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Background-—There is a paucity of contemporary data on the characteristics and outcomes of acute ischemic stroke (AIS) in
patients on maintenance dialysis.

Methods and Results-—We used the nationwide inpatient sample to examine contemporary trends in the incidence, management
patterns, and outcomes of AIS in dialysis patients. A total of 930 010 patients were admitted with AIS between 2003 and 2014, of
whom 13 642 (1.5%) were on dialysis. Overall, the incidence of AIS among dialysis patients decreased significantly (Ptrend<0.001),
while it remained stable in non-dialysis patients (Ptrend=0.78). Compared with non-dialysis patients, those on dialysis were younger
(67�13 years versus 71�15 years, P<0.001), and had higher prevalence of major comorbidities. Black patients constituted 35.2%
of dialysis patients admitted with AIS compared with 16.7% of patients in the non-dialysis group (P<0.001). After propensity score
matching, in-hospital mortality was higher in the dialysis group (7.6% versus 5.2%, P<0.001), but this mortality gap narrowed
overtime (Ptrend<0.001). Hemorrhagic conversion and gastrointestinal bleeding rates were similar, but blood transfusion was more
common in the dialysis group. Rates of severe disability surrogates (tracheostomy, gastrostomy, mechanical ventilation and non-
home discharge) were also similar in both groups. However, dialysis patients had longer hospitalizations, and accrued a 25% higher
total cost of acute care.

Conclusions-—Dialysis patients have 8-folds higher incidence of AIS compared withnon-dialysis patients. They also have higher
risk-adjusted in-hospital mortality, sepsis and blood transfusion, longer hospitalizations, and higher cost. There is a need to identify
preventative strategies to reduce the risk of AIS in the dialysis population. ( J Am Heart Assoc. 2018;7:e008686. DOI: 10.1161/
JAHA.118.008686.)
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S troke is a leading cause of morbidity and mortality
worldwide.1 Patients with end-stage renal disease receiv-

ing maintenance dialysis have higher incidences of both
ischemic and hemorrhagic strokes compared with the general
population.2–5 In addition, distinctive risk profiles, mechanisms

of stroke, and racial disparities have been suggested in several
population studies of ischemic stroke in the dialysis popula-
tion.2–9 Dialysis status has also been shown to be an
independent predictor of in-hospital mortality following acute
stroke.2,5,10–12 However, contemporary studies focusing on
the incidence, characteristics, and outcomes of acute ischemic
stroke (AIS) in patients on maintenance dialysis are sparse.
This study uses a large nationwide representative sample and
aims to assess (1) temporal trends in the incidence of AIS
among patients onmaintenance dialysis, (2) the characteristics
and clinical risk profiles of dialysis patients admitted with AIS,
and (3) temporal trends in in-hospital morbidity and mortality,
cost, and resource utilization among dialysis and non-dialysis
patients.

Methods
The data, analytic methods, and study materials will be made
available upon request to other researchers for purposes of
reproducing the results.
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Study Data
The Nationwide Inpatient Sample (NIS) was used to derive
patient relevant information between January 1, 2003 and
December 31, 2014. NIS is the largest publicly available all-
payer administrative claims-based database and contains
information about patient discharges from 1000 hospitals in
45 states. It contains clinical and resource utilization infor-
mation on 5 to 8 million discharges annually, with safeguards
to protect the privacy of individual patients, physicians, and
hospitals. These data are stratified to represent �20% of US
inpatient hospitalizations across different hospital and geo-
graphic regions (random sample). National estimates (NE) of
the entire US hospitalized population were calculated using
the Agency for Healthcare Research and Quality sampling and
weighting method. The Institutional Review Board at West
Virginia University exempted the study from board approval
and waived the requirement for informed consent because the
NIS is a publicly available deidentified database.

Study Population
Patients with a principle discharge diagnosis of AIS (Interna-
tional Classification of Diseases-Ninth Revision-Clinical Modi-
fication [ICD-9-CM] codes 433–437.1) during the study period
were identified. The study population was then further divided
into 2 groups based on maintenance dialysis status. Mainte-
nance dialysis was defined as patients with ICD-9-CM code for
end stage renal disease 585.6, procedure code for hemodial-
ysis 39.95 or peritoneal dialysis 54.98 and absence of ICD-9-
CM code for acute kidney injury 584.X. ICD-9-CM codes
584.X have >90% sensitivity and negative predictive value for
acute kidney injury.13 Patients admitted with AIS with or

without maintenance dialysis status were entered into a
nearest neighbor 1:1 variable ratio, parallel, balanced propen-
sity-matching model using a caliper of 0.01 without replace-
ment to derive 2 propensity matched groups of patients for
comparative analyses. A flow diagram of the study population
is shown in Figure 1. The variables included in the propensity
match model are listed in Table S1.

Study End Points
The primary end points of the study were (1) Incidence rate of
AIS among dialysis and non-dialysis patients, and (2) in-
hospital mortality. Secondary end points were (1) in-hospital
morbidities (bleeding and infectious complications), (2) surro-
gates of severe disability (non-home discharges, gastrostomy,
mechanical ventilation, and tracheostomy), and (3) cost of
hospitalization and length of stay. These end points were
compared between 2 study groups before and after propen-
sity score matching. The ICD-9 codes used to identify
secondary end points are listed in Table S2.

Statistical Analysis
Outcomes analysis was performed using the actual 20%
sample available in NIS, while the trend analysis was
performed using the national estimate. This is a standard
methodology in other research involving the NIS. Descriptive
statistics presented as frequencies with percentages for
categorical variables. Mean, SD, median, and interquartile
range were reported for continuous measures. Baseline
characteristics were compared using a Pearson chi-squared
test and Fisher’s exact test for categorical variables and an
independent-samples t test for continuous variables. Trend
weights accounting for changes in the NIS sampling design
are only available for data between 1998 and 2011. For 2012
and 2013, trend weights were not available, and the standard
survey weights were used. Incidence was calculated based on
total number of patients in respective years from the official
US census data (https://census.gov) and the USRDS Annual
Data Report (https://usrds.org) (Table S3).14,15 Matched
categorical variables were presented as frequencies with
percentages and compared using McNamara’s test. Matched
continuous variables were presented as means with SDs and
compared using a paired-samples t test. Tends over time were
examined using a Mann–Kendall test for trend. A Type-I error
of <0.05 was considered statistically significant. Given the
high incidence of blood transfusion and sepsis in the dialysis
population, 2 multiple logistic regression models were devel-
oped using unmatched sample to assess the association
between blood transfusion or sepsis with in-hospital mortality:
model-1 adjusted for patients’ characteristics and model-2
adjusted for patients and hospital characteristics. All

Clinical Perspective

What Is New?

• Dialysis patients have 8-fold higher incidence of acute
ischemic stroke than non-dialysis patients.

• Patients of black race constituted 35% of all dialysis patients
admitted with ischemic stroke.

• Acute ischemic strokes in dialysis patients are associated
with higher in-hospital morbidity, mortality, resource utiliza-
tion, and cost compared with acute ischemic patients not on
dialysis, although the mortality difference between the 2
groups narrowed overtime.

What Are the Clinical Implications?

• Further research is needed to identify effective stroke
prevention strategies in dialysis patients, given the persis-
tent high incidence of ischemic stroke among them.
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statistical analyses were performed with SPSS version 24
(IBM Corporation, Armonk, NY) and R, version 3.3.1.

Results
A total of 930 010 patients (representing a national estimate
of 4 579 486 patients) were admitted with AIS between 2003
and 2014, of whom 13 642 (1.5%) were on maintenance
hemodialysis. Averaged over the study years, the incidence
rate of AIS in patients on maintenance dialysis was 8-folds
higher than in non-dialysis patients (1019 per 100 000 versus
123 per 100 000, P<0.001) (Figure 2). However, there were
significant differences in the trends of AIS incidence between
the 2 groups: While the incidence of AIS decreased signifi-
cantly overtime in dialysis patients (from 1390 per 100 000 in
2003 to 783 per 100 000 in 2014, Ptrend<0.001), it remained
stable in non-dialysis patients (133 per 100 000 in 2003 and
124 per 100 000 in 2014, Ptrend=0.78).

Dialysis patients were younger (67�13 years versus
71�15 years) and had significantly higher percentages of
females (55.6% versus 53.1%, P<0.001), and patients of black
and Hispanic races compared with non-dialysis patients (35.2%
versus 14.6%, and 16.7% versus 7.6%, P<0.001 for all). Dialysis
patients also had significantly higher prevalence of atheroscle-
rotic risk factors, anemia and heart failure but similar

prevalence of atrial fibrillation compared with non-dialysis
patients (Table 1). There was a similar increase in the utilization
of thrombolytics in dialysis and non-dialysis patients between
2003 and 2014 (0.6–5.6%, and 1.1–7.2%, respectively,
Ptrend<0.001 for all) (Figure 3). Mechanical thrombectomy

Figure 1. Flow diagram of the study’s population. NE indicates national estimate.

Figure 2. Incidence of acute ischemic stroke in dialysis and non-
dialysis patients in theUnited States between 2003 and2014. The x
axis shows the calendar years (2003–2014). The y axis shows the
incidence of acute ischemic stroke in dialysis patient on the right
(red line) and in non-dialysis patients on the left (blue line) with
different scales of the y axis for the 2 populations. HD indicates
hemodialysis; Non HD, non-hemodialysis.
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Table 1. Baseline Characteristics of Acute Ischemic Stroke Patients Stratified by Dialysis Status

Unmatched Cohorts Matched Cohorts

Non-Dialysis (n=916 368) Dialysis (n=13 642) P Value Non-Dialysis (n=11 118) Dialysis (n=11 118) P Value

Age—mean (SD), y 71 (14) 67 (13) <0.001 67 (13) 67 (13) 0.861

18 to 44 4.7% 5.7% <0.001 5.1% 5.3% 0.301

45 to 65 28.7% 37.8% 37.2% 37.6%

66 to 84 49.5% 51% 52.5% 51.5%

>85 17.1% 5.4% 5.2% 5.6%

Female 53.1% 55.6% <0.001 54.4% 54.9% 0.499

Race

White 70.2% 43.4% 43.9% 44.1%

Black 16.7% 35.2% 35.6% 35.0%

Hispanic 7.6% 14.6% 13.8% 14.1%

Medical comorbidities

Hypertension 78.2% 94.7% <0.001 93.9% 94.4% 0.118

Diabetes mellitus 33.6% 63.5% <0.001 64.6% 64.6% 0.988

Atrial fibrillation 18.2% 18% 0.718 18.2% 18.6% 0.606

Chronic lung disease 14.6% 15.3% 0.014 15.9% 15.6% 0.99

Anemia 10.7% 44.1% <0.001 45.1% 45.4% 0.654

Heart failure 12.7% 28% <0.001 27.9% 27.8% 0.94

Smoking 15% 6% <0.001 6.2% 6.4% 0.659

Vascular disease 8.2% 16.7% <0.001 16.8% 17.3% 0.342

Coronary disease 14.7% 21.7% <0.001 22.4% 22.5% 0.974

Liver disease 1% 2.5% <0.001 2.6% 2.5% 0.898

Thrombolytic therapy 3.8% 2.5% <0.001 2.8% 2.8% 0.99

Thrombectomy 0.5% 0.2% <0.001 0.3% 0.2% 0.583

Patient and hospital demographics

Teaching hospital 44% 48.8% <0.001 49.2% 49.1% 0.852

Region of the hospital <0.001 0.649

Northeast 17% 16.2% 18.7% 18.2%

Midwest 22.8% 20.8% 16.3% 16.6%

South 42.3% 44% 45.2% 45.1%

Rural location 14.4% 7.2% <0.001 6.4% 6.5% 0.868

Primary payer <0.001 0.944

Medicare/Medicaid 73% 88.2% 87.4% 88.4%

Private including HMO 19.4% 10% 10.8% 9.9%

Self-pay 4.7% 0.8% 0.7% 0.8%

Median household income <0.001 0.739

1. 0 to 25th percentile 30.7% 37.5% 38.3% 37.8%

2. 26 to 50th percentile 26.9% 25.6% 25.4% 25.1%

3. 51 to 75th percentile 23.2% 21.3% 20.1% 20.9%

4. 76 to 100th percentile 19.2% 15.6% 16.2% 16.3%
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remained uncommonly utilized in both group (0.2% and 0.5% in
dialysis and non-dialysis patients, respectively).

Dialysis patients were more likely to be treated at teaching
and urban hospitals (Table 1). Majority of patients (42.3%
versus 44%, P<0.001 in the non-dialysis versus dialysis group,

respectively) resided in southern states. Dialysis patients
were more likely to be insured by Medicare (88.2% versus
73%, P<0.001) and to be in the lowest (0–25th percentile) of
median household income (37.5% versus 30.7%, P<0.001).
After propensity matching for age, sex, comorbidities and
hospital characteristic, baseline characteristics became well
balanced between the 2 matched groups (Table 1).

Outcomes of the Unmatched Cohorts
In-hospital mortality was significantly higher in the dialysis
group (7.4% versus 5.0%, P<0.001). However, this mortality
gap narrowed overtime (Figure 4). Dialysis patients also had
higher incidences of gastrointestinal bleeding, blood transfu-
sion and infectious complications with the exception of
urinary tract infections, which was higher in the non-dialysis
cohort (Table 2). Hemorrhagic stroke conversion was, how-
ever, similar between dialysis and non-dialysis patients (1.3%
versus 1.3%, P=0.83). Surrogates of severe disability (me-
chanical ventilation, tracheostomy and non-home discharges)
were more frequent in the dialysis group, who also had longer
hospitalizations and higher cost of care.

Figure 3. Utilization trend of systemic thrombolysis in dialysis
and non-dialysis patients admitted with acute ischemic stroke. HD
indicates hemodialysis; Non HD, non-hemodialysis.

Figure 4. Temporal trends of stroke mortality, resource utilization and cost in dialysis vs non-dialysis patients between 2003 and 2014.
(A) In-hospital mortality, (B) hospital length of stay, (C) discharge disposition, (D) cost. AIS indicates acute ischemic stroke; HD, hemodialysis.
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Outcomes of the Matched Cohorts
After vigorous propensity matching adjusting for baseline
demographics, clinical co-morbidities, region, insurance sta-
tus and hospital characteristics, the 2 groups were well
matched (Table 2). In-hospital mortality remained significantly
higher in the dialysis group (7.6% versus 5.2%, P<0.001).
However, most complications became non-significantly differ-
ent between the 2 groups, with the exception of blood
transfusion and sepsis, which were higher in the dialysis
cohort and urinary tract infection, which was higher in the
non-dialysis cohort (Table 2). Mean hospital length of stay
remained longer (8�9 versus 7�10, P<0.001), and mean
hospital cost remained higher ($16 517�$20 255 versus

$14 683�$20 597, P<0.001) in the dialysis group. Both
sepsis and blood transfusion were significant predictors of
in-hospital mortality in the dialysis cohort (Table 3).

Discussion
The major findings of this investigation are: (1) Dialysis
patients have 8-fold higher incidence of AIS compared with
non-dialysis patients. However, the incidence of AIS in the
dialysis population decreased significantly in the past decade
while it remained stable among non-dialysis patients;
(2) Dialysis patients experiencing AIS have distinctive
demographics and clinical risk profiles compared with those

Table 2. In-Hospital Outcomes of Acute Ischemic Stroke Among Dialysis and Non-Dialysis Patients

Unmatched Cohorts Matched Cohorts

Non-Dialysis (n=916 368) Dialysis (n=13 642) P Value Non-Dialysis (n=11 118) Dialysis (n=11 118) P Value

In-hospital death 5% 7.4% <0.001 5.2% 7.6% <0.001

Bleeding complications

Intracranial hemorrhage 1.3% 1.3% 0.826 1.4% 1.3% 0.727

Craniotomy 0.2% 0.1% <0.001 0.1% 0.1% 0.23

Blood transfusion 2.3% 8.5% <0.001 7.2% 8.6% <0.001

Gastrointestinal bleeding 0.5% 1.1% <0.001 1% 1.1% 0.512

Infectious complications

Acquired pneumonia 2.9% 4.5% <0.001 4% 4.4% 0.184

Sepsis 1% 4% <0.001 2.5% 4% <0.001

Urinary tract infection 12% 10.1% <0.001 16.9% 10.1% <0.001

Severe disability surrogates

Non-home discharge 45.4% 47.9% <0.001 52.5% 52.6% 0.677

Gastrostomy 4.2% 5.5% <0.001 6% 5.6% 0.186

Mechanical ventilation 1.4% 2.8% <0.001 2.9% 2.8% 0.777

Tracheostomy 0.1% 0.1% 0.997 0.1% 0.1% 0.152

LOS, median (25th,
75th percentile), day

4 (2, 6) 6 (4, 9) <0.001 5 (3, 8) 6 (4, 9) <0.001

Cost, median (25th,
75th percentile), $

7685 (5178, 12 141) 11 173 (7180, 18 527) <0.001 10 357 (6552, 15 500) 11 046 (7584, 17 765) <0.001

$ indicates dollar; LOS, length of stay.

Table 3. The Contribution of Sepsis and Blood Transfusion to In-Hospital Mortality in Patients With Ischemic Stroke on
Maintenance Dialysis

Outcome (n=13 642) Crude OR 95% CI Adjusted OR* 95% CI Adjusted OR† 95% CI

Sepsis 6.76 5.58 to 8.2 6.93 5.6 to 8.6 6.91 5.55 to 8.6

Blood transfusion 2.55 2.14 to 3.03 2.65 2.19 to 3.21 2.66 2.19 to 3.24

CI indicates confidence interval; n, number of dialysis patients included in this analysis; OR, odds ratio.
*Adjusted for baseline characteristic reported in Table 1.
†Adjusted for baseline and hospital characteristic reported in Table 1.
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not on dialysis; (3) In-hospital mortality following AIS is
higher among dialysis than non-dialysis patients, but this
mortality gap narrowed overtime; and (4) AIS in dialysis
patients is associated with higher rates of infectious
complications and blood transfusion, longer hospitalizations,
and higher cost of care.

Patients with end-stage renal disease on dialysis have
higher prevalence of vascular risk factors and cardiovascular
events than non-dialysis population. Their incidence of AIS is
therefore anticipated to be higher than the non-dialysis
population. Seliger et al first reported an excess incidence of
AIS among the dialysis population in the United States
between 1993 and 1998.3 In their study, patients on dialysis
had significantly higher odds of experiencing AIS than non-
dialysis patients (odd ratio 6.1, and 10.1 for white males and
females and 4.3 and 6.5 for black males and females,
P<0.001 for all). Other studies investigating the incidence of
AIS in dialysis patients were single center, non-contemporary
or primarily involved non-US population.2,8,16–18 To our
knowledge, this is the largest study examining contemporary
rates of AIS in the dialysis and non-dialysis population. Similar
to the findings by Seliger et al, our study shows that the
incidence of AIS in dialysis patients is several folds higher
than patients who are not on dialysis. Indeed, dialysis patients
constituted 1.5% of all patients admitted with AIS in the
United States between 2003 and 2014. Nevertheless, the
incidence of AIS in dialysis patients decreased by 36% during
the study period, while it remained unchanged in non-dialysis
patients. The underlying mechanism of this decrement is
unknown, but some potential causes can be speculated. The
substantial improvement in dialysis access care, the temporal
increase in the number of kidney transplantation, and the
widespread use of Erythropoiesis-Stimulating Agents may
have possibly contributed to the decline in AIS rate among
dialysis patients in the past decade.19 However, further
studies are needed to understand the underlying mechanisms
of the excess AIS rate in dialysis patients to identify
opportunities for further improvement.

Examination of the differences in the clinical risk profiles
and demographics and between dialysis and non-dialysis
patients reveals several intriguing findings: (1) Over 35% of
dialysis patients admitted with AIS are of black race. This
percentage is higher than the percentage of black individuals
in the overall population, it is indeed proportional to their
percentage of black patients among dialysis patients in the
United States,13 (2) Dialysis patients experiencing AIS are
more likely to be cared for at urban, teaching hospital and
to be in the lowest quartile of median household income,
(3) Although dialysis patients had higher prevalence of
hypertension, diabetes mellitus, coronary and vascular dis-
eases, and heart failure, they had lower prevalence of atrial
fibrillation, a major risk factor for AIS. This could be related to

the lower incidence of atrial fibrillation among black and
Hispanic patients, who together constituted 50% of the AIS
dialysis population,20 and (4) Despite the higher prevalence of
vascular disease and the higher perceived risk of bleeding
among dialysis patients, the utilization of thrombolytic
increased proportionally in dialysis and non-dialysis patients.
The utilization rates of mechanical thrombectomy were
minuscule in both groups, because these data preceded the
published trials demonstrating the significant benefit of
thrombectomy in selected AIS patients.21

The higher mortality following AIS in dialysis versus non-
dialysis patients has been suggested in prior studies: in a
recent analysis from the large Get With The Guidelines
database, risk-adjusted in hospital mortality among dialysis
patients admitted with AIS was 56% higher than in patients
with normal renal function.5 However, this analysis is limited
by only including patients ≥65 years of age and ensured by
Medicare, while 45% of dialysis patients admitted with AIS in
our study were <65 years of age. In a nationwide cohort of
patients admitted with AIS in Taiwan, 30-day mortality was
greater in dialysis patients than in those with normal kidney
function (hazard ratio, 2.33; 95% confidence interval=1.80–
3.02).22 Our data are in line with the aforementioned
studies, demonstrating a 46% increase in risk-adjusted in-
hospital mortality among dialysis patients admitted with AIS
compared with non-dialysis patients. However, our study
shows a persistent decline in post-AIS morality among
dialysis patients in the past decade. Although the granularity
of data in this study precludes accurate speculations on the
causes of this mortality trend, it is in line with the decreasing
mortality rates among dialysis patients overall in the past
decade.14

Data on the potential impact of dialysis status on AIS
severity and complications are limited. El Husseini et al found
that dialysis status was associated with lower odds of home
discharge following AIS in patients >65 years of age (odd
ratio 0.86; confidence interval 0.79–0.94, P<0.001).5 Non-
homes discharge is an indirect surrogate to severe disability
following AIS. In our study, although dialysis patients had
higher rates on non-home discharge overall, no statistically
significant differences were seen in discharge status after risk
adjustment between dialysis and non-dialysis patients. Other
surrogates of severe disability (gastrostomy, mechanical
ventilation, and tracheostomy) were also not statistically
significantly different in the propensity matched cohorts.
Nevertheless, AIS in dialysis patients was associated with
longer hospitalization and higher cost despite risk adjustment.
These findings may have important implications on the
management of AIS in the dialysis population, in whom
certain treatment decisions might be taken or forgone
because of fear of bleeding complications or anticipated
functional recovery.
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Limitations
This study has several limitations. (1) The NIS is an administrative
database that gathers data for billing purposes and can be limited
by erroneous coding. However, we used ICD-9-CM codes for AIS
and its complications that have been shown to have high
specificity and positive predictive value.23,24 In addition, the hard,
clinical end points used in our analysis (in-hospital mortality) are
difficult to miscode, (2) To ensure accuracy of the diagnosis; we
limited the inclusion of patients with AIS to those in whom the
primary admission was for AIS. Patients hospitalized for other
reasons in whom AIS occurred later in the hospitalization were
excluded. Therefore, the true incidence of AIS in both groups is
likely higher than what is reported in this study, (3) NIS allows
detailed assessment of in-hospital outcomes. However, baseline
laboratory and brain imaging data are not captured. Also, data
needed to calculate traditional stroke severity scale numbers are
not available in NIS. We used surrogates of stroke severity that
have been previously used in administrative databases,25,26

(4) the potential for unmeasured confounders may bias the
outcomes results. However, we believe that our rigorous propen-
sity matching has adequately addressed this selection bias, and
(5) lastly, long-term outcomes beyond hospital discharge are not
available in NIS. However, our findings of high but gradually
improving rates of inpatient mortality and substantial cost and
resource utilization following AIS in hemodialysis patients provide
important insight to the clinicians caring for these patients.

Conclusions
Despite the temporal decline, the incidence of ischemic
stroke among dialysis patients remains several folds higher
than patients not on dialysis. After risk adjustment, rates of
in-hospital mortality, blood transfusion, and sepsis were
higher among dialysis patients, who also had longer hospital-
izations and accrued a higher cost of care. Further studies are
needed to identify appropriate strategies for stroke prevention
and optimal management algorithm in dialysis patients.

Disclosures
None.
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SUPPLEMENTAL MATERIAL  
 



Table S1. Patient and Hospital Characteristics Included in the Propensity 
Score Matching. 

 
  

Age 
Race 
Sex 
Hypertension 
Diabetes mellitus without complications 
Diabetes mellitus with complications 
Prior Sternotomy 
Chronic Pulmonary disease 
Atrial fibrillation\flutter 
Congestive heart failure 
Chronic Anticoagulation 
Coagulopathy 
Conduction abnormality 
Drug Abuse 
Smoking 
Peripheral vascular disease 
Pulmonary hypertension 
Obesity 
Coronary artery disease 
Electrolyte abnormalities 
Conduction abnormality 
Coronary artery disease 
Atrial fibrillation\flutter 

Blood loss anemia 
Iron deficiency anemia 
Paralysis 
Neurological disorders 
Hypothyroidism 
Liver disease 
AIDS* 
Lymphoma 
Deep Venous Thrombosis 
Metastatic disease 
Solid tumors without metastasis 
Collagen vascular disease 
Weight loss 
Alcoholism 
Depression 
Drug abuse 
Psychosis 
Hospital teaching status 
Hospital Bed Size 
Rural Location 
Region of the Hospital 
Primary Payer 
Median Household Income 

 
*Acquired immunodeficiency syndrome 

 
 



Table S2. International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) Codes for Outcomes. 

 
 
 
 
 

 
 
 

Outcome Diagnostic or Procedure Codes 

Intracranial Hemorrhage ICD-9-CM (431, 432.9) 

Craniotomy ICD-9-CM (01.24, 01.25) 

Blood Transfusion CCS procedure (222) 

Gastrointestinal Bleeding ICD-9-CM (578 to 578.9), CCS procedure (153) 

Acquired Pneumonia CCS procedure (122) 

Sepsis ICD-9-CM (995.91, 996.64, 038, 995.92, 9993) 

Urinary Tract infection ICD-9-CM (5990, 5909) 

Gastrostomy ICD-9-CM (4311, 4319) 

Mechanical Ventilation ICD-9-CM (672) 

Tracheostomy ICD-9-CM (31.1 and 31.2x) 



Table S3. Calculation of Annual AIS Incidence in the Dialysis and non-Dialysis Populations. 
 
 

 
 
 
 
 
 

Calculation of Annual AIS Incidence in the Dialysis Population 

Calendar Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

US Dialysis 
Patients 

44851
4 

46703
8 

48590
5 

50663
3 

52670
9 

54775
0 

57041
6 

59265
6 

61241
7 

63391
2 

65685
6 

68032
0 

US Dialysis 
Patients with AIS 

6233 6079 5756 5622 5812 5538 5660 5450 5594 4975 4845 5330 

Incidence of AIS 
per 100,000 

1389.7 1301.6 1184.6 1109.7 1103.5 1011.0 992.3 919.6 913.4 784.8 737.6 783.5 

Calculation of Annual AIS Incidence in the non-Dialysis Population 
Calendar Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Non-Dialysis U.S 
Population 

29011
0000 

29281
0000 

29552
0000 

29838
0000 

30123
0000 

30409
0000 

30677
0000 

30935
0000 

31166
0000 

31400
0000 

31620
0000 

31856
0000 

Non-Dialysis U.S 
Population with 

AIS 

38746
7 

37370
1 

35989
2 

35922
5 

35319
6 

37627
4 

35966
6 

37822
3 

39508
3 

38244
0 

38778
5 

39964
0 

Incidence of AIS 
per 100,000 

133.6 127.6 121.8 120.4 117.3 123.7 117.2 122.3 126.8 121.8 122.6 125.5 


