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	Abstract

	Aim: Chronic kidney disease (CKD) is a risk factor for stroke and in-hospital mortality due to stroke. Stroke is highly prevalent in CKD patients. Our aim was to evaluate the impact of glomerular filtration rate in acute ischemic stroke (IS) patients after thrombolytic therapy.

	Methods: All patients who underwent thrombolytic therapy for acute IS in our Department between 2009 and 2012 were studied retrospectively. Age, co-morbidities, blood pressure, glycaemia, National Institutes of health Stroke Scale score were evaluated. Renal function was estimated by CKD-EPI equation. Three-month outcome (death, residual disability, intracranial hemorrhage) in patients with glomerular filtration rate (GFR) <60 ml/min/1.73m2 was compared to that of patients with GFR ≥ 60 ml/min/1.73 m2. Logistic regression analysis was used to determine which factor was independently associated with outcome.

	Results: Among 191 patients treated for acute IS, 74 had GFR<60 ml/min/1.73m2. They were older and had higher prevalence of hypertension than patients with normal filtration rate. We found no differences in 3-month death or poor outcome between the two groups. However, patients with impaired renal function had a significantly higher risk of hemorrhagic complication (OR = 2.5; 95% CI = 1.1-6.2, p<0.01).

	Conclusion: GFR<60 ml/min/1.73m2 significantly affects the risk of intracranial hemorrhage in stroke patients treated with thrombolytic therapy. Hence, subjects with reduced renal function eligible for intravenous thrombolysis could be informed about the increased ICH risk.
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	Abbreviations

	CKD: Chronic Kidney Disease; IS: Ischemic Stroke; GFR: Glomerular Filtration Rate; rt-PA: recombinant tissue Plasminogen Activator; ICH: Intracranial Hemorrhage; NINDS: National Institute of Neurological Disorders and Stroke; ASPECTS: Alberta Stroke Program Early CT Score; NIHSS: National Institutes of Health Stroke Scale; mRS: modified Rankin Score; CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; SCr: Serum Creatinine; OR: Odds Ratios; CVAs: Cerebrovascular Accidents

	Background

	Intravenous recombinant tissue plasminogen activator (rt-PA) is a well-established treatment for acute ischaemic stroke (IS). In chronic kidney disease (CKD) the balance between bleeding and thrombosis is altered [1]. CKD is a well-established risk factor for in-hospital mortality due to myocardial infarction [2], and in this population, subjects receiving an early myocardial revascularization had the highest major bleeding rate [3]. CKD is also a risk factor for stroke [4] and in-hospital mortality due to stroke [5,6]. Moreover emergency department physicians could identify high risk subjects by simultaneous calculation of risk of stroke and GFR due to the fact that 10-year risk of stroke increases with worsening renal function [7]. The best treatment aiming to reduce mortality in population with CKD has not been established yet, and diagnostic and therapeutic interventions have been underutilized in the management of acute cardiovascular disease [8], and therapeutic nihilism has been described [9]. Physicians could be consulted for an opinion on rt-PA treatment when glomerular filtration rate (GFR) is low, since symptomatic intracranial haemorrhage (ICH) currently affects about 7% of such cases [10]. On the other hand renal function has not been reported to impact pharmacokinetics and metabolism of rt-PA [11]. The aim of this study was to evaluate retrospectively patients with acute IS treated with intravenous rt-PA as a part of the stroke treatment protocol; they were stratified on the basis of renal function evaluated on the basis of GFR measured on admission. 

	Methods

	The study was approved by the Provincial Ethics Committee of Ferrara (Comitato Etico della Provincia di Ferrara), and it was carried out under the terms of the Declaration of Helsinki as revised in 2000.

	We retrospectively analyzed the database of IS patients, admitted to our Hospital between 2009 and 2012, who underwent intravenous thrombolytic treatment. Neurologists, neuroradiologists, and neurosurgeons are on active duty 24h/day and 7 days/week. A stroke code and a specific stroke protocol have been implemented to minimize the time from call to hospital arrival and the door to needle time. The database was prospectively updated and only subjects who had all parameters available were investigated. Intravenous thrombolytic therapy for IS is routinely used in our hospital according to the current international and Italian guidelines [12]. Briefly, patients aged 18 to 80 years, presenting with IS and measurable deficit, were eligible within 4.5 hours from symptom onset after exclusion of ICH. In our setting contraindications to rt-PA infusion are those of the National Institute of Neurological Disorders and Stroke (NINDS) trial [13]. Moreover, patients with an Alberta Stroke Program Early CT Score (ASPECTS) of 7 or less were excluded [14].

	Intravenous t-PA was administered at a dose of 0.9 mg per kilogram (maximum, 90 mg), with 10% given as an initial bolus and the remaining 90% as a continuous infusion over a period of 60 minutes.

	Neurologic deficit was quantified through the National Institutes of Health Stroke Scale (NIHSS), a 15-item scale, total NIHSS scores ranging from 0 to 42, with higher scores indicating more severe impairment. 

	We evaluated three month case fatality rate, disability-free survival at 90 days, with freedom from disability defined as a modified Rankin Scale (mRS) of 0 or 1 (no symptoms or no clinically significant disability despite symptoms, respectively), functional independence at three months (mRS < 2), and development of ICH. To monitor this adverse event, CT scans were performed 24 hours and 7 days after treatment. ICH was classified as small or confluent petechiae along the margins of the infarct or within the infarct area without space-occupying effect, as blood clots with space-occupying effect, or as symptomatic ICH when associated with neurological deterioration. 

	Renal function was evaluated by estimated GFR using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula [15].

	Serum creatinine (SCr) assays were performed using the Jaffe method on a Hitachi Modular (Roche Diagnostics, Mannheim, Germany). Renal impairment was defined as GFR<60ml/min/1.73m2 [16].

	Statistical Analysis

	Data are expressed as absolute numbers, percentage and mean ± standard deviation. Admission NIHSS was also expressed as median and interquartile range. Variables were analyzed using either χ2, t-test, or Mann-Whitney-U test as appropriate. Analysis was conducted comparing subjects with GFR<60 ml/min/1.73m2 and those with GFR≥60 ml/min/1.73 m2. A two tailed p < 0.05 was considered significant. The effect measure of the association ICH and the investigated parameters was the odds ratios (OR) with 95% confidence intervals (95%CIs) calculated by logistic regression analysis. SPSS 13.0 for Windows (SPSS Inc., Chicago, IL, 2004) was used for statistical analysis.

	Results

	We enrolled 191 stroke patients, with a mean age of 67±12 years of whom 117 had GFR≥60 ml/min/1.73 m2 and 74 GFR<60 ml/min/1.73m2. The demographic and clinical characteristics of the study population are summarized in Table 1. In the 74 patients with GFR<60 ml/min/1.73m2 the mean GFR was 45±11 ml/min/1.73m2. These patients were older, and had higher prevalence of hypertension and smoking history, as compared to patients with higher GFR. The median NIHSS score at baseline was similar in the two groups (Table 1). Table 2 shows outcome data: three months after the onset of stroke nineteen patients (10%) had died of whom 8 (10.8%) had GFR<60 ml/min/1.73m2. At the same time 56/106 (52.8 %) patients with GFR≥60 ml/min/1.73 m2 and 40/66 (60.6%) subjects with GFR≥60 ml/min/1.73 m2 were alive and free of residual disability (mRS <1). The percentage of patients with minimal disability (mRS <2) was also similar in the two groups. ICH occurred more frequently in patients with GFR<60 ml/min/1.73m2 than in those with GFR≥60 ml/min/1.73 m2 (18.9 vs 7.7 %, p< 0.05). Fatal hemorrhage occurred in 7 patients, 3 with GFR<60 ml/min/1.73m2 and 4 with GFR≥60 ml/min/1.73 m2. 

	The logistic regression analysis showed that patients with GFR<60 ml/min/1.73m2 had an increased risk of developing ICH (OR = 2.8; 95% CI = 1.14-6.8, p<0.01), the association was still significant after adjusting for age and stroke severity at onset (adjusted OR = 2.5; 95% CI = 1.1-6.2, p<0.05).

	Discussion

	Although stroke represents a major cause of death and severe disability [17], its impact in the uremic population is still a matter of debate, mainly regarding its treatment. 

	Cerebrovascular accidents (CVAs) were recorded in 19% of USRDS patients with CKD, with similar prevalence in the different CKD stages [18]. Moreover CVAs were the cause of death in 2.3% of incident dialysis patients in the first 180 days and 3.3% of prevalent dialysis patients [19]. 

	CKD impacts coagulation cascade, platelet function and vessel wall structure [1], and patients on dialysis have been reported to have higher age-adjusted relative risk of stroke as well as hospitalization rates for ICH and IS than the general population [20]. In Japan, it has been reported that ICH had higher prevalence than IS [21], and that more than 70% of the patients with ICH died within 3 months of the onset of symptoms with an incidence of ICH and IS in patients with ESRD of 8.7 and 3.7 per 1000 patient-years, respectively [22]. Recently Gotoh et al. [23] analyzed trends in the incidence of ICH and found that in Japan incidence steeply declined from the 1960s to the 1970s, but that this decline has mitigated since then, probably because of the increased incidence of thalamic hemorrhage in the elderly in recent years.

	On the other hand a prospective study on 1041 incident ESRD patients from United States, showed that the overall incidence of CVAs was 4.9 of 100 person-years and IS represented 76% of all events, and cardio embolism accounted for 28% of them [24]. ISs were also more common in a study from United Kingdom in which 2380 patients on hemodialysis were analyzed. Total incidence of stroke was 14.9 of 1000 patient-year whilst IS and ICH incidences were 11.2 and 3.7 of 1000 patient-years respectively [25].

	CKD is an independent negative predictor of 30-day survival after acute IS, however data about revascularization are scarce [26].

	Whiteley et al. [27] conducted a systematic review and meat-analysis evaluating 55 studies that measured 43 baseline variables in 65264 acute IS patients. Renal impairment was independently associated with post-rt-PA ICH, and their results were similar to ours (OR 2.79 95%CI 1.19-6.54). On the other hand authors could analyze only two studies.

	Agrawal et al. [28] evaluated 74 patients who consecutively received intravenous thrombolytic therapy for acute stroke. Twenty seven percent of subjects had GFR<60 ml/min/1.73m2 and were older, with a higher prevalence of diabetes and coronary artery disease than patients with GFR≥60 ml/min/1.73m2. They found no association between CKD and increased ICH, poor functional outcome or death.

	Power et al. [29] conducted a retrospective multicenter cohort study between 2009 and 2011, examining 229 stroke patients aged 70 years, treated with alteplase. GFR<60ml/min was independently associated with a statistically significant reduction of the therapeutic effect of alteplase at 24 h, and this persisted at 7 days. However CKD was not associated with a higher rate of ICH.

	Chao et al. [30] evaluated 297 patients treated with thrombolytic therapy for IS and classified them into 2 groups on the basis of GFR. ICH was more common in those with GFR<60ml/min/1.73m2, however, multivariate logistic regression did not show any independent association between renal dysfunction and ICH. Moreover, GFR<60ml/min/1.73m2 did not predict functional dependence or death at 1 month and 1 year.

	In 2008 Lyrer et al. [31] evaluated 196 stroke patients treated with intravenous rt-PA. They classified subjects on the basis of mRS. The poor-outcome group was older, had higher NIHSS, glucose levels, C-reactive protein, SCr, and lower GFR. In subjects with lower GFR, causes of death were myocardial infarction, pulmonary embolism, malignant brain infarction, pneumonia, and symptomatic ICH. Every increase in SCr increased the odd for poor outcome. 

	In Japan, Naganuma et al. [32] conducted a retrospective study in order to evaluate intravenous rt-PA therapy in 578 consecutive stroke patients aged 71 years with a premorbid mRS Score ≤3. CKD was present in 32.2% of cases. These patients were older and more commonly had hypertension, atrial fibrillation, prior ischemic heart disease and prior use of antithrombotic agents than patients without CKD. ICH was more common and median mRS scores at 3 months were higher in patients with CKD than in those without. CKD was independently associated with cerebral poor outcome and mortality. 

	Tütüncü et al. [33] enrolled 740 subjects of whom 83% had GFR<90ml/min and 5% had GFR<30 ml/min. ICH after intravenous thrombolytic therapy was more frequent in patients with GFR<30ml/min.

	Very recently Gensicke et al. [34] conducted an observational study including 4,780 intravenous thrombolysis treated patients, of whom 1,217 (25.5%) had GFR<60mL/min/1.73m2. Patients with low GFR were older, had more stroke severity, more severe hypertension, higher percentage of prior antithrombotics, and were suffering more frequently from hypercholesterolemia and coronary artery disease. A GFR decrease by 10mL/min/1.73m2 increased the risk of death and symptomatic ICH [34].

	Finally, CKD did not increase the risk of ICH and poor outcome in a study on 657 IS patients treated with thrombolysis in Taiwan [35].

	The majority of the results from the different studies confirm the presence of a negative loop, where patients with CKD are aged and suffer multiple diseases that worsen and are worsened by impaired renal function. Besides it should be taken into account that cigarette smoking, a well-known cardiovascular risk factor, has been reported to be a risk factor for incident CKD, as suggested by a systematic review published in 2007 [36], and in our study subjects with GFR<60ml/min/1.73m2 had higher prevalence of smoking history. Moreover we found that group with GFR<60 ml/min/1.73m2 had higher prevalence of patients aged older than 75 years, and this group was the one with the higher risk of ICH. On the other hand logistic regression analysis showed that the association between GFR<60 ml/min/1.73m2 and ICH was still significant after adjusting for age and stroke severity at onset. It could be that CKD is a biomarker of poor clinical condition [37]. Moreover, adverse drug events have been reported to be more frequent in older adults treated with drugs acting on the cardiovascular system [38]. GFR<60ml/min/1.73m2 is independently associated with subclinical carotid artery damage [39] and in this group of patients brain MRI detected more advanced atherosclerotic changes of the cerebral vessels [40]. Moreover the rate of ICH has been reported to be significantly more frequent in patients with moderate to severe leukoaraiosis of the deep white matter than in patients without relevant leukoaraiosis [41]. On the other hand ICH due to rt-PA could be related to blood-barrier disruption rather than drug accumulation in subjects with reduced renal function, due to the fact that the drugs is mainly metabolized by the liver [11]. Besides, differences among studies could be ascribed not only to the study design, mainly a retrospective one that inevitably involves selection bias, but also to different management of intravenous thrombolytic therapy.

	Our study has some limitations. First, the design is retrospective and the study is single-centre evaluating a small number of subjects, therefore selection bias cannot be excluded. Second, GFR<60 ml/min/1.73m2 was correlated with comorbidities therefore we found that subjects with worse clinical condition have a worse outcome, a common finding in medical science. Third, GFR was estimated at the time of admission, hence its measure could had been affected by the acute event. Repeated measures of GFR are needed in order to ascertain the presence of CKD. In fact, CKD categorization may depend on the formula used, as previously demonstrated with different equations [42]. Finally, all patients were treated with regular dose therapy (0.9 mg/kg), without evaluation of GFR, but this is a common clinical practice which may be questioned by studies like ours. Different risk predictors are included in the risk score for ICH in patients with acute IS undergoing intravenous thrombolytic therapy. The GRASPS score [43] includes age, NIHSS systolic blood pressure, blood glucose, ethnicity and gender, whilst the SEDAN score [44] includes glucose level on admission, early infarct sign on admission CT head scan, dense or hyper dense cerebral artery sign on admission CT, age and NIHSS. GFR evaluation is never included in the assessment of hemorrhagic risk. We suggest that evaluation of GFR at hospital admission in subjects with acute IS potentially undergoing intravenous thrombolytic therapy should be considered, because these patients with GFR<60 ml/min/1.73m2 could be at higher risk of hemorrhagic complications.

	Conclusion

	We found that patients with GFR<60 ml/min/1.73m2 could have an increased risk of ICH after intravenous thrombolysis but the clinical impact of this complication appears to be negligible.
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				Table 1: Demographic and clinical characteristics of the study population.

		

		
				 

				Total population

				Patients with GFR ≥ 60 ml/min/1.73m2

				Patients with GFR < 60 ml/min/1.73m2

				p

		

		
				Number

				191

				117

				74

				 

		

		
				Age (years)

				67±12

				65±13

				71±10

				< 0.005

		

		
				Age > 75 ys (n (%))

				 

				35 (29.9)

				37 (50)

				< 0.01

		

		
				Hypertension (n (%))

				99 (51.8)

				51 (43.6)

				48 (64.9)

				< 0.001

		

		
				Diabetes mellitus (n (%))

				43 (22.5)

				25 (21.4)

				18 (24.3)

				NS

		

		
				Hyperlipidaemia (n (%))

				127 (66.5)

				76 (65)

				51 (69)

				NS

		

		
				Atrial Fibrillation (n (%))

				35 (18.3)

				25 (21.3)

				15 (20.2)

				NS

		

		
				Smoking (n (%))

				39 (20.4)

				8 (6.8) 

				31 (41.8)

				< 0.001

		

		
				Systolic blood pressure (mmHg)

				147±19

				144±18

				152±19

				< 0.001

		

		
				Diastolic blood pressure (mmHg)

				81±11

				80±11

				81±12

				NS

		

		
				Serum glucose (mg/dl)

				130±52

				125±46

				138±61

				NS

		

		
				GFR (ml/min/1.73 m2)

				69±24

				85±16

				45±11

				< 0.0001

		

		
				Admission NIHSS
    Mean (SD)
    Median (IQR)

				 
12±6
11 (7-18)

				 
12±6
12 (7-18)

				 
12±6
11 (7-17.5)

				 
NS

		

		
				Onset to door time (minutes)

				78±44

				81±46

				73±41

				NS

		

		
				Onset to needle time (minutes)

				167±44

				168±43

				165±45

				NS

		

		
				GFR = glomerular filtration rate

		

	

	 

	
		
				Table 2: Stroke outcome after therapy in the study population.

		

		
				 

				Total population

				Patients with GFR < 60 ml/min/1.73m2

				Patients with GFR ≥ 60 ml/min/1.73m2

				p

		

		
				Death 3-month (n (%))

				19 (10)

				11  (9.4)

				8 (10.8)

				NS

		

		
				Survival disability-free (mRS 0-1) (n (%))

				96 (55.8)

				56 ( 52.8)

				40 (60.6)

				NS

		

		
				Survival with mRS < 2 (n (%))

				126 (73.2)

				76 (71.7)

				50 (75.7)

				NS

		

		
				Intracranial hemorrhage (n (%))

				23 (12)

				9 (7.7)

				14 (18.9)

				< 0.05

		

		
				Petechial (n (%))

				5 (2.6)

				2 (1.7)

				3 (4)

				NS

		

		
				Clot (n (%))

				18 (9.4)

				7 (6)

				11 (14.8)

				< 0.05

		

		
				Symptomatic clots (n (%))

				16 (8.4)

				6 (5.1)

				10 (13.5)

				< 0.05

		

		
				Death for hemorrhage (n (%))

				7 (3.7)

				3 (2.6)

				4 (5.4)

				NS
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