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Predictive factors of outcome and stroke recurrence in 
patients with unilateral atherosclerosis-related internal carotid 
artery occlusion
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Background: Clinical outcome of internal carotid artery (ICA) 
occlusion is highly variable and the reason is uncertain. Aim: 
To study the predictive factors of clinical outcome and stroke 
recurrence in patients with ischemic stroke associated with 
unilateral atherosclerosis-related ICA occlusion. Settings and 
Design: Prospective study in neurology department of a single 
hospital. Materials and Methods: We prospectively studied 
66 patients who suffered from Þ rst-ever ischemic stroke 
associated with unilateral atherosclerosis-related ICA occlusion 
over a period of two years. The end point was death or stroke 
recurrence. Statistical Analysis: Chi-square or Fisher�s 
exact test was used to analyze predictors of early functional 
outcome. Multivariate analysis was used to analyze predictors 
of death or stroke recurrence within two years. Result: 
Higher age (≥70 years) predicted a worse functional outcome 
(P = 0.049). Total anterior circulation syndrome (TACS) was 
associated with a poor functional outcome (P < 0.001), but 
lacunar syndrome had a better outcome (P = 0.001). Stroke 
in evolution predicted a poor outcome (P = 0.001), while 
those with symptom improvement had a better outcome 
(P = 0.016). Pneumonia predicted a poor outcome (P = 0.021). 
Five patients expired and 22 patients suffered from recurrent 
stroke in the following 24 months. Previous transient ischemic 
attack (TIA) and anemia were associated with a higher risk 
of death or recurrent stroke within two years (P = 0.036, 
P = 0.012). Conclusion: High age, TACS, stroke in evolution 
and pneumonia were predictors for poor functional outcome. 
Previous TIA and anemia were predictors for death and 
recurrent stroke within two years.
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include asymptomatic cases, transient ischemic attack 
(TIA), amaurosis fugax, minor or major disabling stroke 
and death. The efficiency of the collateral pathways is an 
important factor determining clinical presentation of ICA 
occlusion.[4,5] Although several studies have discussed 
clinical presentation, vascular findings and collateral 
circulation in patients with ICA occlusion, only a few 
studies have been done to evaluate clinical outcome in 
acute stroke stage and the predictors for recurrent stroke. 
Paciaroni et al., reported that the presence of ipsilateral 
TIA, hypertension or hyperlipidemia was associated 
with a favorable outcome,[1] but this study included 
all etiologies of ICA occlusion. However, different 
etiologies of ICA occlusion may be associated with 
different clinical outcomes. Due to atherosclerosis being 
the most common cause of ICA occlusion (78%),[1-3] it 
is necessary to study the predictors of clinical outcome 
in atherosclerosis-related ICA occlusion, which is 
therefore not biased by other etiologies of ICA occlusion. 
To our knowledge, no studies have been performed on 
the predictors of clinical outcome in acute stroke stage 
and rate of recurrence specifically in atherosclerosis-
related ICA occlusion.

In this prospective study, we aimed (1) to assess 
the predictors of clinical functional outcome in 
patients of first-ever ischemic stroke with unilateral 
atherosclerosis-related ICA occlusion in acute stroke 
stage, (2) to evaluate the predictors of death and stroke 
recurrence within two years in these patients.

Materials and Methods

Between January 2002 and December 2003, patients 
with first-ever ischemic stroke associated with 
unilateral ICA occlusion were included prospectively 
from consecutive patients referred to the neurology 
department of the Keelung Chang Gung Memorial 

Internal carotid artery (ICA) occlusion accounts 
for 6-15% of all acute cerebrovascular events and 
atherosclerosis is the most common cause.[1-3] The 
clinical presentations of ICA occlusion are variable and 
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Hospital. Complete ICA occlusion was diagnosed 
when there was absence of flow in the ICA at the 
level of carotid bifurcation and detectable Doppler 
signal. All were confirmed by magnetic resonance 
(MR) angiography, computed tomography (CT) scan 
angiography or conventional cerebral angiography.[6-8] 
The degree of contralateral ICA, contralateral common 
carotid artery (CCA) and ipsilateral CCA were calculated 
with ultrasound according to previous published 
criteria.[9] In the acute phase, every patient underwent 
a CT scan of brain and received a complete neurological 
examination from an experienced neurologist. Brain 
CT or MR imaging was followed three to seven days 
after stroke onset. The diagnosis of ischemic stroke was 
made when the CT scan either showed a hypodense 
area corresponding to the clinical symptoms or was 
normal, whereas the neurological deficit was indicative 
of stroke. All patients had neurological deficit that lasted 
more than 24 h. The recorded baseline characteristics 
included age, gender, hypertension (blood pressure over 
140/90 mmHg at least twice before stroke or already 
under treatment with antihypertensive agent), diabetes 
mellitus (glucose levels >140 mg/dL preprandial on two 
examinations, glucose level >200 mg/dl postprandial 
or HbA1C >8.5%), cigarette smoking (current smoker 
or cessation less than five years before), previous 
ipsilateral TIA, coronary artery disease (history of 
acute myocardial infarction or angina pectoris), atrial 
fibrillation (presented on a standard 12-lead ECG), 
valvular heart disease (confirmed by echocardiography), 
anemia (hemoglobin levels <13 g/dL for men or <12 g/
dL for women), chronic renal insufficiency (creatinine 
≥1.5 mg/dL) and dyslipidemia (total cholesterol 
≥200 mg/dL or ≥250 mg/dL, low-density lipoprotein 
(LDL) >130 mg/dL, high-density lipoprotein (HDL) 
<40 mg/dL).

Cardioembolic stroke was diagnosed in patients with 
cardiac disorders associated with a significant risk of 
cerebral embolism, particularly atrial fibrillation, recent 
myocardial infarction and its thrombotic or cardiac 
wall sequelae, symptomatic valvular heart lesions or 
cardiomyopathy identified by echocardiography and 
the performance of cardiac interventional procedures.[10] 
The diagnosis of carotid dissection was first suspected by 
duplex ultrasound, then confirmed by CT angiography 
or conventional angiography.[11-13] Ischemic strokes not 
fulfilling the criteria for cardioembolism or strokes not 
attributable to other specific causes were categorized 
as caused by atherosclerosis.

The infarct territories involved were assessed by 
cerebral CT or MR images according to the criteria 
described by Tatu et al.[14] Watershed infarcts were 
diagnosed according to published guidelines.[15] At 
admission, the clinical subtypes of ischemic stroke were 
rated according to the classification of the Oxfordshire 
Community Stroke Project as partial anterior circulation 

syndrome (PACS), total anterior circulation syndrome 
(TACS), posterior circulation syndrome (POCS) and 
lacunar syndrome (LACS).[16] Transient ischemic attack 
was defined as acute neurological deficit of vascular 
origin lasting less than 24 h. Complications that 
happened during acute stroke stage were recorded as 
pneumonia (defined as fever, cough and consolidation or 
patchy interstitial pattern on chest X-ray), urinary tract 
infection (defined as dysuria accompanied by pyuria and 
bacteriuria), upper gastrointestinal bleeding (defined as 
a bloody nasogastric aspirate or tarry stool).

Patients that fulfilled the criteria of atherosclerosis-
related ICA occlusion were included. Cardioembolism, 
carotid dissection and other specific etiologies of ICA 
occlusion were excluded from this study. Patients 
were followed up prospectively at regular intervals for 
24 months. End points of this study included recurrent 
ischemic stroke or death. Clinical functional outcome 
within 30 days from onset of first-ever ischemic 
stroke was assessed according to the modified Rankin 
Scale (mRS).[17] �Functionally dependent� was defined 
as having an mRS score of 3, 4 or 5. All patients were 
regularly followed for at least two years. Follow-up 
consisted of clinical examinations at one and three 
months after stroke onset and then every three months. 
In case of a recurrent stroke, a clinical examination and 
cerebral CT scan were performed. Recurrent stroke was 
defined as any new focal neurological deficit of sudden 
onset lasting at least 24 h for which no other cause 
could be found other than ischemic stroke. A diagnosis 
of recurrence was not done where symptoms could be 
attributed to edema, mass effect, brain shift syndrome or 
hemorrhagic transformation and could not be diagnosed 
within 24 h of the index stroke. The causes of death 
were recorded.

Statistical analysis
Continuous variables were expressed as means ± 

standard deviation. The associations between functional 
outcome within 30 days from stroke onset and categorical 
baseline variables, which included each stroke risk 
factor, infarct territories, clinical syndromes, acute 
complication and stroke symptoms, were calculated 
by Chi-square or Fisher�s exact test. A P < 0.05 was 
considered statistically significant and was determined 
as predictor of functional outcome within 30 days from 
stroke onset. The crude associations between death and 
recurrent strokes within two years from stroke onset 
and each stroke risk factor, the degree of stenosis in 
other cerebral vessels were calculated by preliminary 
cross-tabulations with the Chi-square or Fisher�s exact 
test. Multivariate logistic regression analysis was used 
to identify the independent predictors of death and 
stroke recurrence within two years from stroke onset 
and it was performed using the stepwise discriminant 
functional program: all variables with a P < 0.05 from 
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the univariate analysis were retained. A value of P < 0.05 
was considered statistically significant. All analyses 
were conducted using the SPSS/PC-win package.

Results

A total of 77 consecutive patients who had a first-
ever-ischemic stroke associated with unilateral ICA 
occlusion were included in the period January 2002 
to December 2003. The presumed etiologies of ICA 
occlusion included atherosclerosis for 66 (85.7%), 
cardioembolism for 10 (12.9%) and artery dissection 
for one (1.3%) patient. In terms of infarction territories, 
15 (19.5%) patients had entire middle cerebral artery 
(MCA) territory, eight (10.4%) watershed, 12 (15.6%) 
anterior superficial MCA territory, four (5.2%) posterior 
superficial MCA territory, 11 (14.3%) anterior and 
posterior MCA territory, four (5.2%) striatocapsular, 
19 (24.6%) subcortical (<1.5 cm), one (1.3%) anterior 
cerebral artery territory, two (2.6%) brainstem and 
one (1.3%) cerebellar infarction. For clinical stroke 
syndromes, 15 (19.5%) patients presented with TACS, 
34 (44.1%) with PACS, 26 (33.8%) with LACS, two 
(2.6%) with POCS.

Among 77 first-ever ischemic stroke patients 
with unilateral ICA occlusion, 66 (85.7%) patients 
whose etiology of ICA occlusion was presumed to 
be atherosclerosis were included in the subsequent 
analysis (baseline characteristics of atherosclerotic 
patients are summarized in Table 1). No patient died 
within 30 days after stroke onset. For 36 (54.5%) 
patients, mRS score was 3 or higher within 30 days 
after stroke onset and the mean duration of hospital 
stay was 14.2 ± 7.5 (7-43) days. For 30 (45.5%) patients, 
mRS score was lower than 3 and the mean duration 
of hospital stay was 8.7 ± 5.8 (0-16) days. Statistical 
analysis showed that higher age (≥70 years) predicted 
a worse functional outcome (P = 0.049). Other risk 
factors of stroke, which included hypertension 
(P = 0.618), diabetes mellitus (P = 0.232), smoking 
(P = 0.349), ipsilateral TIA (P = 0.603), coronary artery 
disease (P = 0.272), anemia (P = 0.269), chronic renal 
insufficiency (P = 0.089) and dyslipidemia (P = 0.303) 
did not seem to influence clinical functional outcome. 
Of infarct territories, entire MCA territory infarction was 
associated with a poor functional outcome (P < 0.001) 
within 30 days after stroke onset, while subcortical 
infarction (<1.5 cm) was associated with a better 
functional outcome (P = 0.016). Of clinical stroke 
syndromes, TACS was associated with a poor functional 
outcome (P < 0.001), but LACS was associated with 
a better functional outcome (P = 0.001). In acute 
stroke stage, stroke in evolution was associated with 
a poor functional outcome (P = 0.001), while stroke 
with symptoms� improvement was associated with a 
better functional outcome (P = 0.016). If pneumonia 

happened in acute stroke stage, a poor functional 
outcome within 30 days after stroke onset could be 
predicted (P = 0.021). Peptic ulcer and urinary tract 
infection had no influence on functional outcome. 
Predictors of functional outcome within 30 days from 
stroke onset are summarized in Table 2.

Among the 66 first-ever ischemic stroke patients with 
unilateral atherosclerosis-related ICA occlusion, five 
(7.6%) patients expired (range from Day 48 to 630) and 
22 (33.3%) patients suffered from nonfatal recurrent 
ischemic stroke in the following 24 months (range 
from Day 36 to 710). At the end of follow-up, nine 
(23.1%) patients in the non-recurrent stroke group and 
11 (50%) patients in the recurrent stroke group were 
bedridden (mRS score 5). The causes of death were 
recurrent ischemic or hemorrhagic stroke (three), 
myocardial infarction (one) and septic shock (one). 
Multivariate analysis showed that previous ipsilateral 
TIA and anemia were associated with a higher risk of 
death or recurrent stroke within two years (P = 0.036 
and P = 0.012, respectively). The degree of stenosis 
in contralateral ICA [Table 3], contralateral CCA and 
ipsilateral CCA (data not shown) had no influence on 
the risk of death or recurrent stroke in this analysis. Old 
age, male sex, hypertension, diabetes mellitus, smoking, 

Table 1: Baseline characteristics of patients with 
Þ rst-ever ischemic stroke associated with unilateral 

atherosclerosis-related ICA occlusion (n = 66)
Parameter n(%)
Mean age 67.6 ± 11.0
Male 51 (77.3)
Risk factors
 Hypertension 57 (86.4)
 Diabetes mellitus 18 (27.3)
 Smoking 38 (57.6)
 Previous ipsilateral transient ischemic attack 7 (10.6)
 Coronary artery disease 12 (18.2)
 Anemia 19 (28.8)
 Chronic renal insufÞ ciency 10 (15.2)
Dyslipidemia (mg/dL)
 Total cholesterol ≥200 32 (48.5)
 Total cholesterol ≥250 8 (12.1)
 Low-density lipoprotein >130 39 (59.1)
 High-density lipoprotein <40 58 (87.9)
Infarct territories
 Entire MCA territory 12 (18.2)
 Watershed infarcts 7 (10.6)
 Anterior superÞ cial MCA 10 (15.2)
 Posterior superÞ cial MCA 4 (6.1)
 Anterior + posterior MCA 8 (12.1)
 Striatocapsular 4 (6.1)
 Subcortical (<1.5 cm) 17 (25.8)
 Anterior cerebral artery 1 (1.5)
 Brainstem 2 (3.0)
 Cerebellum 1 (1.5)
Clinical syndromes
 Total anterior circulation syndrome 12 (18.2)
 Partial anterior circulation syndrome 29 (43.9)
 Lacunar syndromes 23 (34.8)
 Posterior circulation syndrome 2 (3.0)
MCA - middle cerebral artery; Data were given as mean ± standard deviation 
or n (%)
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coronary artery disease, chronic renal insufficiency or 
hyperlipidemia was not associated with a higher rate of 
death or recurrent stroke within two years after stroke 
onset [Table 3].

Discussion

This prospective stroke study showed that age older 
than 70 years, entire MCA territory infarction, TACS, 

stroke in evolution and pneumonia are associated with 
dependent outcome within one month after stroke onset 
in patients with unilateral atherosclerosis-related ICA 
occlusion. In addition, subcortical infarction, LACS 
and initial symptoms with improvement can predict an 
independent outcome. Furthermore, previous ipsilateral 
TIA and anemia are associated with higher death or 
recurrent stroke rate within two years.

There are numerous previous stroke studies on 

Table 2: Predictors of functional outcome within 30 days from stroke onset in atherosclerotic patients (n = 66)
 mRS score ≥3 (n = 36) mRS score <3 (n = 30) OR (95% CI) P value
Mean age 68.0 ± 11.2 67.1 ± 10.9 0.9 (-4.58-6.38) 0.747
Duration of acute hospital stay (days) 14.2 ± 7.5 8.7 ± 5.8  
Age ≥70 24 (66.7) 13 (43.3) 2.62 (0.96-7.12) 0.049*
Males 27 (75.0) 24 (80.0) 0.75 (0.23-2.42) 0.431
Infarct territories
 Entire MCA territory 12 (40.0) 0 (0.0) 0.44 (0.33-0.59) <0.001*
 Watershed infarcts 3 (8.3) 4 (13.3) 0.59 (0.12-2.87) 0.397
 Anterior superÞ cial MCA 4 (11.1) 6 (20.0) 0.50 (0.12-1.97) 0.255
 Posterior superÞ cial MCA 1 (2.8) 3 (10.0) 0.26 (0.02-2.61) 0.241
 Anterior + posterior MCA 6 (16.7) 2 (6.7) 2.80 (0.52-15.04) 0.196
 Striatocapsular 3 (8.3) 1 (3.3) 2.63 (0.26-26.7) 0.379
 Subcortical (<1.5 cm) 5 (13.9) 12 (40) 0.24 (0.07-0.79) 0.016*
Clinical syndromes
 TACS 12 (33.3) 0 (0) 0.44 (0.33-0.59) <0.001*
 PACS 18 (50) 11 (3.7) 1.72 (0.64-4.64) 0.201
 LACS 6 (16.7) 17 (56.7) 0.15 (0.04-0.47) 0.001*
 POCS 0 (0) 2 (6.7) 0.43 (0.33-0.57) 0.203
Acute complications
 Pneumonia 6 (16.7) 0 (0.0) 0.50 (0.38-0.64) 0.021*
 Peptic ulcer 7 (19.4) 3 (10.0) 2.17 (0.50-9.26) 0.238
 Urinary tract infection 1 (2.8) 1 (3.3) 0.82 (0.05-13.83) 0.706
Symptoms
 In evolution 16 (44.4) 2 (6.7) 11.2 (2.31-54.26) 0.001*
 Improving 0 (0) 5 (16.7) 0.41 (0.30-0.55) 0.016*
 Stationary 20 (55.5) 23 (76.7) 0.38 (0.13-1.11) 0.062
mRS - modiÞ ed Rankin scale; OR - odds ratio; CI - conÞ dence intervals; *P < 0.05, Chi-square or Fisher�s exact test; Data were given as mean ± standard deviation 
or n (%)
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Table 3: Predictors of death and recurrent strokes within two years from stroke onset in atherosclerotic patients (n = 66)
 Death and stroke recurrence No recurrent stroke OR (95% CI) P value
 (n = 27) (n = 39)
Mean age 66.74 ± 10.70 68.18 ± 10.34 2.78 (�6.9-4.1) 0.892
Age ≥70 14 (51.8) 23 (58.9) 0.75 (0.28-2.01) 0.374
Male 21 (77.8) 30 (76.9) 1.05 (0.32-3.39) 0.589
Risk factors
 Hypertension 24 (88.9) 33 (84.6) 1.45 (0.33-6.40) 0.454
 Diabetes mellitus 8 (29.6) 10 (25.6) 1.22 (0.41-3.65) 0.466
 Smoking 16 (59.2) 22 (56.4) 1.12 (0.42-3.04) 0.510
 Ipsilateral TIA 6 (22.2) 1 (2.5) 10.85 (1.22-96.33) 0.016*
 CAD 5 (18.5) 7 (17.9) 1.03 (0.29-3.69) 0.599
 Anemia 12 (44.4) 7 (17.9) 3.65 (1.19-11.1) 0.020*
 CRI 2 (7.4) 8 (20.5) 0.31 (0.06-1.59) 0.132
 Total cholesterol >200 mg/dL 12 (30.7) 20 (74.1) 0.76 (0.28-2.03) 0.384
Contralateral ICA
 No stenosis 22 (81.5) 22 (56.4) 3.40 (1.06-10.83) 0.030*
 <50% stenosis 2 (7.4) 13 (33.3) 0.16 (0.03-0.78) 0.012*
 50-69% stenosis 1 (3.7) 1 (2.6) 1.46 (0.08-24.43) 0.655
 70-99% stenosis 2 (7.4) 3 (7.7) 0.96 (0.14-6.17) 0.672
Multivariate logistic regression
 Ipsilateral TIA   11.10 (1.17-104.63) 0.036�

 Anemia   5.09 (1.43-18.07) 0.012�

ICA - internal carotid artery; CCA - common carotid artery, *P < 0.05, Chi-square or Fisher�s exact test; �P < 0.05, multivariate logistic regression; Data were given 
as mean ± standard deviation or n (%)
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circulations.[35] Watershed infarcts might be predictors of 
stroke recurrence.[15,36] In our study, previous ipsilateral 
TIA could predict recurrent stroke in patients with 
unilateral ICA occlusion, a finding similar to previous 
studies.[1,29] Anemia is associated with high risk of stroke 
recurrence. We have no good explanation for this finding 
since we did not classify the etiologies of anemia in 
detail, but bleeding with subsequent anemia might be 
a risk factor for cerebral infarction.[37] As in the previous 
studies,[1,19,23] the degree of stenosis in other carotid 
vessels did not influence stroke recurrence.

Our study has some limitations. First, the data are from 
a single hospital registry. As usually seen in hospital-
based stroke registries, our series is probably biased in 
some categories of stroke. Another drawback of the study 
is the relatively small number of patients and this could 
potentially have influenced the statistical analysis.

Conclusion

In summary, age older than 70 years, infarct territory 
as entire MCA territory infarction, clinical stroke 
syndrome as TACS, initial stroke symptoms in evolution 
and pneumonia in acute stroke stage are associated 
with dependent clinical functional outcome within 
one month after the onset of first-ever ischemic stroke 
in patients with unilateral atherosclerosis-related ICA 
occlusion. Previous ipsilateral TIA and anemia can 
predict stroke recurrence within 3 years following first-
ever ischemic stroke in these patients.
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