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 2 

ABSTRACT 1 

Objective: We aimed to determine whether chronic kidney disease (CKD) is associated with 2 

adverse in-hospital outcomes after acute ischaemic stroke (AIS) and whether this association 3 

is dependent on thrombolysis administration. 4 

Methods: 885,537 records representative of 4,283,086 AIS admissions were extracted from 5 

the US National Inpatient Sample (2005-2015) and categorised into 3 mutually exclusive 6 

groups: no CKD, CKD without end-stage renal disease (ESRD) and ESRD.  Outcomes 7 

(mortality, prolonged hospitalisation >4 days and disability on discharge -derived using 8 

discharge destination as a proxy) were compared between groups using multivariable logistic 9 

regressions. Separate models containing interaction terms with thrombolysis were also 10 

computed.  11 

Results: The median age (interquartile range) of the cohort was 73 (61-83) years and 47.32% 12 

were men. Compared to the no CKD group, both CKD/no ESRD group (odds ratio (99% 13 

confidence interval) = 1.04 (1.0003-1.09), P=0.009) and the ESRD groups (2.06 (1.90-2.25), 14 

P<0.001) had significantly increased odds of in-hospital mortality. Patients with CKD/No 15 

ESRD (1.03 (1.02-1.06), P<0.001) and ESRD (1.44 (1.37-1.51), P<0.001) were at higher 16 

odds of prolonged hospitalisation. Patients with CKD/No ESRD (1.13 (1.10-1.15), P<0.001) 17 

and ESRD (1.34 (1.26-1.41), P<0.001) were also at higher odds of moderate-to-severe 18 

disability on discharge. Interaction terms between thrombolysis and the CKD/ESRD groups 19 

were not statistically significant (P>0.01) for any outcome. 20 

Conclusions: Renal dysfunction was independently associated with worse in-hospital 21 

outcomes in the acute phase of AIS. These associations were not influenced by the use of 22 

thrombolysis as emergency treatment for AIS. CKD/ESRD should not represent sole 23 

contraindications to thrombolysis for AIS.    24 

Keywords: Ischaemic Stroke; Chronic Kidney Disease; Thrombolysis; In-hospital Mortality; 25 
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INTRODUCTION 1 

Chronic kidney disease (CKD) affects more than 20 million Americans, of which over 2 

500,000 have end-stage renal disease (ESRD) 1, while an estimated 795,000 people 3 

experience a new or recurrent stroke every year in the United States, of which an estimated 4 

140,000 are fatal  2. Current American Heart Association/American Stroke Association 5 

(AHA/ASA) guidelines recommend that thrombolysis should be given up to 4.5 hours 6 

following acute ischaemic stroke (AIS) as first line therapy, provided there are no 7 

contraindications 3,4.  Whilst CKD is not currently listed as either an absolute or relative 8 

contraindication for thrombolysis in the AHA/ASA guidelines, Japanese Guidelines from 9 

2012 included “significant renal disorder” as a relative contraindication for thrombolysis 5.  10 

CKD is known to increase the risk of bleeding, raising the question whether caution should 11 

be exercised when undertaking thrombolysis in patients with CKD 6. 12 

While CKD has been previous established as a poor prognostic factor in AIS 7, 13 

previous studies evaluating the association between CKD and thrombolysis outcomes in 14 

patients with AIS have remained equivocal. Observational study findings are conflicting, 15 

with some studies concluding that renal dysfunction should not be a contraindication to 16 

thrombolysis 6,8–10, whilst others reporting the contrary 11–14.  A systematic review including 17 

60,486 AIS patients undergoing thrombolysis concluded that moderate-to-severe CKD was 18 

independently associated with intracranial haemorrhage and worse functional outcomes 15.  19 

Given that the clinical trials assessing the safety of thrombolysis in AIS have provided no 20 

subgroup analyses for renal disease 16–18, it remains unknown whether the association 21 

between CKD and adverse AIS outcomes differs based on thrombolysis administration. 22 

Furthermore, given the uncertainty regarding thrombolysis use in this patient subgroup, the 23 

real-world patterns of thrombolysis use in AIS patients with renal dysfunction remain 24 

unknown. 25 
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In this study, we aimed to determine (1) whether thrombolysis use for AIS was 1 

dependent on the level of renal dysfunction, (2) whether renal dysfunction was associated 2 

with adverse in-hospital outcomes (mortality, prolonged hospitalisation and moderate-to-3 

severe disability on discharge) in this population and (3) whether the associations between 4 

renal dysfunction and adverse in-hospital outcomes were dependent on thrombolysis 5 

administration. 6 

 7 

METHODS 8 

This study was conducted in accordance with the principles of the Declaration of 9 

Helsinki (1975) and later amendments. As the National Inpatient Sample is a publicly 10 

available database with no patient identifiable information, ethical approval was not 11 

necessary for this project. The data that support the findings of this study are available from 12 

the corresponding author upon reasonable request. 13 

 14 

Data Source and Inclusion Criteria 15 

The National Inpatient Sample (NIS) is a large publicly available database 16 

containing >7 million annual hospital admission records. The NIS contains admission records 17 

representing a 20% stratified sample of all community hospital admissions in the United 18 

States in a given timeframe. Hospital sampling strata in the NIS are defined by geographic 19 

regions, hospital location and teaching status, hospital ownership and hospital size19. Each 20 

record sampled in the NIS is assigned a sampling weight which is a measure inversely related 21 

to the probability of each hospital discharge being selected into the sample20,21. Using the 22 

provided sampling weights and information regarding NIS strata, this dataset can be used to 23 

provide national estimates for the sampling population, representative of ~95% of the US 24 

population27,28. Accounting for the complex stratified sample design of the NIS in this 25 
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manner is essential in order to provide accurate and unbiased results, as each record may be 1 

representative of a different number of admissions, depending on its assigned sampling 2 

weight19. Furthermore, this approach ensures equal representation of all sampling strata in 3 

analyses19  4 

Prior to undertaking this project, all authors completed the online HCUP Data Use 5 

Agreement Training Tool. All authors also read and signed the Data Use Agreement for 6 

Nationwide Databases. Using data files containing annual admissions between 2005-2015, 7 

International Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM) 8 

disease codes 433.01, 433.11, 433.21, 433.31, 433.81, 433.91, 434.01, 434.11, 434.91 and 9 

437.1 were used to identify all those admissions with a primary diagnosis of AIS 14,22, after 10 

the exclusion of elective admissions.  11 

Figure 1 details the patient population flowchart: 934,638 records of ischaemic stroke 12 

admissions between January 2005-September 2015 were extracted. After the exclusion of 13 

49,101 records either due to missing data, age <18 years or elective admissions, 885,537 14 

records were included. Elective admissions were excluded to ensure that only admissions 15 

triggered by the acute stroke were included and not follow-up admissions. The svy survey 16 

data commands in Stata were employed in order to account for the complex survey design23. 17 

Strata containing only one sampling unit were identified using the svydescribe command and 18 

subsequently excluded from analyses using the subpop option, as their inclusion precludes 19 

the computation of variance estimates23. After the application of sampling weights as 20 

probability weights and stratifying for NIS stratum and year of admission 24 using the svyset 21 

command23 as well as the exclusion of strata with single sampling units, included records 22 

were used to provide estimates for the population from which they were sampled: 4,283,086 23 

admissions with a primary diagnosis of AIS. 24 

 25 
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Definition of Exposure, Grouping Variables, Confounders and Outcomes 1 

Thrombolysis was defined using the procedural ICD-9 code 99.10. The included 2 

patient population was divided into three mutually exclusive groups: no CKD, CKD/no 3 

ESRD and ESRD. CKD was identified using ICD-9-CM codes 585.1, 585.3, 585.4, 585.5, 4 

585.6 and 585.9, while ESRD was identified using the ICD-9-CM code 585.6.  Patients with 5 

code 585.9 (Chronic Kidney Disease, unspecified) who also had ICD-9-CM codes for 6 

haemodialysis (39.95) or peritoneal dialysis (54.98) and did not have an Acute Kidney Injury 7 

(AKI) (584.5, 584.6, 584.7, 584.8 and 584.9) were also assigned to the ESRD group.  All 8 

other patients from the “CKD, unspecified group” (585.9) were assigned to the CKD/no 9 

ESRD group. This method of patient selection has been used previously to accurately identify 10 

those patients with CKD and ESRD 25,26. Comorbidities were determined using the HCUP 11 

Elixhauser comorbidity software 27 or using the ICD-9-CM codes detailed in Supplementary 12 

Table 1 and represent diagnoses assigned before or during the index acute ischaemic stroke 13 

hospitalisation. 14 

The primary outcome of interest was all-cause in-hospital mortality.  Secondary 15 

outcomes were length of hospital stay (LOS) greater than or equal to the median (4 days) and 16 

moderate-to-severe disability on discharge. The NIS discharge destination was employed as a 17 

proxy for discharge disability, using an approach that has been previously validated 28. 18 

Briefly, all patients who died in hospital (n=206,893), those who were discharged alive to an 19 

unknown destination (n=4381) and those who were discharged against medical advice (n= 20 

30,667 patients) were excluded and the discharge disability was dichotomised based on the 21 

discharge destination of the remainder, comprising of ~94.4% of the included sample. Thus, 22 

routine discharge was equated to none-or-minimal disability, whilst a moderate-to-severe 23 

disability status was assigned to all other discharge statuses: ‘home health care’, ‘short-term 24 

hospital’ and ‘other facilities including intermediate care and skilled nursing home’. This 25 
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method has previously shown that discharge to a rehabilitation facility or nursing home to 1 

have a positive predictive value of 89% for a modified Rankin scale score of 2-6 at 3 months 2 

poststroke 28. 3 

Intracranial haemorrhage (ICH) was defined using the ICD-9 comorbidity codes 430, 4 

431, 432.0, 432.1; and 432.9 and was employed as outcome in secondary analyses including 5 

only AIS patients undergoing thrombolysis. While the ICD-9 comorbidity codes used in NIS 6 

do not allow differentiation between comorbidity diagnoses and in-hospital complications, it 7 

is reasonable to assume that the vast majority of ICH diagnoses recorded in patients 8 

undergoing thrombolysis most likely occurred during the index admission given that previous 9 

ICH is an absolute contraindication to thrombolytic therapy4. 10 

 11 

Statistical Analysis 12 

Data were analysed using Stata 15.1 SE (StataCorp. 2017. Stata Statistical Software: 13 

Release 15. College Station, TX: StataCorp LLC). All analyses were performed according to 14 

the Healthcare Cost and Utilisation Project (HCUP) guidelines 29, utilising the provided 15 

discharge weights as probability weights and survey data analysis techniques stratifying by 16 

NIS stratum and year of admission 24 in order to account for patient clustering within 17 

hospitals and produce US-wide estimates 30. Given the large sample size, a 1% threshold for 18 

statistical significance (P <0.01) was used in all analyses to minimise the type I error rate. 19 

 20 

Descriptive Statistics 21 

The Pearson χ2 test, the independent sample t-test and the Mann-Whitney U tests 22 

were used to compare differences between patients receiving thrombolysis and those who did 23 

not amongst each group of renal dysfunction, for categorical, normally distributed continuous 24 

and non-normally distributed continuous variables, respectively. Whether a continuous 25 
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variable was normally distributed was ascertained by visual inspection of the corresponding 1 

histogram. The yearly (2005-2015) rates of thrombolysis usage were computed for each level 2 

of renal dysfunction. 3 

 4 

Associations between renal dysfunction and receipt of thrombolysis 5 

 Multivariable logistic regressions were performed modelling the association between 6 

the levels of renal dysfunction and the odds of receiving IVT or ET therapy, using the no 7 

CKD group as a reference category. The models were adjusted for the covariates listed 8 

below. 9 

 10 

Associations between renal dysfunction and adverse outcomes as a function of receipt of 11 

thrombolysis 12 

Multivariable logistic regressions were performed modelling the associations between 13 

the level of renal dysfunction (no CKD – reference; CKD/no ESRD; ESRD) and in-hospital 14 

outcomes. Separate models containing an interaction term between the level of renal 15 

dysfunction and receipt of thrombolytic therapy were constructed in order to ascertain 16 

whether the relationship between renal dysfunction and in-hospital outcomes varies 17 

depending on receipt of thrombolysis. All models were adjusted for the covariates listed 18 

below. 19 

 20 

Association between renal dysfunction and intracranial haemorrhage in patients receiving 21 

thrombolysis 22 

 A further multivariable logistic regression model was employed to analyse the 23 

association between renal dysfunction (no CKD – reference; CKD/no ESRD; ESRD) and 24 

intracranial haemorrhage amongst AIS patients receiving thrombolysis.  25 
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 1 

Post-hoc analyses 2 

 Given the observed increases in thrombolysis use with time, a secondary post-hoc 3 

analysis was performed in order to explore any differences in the associations between renal 4 

dysfunction and adverse in-hospital outcomes with time. Similarly, given the marked 5 

differences in thrombolysis use by hospital location and teaching status, a post-hoc analysis 6 

was also performed to explore differences the associations between renal dysfunction and 7 

adverse in-hospital outcomes with hospital location and teaching status. Separate 8 

multivariable logistic regressions were therefore performed adding interaction terms between 9 

the levels of renal dysfunction and (i) a variable indicating whether an admission occurred 10 

either before 2011 or from 2011 onwards as well as (ii) the hospital location/status (urban 11 

teaching vs. urban nonteaching vs. rural). 12 

 13 

Adjusting co-variates 14 

 All models were adjusted for age, sex, ethnicity, hospital region, location and 15 

teaching status and a wide range of comorbidities. These included the Elixhauser 16 

comorbidities (HIV/AIDS, alcohol abuse, deficiency anaemia, collagen vascular disease, 17 

chronic blood loss anaemia, congestive heart failure, chronic pulmonary disease, 18 

coagulopathy, depression, diabetes mellitus, drug abuse, hypertension, hypothyroidism, liver 19 

disease, lymphoma, fluid and electrolyte disorders, metastatic cancer, other neurological 20 

disorders, obesity, paralysis, peripheral vascular disease, psychosis, pulmonary circulation 21 

disorders, solid tumour without metastasis, peptic ulcer disease, valvular disease, weight loss) 22 

as well as additional comorbidities which were considered important confounders of the 23 

relationship between renal disease and stroke in-hospital outcomes (atrial fibrillation, 24 

previous stroke, coronary heart disease, smoking, dyslipidaemia and dementia). The 25 
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Elixhauser comorbidity index is a well-established list of important predictors of in-hospital 1 

outcomes and has been developed31 and validated32 on large administrative datasets, 2 

including the NIS33. Adjusting variables other than Elixhauser comorbidities were identified 3 

as potential confounders based on previous literature12,22,34 and clinical judgement.   4 

 5 

RESULTS 6 

Descriptive Statistics 7 

A total sample representative of 4,283,086 AIS admissions was included in the study: 8 

47.32% were men, with a median (inter-quartile range) age of 73 (61-83) years.  There were 9 

3,755,784 (87.69%) admissions with no CKD, 452,802 (10.57%) admissions with CKD but 10 

no ESRD, and 74,499 (1.74%) admissions with ESRD. Table 1 and Supplementary Table 2 11 

show the baseline characteristics and outcome measures of the entire cohort, stratified by 12 

receipt of thrombolysis and level of renal dysfunction.  There were fewer patients receiving 13 

thrombolysis treatment with increasing severity of renal dysfunction: 5.36% for no CKD, 14 

4.91% for CKD/no ESRD and 3.70% for ESRD.  Patients receiving thrombolysis had a 15 

significantly lower proportion of female patients than those not receiving thrombolysis 16 

amongst the no CKD group (50.44% versus 53.53%, P<0.001), but not amongst the CKD/no 17 

ESRD (45.91% versus 46.82%, P=0.233) or ESRD group (52.30% versus 54.53%, P=0.307). 18 

A significantly higher proportion of white patients received thrombolysis across all levels of 19 

renal dysfunction: 64.93% versus 61.10%, P<0.001 amongst the no CKD group, 63.24% 20 

versus 59.10%, P<0.001 amongst the CKD/no ESRD group and 45.15% versus 39.42%, 21 

P=0.005 amongst the ESRD group. The proportion of patients with hypertension (78.28% for 22 

no CKD, 91.87% for CKD/no ESRD and 95.50% for ESRD), diabetes mellitus (28.02% for 23 

no CKD, 32.30% for CKD/no ESRD and 32.79% for ESRD), congestive heart failure 24 

(12.18% for no CKD, 28.21% for CKD/no ESRD and 29.61% for ESRD) and coagulopathy 25 
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(2.62% for no CKD, 4.50% for CKD/no ESRD and 6.33% for ESRD) increased with 1 

declining renal function.  The percentage of patients that were current smokers (16.66% for 2 

no CKD, 10.24% for CKD/no ESRD and 7.32% for ESRD) decreased with declining renal 3 

function.  The groups receiving thrombolysis had higher prevalence of atrial fibrillation than 4 

the groups not receiving thrombolysis, across all levels of renal function: 31.81% versus 5 

22.13% for no CKD, 42.45% versus 29.49% for CKD/no ESRD and 33.89% versus 21.71% 6 

for ESRD. The groups receiving thrombolysis had a higher proportion of patients treated at 7 

urban teaching hospitals than the groups not receiving thrombolysis, across all levels of renal 8 

function: 63.98% versus 47.24% for no CKD, 63.48% versus 49.48% for CKD/no ESRD and 9 

69.096% versus 52.56% for ESRD.  10 

Figure 2 details the yearly trends in thrombolysis use between 2005-2015, stratified 11 

by level of renal dysfunction.  Since 2005, thrombolysis use has increased from 1.96% (99% 12 

CI 1.58-2.43) to 8.54% (99% CI 8.17-8.93) in 2014 in the no CKD group.  Over the same 13 

time frame, thrombolysis use has increased from 2.40% (99% CI 1.37-4.17) to 7.11% (99% 14 

CI 6.45-7.83) in the CKD/no ESRD group and from 2.94% (99% CI 1.24-6.84) to 5.34% 15 

(99% CI 3.94-7.21) in the ESRD group. 16 

Association between renal dysfunction and odds of receiving thrombolysis 17 

 Supplementary Table 3 details the adjusted odds of receiving thrombolysis treatment 18 

stratified by level of renal dysfunction.  Compared to the no CKD group, CKD/no ESRD was 19 

not significantly associated with the odds of receiving thrombolysis: OR (99% CI) = 1.01 20 

(0.95-1.06). Nevertheless, ESRD was associated with significantly decreased odds of 21 

receiving thrombolysis: 0.81 (0.70-0.94).  22 

 23 

Association between thrombolysis and adverse outcomes as a function of renal 24 

dysfunction 25 
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Table 2 details the adjusted odds ratios underlying the association between renal 1 

dysfunction and the outcome measures. Compared to the no CKD group, both CKD/no 2 

ESRD group (1.04 (1.0003-1.09)) and the ESRD groups (2.06 (1.90-2.25)) had significantly 3 

increased odds of in-hospital mortality. Similarly, patients with CKD/No ESRD (1.03 (1.02-4 

1.06)) and ESRD (1.44 (1.37-1.51)) were at higher odds of prolonged hospitalisation. Finally, 5 

patients with CKD/No ESRD (1.13 (1.10-1.15)) and ESRD (1.34 (1.26-1.41)) were also at 6 

higher odds of moderate-to-severe disability on discharge. Table 3 details the separate models 7 

containing interaction terms between thrombolysis treatment and the level of renal 8 

dysfunction, which revealed that these associations were independent of receipt of 9 

thrombolysis. 10 

 11 

Association between renal dysfunction and intracranial haemorrhage in patients 12 

receiving thrombolysis 13 

 Table 4 details the associations between renal dysfunction and ICH amongst patients 14 

receiving thrombolysis. The number of ICH events was 18,028 (8.95%) in those with no 15 

CKD, 2218 (9.97%) in those with CKD/no ESRD and 233 (8.47%) in those with ESRD. The 16 

logistic regression models revealed no statistically significant differences in this outcome 17 

between the different levels of renal dysfunction upon confounder adjustment.  18 

 19 

Post-hoc analyses 20 

 Supplementary Tables 4 and 5 detail the results of the secondary post-hoc analyses. 21 

There were no significant interactions between renal dysfunction and either (i) year of 22 

admission (before 2011 vs. 2011 onwards) or (ii) the hospital location/status and the 23 

association in terms of adverse in-hospital outcomes.   24 
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DISCUSSION 1 

In this study including a sample representative of ~4.3 million AIS admissions 2 

between 2005-2015, we determined that while compared to the no CKD group, CKD without 3 

ESRD was not associated with decreased odds of receiving thrombolysis for AIS, ESRD was 4 

associated with 19% lower odds of receiving thrombolysis. Furthermore, our analyses also 5 

showed that CKD was associated with increased odds of in-hospital mortality, prolonged 6 

hospitalisation and moderate-to-severe disability on discharge. Patients with ESRD were at 7 

even higher odds of all adverse in-hospital outcomes than those with CKD without ESRD. 8 

Our results nevertheless show that thrombolysis was not associated with any increases in the 9 

CKD/ESRD-associated excess odds of adverse outcomes. Furthermore, we found no 10 

association between the different levels of renal dysfunction and intracranial haemorrhage in 11 

AIS patients undergoing thrombolysis.  12 

The results of our study are consistent with previous literature highlighting the 13 

association between CKD and adverse AIS in-hospital outcomes 7.  Furthermore, our results 14 

highlight that CKD patients without ESRD exhibited relatively small increases (4-13%) in 15 

the odds of adverse outcomes, while ESRD was associated with higher increases (34-106%), 16 

consistent with the previously reported dose-response relationship between decreasing 17 

glomerular filtration rate and adverse AIS outcomes 7. In terms of thrombolysis for AIS, 18 

previous investigations found that CKD was associated with adverse outcomes amongst AIS 19 

patients receiving thrombolysis 11–13,22,35,36, thus highlighting CKD as a potential 20 

contraindication to thrombolysis for stroke. Nevertheless, other investigations have not found 21 

an association between CKD and adverse AIS outcomes, including intracranial haemorrhage, 22 

in patients undergoing thrombolysis 6,8–10. Including a large, representative sample of AIS 23 

patients across the United States, our study brings further clarification to these conflicting 24 

results. Our results underline for the first time that the association between CKD, ESRD and 25 
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adverse AIS outcomes does not differ based on whether thrombolytic therapy was 1 

administered, suggesting that the safety of thrombolysis treatment remains constant across 2 

levels of renal dysfunction. Furthermore, in a secondary analysis only including AIS patients 3 

undergoing thrombolysis, we found no association between renal dysfunction and intracranial 4 

haemorrhage, an important acute complication of thrombolytic therapy. 5 

The conflicting evidence regarding thrombolysis use in CKD, accompanied by 6 

divided expert opinion 37,38, may also result in lower overall utilisation of thrombolysis in 7 

AIS patients with renal dysfunction. Our results highlight that in the United States, patients 8 

with CKD and ESRD had lower raw rates of thrombolysis than those without CKD, trend 9 

which persisted despite the constant yearly increase in thrombolysis utilisation between 2005 10 

and 2015. Nevertheless, our multivariable analyses adjusting for a wide range of confounders 11 

including age, sex, ethnicity and a wide range of comorbidities, showed that CKD without 12 

ESRD was not independently associated with lower odds of receiving thrombolysis for AIS, 13 

while ESRD was associated with 19% lower odds of receiving thrombolysis.  14 

Our study is powered by several strengths such as including a large sample 15 

representative of ~4.3 million AIS admissions across the United States between 2005 and 16 

2015. Thus, the results of our study may have several implications for clinical practice. Our 17 

results suggest that whilst CKD and ESRD were associated with increased odds of in-hospital 18 

mortality, prolonged hospitalisation and increased disability on discharge, these associations 19 

were not influenced by thrombolysis use. Therefore, our study suggests that renal dysfunction 20 

should not represent a contraindication to emergency thrombolytic therapy for AIS in itself. 21 

Furthermore, these results further underline that patients with renal dysfunction, especially 22 

those with end-stage disease, are at significantly higher odds of mortality and complications 23 

in the acute phase of AIS. These results not only warrant caution in the acute management of 24 
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AIS in patients with renal dysfunction, but also highlight the importance of appropriate stroke 1 

prevention in this particularly vulnerable patient population.   2 

These clinical implications should nevertheless be interpreted in the light of the 3 

limitations of our study. As a study of administrative data, we based the ascertainment of 4 

CKD/ESRD, comorbidities and thrombolysis on ICD-9 codes. Furthermore, we lacked data 5 

quantifying stroke severity, such as the National Institutes of Health Stroke Scale, and we 6 

were thus unable to stratify our analyses by stroke severity. We were also unable to evaluate 7 

any changes in neurological disability associated with thrombolysis in patients with renal 8 

dysfunction. However, we used the patient discharge destination (discharges to ‘home health 9 

care’, ‘short-term hospital’ and ‘other facilities including intermediate care and skilled 10 

nursing home’) as a proxy for moderate-to-severity disability on discharge, which has been 11 

previously validated 28. Nevertheless, this approach may bias the results as the discharge 12 

destination in the US setting is also dependent on health insurance status and not only clinical 13 

need. Furthermore, given the administrative nature of our data source, it was not possible to 14 

establish the temporal relationship between bleeding events coded using ICD-9 codes and the 15 

incident AIS event. Nevertheless, given that previous ICH is an absolute contraindication to 16 

thrombolytic therapy, we performed a secondary analysis of ICH events post-thrombolysis 17 

assuming that the majority of AIS patients receiving thrombolysis would not have a history 18 

of ICH. The results of this analysis should therefore be interpreted in the light of this 19 

assumption and further research ascertaining ICH occurring only after the index AIS event is 20 

needed in order to further clarify the relationship between renal dysfunction and this 21 

outcome. We also lacked laboratory data quantifying renal dysfunction, such as creatinine 22 

clearance or the estimated glomerular filtration rate. Nevertheless, we employed ICD-9 codes 23 

to classify admissions into 3 mutually exclusive categories: no CKD, CKD without ESRD 24 

and ESRD, as previously described 25,26. We were thus able to draw differentiate between 25 
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admissions with ESRD and those with less severe CKD in all our analyses. Finally, our 1 

administrative data source did not provide any information on certain contraindications to 2 

thrombolysis such as time from stroke onset to first medical contact, blood pressure on 3 

admission and laboratory data such as platelet count or coagulation studies. We were thus 4 

unable to determine whether the reduced odds of receiving thrombolysis associated with 5 

ESRD were driven by a higher prevalence of such contraindications amongst this group.  6 

In conclusion, in this study of real-world data representative of ~95% of AIS 7 

admissions in the United States between 2005-2015, renal dysfunction was independently 8 

associated with higher in-hospital mortality, prolonged hospitalisation and moderate-to-9 

severe disability on discharge in the acute phase of AIS. These associations were not 10 

influenced by the use of thrombolysis as emergency treatment for AIS, thus suggesting that 11 

previous findings of increases in the risk of adverse outcomes after thrombolysis in patients 12 

with CKD/ESRD were mainly driven by renal dysfunction and were comparable to those 13 

recorded amongst their counterparts not undergoing thrombolysis. In conjunction with 14 

previous findings suggesting that the higher rates of  haemorrhagic complications recorded in 15 

patients with renal dysfunction after thrombolysis were driven by non-CKD related factors 9, 16 

the results of this study suggest that renal dysfunction in itself should not represent a 17 

contraindication to thrombolysis for AIS.   18 

  19 
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TABLES 1 
 2 
 3 
Table 1. Baseline characteristics and outcomes of AIS patients receiving/not receiving thrombolysis, stratified by level of renal dysfunction. 4 
Further descriptive statistics are detailed in Supplementary Table 2. 5 
 6 

 No CKD CKD/No ESRD ESRD 
 No IVT IVT P value No IVT IVT P value No IVT IVT P value 
N 3554367 201417  430548 22254  71743 2757  
Age, median (IQR) †  70.00 (58.00-

81.00) 
72.00 
(60.00-
82.00) 

<0.001 78.00 (69.00-
86.00) 

77.00 
(67.00-
85.00) 

<0.001 69.00 (59.00-
78.00) 

68.00 
(58.00-
77.00) 

0.078 

Length-of-stay, 
median (IQR) † 

4.00 (3.00-
7.00) 

4.00 (2.00-
6.00) 

<0.001 5.00 (3.00-
8.00) 

4.00 (3.00-
7.00) 

<0.001 7.00 (4.00-
11.00) 

5.00 (3.00-
9.00) 

<0.001 

Sex 
Female, N (%)‡ 

1902492 
(53.53) 

101601 
(50.44) 

<0.001 201573 
(46.82) 

10217 
(45.91) 

0.233 39124 (54.53) 1442 
(52.30) 

0.307 

Ethnicity ‡   <0.001   <0.001   0.005 
White 2171771 

(61.10) 
130770 
(64.93) 

 254440 
(59.10) 

14073 
(63.24) 

 28278 (39.42) 1245 
(45.15) 

 

Black 476284 
(13.40) 

24653 
(12.24) 

 82799 (19.23) 3566 
(16.02) 

 21769 (30.34) 820 (29.74)  

Hispanic 228607 (6.43) 13532 
(6.72) 

 26227 (6.09) 1224 (5.50)  8799 (12.26) 366 (13.26)  

Asian or Pacific Islander 79531 (2.24) 5070 (2.52)  11207 (2.60) 744 (3.34)  2422 (3.38) 79 (2.88)  
Native American 14565 (0.41) 602 (0.30)  1603 (0.37) 84 (0.38)  619 (0.86) <11  
Other 77518 (2.18) 5529 (2.75)  8585 (1.99) 580 (2.60)  1468 (2.05) 55 (2.01)  

Comorbidities ‡          
Congestive heart failure 429186 

(12.07) 
28305 
(14.05) 

<0.001 120089 
(27.89) 

7639 
(34.32) 

<0.001 21127 (29.45) 933 (33.83) 0.028 

Chronic Pulmonary 
Disease 

515690 
(14.51) 

28983 
(14.39) 

0.523 78057 (18.13) 4129 
(18.55) 

0.472 11593 (16.16) 488 (17.69) 0.346 
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Diabetes Mellitus, 
Uncomplicated 

1004763 
(28.27) 

47538 
(23.60) 

<0.001 139424 
(32.38) 

6819 
(30.64) 

0.015 23582 (32.87) 850 (30.85) 0.306 

Diabetes Mellitus, 
Chronic Complications 

155582 (4.38) 5451 (2.71) <0.001 68198 (15.84) 2749 
(12.35) 

<0.001 22456 (31.30) 782 (28.36) 0.138 

Hypertension 2785066 
(78.36) 

155103 
(77.01) 

<0.001 395230 
(91.80) 

20742 
(93.21) 

<0.001 68466 (95.43) 2678 
(97.17) 

0.050 

Liver Disease 36920 (1.04) 1882 (0.93) 0.044 6310 (1.47) 293 (1.31) 0.414 1854 (2.58) 64 (2.33) 0.702 
Metastatic Cancer 53273 (1.50) 1507 (0.75) <0.001 5075 (1.18) 201 (0.90) 0.095 571 (0.80) 28 (1.02) 0.555 
Peripheral Vascular 
Disease 

289670 (8.15) 16011 
(7.95) 

0.166 62305 (14.47) 3164 
(14.22) 

0.648 12637 (17.61) 437 (15.84) 0.269 

Solid Tumour (without 
metastasis) 

60175 (1.69) 2739 (1.36) <0.001 8438 (1.96) 322 (1.45) 0.017 877 (1.22) 20 (0.74) 0.310 

Valvular Disease 346070 (9.74) 21152 
(10.50) 

<0.001 56180 (13.05) 3216 
(14.45) 

0.007 7969 (11.11) 307 (11.15) 0.975 

Atrial Fibrillation 786723 
(22.13) 

64062 
(31.81) 

<0.001 126988 
(29.49) 

9447 
(42.45) 

<0.001 15572 (21.71) 934 (33.89) <0.001 

Previous stroke 316791 (8.91) 19227 
(9.55) 

<0.001 55461 (12.88) 2630 
(11.82) 

0.042 6722 (9.37) 253 (9.19) 0.890 

Coronary Heart Disease 864809 
(24.33) 

51025 
(25.33) 

<0.001 163496 
(37.97) 

8999 
(40.44) 

<0.001 27197 (37.91) 1156 
(41.94) 

0.049 

Smoking 589646 
(16.59) 

36044 
(17.90) 

<0.001 44143 (10.25) 2216 (9.96) 0.526 5237 (7.30) 219 (7.95) 0.556 

Dyslipidaemia 1730383 
(48.68) 

104613 
(51.94) 

<0.001 236190 
(54.86) 

13000 
(58.42) 

<0.001 28513 (39.74) 1134 
(41.16) 

0.516 

Outcomes, N (%)‡          
In-hospital mortality 159265 (4.48) 16160 

(8.02) 
<0.001 22843 (5.31) 2361 

(10.61) 
<0.001 5899 (8.22) 365 (13.23) <0.001 

Length-of-stay >4 days 1331502 
(37.46) 

99953 
(49.63) 

<0.001 193216 
(44.88) 

12482 
(56.09) 

<0.001 41104 (57.29) 1924 
(69.81) 

<0.001 

Moderate-to-severe 
disability on discharge 

2047841 
(60.86) 

119378 
(65.01) 

<0.001 291493 
(71.91) 

15134 
(76.52) 

<0.001 46417 (71.37) 1788 
(75.41) 

0.049 

 1 
 2 
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CKD – Chronic Kidney Disease; ESRD – End Stage Renal Disease; IVT – intravenous thrombolysis, SD – Standard Deviation; IQR – 1 
Interquartile Range; Statistically significant differences (P <0.01) highlighted in bold. 2 
 3 
† The Mann-Whitney U test was used to compare differences between patients receiving thrombolysis and those who did not amongst each 4 
group of renal dysfunction for this variable. 5 
 6 
‡ The Pearson χ2 test was used to compare differences between patients receiving thrombolysis and those who did not amongst each group of 7 
renal dysfunction for this variable.8 
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Table 2. Results of multivariable logistic regressions evaluating the association between levels of renal dysfunction and adverse acute ischaemic 1 
stroke in-hospital outcomes. 2 
 3 

 4 
Models adjusted for age, sex, ethnicity, hospital region, location and teaching status and a wide range of comorbidities (HIV/AIDS, alcohol 5 
abuse, deficiency anaemia, collagen vascular disease, chronic blood loss anaemia, congestive heart failure, chronic pulmonary disease, 6 
coagulopathy, depression, diabetes mellitus, drug abuse, hypertension, hypothyroidism, liver disease, lymphoma, fluid and electrolyte disorders, 7 
metastatic cancer, other neurological disorders, obesity, paralysis, peripheral vascular disease, psychosis, pulmonary circulation disorders, solid 8 
tumour without metastasis, peptic ulcer disease, valvular disease, weight loss, atrial fibrillation, previous stroke, coronary heart disease, 9 
smoking, dyslipidaemia and dementia). 10 
 11 
OR – Odds Ratio; CI – Confidence Interval; 12 
 13 
Statistically significant differences (P <0.01) highlighted in bold. 14 
  15 

 
In-hospital mortality Prolonged hospitalisation Moderate-to-severe  

disability on discharge 

OR (99% CI) P value OR (99% CI) P value OR (99% CI) P value 

No CKD  
(n= 3,755,784) Reference - Reference - Reference - 

CKD/No ESRD 
(n= 452,802) 1.04 (1.0003-1.09) 0.009 1.03 (1.02-1.06) <0.001 1.13 (1.10-1.15) <0.001 

ESRD 
(n= 74,499) 2.06 (1.90-2.25) <0.001 1.44 (1.37-1.51) <0.001 1.34 (1.26-1.41) <0.001 
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Table 3. Results of multivariable logistic regressions evaluating the association between levels of renal dysfunction and adverse acute ischaemic 1 
stroke in-hospital outcomes including interaction terms with use of thrombolysis. 2 
 3 

 4 
Models adjusted for age, sex, ethnicity, hospital region, location and teaching status and a wide range of comorbidities (HIV/AIDS, alcohol 5 
abuse, deficiency anaemia, collagen vascular disease, chronic blood loss anaemia, congestive heart failure, chronic pulmonary disease, 6 
coagulopathy, depression, diabetes mellitus, drug abuse, hypertension, hypothyroidism, liver disease, lymphoma, fluid and electrolyte disorders, 7 
metastatic cancer, other neurological disorders, obesity, paralysis, peripheral vascular disease, psychosis, pulmonary circulation disorders, solid 8 
tumour without metastasis, peptic ulcer disease, valvular disease, weight loss, atrial fibrillation, previous stroke, coronary heart disease, 9 
smoking, dyslipidaemia and dementia). 10 
 11 
OR – Odds Ratio; CI – Confidence Interval; 12 
 13 

 

In-hospital mortality Prolonged hospitalisation Moderate-to-severe 
disability on discharge 

OR (99% CI) P value OR (99% CI) P value OR (99% CI) P value 

No CKD 
(n= 3,755,784) Reference - Reference - Reference - 

CKD/No ESRD 
(n= 452,802) 1.04 (0.99-1.09) 0.020 1.04 (1.02-1.07) <0.001 1.13 (1.10-1.16) <0.001 

Interaction term: 
Thrombolysis use 1.02 (0.88-1.19) 0.701 0.91 (0.82-1.00) 0.010 0.91 (0.81-1.02) 0.028 

ESRD 
(n= 74,499) 2.09 (1.91-2.28) <0.001 1.43 (1.36-1.51) <0.001 1.34 (1.26-1.42) <0.001 

Interaction term: 
Thrombolysis use 0.84 (0.59-1.21) 0.223 1.12 (0.84-1.47) 0.328 0.95 (0.69-1.30) 0.647 
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Statistically significant differences (P <0.01) highlighted in bold.Table 4.  Results of multivariable logistic regressions evaluating the 1 
association between levels of renal dysfunction and intracranial haemorrhage amongst acute ischaemic stroke patients undergoing thrombolysis. 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
*defined using ICD-9 comorbidity codes 430; 431; 432.0; 432.1; 432.9. While the ICD-9 comorbidity codes used in the National Inpatient 17 
Sample do not allow differentiation between comorbidity diagnoses and in-hospital complications, this model assumes that ICH diagnoses 18 
recorded in patients undergoing thrombolysis occurred during the index admission as a complication of thrombolysis given that previous 19 
intracranial haemorrhage (ICH) is an absolute contraindication to thrombolytic therapy. 20 
 21 
Models adjusted for age, sex, ethnicity, hospital region, location and teaching status and a wide range of comorbidities (HIV/AIDS, alcohol 22 
abuse, deficiency anaemia, collagen vascular disease, chronic blood loss anaemia, congestive heart failure, chronic pulmonary disease, 23 
coagulopathy, depression, diabetes mellitus, drug abuse, hypertension, hypothyroidism, liver disease, lymphoma, fluid and electrolyte disorders, 24 
metastatic cancer, other neurological disorders, obesity, paralysis, peripheral vascular disease, psychosis, pulmonary circulation disorders, solid 25 
tumour without metastasis, peptic ulcer disease, valvular disease, weight loss, atrial fibrillation, previous stroke, coronary heart disease, 26 
smoking, dyslipidaemia and dementia). 27 
 28 
ICH – intracranial haemorrhage; OR – Odds Ratio; CI – Confidence Interval; 29 

AIS admissions undergoing thrombolysis 
 ICH* events 

N (%) OR (99% CI) P value 

No CKD  
(n=201,417) 18,028 (8.95) Reference - 

CKD/No ESRD 
(n=22,254) 22,254 (9.97) 0.93 (0.80-1.08) 0.215 

ESRD 
(n=2757) 233 (8.47) 0.88 (0.57-1.35) 0.430 
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FIGURE LEGENDS 1 
 2 
Figure 1. Patient population flowchart. 3 
 4 
Figure 2. Yearly trends in thrombolysis use in acute ischaemic stroke patients included in the 5 
National Inpatient Sample between 2005-2015 over time, stratified by renal function.   6 
 7 
CKD – Chronic Kidney Disease; ESRD – End Stage Renal Disease; 8 
 9 
 10 



Supplementary Material 

 

Supplementary Tables 

Supplementary Table 1. International Classification of Disease – ninth edition (ICD9) codes 
used to extract co-morbidities, procedures and in-hospital outcomes. 

Comorbidities ICD 9 codes (Diagnosis) 

Atrial Fibrillation 427.31; 427.32 

Previous cerebrovascular 
disease 

V125.4 

Coronary Heart Disease 411.1; 411.81; 411.89; 412; 413.1; 
413.9; 414.00; 414.01; 414.02; 
414.04; 414.05; 414.8; 414.9 

Smoking 305.1; V158.2 

Dyslipidaemia 272.0; 272.1; 272.2; 272.4 

Dementia 290.0; 290.10; 290.40; 290.41; 
290.42; 290.43; 290.9; 294.10; 
294.11; 294.20; 294.21; 331.0; 
331.19; 331.2; 331.82 

Outcomes  

Intracranial haemorrhage 430; 431; 432.0; 432.1; 432.9; 

Procedures ICD 9 codes (Procedural) 

Thrombolysis 99.10 

 

ICD 9 - International Classification of Disease – ninth edition



Supplementary Table 2. Baseline characteristics and outcomes of AIS patients receiving/not receiving thrombolysis, stratified by level of renal 
dysfunction. 

 No CKD CKD/No ESRD ESRD 
 No IVT IVT P value No IVT IVT P value No IVT IVT P value 
N 3554367 201417  430548 22254  71743 2757  
Age, median (IQR) 70.00 (58.00-

81.00) 
72.00 
(60.00-
82.00) 

<0.001 78.00 (69.00-
86.00) 

77.00 
(67.00-
85.00) 

<0.001 69.00 (59.00-
78.00) 

68.00 
(58.00-
77.00) 

0.078 

Length-of-stay, 
median (IQR) 

4.00 (3.00-
7.00) 

4.00 (2.00-
6.00) 

<0.001 5.00 (3.00-
8.00) 

4.00 (3.00-
7.00) 

<0.001 7.00 (4.00-
11.00) 

5.00 (3.00-
9.00) 

<0.001 

Sex 
Female, N (%) 

1902492 
(53.53) 

101601 
(50.44) 

<0.001 201573 
(46.82) 

10217 
(45.91) 

0.233 39124 (54.53) 1442 
(52.30) 

0.307 

Ethnicity   <0.001   <0.001   0.005 
White 2171771 

(61.10) 
130770 
(64.93) 

 254440 
(59.10) 

14073 
(63.24) 

 28278 (39.42) 1245 
(45.15) 

 

Black 476284 
(13.40) 

24653 
(12.24) 

 82799 (19.23) 3566 
(16.02) 

 21769 (30.34) 820 (29.74)  

Hispanic 228607 (6.43) 13532 
(6.72) 

 26227 (6.09) 1224 (5.50)  8799 (12.26) 366 (13.26)  

Asian or Pacific Islander 79531 (2.24) 5070 (2.52)  11207 (2.60) 744 (3.34)  2422 (3.38) 79 (2.88)  
Native American 14565 (0.41) 602 (0.30)  1603 (0.37) 84 (0.38)  619 (0.86) <11  
Other 77518 (2.18) 5529 (2.75)  8585 (1.99) 580 (2.60)  1468 (2.05) 55 (2.01)  

Elixhauser 
Comorbidities 

         

HIV/AIDS 6332 (0.18) 273 (0.14) 0.044 897 (0.21) 65 (0.29) 0.239 370 (0.52) <11 0.273 
Alcohol abuse 149622 (4.21) 9179 (4.56) <0.001 10677 (2.48) 526 (2.37) 0.624 768 (1.07) 45 (1.62) 0.222 
Deficiency anaemia 330090 (9.29) 19326 

(9.60) 
0.059 107698 

(25.01) 
5492 
(24.68) 

0.615 35324 (49.24) 1480 
(53.68) 

0.042 

Rheumatoid arthritis/ 
Collagen vascular disease 

85050 (2.39) 4883 (2.42) 0.695 11968 (2.78) 661 (2.97) 0.447 1648 (2.30) 81 (2.94) 0.321 



Chronic blood loss 
anaemia 

14120 (0.40) 726 (0.36) .246 2864 (0.67) 139 (0.62) .743 419 (0.58) 11 (0.39) .56400
000000
00001 

Congestive heart failure 429186 
(12.07) 

28305 
(14.05) 

<0.001 120089 
(27.89) 

7639 
(34.32) 

<0.001 21127 (29.45) 933 (33.83) 0.028 

Chronic Pulmonary 
Disease 

515690 
(14.51) 

28983 
(14.39) 

0.523 78057 (18.13) 4129 
(18.55) 

0.472 11593 (16.16) 488 (17.69) 0.346 

Coagulopathy 91964 (2.59) 6467 (3.21) <0.001 19068 (4.43) 1289 (5.79) <0.001 4554 (6.35) 161 (5.82) 0.615 
Depression 340220 (9.57) 18145 

(9.01) 
<0.001 42476 (9.87) 2000 (8.99) 0.053 6475 (9.02) 208 (7.55) 0.229 

Diabetes Mellitus, 
Uncomplicated 

1004763 
(28.27) 

47538 
(23.60) 

<0.001 139424 
(32.38) 

6819 
(30.64) 

0.015 23582 (32.87) 850 (30.85) 0.306 

Diabetes Mellitus, 
Chronic Complications 

155582 (4.38) 5451 (2.71) <0.001 68198 (15.84) 2749 
(12.35) 

<0.001 22456 (31.30) 782 (28.36) 0.138 

Hypertension 2785066 
(78.36) 

155103 
(77.01) 

<0.001 395230 
(91.80) 

20742 
(93.21) 

<0.001 68466 (95.43) 2678 
(97.17) 

0.050 

Hypothyroidism 439093 
(12.35) 

25588 
(12.70) 

0.046 68568 (15.93) 3946 
(17.73) 

0.001 9357 (13.04) 385 (13.95) 0.526 

Liver Disease 36920 (1.04) 1882 (0.93) 0.044 6310 (1.47) 293 (1.31) 0.414 1854 (2.58) 64 (2.33) 0.702 
Lymphoma 17286 (0.49) 955 (0.47) 0.732 3043 (0.71) 161 (0.72) 0.898 692 (0.96) 15 (0.54) 0.317 
Fluid and electrolyte 
disorders 

675617 
(19.01) 

39471 
(19.60) 

0.010 126870 
(29.47) 

6553 
(29.45) 

0.976 20724 (28.89) 970 (35.20) 0.001 

Metastatic Cancer 53273 (1.50) 1507 (0.75) <0.001 5075 (1.18) 201 (0.90) 0.095 571 (0.80) 28 (1.02) 0.555 
Other neurological 
disorders 

16135 (0.45) 2133 (1.06) <0.001 2150 (0.50) 291 (1.31) <0.001 892 (1.24) 43 (1.57) 0.491 

Obesity 286120 (8.05) 19875 
(9.87) 

<0.001 46375 (10.77) 2595 
(11.66) 

0.067 6484 (9.04) 247 (8.97) 0.957 

Paralysis 51156 (1.44) 109465 
(54.35) 

<0.001 5945 (1.38) 12764 
(57.35) 

<0.001 1677 (2.34) 1331 
(48.28) 

<0.001 

Peripheral Vascular 
Disease 

289670 (8.15) 16011 
(7.95) 

0.166 62305 (14.47) 3164 
(14.22) 

0.648 12637 (17.61) 437 (15.84) 0.269 

Psychosis 110638 (3.11) 5252 (2.61) <0.001 14678 (3.41) 637 (2.86) 0.057 2366 (3.30) 108 (3.91) 0.424 



Pulmonary circulation 
disorders 

94094 (2.65) 7368 (3.66) <0.001 22564 (5.24) 1494 (6.72) <0.001 3845 (5.36) 161 (5.85) 0.621 

Solid Tumour (without 
metastasis) 

60175 (1.69) 2739 (1.36) <0.001 8438 (1.96) 322 (1.45) 0.017 877 (1.22) 20 (0.74) 0.310 

Peptic ulcer disease 
(excluding bleeding) 

1009 (0.03) 23 (0.01) 0.041 163 (0.04) <11 0.204 46 (0.06) <11 0.534 

Valvular Disease 346070 (9.74) 21152 
(10.50) 

<0.001 56180 (13.05) 3216 
(14.45) 

0.007 7969 (11.11) 307 (11.15) 0.975 

Weight loss 102205 (2.88) 6496 (3.23) 0.002 19994 (4.64) 1181 (5.31) 0.048 5257 (7.33) 264 (9.57) 0.050 
Other Comorbidities          

Atrial Fibrillation 786723 
(22.13) 

64062 
(31.81) 

<0.001 126988 
(29.49) 

9447 
(42.45) 

<0.001 15572 (21.71) 934 (33.89) <0.001 

Previous stroke 316791 (8.91) 19227 
(9.55) 

<0.001 55461 (12.88) 2630 
(11.82) 

0.042 6722 (9.37) 253 (9.19) 0.890 

Coronary Heart Disease 864809 
(24.33) 

51025 
(25.33) 

<0.001 163496 
(37.97) 

8999 
(40.44) 

<0.001 27197 (37.91) 1156 
(41.94) 

0.049 

Smoking 589646 
(16.59) 

36044 
(17.90) 

<0.001 44143 (10.25) 2216 (9.96) 0.526 5237 (7.30) 219 (7.95) 0.556 

Dyslipidaemia 1730383 
(48.68) 

104613 
(51.94) 

<0.001 236190 
(54.86) 

13000 
(58.42) 

<0.001 28513 (39.74) 1134 
(41.16) 

0.516 

Dementia 285920 (8.04) 11064 
(5.49) 

<0.001 51474 (11.96) 2372 
(10.66) 

0.008 4376 (6.10) 115 (4.16) 0.070 

Outcomes, N (%)          
In-hospital mortality 159265 (4.48) 16160 

(8.02) 
<0.001 22843 (5.31) 2361 

(10.61) 
<0.001 5899 (8.22) 365 (13.23) <0.001 

Length-of-stay >4 days 1331502 
(37.46) 

99953 
(49.63) 

<0.001 193216 
(44.88) 

12482 
(56.09) 

<0.001 41104 (57.29) 1924 
(69.81) 

<0.001 

Moderate-to-severe 
disability on discharge 

2047841 
(60.86) 

119378 
(65.01) 

<0.001 291493 
(71.91) 

15134 
(76.52) 

<0.001 46417 (71.37) 1788 
(75.41) 

0.049 

Location/teaching status 
of hospital, N (%) 

  <0.001   <0.001   <0.001 

Rural 435648 
(12.26) 

7658 (3.80)  46894 (10.89) 878 (3.95)  5197 (7.24) 71 (2.59)  



Urban non-teaching 1439645 
(40.50) 

66916 
(33.22) 

 170612 
(39.63) 

7249 
(32.57) 

 28834 (40.19) 781 (28.32)  

Urban teaching 1679073 
(47.24) 

126843 
(62.98) 

 213042 
(49.48) 

14127 
(63.48) 

 37711 (52.56) 1904 
(69.09) 

 

Hospital Region, N (%)   <0.001   <0.001   <0.001 
Northwest 664735 

(18.70) 
40348 
(20.03) 

 71166 (16.53) 3898 
(17.51) 

 12255 (17.08) 595 (21.57)  

Midwest 788129 
(22.17) 

42008 
(20.86) 

 99652 (23.15) 5439 
(24.44) 

 14818 (20.65) 521 (18.90)  

South 1450886 
(40.82) 

75198 
(37.33) 

 171883 
(39.92) 

7602 
(34.16) 

 30811 (42.95) 946 (34.33)  

West 650616 
(18.30) 

43863 
(21.78) 

 87847 (20.40) 5315 
(23.88) 

 13859 (19.32) 695 (25.20)  

Disposition of the patient 
at discharge, N (%) 

  <0.001   <0.001   <0.001 

Routine 1317134 
(37.06) 

64243 
(31.90) 

 113869 
(26.45) 

4643 
(20.87) 

 18619 (25.95) 583 (21.16)  

Transfer to Short-term 
Hospital 

105709 (2.97) 8244 (4.09)  10619 (2.47) 817 (3.67)  2280 (3.18) 120 (4.34)  

Transfer Other: Includes 
Skilled Nursing Facility 
(SNF), Intermediate Care 
Facility (ICF), Another 
Type of Facility 

1495848 
(42.08) 

91866 
(45.61) 

 214149 
(49.74) 

11677 
(52.47) 

 32347 (45.09) 1297 
(47.05) 

 

Home Health Care 446284 
(12.56) 

19268 
(9.57) 

 66725 (15.50) 2641 
(11.87) 

 11789 (16.43) 372 (13.48)  

Against Medical Advice 
(Ama) 

26504 (0.75) 1493 (0.74)  1940 (0.45) 95 (0.43)  615 (0.86) 20 (0.73)  

Died 159265 (4.48) 16160 
(8.02) 

 22843 (5.31) 2361 
(10.61) 

 5899 (8.22) 365 (13.23)  

Discharged alive, 
destination unknown 

3622 (0.10) 143 (0.07)  403 (0.09) 20 (0.09)  193 (0.27) <11  

 



Supplementary Table 3. Results of multivariable logistic regressions evaluating the 
associations between level of renal dysfunction and the odds of receiving thrombolytic 
therapy for acute ischaemic stroke. 

 

 Odds Ratio 

(99% Confidence Interval) 
P value 

No CKD Reference - 

CKD/No ESRD 1.01 (0.95-1.06) 0.720 

ESRD 0.81 (0.70-0.94) <0.001 

 

Models adjusted for age, sex, ethnicity, hospital region, location and teaching status and a 
wide range of co-morbidities (HIV/AIDS, alcohol abuse, deficiency anaemia, collagen 
vascular disease, chronic blood loss anaemia, congestive heart failure, chronic pulmonary 
disease, coagulopathy, depression, diabetes mellitus, drug abuse, hypertension, 
hypothyroidism, liver disease, lymphoma, fluid and electrolyte disorders, metastatic cancer, 
other neurological disorders, obesity, paralysis, peripheral vascular disease, psychosis, 
pulmonary circulation disorders, solid tumour without metastasis, peptic ulcer disease, 
valvular disease, weight loss, atrial fibrillation, previous stroke, coronary heart disease, 
smoking, dyslipidaemia and dementia). 

 

Statistically significant differences (P <0.01) highlighted in bold. 

  



Supplementary Table 4. Results of multivariable logistic regressions evaluating the association between levels of renal dysfunction and 
adverse acute ischaemic stroke in-hospital outcomes including interaction terms with year of admission. 

 

 

In-hospital mortality Prolonged hospitalisation Moderate-to-severe 
disability on discharge 

OR (99% CI) P value OR (99% CI) P value OR (99% CI) P value 

No CKD 
(n= 3,755,784) Reference  Reference  Reference  

CKD/No ESRD 
(n= 452,802) 1.07 (1.00-1.13) 0.010 1.08 (1.04-1.12)  1.13 (1.09-1.18) <0.001 

Interaction term: 
Admission year 

(2011 onwards vs. 
before 2011) 

1.00 (0.92-1.09) 0.976 1.02 (0.97-1.07) 0.266 1.00 (0.95-1.05) 0.975 

ESRD 
(n= 74,499) 2.17 (1.94-2.42) <0.001 1.49 (1.40-1.60) <0.001 1.33 (1.23-1.44) <0.001 

Interaction term: 
Admission year 

(2011 onwards vs. 
before 2011) 

0.90 (0.77-1.06) 0.089 0.95 (0.86-1.05) 0.171 1.01 (0.90-1.13) 0.851 



Models adjusted for age, sex, ethnicity, hospital region, location and teaching status and a wide range of co-morbidities (HIV/AIDS, alcohol 
abuse, deficiency anaemia, collagen vascular disease, chronic blood loss anaemia, congestive heart failure, chronic pulmonary disease, 
coagulopathy, depression, diabetes mellitus, drug abuse, hypertension, hypothyroidism, liver disease, lymphoma, fluid and electrolyte disorders, 
metastatic cancer, other neurological disorders, obesity, paralysis, peripheral vascular disease, psychosis, pulmonary circulation disorders, solid 
tumour without metastasis, peptic ulcer disease, valvular disease, weight loss, atrial fibrillation, previous stroke, coronary heart disease, 
smoking, dyslipidaemia and dementia). 
 
OR – Odds Ratio; CI – Confidence Interval; 
 
Statistically significant differences (P <0.01) highlighted in bold. 
 



Supplementary Table 5. Results of multivariable logistic regressions evaluating the association between levels of renal dysfunction and adverse 
acute ischaemic stroke in-hospital outcomes including interaction terms with hospital location and teaching status. 

Models adjusted for age, sex, ethnicity, hospital region, location and teaching status and a wide range of co-morbidities (HIV/AIDS, alcohol 
abuse, deficiency anaemia, collagen vascular disease, chronic blood loss anaemia, congestive heart failure, chronic pulmonary disease, 
coagulopathy, depression, diabetes mellitus, drug abuse, hypertension, hypothyroidism, liver disease, lymphoma, fluid and electrolyte disorders, 
metastatic cancer, other neurological disorders, obesity, paralysis, peripheral vascular disease, psychosis, pulmonary circulation disorders, solid 

 
 

In-hospital mortality Prolonged hospitalisation Moderate-to-severe 
disability on discharge 

OR (99% CI) P value OR (99% CI) P value OR (99% CI) P value 

No CKD 
(n= 3,755,784) Reference  Reference  Reference  

CKD/No ESRD 
(n= 452,802) 1.06 (0.94-1.20) 0.188 1.00 (0.94-1.07) 0.907 1.07 (1.00-1.15) 0.010 

Interaction term: 
Urban nonteaching vs. 

Rural 
1.02 (0.89-1.17) 0.724 1.03 (0.96-1.11) 0.278 1.04 (0.96-1.13) 0.161 

Interaction term: 
Urban teaching vs. 

Rural 
0.95 (0.83-1.09) 0.341 1.05 (0.97-1.12) 0.112 1.07 (0.99-1.15) 0.032 

ESRD 
(n= 74,499) 2.08 (1.57-2.76) <0.001 1.43 (1.19-1.71) <0.001 1.41 (1.16-1.73) <0.001 

Interaction term: 
Urban nonteaching vs. 

Rural 
1.03 (0.75-1.40) 0.821 1.07 (0.87-1.30) 0.409 0.93 (0.75-1.16) 0.405 

Interaction term: 
Urban teaching vs. 

Rural 
0.97 (0.72-1.31) 0.813 0.96 (0.79-1.16) 0.589 0.94 (0.76-1.17) 0.476 



tumour without metastasis, peptic ulcer disease, valvular disease, weight loss, atrial fibrillation, previous stroke, coronary heart disease, 
smoking, dyslipidaemia and dementia). 
 
OR – Odds Ratio; CI – Confidence Interval; 
 
Statistically significant differences (P <0.01) highlighted in bold. 
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