,5‑8). However, the incidence of late SR of an 
occluded ICA has been reported to be markedly lower, with 2.0 
and 3.8%, respectively (9,10). Although previously published 
studies and case reports have revealed that patients with late 
SR of the ICA tend to have a retained functional ability and 
favorable clinical outcomes and that it was possible to perform 
carotid endarterectomy in these patients, the etiologies of 
ICA occlusion have not been defined in detail, and the diverse 
causes ICA occlusion were not considered (10‑15). Therefore, 
the present study aimed to evaluate the incidence of late SR 
or atherosclerotic occlusion of the ICA in a cohort of patients 
who underwent carotid artery stenting or vertebral artery 
stenting in arteries other than the occluded ICA. In addition, 
the functional ability, prognosis and clinical characteristics of 
patients with late SR of the ICA were explored.

Materials and methods

Study design and patients. This single‑center, prospective 
cohort study was performed at the Department of Neurology of 
Yuhuangding Hospital (Yantai, China). A total of 36 patients 
who were admitted to the hospital to receive a procedure of 
carotid artery stenting or vertebral artery stenting between 
January  2012 and December 2016 were included in the 
screening for a possible existing atherosclerotic occlusion 
of the ICA. Patients were included based on the following 
criteria: i) Acute or chronic occlusion of the ICA identified 
by digital subtraction angiography (DSA); ii) one or more 
stenotic arteries were identified by DSA in addition to the 
occluded ICA, indicating that the stenosis and occlusion of 
the arteries were caused by atherosclerosis; iii) percutaneous 
arterial stenting was scheduled to be performed in arteries 
other than the occluded ICA. Patients with severe heart and 
lung disease, severe liver and kidney disease, blood system 
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disease, a late stage of cancer or an expected survival time 
of <3 months were excluded. These patients received dual 
anti‑platelet therapy with aspirin (100 mg/day) and clopido-
grel (75 mg/day) for six months after interventional therapy. 
Statins were also prescribed. The late SR of the occluded ICA 
was defined as SR that occurred after two weeks of stroke. 
Since percutaneous cerebral arterial stenting was performed 
one month after the stroke, only late SR was detected. Carotid 
color Doppler ultrasound imaging and other routine exami-
nations were performed during the follow‑up. The study was 
approved by the Ethics Committee of the Affiliated Yantai 
Yuhuangding Hospital of Qingdao University (Yantai, 
China). All patients provided written informed consent to 
participate in the study.

Image assessment. The initial diagnosis of ICA occlu-
sion was made by DSA during percutaneous cerebral 
arterial stenting. The DSA equipment used was obtained 
from Siemens Healthcare (model no.  1083004/Artis zee 
ceiling; Munich, Germany) and GE Healthcare (REF 
2396420‑2/Innova 3100‑IQ; Little Chalfont, UK). Patients 
with SR were confirmed by carotid color Doppler ultrasound 
imaging, which was performed by an experienced physician 
during the vascular ultrasound examination. The Philips 
I‑22 (Philips Medical Systems, Eindhoven, The Netherlands) 
with a linear multi‑frequency range of 5.0‑10.0 MHz was 
used.

Clinical assessments. Demographic and medical data, including 
age and sex, as well as history of smoking, drinking, hyperten-
sion, diabetes and atrial fibrillation, were collected from all 
patients. The severity of the stroke was assessed according to 
the National Institute of Health Stroke Scale within 24 h of 
admission (16). Blood lipids and fasting blood glucose were 
measured as part of the fasting biochemical profile determined 
on the morning after admission. Hemoglobin, blood platelets, 
prothrombin time, activated partial thromboplastin time and 
fibrinogen were simultaneously measured. The participants 
of the present study underwent a series of clinical and instru-
mental follow‑ups for the detection of SR, functional ability 
and the incidence of adverse cardiovascular events (recurrent 
stroke, non‑fatal myocardial infarction or death of vascular 
causes). Carotid color Doppler ultrasound imaging and other 
follow‑up investigations were performed at 1 month ± 7 days, 
3 months ± 15 days, 6 months ± 15 days, 12 months ± 15 days, 
18 months ± 15 days after stent placement. The Modified 
Rankin Scale (mRS) was used to evaluate the functional 
ability of these patients (17).

Statistical analysis. Continuous variables were expressed 
as the mean ± standard deviation, if normally distributed. 
Categorical variables were expressed as frequencies. 
Comparisons for categorical baseline measurements were 
performed by Fisher exact test and for continuous, not 
normally distributed baseline data, by the Mann‑Whitney U 
test. Univariate logistic regression was used to determine the 
association between conventional risk factors and the inci-
dence of late SR of the ICA occlusion. STATA (version 14.0; 
StataCorp LLC, College Station, TX, USA) was used for the 
statistical analysis.

Results

Baseline characteristics of the patients. The baseline char-
acteristics of the patients included in the present study are 
presented in Table  I. Among these 36 patients, 33 (91.7%) 
were male and the median age of the patients was 65 years 
(IQR, 60‑72 years). Furthermore, of these patients, 18 (50%) 
experienced an ischemic stroke at admission, while 18 (50%) 
had a transient ischemic attack at admission. No statistically 
significant differences in the baseline characteristics were 
noted between the two groups of patients with or without SR 
potentially due to the small sample size of patients with late 
SR (n=3). Furthermore, none of the baseline characteristics 
was associated with the occurrence of late SR according to 
univariate analysis (Table II).

Characteristics of the cerebral vascular artery. The 
characteristics of the cerebral vascular artery are presented 
in Table III. A total of 22 patients (61.1%) with carotid artery 
occlusion were symptomatic and 24 patients (68.6%) had an 
occlusion of the right ICA. Furthermore, 22 patients (61.1%) 
had one or more vertebral stenotic arteries, 25 patients (69.4) 
had a carotid artery stenosis in addition to the occluded ICA 
and 15 patients (41.7) had one or more intracranial stenotic 
arteries.

Follow‑up information of the patient cohort. Adverse cardio-
vascular events and their incidence are presented in Table III. 
Among the 36 patients, 16 (44.4) had vascular events. Among 
these 16 patients, 9 (25%) had a recurrent stroke, 7 (19.4%) had 
cardiovascular events and 2 died due to vascular events (5.6%). 
At the end of the follow‑up period, 5 patients with no spon-
taneous late recanalization had a mRS score of ≥3. Among 
these patients with mRS score ≥3, two patients died. Patients 
with SR appeared to have better functional ability, based on 
the Modified Rankin Scale. Due to the small sample size, 
statistical comparisons cannot be made.

Characteristics, follow‑up information and outcomes of 
patients with late SR. Among these 36 patients, 3 (8.3%, 
including two males) had late SR, which occurred at the 3rd, 
16th and 18th month after the occluded ICA was confirmed. 
The characteristics and outcomes of these 3 patients are 
listed in Table IV. Furthermore, two male patients presented 
with moderately sized infarcts caused by occlusion of the 
right carotid artery, while a female patient presented with 
posterior circulation ischemia without infarction. These two 
male patients suffered from lacunar infarction immediately 
prior to the confirmation of SR, while the female patient 
suffered a non‑fatal myocardial infarction prior to identi-
fication of SR. The SR of the ICA in the first patient was 
demonstrated by DSA and featured a string flow, and that 
in the second patient was demonstrated by MRA and was 
characterized by a winding thin line. MRA and DSA were 
recommended for the third patient, but the patient refused to 
undergo these procedures. After 6 months, the left proximal 
ICA of the third patient re‑occluded asymptomatically, as 
demonstrated by carotid color Doppler ultrasound imaging. 
Since the overall condition of the patients was good and the 
risk of treatment was considered to outweigh the potential 
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benefits, no intervention was recommended for these two 
male patients, and ICA occlusion did not reoccur. None of 
the three patients with late SR experienced any cerebral 
vascular event after the confirmation of its occurrence, and 
all of them had a good overall functional ability. The demo-
graphic factors, conventional risk factors of atherosclerosis 
or cerebral vascular characteristics were not significantly 
different between patients with and without recanalization. 
Furthermore, the results of the univariate analyses indicated 
that none of the above factors were associated with the inci-
dence of late SR of an occluded ICA (Table II). In addition, 
the occurrence of late SR of the ICA was not associated with 
the incidence of adverse cardiovascular events (P=0.433, 
OR=2.714; 95% CI: 0.223‑32.992). Due to the small sample 
size, statistical comparisons may not be reliable.

Discussion

In the present prospective cohort study, it was identified that 
late SR of the ICA occurred in 8.3% of patients with athero-
sclerotic ICA occlusion who underwent cerebral vascular 
stenting for other lesions. Although patients with late SR of the 
ICA were likely to experience vascular events, these patients 
generally had a preserved functional ability and a good 
clinical prognosis. Taken together, the results of the present 
study suggest that patients with late SR of the ICA appear to 
have preserved functional ability and tend to have favorable 
clinical outcomes. However, this sample was too small to 
identify trends.

The present study has certain strengths compared to various 
previously published studies on the clinical characteristics 
of late SR. Patients who underwent percutaneous cerebral 
stenting of a stenotic cerebral artery other than the occluded 
ICA were included. Since one or more cerebral arteries with 
stenosis were accompanied by an occluded ICA, the most 
likely etiology for ICA occlusion of these included patients 
was atherosclerosis. A systematic follow‑up was performed 
according to the predefined protocol and information 
regarding the follow‑up was prospectively collected. The 
results of the present study indicated a relatively higher 
incidence of late SR when compared with previously reported 
ones. Previous studies on the clinical characteristics of SR 
were generally based on case reports and case series with 
the rate of recanalization ranging from 2 to 68% (1‑3,6,9,18). 
The incidence of SR of an occluded ICA caused by dissection 
was higher than that caused by atherosclerotic or embolic 
events  (6,19), and the incidence of early SR was higher 
than that of late SR  (2,9,10,18). Reasons for the potential 
underestimated incidence of late SR in previous studies may 
be due to the difficulty of long‑term follow‑up for cerebral 
arteries with valid imaging examinations and the different 
etiologies of cerebral artery occlusion.

The potential mechanisms underlying the pathogenesis of 
late SR remain largely elusive. It has been suggested that early 
SR may occur via various mechanisms, including endogenous 
clot lysis, temporary edema of the arterial wall, intraplaque 
hemorrhage, regression of endothelial edema, simply missed 
pseudo‑occlusions, spontaneous fibrinolysis or lytic capabilities 

Table I. Baseline characteristics of patients.

Variable 	 SR	 no SR	 P‑value

Age (years)	 58.00±11.1	 66.7±7.38	 0.069
HG (g/l) 	 131.00±24.56	 142.64±12.76	 0.169
PLT (x109/l)	 194.00±1.73	 209.79±47.70	 0.575
Cholesterol (mmol/l)	 3.59±0.56	 4.15±1.00	 0.346
LDL (mmol/l)	 1.86±0.39	 2.45±0.86	 0.249
HDL (mmol/l)	 0.84±0.05	 1.09±0.25	 0.100
PT (second)	 11.57±1.08	 11.72±0.74	 0.744
APTT (sec)	 27.13±6.30	 25.94±4.00	 0.638
FIB (g/l)	 3.57±0.53	 3.08±0.63	 0.204
FG (mmol/l)	 6.49±3.68	 5.75±1.70	 0.517
Sex (male)	 2 (66.7)	 31 (93.9)	 0.236
Ischemic stroke	 2 (66.7)	 16 (48.5)	 0.500
Transient ischemic attack	 1 (33.3)	 17 (51.5)	 0.500
History of hypertension	 2 (66.7)	 23 (69.7)	 0.678
History of diabetes mellitus	 1 (33.3)	 11 (33.3)	 0.717
History of coronary heart disease	 1 (33.3)	 11 (33.3)	 0.717
Atrial fibrillation	 0	 0	
Current smoking	 1 (33.3)	 20 (60.6)	 0.373
Moderate to heavy drinking	 1 (33.3)	 16 (48.5)	 0.543 

Values are expressed as the mean ± standard deviation or n (%). SR, patients with late spontaneous recanalization; no SR, patients without 
late spontaneous recanalization; HG, hemoglobin; PLT, blood platelet; LDL, low‑density lipoprotein; HDL, high‑density lipoprotein; PT, 
prothrombin time; APTT, activated partial thromboplastin time; FIB, fibrinogen; FG, fasting glucose.
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of the endothelium (1,20). In addition, according to previous 
studies, late SR may be caused by the fibrinolytic system or 
the presence of vasa vasorum, providing collateral circula-
tion (11,21). Obviously, further studies are required to determine 
the exact mechanisms. In the present study, based on the string 
flow after recanalization of the ICA, it was speculated that the 
SR was caused by the fibrinolytic system or regression of endo-
thelial edema. In addition, due to the lack of a good flow, the 
ICA lumen was vulnerable to re‑occlusion. The third patient of 
the present study presented with asymptomatic recanalization 
at 16 months after onset, and presented with an asymptomatic 
re‑occlusion 6 months thereafter. If follow‑ups by carotid color 
Doppler ultrasound imaging had been performed less frequently, 
the recanalization of the third patient would not have been 
detected. It may be speculated that more frequent follow‑ups 
allow for the detection of more cases of recanalization.

In the present study, all three patients with late SR had 
vascular events that did not lead to disability immediately 
prior to the confirmation of SR. However, none of these 
patients had cerebral vascular events since the SR of the 
occluded ICA, and all of them had a relatively preserved 
functional ability and favorable clinical outcomes. These 
results are consistent with those of previous studies, 
which also indicated a favorable clinical prognosis for 
patients with late SR of cerebral arteries. In a study by 
Camporese et al (9), SR occurred in 2.3% of patients with 
ICA occlusion of embolic origin, who were complaint‑free 
throughout the observation period. Furthermore, a study by 
Delgado et al (10) included 7 patients with late SR among 
182 patients with symptomatic occlusion of the ICA; 6 of 
these patients were stable since then and 1 died of cancer 
that was not associated with atherosclerosis. Of note, certain 
studies have indicated that ICA occlusion is associated with 
considerable risks: Verlato et al (22) demonstrated that the 
stroke‑associated mortality rate in patients with ICA occlu-
sion was 7.3%, and a study by Inzitari et al (23) indicated 
that ICA stenosis without recanalization was associated with 
a risk of ipsilateral stroke of 60‑99%, the occurrence rate of 
which was 9.4% over 5 years. The two studies revealed worse 
outcomes for patients with ICA without SR vs. with late 
SR. The potential reasons for certain differences between 
the abovementioned studies, including the present one, may 
be multifactorial. Numerous differences may be involved, 
including baseline characteristics, the severity of cerebral 
vascular lesions and potential treatments. These should be 
clarified in future studies with a large sample size.

The best treatment to achieve recanalization of the ICA 
remains to be determined. In previous studies, carotid endar-
terectomy has been frequently performed on patients who 
presented with SR of the ICA (10‑15). However, since the 
natural course and outcome of SR of an occluded ICA appears 
to be relatively favorable, medication treatment appears to be 
adequate. If the stenosis of the recanalized artery is not too 
long, other therapeutic approaches besides medication treat-
ment may be performed, but the potential risks should be 
carefully evaluated. In the present study, medication treatment 
was recommended for all 3 patients with SR, and the clinical 
outcomes of these patients were optimal.

Since patients with SR of ICA usually have favorable 
long‑term outcomes, it is of significance to identify the potential 

predictors for the SR of an occluded ICA. In the present study, 
a significant association between the clinical characteris-
tics and the occurrence of late SR in these patients was not 

Table III. Characteristics of the patients with ICA occlusion 
and clinical outcomes during follow‑up.

Variable	 n (%)

Side of the occluded ICA (right)	 24 (68.6)
Additional non‑ICA stenosis	
  Vertebral artery	 22 (61.1)
  Carotid artery other than ICA	 25 (69.4)
  Intracranial artery	 15 (41.7)
Symptomatic occlusion	 22 (61.1)
Vascular events	 16 (44.4)
  Recurrent stroke	 9 (25.0)
  Cardiovascular events	 7 (19.4)
Death	 2 (5.6)
Spontaneous recanalization	 3 (8.3)
Modified Ranking Scale ≥3	 5 (13.9) 

Vascular events in this study include recurrent stroke and cardiovas-
cular events. ICA, internal carotid artery.

Table II. Association between cardiovascular risk factors and 
late spontaneous recanalization (univariate analysis).

Variable	 OR	 95% CI	 P‑value

Age	 0.933	 0.791‑1.100	 0.407
HG	 1.032	 0.939‑1.134	 0.513
PLT	 1.001	 0.976‑1.027	 0.930
Cholesterol	 0.634	 0.150‑2.685	 0.536
LDL	 0.616	 0.121‑3.125	 0.559
HDL	 1.973	 0.015‑263.952	 0.786
PT	 0.754	 0.145‑3.902	 0.736
APTT	 1.073	 0.807‑1.426	 0.629
FIB	 3.062	 0.525‑17.861	 0.214
FG	 0.173	 0.016‑1.927	 0.154
Sex	 7.750	 0.474‑126.693	 0.151
NIHSS	 1.000	 0.671‑1.490	 1.000
Ischemic stroke	 0.471	 0.039‑5.708	 0.554
History of hypertension	 0.870	 0.705‑10.728	 0.913
History of coronary	 1.000	 0.081‑12.270	 0.717
heart disease
Current smoking	 0.325	 0.027‑3.959	 0.378
Moderate to heavy	 0.531	 0.044‑6.444	 0.619 
drinking

OR, odds ratio; CI, confidence interval; HG, hemoglobin; PLT, blood 
platelets; LDL, low‑density lipoprotein; HDL, high‑density lipopro-
tein; PT, prothrombin time; APTT, activated partial thromboplastin 
time; FIB, fibrinogen; FG, fasting glucose; NIHSS, National Institute 
of Health Stroke Scale.
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established, which was probably due to the limited number of 
included patients with SR. Furthermore, Xu et al (18) revealed 
that atrial fibrillation is associated with a reduced incidence of 
SR, whereas stage 3 hypertension may promote this. However, 
the etiology of ICA occlusion was not unified in that study, 
and the follow‑up period was only 3 months. Studies with a 
large sample size and long follow‑up durations are required to 
confirm the present results.

The present study has certain limitations that should be 
considered when interpreting the results. First, the number 
of subjects enrolled was relatively small, and the statistical 
power was probably insufficient to detect a significant asso-
ciation between clinical characteristics and the incidence of 
SR. Furthermore, color‑coded Doppler ultrasound imaging is 
not the gold standard for determining the degree of carotid 
stenosis and occlusion. However, this was used as the primary 
examination during the follow‑up, as it is the most effective 
non‑invasive screening method for the carotid artery.

In conclusion, in line with previous observations, the 
present study suggested that patients with late SR of the ICA 
tend to have preserved functional ability and favorable clinical 
outcomes. Large‑scale cohort studies are required to confirm 
these results and determine the clinical characteristics that 
contribute to the incidence of late SR of ICA. Retrospective 
studies or meta‑analyses may be suitable further elucidate this.
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