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high mortality and newly cerebrovascular
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Abstract
Chronic kidney disease (CKD) is gradually recognized as an independent risk factor for cardiovascular and cardio-/cerebrovascular
disease. This study aimed to examine the association of the estimated glomerular filtration rate (eGFR) and clinical outcomes at 3
months after the onset of ischemic stroke in a hospitalized Chinese population.
Totally, 972 patients with acute ischemic stroke were enrolled into this study. Modified of Diet in Renal Disease (MDRD) equations

were used to calculate eGFR and define CKD. The site and degree of the stenosis were examined. Patients were followed-up for 3
months. Endpoint events included all-cause death and newly ischemic events. The multivariate logistic model was used to determine
the association between renal dysfunction and patients’ outcomes.
Of all patients, 130 patients (13.4%) had reduced eGFR (<60mL/min/1.73m2), and 556 patients had a normal eGFR (≥90mL/min/

1.73m2). A total of 694 patients suffered from cerebral artery stenosis, in which 293 patients only had intracranial artery stenosis
(ICAS), 110 only with extracranial carotid atherosclerotic stenosis (ECAS), and 301 with both ICAS and ECAS. The patients with
eGFR<60mL/min/1.73m2 had a higher proportion of death and newly ischemic events compared with those with a relatively normal
eGFR. Multivariate analysis revealed that a baseline eGFR <60mL/min/1.73m2 increased the risk of mortality by 3.089-fold and
newly ischemic events by 4.067-fold. In further analysis, a reduced eGFR was associated with increased rates of mortality and newly
events both in ICAS patients and ECAS patients. However, only an increased risk of newly events was found as the degree of renal
function deteriorated in ICAS patients (odds ratio=8.169, 95% confidence interval=2.445–14.127).
A low baseline eGFR predicted a high mortality and newly ischemic events at 3 months in ischemic stroke patients. A low baseline

eGFR was also a strong independent predictor for newly ischemic events in ICAS patients.

Abbreviations: BMI = body mass index, CKD = chronic kidney disease, CTA = computed tomographic angiography, ECAS =
extracranial carotid atherosclerotic stenosis, eGFR = estimated glomerular filtration rate, ICAS= intracranial artery stenosis, MDRD =
Modification of Diet in Renal Disease, MRA = magnetic resonance angiography, NIHSS = National Institute of Health stroke scale.
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1. Introduction

Decreased renal function is an independent risk factor for all-
cause and cardiovascular mortality in the general population, as
well as in various populations with comorbidities.[1–2] As chronic
kidney disease (CKD) progresses, kidney-specific risk factors for
cardiovascular events and disease come to play an important
role.[3] Previous study found that >50% of CKD patients died
from a vascular disease, including stroke.[4] However, the silent
nature of the kidney often leads medicine to overlook CKD. In
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addition, it also loses the opportunity to prevent kidney and
vascular diseases.[5] CKD has a higher prevalence among patients
with cardiovascular diseases and is increasingly considered as an
independent risk factor for cardiovascular disease and stroke.[6–7]

However, the impact of low estimated glomerular filtration rate
(eGFR) on the clinical outcomes of acute ischemic stroke remains
controversial, including its effect on all-cause mortality, newly
cerebrovascular accidents, and functional disabilities.[6,8]

Stroke is the leading cause of disability and the third leading
cause of mortality in the world. The burden of stroke in China is
likely the highest in the world, affecting 2.5 million people each
year.[9] According to TOAST criteria, cerebrovascular (carotid
artery and/or intracranial artery) stenosis led by atherosclerosis is
the most common cause of ischemic stroke.[10] In addition,
intracranial artery stenosis (ICAS) has a higher prevalence in
Asian ischemic stroke patients in contrast to a higher prevalence
of extracranial carotid atherosclerotic stenosis (ECAS) in white
stroke patients.[11] The higher prevalence of intracranial artery
stenosis may partly explain the huge burden of ischemic stroke in
China. In addition, patients with ICAS have a more severe stroke
and a higher risk of recurrence.[12] However, previous studies
paid less attention to potential role of kidney dysfunction on
clinical outcomes of ischemic stroke patients with ICAS.
Therefore, this study was designed to investigate the effect of

baseline eGFR on clinical outcomes at 3 months following the
onset of ischemic stroke. In addition, the impact of CKD on
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clinical outcomes was further analyzed in patients with ICAS and
ECAS.

2. Material and methods

2.1. Patients

This investigation was a retrospective study, which was approved
by the Ethics Committee and Institutional Review Board of Xuan
Wu Hospital. Written informed consent to participate was
obtained from each subject or his/her families after receiving a full
explanation for the purpose and nature of the study.
All patients were diagnosed as having ischemic stroke

according to American Heart Association/American Stroke
Association recommendations and were further confirmed by
CT orMRI scan in the hospital.[12–13] The inclusion criterion was
patients (older than 18 years) with an acute ischemic stroke
within 7 days after the onset. A total of 1146 patients with acute
cerebral infarction were recruited into data analysis from August
2011 to August 2014. Exclusion criteria included complications
of other brain illness (e.g., brain tumor, hypnotic-ischemic
encephalopathy), dementia, undergoing dialysis, and incomplete
data at baseline or at follow-up. Finally, a total of 972 patients
were included into this study.
2.2. Clinic data

Details of patient demography, risk factors, laboratory, and brain
image data were recorded. General information on patients was
collected, including age, sex, body mass index (BMI), history of
hypertension, diabetes, dyslipidemia, smoking, and alcohol
consumption. The results of laboratory tests were also collected,
including serum lipids, fasting glucose, blood routine test, blood
coagulation function. Hypertension (previous diagnosis, antihy-
pertensive treatment, or blood pressure >140/90mmHg on at
least 2 measurements at different time points), diabetes mellitus
(previous diagnosis, concurrent treatment with insulin or oral
hypoglycemic medications, or fasting plasma glucose level >7.0
mmol/L or random blood glucose level >11.1mmol/L), hyper-
cholesterolemia (self-reported history of hypercholesterolemia,
lipid-lowering therapy, cholesterol >5.72mmol/L), coronary
heart disease (myocardial infarction and stable angina), status
of smoking (smoking >10 cigarettes a day before onset, for at
least 6 months), and alcohol (the average daily drinking >50g
for >1 year), were diagnosed according to generally accepted
criterion.[6,14–15]

2.3. Determination of cerebral artery stenosis

Cerebral artery stenosis was determined by at least 2 methods:
vascular ultrasound, magnetic resonance angiography (MRA),
and computed tomographic angiography (CTA). When athero-
sclerotic lesions were found in the cerebral arteries, the maximum
percentage of stenosis was calculated based on the residual lumen
diameter and distance from the original walls at the site of
maximum lumen narrowing.[16] The cerebral artery stenosis was
classified as 5 types: normal (without stenosis), mild stenosis (1%
to 49%), moderate stenosis (50% to 69%), severe stenosis
(70%–99%), and total occlusion (>99%). When there was
agreement between 2methods, the type of cerebral artery stenosis
was determined. A third method (MRA or CTA) was adopted
when disagreement occurred. When multiple cerebrovascular
stenoses existed, the severest stenosis was taken into
account.[16–18] The anatomical range of involved blood vessels
2

were classified as normal, intracranial artery stenosis (C2–C7
segments of internal carotid artery, anterior cerebral artery,
middle cerebral artery, posterior cerebral artery, basilar artery,
and V5 segment of vertebral artery), extracranial artery stenosis
(common carotid artery, C1 segment of internal carotid artery,
and vertebral artery before V5 segment), intra- and extracranial
artery stenosis.
2.4. Estimation of GFR and CKD

eGFR was assessed using the following equation from the
Modification of Diet in Renal Disease. The formula was as
follows: eGFR (mL/min/1.73m2)=175�Scr-1 234 (mg/dL)�
age-0 179 (�0.79 if female). Serum creatinine level was evaluated
within 24hours after admission. Patients were divided into 3
groups according to the eGFR: CKD phase 1 group, including
patients with an eGFR ≥90mL/min/1.73m2; CKD phase 3–5
group, including patients with an eGFR <60mL/min/1.73m2;
and CKD phase 2 group, including patients with eGFR between
60 and 90mL/min/1.73m2. CKD phase 1–2 is regarded as normal
function and as non-CKD group, and CKD phase 3–5 are
considered as renal dysfunction and as CKD group.[1,19–20]
2.5. Endpoint analysis

Patients were followed-up for 3 months after the onset of
ischemia. Phone follow-up interviews or outpatient interviews
were conducted by professional interviewers. Endpoint events
included all-cause death and newly ischemic events, including
ischemic stroke and TIA. The diagnosis of cerebrovascular events
was based on the American Heart Association/American Stroke
Association recommendations.[12–13]
2.6. Statistical analysis

Statistical analysis was performed using SPSS software, version
20.0 (SPSS Inc, Chicago, IL). Measurement data were expressed
as means+SD. Categorical variables were expressed as percent-
age. Comparison among groups was tested by 1-way analysis of
variance or x2 analysis. Intergroup differences in risk were
assessed using the log-rank test. Patients with an eGFR of ≥90
mL/min/1.73m2 served as the reference group. Independent
factors that were significantly related to a poor functional
outcome were identified using a multivariate model, with
adjustments being made for variables with P<0.05 in univariate
analysis.

3. Results

3.1. Baseline characteristics of patients

Totally, 972 ischemic stroke patients (517 males, 455 females)
were included, in which 130 patients (13.4%) had reduced eGFR
(<60mL/min/1.73m2), 556 patients had a normal eGFR (≥90mL/
min/1.73m2), 286patientswitha relativelynormal eGFR(between
60 and 90mL/min/1.73m2). There were 90 patients in phase 3
CKDand40patients in phase 4CKD.Of all patients, 278 cases did
not have cerebral artery stenosis, and 694 suffered from cerebral
artery stenosis, in which 293 patients had ICAS, 110 had ECAS,
and 301 had both ICAS and ECAS. Baseline parameters were
shown inTable1.Patientswith lower eGFRwereolder,more likely
to bewomen, frequentlywith a higherNational Institute ofHealth
stroke scale (NIHSS) scores. However, there were no significant
differences in stenosis degree and site among three groups.



Table 1

Baseline characteristics by eGFR.

MDRD-eGFR (mL/min/1.73 m2)

≥90 (556)
(%)

60–90 (286)
(%)

<60 (130)
(%)

P

Age, y 65.4±10.6 70.2±9.3 74.3±10.3 <0.001
Male 391 (63.1) 82 (50.6) 44 (53.0) 0.002
Stenosis degree 0.233
Normal group 161 (28.9) 69 (24.1) 48 (36.9)
Mild 66 (11.9) 48 (16.8) 16 (12.3)
Moderate 52 (9.4) 40 (14.0) 8 (6.2)
Severe 110 (19.8) 52 (18.2) 32 (24.6)
Occlusion 167 (30.0) 77 (26.9) 26 (20.0)

Stenosis site 0.079
Intracranial 180 (32.7) 79 (27.3) 24 (18.5)
Extracranial 68 (12.3) 30 (10.5) 12 (9.2)
Intra- and extra 147 (26.3) 108 (37.8) 46 (35.4)
Hypertension 351 (63.2) 202 (70.6) 98 (75.4) 0.805
Diabetes 162 (29.2) 159 (28.7) 70 (24.6) 0.685
Hypercholesterolemia 154 (27.7) 176 (26.6) 46 (35.4) 0.862
Coronary heart disease 51 (9.1) 60 (21.0) 16 (12.3) 0.005
Smoking 277 (49.8) 156 (54.5) 74 (56.9) 0.224
Alcohol drinking 263 (47.3) 112 (39.2) 70 (53.8) 0.274

NIHSS score
0–6 450 (80.9) 214 (74.8) 78 (60.0) 0.077
7–15 96 (17.3) 68 (23.8) 24 (18.5) 0.354
≥16 10 (1.8) 4 (1.4) 28 (21.5) 0.004

eGFR= estimated glomerular filtration rate, MDRD=Modification of Diet in Renal Disease, NIHSS=National
Institute of Health stroke scale.

Table 2

Clinical Outcomes by eGFR for all patients at 3 months.

eGFR

(mL/min/1.73 m2)

≥90 (N=556) 60–90 (N=286) <60 (N=130) P

All-cause death 6 (1.1) 10 (3.5) 13 (10.7) <0.0
Newly events 18 (3.2) 36 (12.6) 25 (19.2) <0.0

CI= confidence interval, eGFR=estimated glomerular filtration rate, OR= odds ratio.

Table 3

Clinical outcomes by eGFR for patients with ICAS and ECAS at 3 mo

ICAS patients

eGFR (mL/min/1.73 m2)

≥90 (N=180) 60–90 (N=79) <60 (N=24)

All-cause death 2 (1.1) 3 (3.8) 3 (12.5) <

Newly events 5 (2.8) 8 (10.1) 5 (20.8) <

ECAS= extracranial carotid atherosclerotic stenosis, eGFR=estimated glomerular filtration rate, ICAS=

Table 4

Logistic regression models for prediction of outcomes by eGFR for p

ICAS patients

eGFR (mL/min/1.73 m2)

≥90 (N=180) 60–90 (N=79) <60 (N=24)

All-cause death 1 1.232 (0.124–7.189) 4.003 (0.492–10.970)
Newly events 1 3.312 (1.775–8.924) 8.169 (2.445–14.127)

ECAS= extracranial carotid atherosclerotic stenosis, eGFR=estimated glomerular filtration rate, ICAS=
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3.2. Clinical outcomes at the end of follow-up

At the end of follow-up, 29 patients died and 79 suffered from
newly ischemic events. The patients with eGFR <60mL/min/
1.73m2 had a higher proportion of death and newly events
compared with those with a relatively normal eGFR (Table 2).
The patients with renal dysfunction had a higher risk of death
(odds ratio [OR]=3.089, 95% confidence interval [CI]=
1.141–6.093) and newly ischemic events (OR=4.067, 95%
CI=2.431–8.633).
3.3. Clinical outcomes for patients with ICAS and ECAS

At the end of follow-up period, 8 ICAS patients died and 18
suffered from newly ischemic events. Four ECAS patients died
and 6 suffered from newly ischemic events. Reduced eGFR was
associated with increased rates of mortality and newly events
both in ICAS patients and ECAS patients (Table 3). However,
only an increased risk of newly events was found as the degree of
renal function deteriorated in ICAS patients (OR=8.169, 95%
CI=2.445–14.127) (Table 4).
4. Discussion

The incidence and morbidity of cerebrovascular disease and
chronic kidney disease are increasing in both China and
worldwide. The relationship between renal dysfunction in
various degree and increased cerebrovascular morbidity and
Adjusted OR (95% CI)

eGFR (mL/min/1.73 m2)

≥90 (N=556) 60–90 (N=286) <60 (N=130) P

1 1 2.948 (0.270–5.672) 3.089 (1.141–6.093) 0.005
1 1 2.787 (0.356–4.512) 4.067 (2.431–8.633) 0.000

nths.

ECAS patients

eGFR (mL/min/1.73 m2)

P ≥90 (N=68) 60–90 (N=30) <60 (N=12) P

0.01 0 (0) 2 (6.7) 2 (16.7) <0.01
0.01 2 (2.9) 3 (10) 1 (8.3) <0.01

intracranial artery stenosis.

atients at 3 months.

ECAS patients

eGFR (mL/min/1.73 m2)

P ≥90 (N=68) 60–90 (N=30) <60 (N=12) P

0.216 1 1.434 (0.2732–3.985) 1.038 (0.754–1.429) 1.000
0.007 1 1.499 (0.166–7.874) 4.666 (0.116–9.002) 0.715

intracranial artery stenosis.
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mortality is widely accepted. As previously reported, we
also found that a reduced eGFR predicted an increased rate of
mortality and newly ischemic events in ischemic stroke patients.
Our main finding was that a lower eGFR was an independent
predictor of newly ischemic events in ischemic stroke patients
with ICAS in further analysis.
Patients with CKD had a significant higher morbidity and

mortality because of cardio/cerebral vascular disease than normal
patients.[1,22] Approximately 14% to 16% Chinese stroke
patients had renal malfunction of various degree based on
previous report.[23] In addition, approximately 50% stroke
patients suffered from ICAS in China, whichwere associated with
a severe stroke, a longer period in the hospital, and a higher risk
of recurrent stroke.[12] Various outcomes had been presented in
researches concerning CKD phases and the prognosis of ischemic
stroke.[6,24–27] Some studies revealed that an impaired kidney
function was related with a poor long-term prognosis.[24–26] In
contrast, other studies found that reduced eGFR was not an
independent predictor of death/disability at the end of the 12th
month in patients with ischemic stroke.[6,27] However, less study
made a further analysis on the association between a low eGFR
and the prognosis of ICAS and ECAS patients. In this study, we
only found that a decreased eGFR could increase relative odds for
mortality in ischemic stroke patients, but we did not find
increased relative odds for mortality in ICAS or ECAS patients.
Traditional risk factors for vascular disease and stroke, including
but not limited to hypertension, lipid abnormalities, and diabetes,
participated in the progress of kidney dysfunction, whereas CKD
also promoted high blood pressure and lipid abnormalities.[6,28]

So non-neurological organ dysfunction could worsen neurologi-
cal impairment and contribute to an increased risk of mortality.
In the further analysis, we only included patients with ICAS or
ECAS without patients with both ICAS and ECAS. So it was
possible that these patients did not suffer from a severe
neurological impairment and non-neurological organ dysfunction.
In mechanism, the presence of renal dysfunction and other risk
factors could result in the increased concentration of asymmetric
dimethylarginine inhibiting generation of nitric oxide, the low-
grade inflammation raisingoxidative stress, dyslipidaemia, and the
elevated activity of the renin–angiotensin system stimulating
production of superoxide and cytokines.[28–29] Thus, the progres-
sion of endothelial dysfunction and following atherosclerosis
was probably one of the mechanisms for stroke in patients with
reduced eGFR.
We only found that a lower eGFR was an independent

predictor of newly ischemic events in ischemic stroke patients
with ICAS. There were obvious anatomical differences between
ICAS and ECAS. The histological features and stroke mecha-
nisms of ICAS atherosclerosis also differed from those of ECAS
atherosclerosis.[30] Previous studies found that hypertension and
diabetes mellitus were significant risk factors for ICAS compared
with ECAS, whereas hyperlipidemia and smoking were more
closely associated with ECAS compared with ICAS.[31] In the
analysis of ischemic strokemechanism, ICASwas prone to lead to
internal border-zone infarcts, whereas ECAS was prone to result
in artery-to-artery embolism.[32] In prognosis analysis, patients
with ICAS had a higher risk of recurrent stroke than patients with
ECAS.[32] In another study, patients with ICAS had poor long-
term prognoses (a higher morbidity and mortality rate) under the
conditions of current medical therapy.[33] Previous study
observed that reduced eGFR was closely associated with carotid
atherosclerosis in patients with CKD.[34] Recent studies also
discovered that CKD and CKD progression were independently
4

associated with presence and evolution of deep or infratentorial
cerebral microbleeds. Renal and brain had similar anatomical
and functional features of supplying arteries.[35] They also shared
similar dynamic changes because of susceptibilities to vascular
damage.[36–37] The anatomical, histological, and pathological
features of ICAS may be the basis for the association of a lower
eGFR and a higher newly ischemic event.
Our research has several limitations. First, this study was an

observational study, not a randomized controlled trial.
Secondly, the sample size was small, especially when we made
a further analysis in ICAS and ECAS patients, only collecting
ischemic stroke patients from one hospital. Thirdly, we only
made a short-term follow-up for 3 months. A long-term
observationmay give more information concerning the effect of
the kidney dysfunction on cerebrovascular disease. In addition,
we just evaluated kidney function with Modification of Diet in
Renal Disease formula. Although it is generally accepted as a
valid surrogate of kidney function, additional measurement of
albuminuria (albumin to creatinine ratio) and cystatin-C may
improve our assessment of CKD. In further analysis, more acute
ischemic stroke patients, including ICAS, ECAS, and both,
would be included to analyze the predictive ability of CKD for
acute ischemic stroke.
5. Conclusions

This study demonstrated that a lower eGFR predicted a high
mortality and newly ischemic events at 3 months in ischemic
stroke patients. In particular, a low baseline eGFR also predicted
a higher newly ischemic event in ICAS patients.
Acknowledgments

This workwas supported by from theNational Key Research and
Development Program of China (2016YFC1300600).
References

[1] Yahalom G, Schwartz R, Schwammenthal Y, et al. Chronic kidney
disease and clinical outcome in patients with acute stroke. Stroke
2009;40:1296–303.

[2] Kim HJ, Kim JK, Oh MS, et al. A low baseline glomerular filtration rate
predicts poor clinical outcome at 3 months after acute ischemic stroke.
J Clin Neurol 2015;11:73–9.

[3] Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, et al. Chronic
kidney disease and cardiovascular risk: epidemiology mechanisms and
prevention. Lancet 2013;382:339–52.

[4] James MT, Hemmelgarn BR, Tonelli M. Early recognition and
prevention of chronic kidney disease. Lancet 2010;375:1296–309.

[5] Go AS, Chertow GM, Fan D, et al. Chronic kidney disease and the risks
of death, cardiovascular events, and hospitalization. N Engl J Med
2004;351:1296–305.

[6] Hao Z, Wu B, Lin S, et al. Association between renal function and
clinical outcome in patients with acute stroke. Eur Neurol 2010;
63:237–42.

[7] Astor BC, Hallan SI, Miller ER 3rd, et al. Glomerular filtration rate,
albuminuria, and risk of cardiovascular and all-cause mortality in the U.
S. population. Am J Epidemiol 2008;167:1226–34.

[8] MacWalter RS, Wong SY, Wong KY, et al. Does renal dysfunction
predict mortality after acute stroke? A 7-year follow-up study. Stroke
2002;33:1630–5.

[9] Yang G, Wang Y, Zeng Y, et al. Rapid health transition in China, 1990-
2010: findings from the Global Burden of Disease Study 2010. Lancet
2013;381:1987–2015.

[10] Wilterdink JL, Bendixen B, Adams HPJr, et al. Effect of prior aspirin use
on stroke severity in the trial of org 10172 in acute stroke treatment
(TOAST). Stroke 2001;32:2836–40.

[11] Wong KS, Huang YN, Gao S, et al. Intracranial stenosis in Chinese
patients with acute stroke. Neurology 1998;50:812–3.



[12] Wang Y, Zhao X, Liu L, et al. Prevalence and outcomes of symptomatic [24] Luo Y, Wang X, Wang Y, et al. Association of glomerular filtration rate

Dong et al. Medicine (2017) 96:5 www.md-journal.com
intracranial large artery stenoses and occlusions in China: the Chinese
Intracranial Atherosclerosis (CICAS) Study. Stroke 2014;45:663–9.

[13] Adams RJ, Albers G, Alberts MJ, et al. Update to the AHA/ASA
recommendations for the prevention of stroke in patients with stroke and
transient ischemic attack. Stroke 2008;39:1647–52.

[14] Koren-Morag N, Goldbourt U, Tanne D. Renal dysfunction and risk of
ischemic stroke or TIA in patients with cardiovascular disease.
Neurology 2006;67:224–8.

[15] Di Carlo A, Lamassa M, Baldereschi M, et al. Risk factors and outcome
of subtypes of ischemic stroke. Data from a multicenter multinational
hospital-based registry. The European Community Stroke Project.
J Neurol Sci 2006;244:143–50.

[16] Kawamoto R, Ninomiya D, Hasegawa Y, et al. Association between
serum bilirubin and estimated glomerular filtration rate among elderly
persons. PLoS One 2014;9:e115294.

[17] Nederkoorn PJ, van der Graaf Y, Eikelboom BC, et al. Time-of-flightMR
angiography of carotid artery stenosis: does a flow void represent severe
stenosis? AJNR Am J Neuroradiol 2002;23:1779–84.

[18] Grant EG, Benson CB, Moneta GL, et al. Carotid artery stenosis:
grayscale and Doppler ultrasound diagnosis–Society of Radiologists in
Ultrasound consensus conference. Ultrasound Q 2003;19:190–8.

[19] Khatri M, Wright CB, Nickolas TL, et al. Chronic kidney disease is
associated with white matter hyperintensity volume: the Northen
Manhattan Study (NOMAS). Stroke 2007;38:3121–6.

[20] Ma YC, Zuo L, Chen JH, et al. Modified glomerular filtration rate
estimating equation for Chinese patients with chronic kidney disease.
J Am Soc Nephrol 2006;17:2937–44.

[21] Plantinga LC, Boulware LE, Coresh J, et al. Patient awareness of chronic
kidney disease: trends and predictors. Arch Intern Med 2008;168:
2268–75.

[22] Rowat A, Graham C, Dennis M. Renal dysfunction in stroke patients: a
hospital-based cohort study and systematic review. Int J Stroke
2014;9:633–9.

[23] Wang X, Wang Y, Wang C, et al. Association between estimated
glomerular filtration rate and clinical outcomes in patients with acute
ischaemic stroke: results from China National Stroke Registry. Age
Ageing 2014;43:839–45.
5

with outcomes of acute stroke in type 2 diabetic patients: results from the
China National Stroke Registry. Diabetes Care 2014;37:173–9.

[25] Putaala J, Haapaniemi E, Gordin D, et al. Factors associated with
impaired kidney function and its impact on long-term outcome in young
ischemic stroke. Stroke 2011;42:2459–64.

[26] Ford I, Bezlyak V, Stott DJ, et al. Reduced glomerular filtration rate and
its association with clinical outcome in older patients at risk of vascular
events: secondary analysis. PLoS Med 2009;6:e16.

[27] Kumai Y, Kamouchi M, Hata J, et al. Proteinuria and clinical outcomes
after ischemic stroke. Neurology 2012;78:1909–15.

[28] Schiffrin EL, Lipman ML, Mann JF. Chronic kidney disease: effects on
the cardiovascular system. Circulation 2007;116:85–97.

[29] Endemann DH, Schiffrin EL. Endothelial dysfunction. J Am Soc Nephrol
2004;15:1983–92.

[30] Liebeskind DS, Caplan LR. Kim JS, Caplan LR, Wong KSL. Anatomy of
intracranial arteries. Intracranial atherosclerosis Wiley-Blackwell,
Oxford:2008;3–18.

[31] Rincon F, Sacco RL, Kranwinkel G, et al. Incidence and risk factors of
intracranial atherosclerotic stroke: the Northern Manhattan Stroke
Study. Cerebrovasc Dis 2009;28:65–71.

[32] Chen H, Hong H, Xing S, et al. Intracranial versus extracranial
symptomatic carotid atherosclerosis in Chinese patients: risk factors,
stroke mechanisms, and long-term prognosis. J Stroke Cerebrovasc Dis
2015;24:2632–9.

[33] Klijn CJ, Kappelle LJ, Algra A, et al. Outcome in patients with
symptomatic occlusion of the internal carotid artery or intracranial
arterial lesions: a meta-analysis of the role of baseline characteristics and
type of antithrombotic treatment. Cerebrovasc Dis 2001;12:228–34.

[34] TanakaM, Abe Y, Furukado S, et al. Chronic kidney disease and carotid
atherosclerosis. J Stroke Cerebrovasc Dis 2012;21:47–51.

[35] Peng Q, Sun W, Liu W, et al. Longitudinal relationship between chronic
kidney disease and distribution of cerebral microbleeds in patients with
ischemic stroke. J Neurol Sci 2016;362:1–6.

[36] Akoudad S, Sedaghat S, Hofman A, et al. Kidney function and cerebral
small vessel disease in the general population. Int J Stroke 2015;10:603–8.

[37] IkramMA, Vernooij MW, Hofman A, et al. Kidney function is related to
cerebral small vessel disease. Stroke 2008;39:55–61.

http://www.md-journal.com

	A lower baseline glomerular filtration rate predicts high mortality and newly cerebrovascular accidents in acute ischemic stroke patients
	1 Introduction
	2 Material and methods
	2.1 Patients
	2.2 Clinic data
	2.3 Determination of cerebral artery stenosis
	2.4 Estimation of GFR and CKD
	2.5 Endpoint analysis
	2.6 Statistical analysis

	3 Results
	3.1 Baseline characteristics of patients
	3.2 Clinical outcomes at the end of follow-up
	3.3 Clinical outcomes for patients with ICAS and ECAS

	4 Discussion
	5 Conclusions
	Acknowledgments
	References


