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ABSTRACT
The incidence of stroke is substantially higher among hemodialysis patients than among patients with
earlier stages of CKD, but to what extent the initiation of dialysis accelerates the risk for stroke is not well
understood. In this cohort study, we analyzed data from incident hemodialysis and peritoneal dialysis
patients in 2009whowere at least 67 years old and hadMedicare as primary payer.Wenotedwhether each
of the 20,979 hemodialysis patients initiated dialysis as an outpatient (47%) or inpatient (53%). One year
before initiation, the baseline stroke rate was 0.15%–0.20% of patients per month (ppm) for both out-
patient and inpatient initiators. Among outpatient initiators, stroke rates began rising approximately 90
days before initiation, reached 0.5% ppm during the 30 days before initiation, and peaked at 0.7% ppm
(8.4% per patient-year) during the 30 days after initiation. The pattern was similar among inpatient initia-
tors, but the stroke rate peaked at 1.5% ppm (18%per patient-year). For both hemodialysis groups, stroke
rates rapidly declined by 1–2 months after initiation, fluctuated, and stabilized at approximately twice the
baseline rate by 1 year. Among the 620 peritoneal dialysis patients, stroke rates were slightly lower and
variable, but approximately doubled after initiation. In conclusion, these data suggest that the process of
initiating dialysis may cause strokes. Further studies should evaluate methods to mitigate the risk for
stroke during this high-risk period.

J Am Soc Nephrol 24: 1166–1173, 2013. doi: 10.1681/ASN.2012080841

Patients with stage 3–5 CKD (defined as an esti-
mated GFR ,60 ml/min per 1.73 m2) have an ele-
vated risk of stroke compared with non-CKD
patients1,2; this risk increases further during the first
year after hemodialysis initiation.2 The transition
period beginning 1 year before and ending 1 year
after initiation is marked by well recognized accel-
erated rates of adverse cardiovascular outcomes and
mortality, including higher rates of acute stroke.3,4

The first 90 days after initiation are especially
treacherous, because cardiovascular and mortality
rates can increase by .50%.5 However, there has
been relatively little investigation of the epidemiol-
ogy of stroke during this transition period, com-
pared with investigation of other cardiovascular
outcomes.

In this analysis, we sought to determine to what
extent hemodialysis or peritoneal dialysis initiation
mayaccelerate theriskof incidentstroke.Wemeasured
incident stroke in a cohort of Medicare CKD patients
through the hemodialysis and peritoneal dialysis
transition periods, beginning 1 year before dialysis
initiation and ending 1 year after initiation.
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RESULTS

Description of Cohorts
Hemodialysis Inpatient and Outpatient Cohorts
We identified a total of 20,969 incident hemodialysis patients
in 2009; 53% were inpatients at the time of hemodialysis ini-
tiation. Inpatient and outpatient initiators were the same age
(mean 77 years), with similar racial distribution (23% non-
white), but outpatients were more often men (58% versus
53%) (Table 1). Disease burden was modestly higher for the
inpatients, including higher prevalence of atherosclerotic
heart disease (ASHD) (41% versus 36%), congestive heart
failure (CHF) (34% versus 26%), diabetes (56% versus
51%), chronic obstructive pulmonary disease (COPD) (20%
versus 15%), and atrial fibrillation (19% versus 16%).

Peritoneal Dialysis Cohort
Peritoneal dialysis patients (n=620) were slightly younger than
hemodialysis outpatient initiators (mean age 75.6 years versus
77.0 years, respectively), more were white (84% versus 77%),
and slightly more had anemia and hypertension (Table 1).
Disease burden for other comorbid conditions (CHF, COPD)
was moderately lower, and history of peripheral vascular disease
was almost 10-fold lower (2.1% versus 19.8%).

Stroke Subtypes
Strokeswere subtypedas ischemicorhemorrhagicusing claims
diagnoses. For outpatients during hemodialysis initiation,
92.6% (638 of 689) of strokes were ischemic; for inpatients,
92.2% (939 of 1019) were ischemic. Hemorrhagic strokes were
less common before initiation (6.5% of all strokes) than after
initiation (7.5%).

Stroke Rates in Relation to Dialysis Initiation
For outpatients during hemodialysis initiation, incident stroke
rates hovered around 0.15% of patients per month (ppm), or
approximately 2.4% of patients per year (ppy), until 6 months
before initiation, when rates increased to 0.2% of patients
(Figure 1). Starting 3 months before initiation, stroke rates
rose to 0.3% ppm, continued rising to 0.5% ppm at 0–30
days before, and peaked at 0.7% ppm (8.4% ppy) in the first
30 days after initiation,.4 times the baseline rate (P,0.0001).
Stroke rates then fluctuated somewhat but remained higher
than preinitiation rates, between 0.3% and 0.5% ppm, for a
full year after initiation; the rate at 12 months postinitiation
was twice the baseline rate, at 0.32% ppm.

For inpatients during hemodialysis initiation, preinitiation
incident stroke rates were similar to rates for outpatients, at
about 0.20% ppm (Figure 2); rates rose to 0.3%–0.5% ppm
within 90 days before initiation, and continued rising to 1.5%
ppm (18% ppy), .7 times the baseline preinitiation rate
(P,0.0001), during the hospital stay that bracketed hemodi-
alysis initiation. After initiation, rates were 0.7%–0.8% ppm
through about 120 days, and remained at 0.4% ppm (4.8%
ppy), about double the preinitiation rate, for a full year.

Overall, peak stroke rates during the month of initiation
were approximately twice as high among inpatient initiators as
among outpatient initiators (1.5% ppm and 18% ppy versus
0.7% ppm and 8.4% ppy), and rates remained about 30%
higher after initiation.

Rates of All Strokes Including Recurrent Stroke in
Hemodialysis Patients
The pattern for rates of all strokes was similar to the pattern for
outpatient and inpatient incident strokes (Figure 3), but began
at essentially double the outpatient stroke rates at 0.3% ppm,
peaked at 6 times the baseline rate during the month before
andmonth after initiation, and gradually declined to about 0.6
strokes per 100 patient-months at 10–12 months after initia-
tion, or twice the combined baseline rate.

Incident Stroke Rate in Peritoneal Dialysis Patients
In the much smaller incident peritoneal dialysis cohort
(n=620), only 38 incident strokes occurred over the transition
period, resulting in unstable monthly stroke rates. Stroke rates
and frequency patterns overall were similar to rates and pat-
terns for incident outpatient hemodialysis patients. Rates ap-
proximately doubled during most of the postinitiation period,
but fluctuated widely month to month. Stroke rates ranged
from 0% to 0.32% ppm from 12 months to 4 months before

Table 1. Cohort characteristics: Incident dialysis patients in
2009 aged $67 years at dialysis initiation

Characteristic

Hemodialysis Patients Peritoneal
Dialysis
Patients

Inpatient
Initiation

Outpatient
Initiation

Patients (n) 11,011 9958 650
Age (yr)
Mean 77.3 77.0 75.6
Median 77.0 77.0 75.0
65–74 4197 (38.1) 3955 (39.7) 295 (47.6)
75–84 5144 (46.7) 4542 (45.6) 271 (43.7)
$ 85 1670 (15.2) 1461 (14.7) 54 (8.7)

Race
White 8478 (77.0) 7694 (77.3) 521 (84.0)
Black 2086 (18.9) 1754 (17.6) 67 (10.8)
Other/unknown 447 (4.1) 510 (5.1) 32 (5.2)

Sex
Men 5790 (52.6) 5734 (57.6) 341 (55.0)
Women 5221 (47.4) 4224 (42.4) 279 (45.0)

Comorbid
conditions
Anemia 5576 (50.6) 5383 (54.1) 360 (58.1)
ASHD 4497 (40.8) 3546 (35.6) 190 (30.6)
CHF 3692 (33.5) 2605 (26.2) 132 (21.3)
COPD 2173 (19.7) 1528 (15.3) 66 (10.6)
Diabetes 6141 (55.8) 5040 (50.6) 303 (48.9)
Atrial fibrillation 2137 (19.4) 1583 (15.9) 87 (14.0)
Hypertension 9003 (81.8) 7992 (80.3) 528 (85.2)
PVD 2540 (23.1) 1971 (19.8) 13 (2.1)
Other CVD 603 (5.5) 467 (4.7) 93 (15.0)

Unless otherwise indicated, values are n (%). PVD, peripheral vascular dis-
ease; CVD, cerebrovascular disease.
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initiation, increased to 0.64% ppm at 3months before and at 3
months after initiation, peaked at 1.17% ppm at 7 months
after initiation, fluctuated, and declined to 0 strokes at 11
months after initiation (not shown).

Risk Factor Analyses for Incident Stroke before and
after Hemodialysis Initiation
We conducted two separate analyses of factors associated with
stroke using Cox regression models, one for strokes occurring
before hemodialysis initiation, and another for strokes occur-
ring after initiation; both used as predictors factors identified
13–24 months before the defined transition period (Table 2).
Factors associated with increased risk of preinitiation stroke
were black race (odds ratio [OR], 1.36; 95% confidence

interval [95% CI], 1.12 to 1.66; P=0.002), female sex (OR,
1.31; 95% CI, 1.10 to 1.55; P=0.001), ASHD (OR, 1.28; 95%
CI, 1.06 to 1.55; P=0.01), and hypertension (OR, 1.37; 95%
CI, 1.06 to 1.78; P=0.018). Factors associated with lower risk
of preinitiation stroke included anemia (OR, 0.79; 95% CI,
0.67 to 0.95; P=0.01) andCHF (OR, 0.81; 95%CI, 0.65 to 0.99;
P=0.04).

After initiation, factors associatedwith incident strokewere
age (OR, 1.02; 95% CI, 1.01 to 1.03 per year .67 years;
P,0.001), female sex (OR, 1.48; 95% CI, 1.31 to 1.67;
P,0.001), and diabetes mellitus (OR, 1.17; 95% CI, 1.03–
1.33; P=0.02).

Of note, atrial fibrillation was not found to be associated
with incident stroke before or after initiation.

Figure 1. Incident stroke/transient ischemic attack rates for incident hemodialysis patients in 2009 who initiated hemodialysis as
outpatients.

Figure 2. Incident stroke/transient ischemic attack rates for incident hemodialysis patients in 2009 who initiated hemodialysis as in-
patients.
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Characteristics of Patients with Incident Stroke before
and after Initiation
We also measured characteristics of patients who experi-
enced stroke after dialysis initiation compared with patients
who experienced stroke before initiation. Patients who
experienced stroke after initiation were somewhat older
(mean age 77.8 versus 76.9 years) and slightly more likely to
bewhite and female, andhad less hypertension (80.7%versus
86.1%) and ASHD (38.2% versus 43.4%), but a markedly
greater prevalence of COPD (16.8% versus 2.2%), than those
who experienced stroke before initiation. There were no
other substantial differences between the two groups (not
shown).

DISCUSSION

In this cohort of Medicare-insured incident dialysis patients,
the incidenceof strokebegan to increase about 3months before
dialysis initiation and peaked during the month of hemodi-
alysis initiation at .4 times the baseline rate in outpatient
initiators and 7 times the baseline rate in inpatient initiators.
In both groups, stroke rates rapidly declined by 1–2 months
after initiation, then fluctuated and gradually stabilized at ap-
proximately twice the baseline rate by 1 year after initiation.
Peak stroke rates during the month of initiation were approx-
imately twice as high for inpatient as for outpatient initiators,
and the rate remained about 30% higher for inpatient initia-
tors after initiation. Among peritoneal dialysis patients, stroke
rates overall were slightly lower and very unstable, but rates
approximately doubled after initiation.

To our knowledge, no previous study has described the
trajectory of incident stroke over the dialysis transition period.
However, several previous studies have measured the incident
stroke rate after initiation in incident dialysis patients over
varying time intervals.

Figure 3. Incident stroke/transient ischemic attack rates for all incident hemodialysis patients, including recurrent stroke, in 2009.

Table 2. Risk factors associated with strokes occurring
before and after hemodialysis initiation

Risk Factors Hazard Ratio (95% CI) P

Strokes before initiation
Age 1.00 (0.98 to 1.01) 0.61
Black race 1.36 (1.12 to 1.66) 0.002
Other race 0.85 (0.55 to 1.31) 0.46
Female sex 1.31 (1.10 to 1.55) 0.001
Anemia 0.79 (0.67 to 0.95) 0.01
ASHD 1.28 (1.06 to 1.55) 0.01
Cancer 0.90 (0.70 to 1.17) 0.44
CHF 0.81 (0.65 to 0.99) 0.04
COPD 1.07 (0.86 to 1.32) 0.57
Diabetes 1.14 (0.95 to 1.37) 0.15
Atrial fibrillation 1.05 (0.84 to 1.32) 0.66
GI disease 1.15 (0.82 to 1.61) 0.43
Hypertension 1.37 (1.06 to 1.78) 0.02
Liver disease 0.45 (0.19 to 1.08) 0.08
Other cardiac 1.00 (0.80 to 1.24) 0.99
PVD 1.16 (0.95 to 1.41) 0.14

Strokes after initiation
Age 1.02 (1.01 to 1.03) ,0.0001
Black race 1.12 (0.97 to 1.30) 0.12
Other race 0.91 (0.68 to 1.20) 0.49
Female sex 1.48 (1.31 to 1.67) ,0.0001
Anemia 0.92 (0.81 to 1.08) 0.21
ASHD 1.07 (0.93 to 1.23) 0.34
Cancer 0.88 (0.73 to 1.06) 0.19
CHF 0.92 (0.79 to 1.08) 0.30
COPD 0.98 (0.83 to 1.15) 0.76
Diabetes 1.17 (1.03 to 1.33) 0.02
Atrial fibrillation 1.02 (0.87 to 1.21) 0.79
GI disease 0.98 (0.75 to 1.27) 0.88
Hypertension 0.86 (0.73 to 1.02) 0.08
Liver disease 1.02 (0.64 to 1.60) 0.95
Other cardiac 1.08 (0.93 to 1.27) 0.33
PVD 1.08 (0.93 to 1.24) 0.33

PVD, peripheral vascular disease; GI, gastrointestinal.
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The Choices for Healthy Outcomes in Caring for ESRD
(CHOICE) study measured cerebrovascular event rates after
dialysis initiation in 1061 incident hemodialysis (73%) and
peritoneal dialysis (27%) patients aged$18 years in theUnited
States over a median 2.7 years of follow-up.6 The incidence
rate during the first 2 years after dialysis initiationwas 20.9 per
100 patient-years, including approximately 3% of patients
who underwent carotid endartectomy; this is comparable
with our peak rate of 1.5% ppm, or approximately 18% ppy,
for inpatients during hemodialysis initiation, excluding ca-
rotid endartectomy patients. The CHOICE event rate was
also likely somewhat higher because CHOICE did not exclude
patients with previous stroke.

In the US Renal Data System (USRDS) Dialysis Morbidity
and Mortality Studies, Waves 2–4 (DMMS 2–4), the incident
rate for hospitalized or fatal stroke was 33 per 1000 patient-
years (3.3 per 100 patient-years) among combined prevalent
and incident dialysis patients,7 but the rate in incident hemo-
dialysis patients was not reported separately. In a study of 449
incident dialysis patients with amean age of 64 years in Spain,8

stroke incidence over approximately the first 3 years of dialysis
was 2.4 per 100 patient-years, but incidence over the first year
and in the time period preceding dialysis initiation was not
described separately.

Risk Factors for Incident Stroke before and after
Initiation
The risk factor analyses for incident stroke occurring before
and after initiation shedminimal light on the pathophysiology
of incident stroke in this dialysis cohort; the nonmodifiable
demographic factors of age, black race, and female sex
predominated. Hypertension and ASHD were associated
with increased risk of incident stroke before initiation, and
diabetes after initiation. Except for female sex, all of these are
knownrisk factors for stroke in the general population.Anemia
and CHF appeared to be protective against stroke before
initiation, but not after initiation. Anemia has been found to be
both protective and putative as a risk factor for stroke, with a
U-shaped curvedescribing the relationshipbetweenhemoglobin
level and acute stroke.9,10 The additional role of erythropoietin-
stimulating agents, often prescribed for CKD patients, cannot
be measured in this study. A history of chronic compensated
CHF (assessed 1–2 years before initiation) could be protective
against acute insults before initiation relative to acute decom-
pensated CHF at or after initiation, but this association re-
quires further assessment.

The risk factor analysis didnotfindCOPD tobe a significant
predictor, but COPD was about 10-fold more common in
hemodialysis patients who incurred stroke after initiation.
COPD is a risk factor for stroke and is associated with carotid
wall thickening.11,12 Low baseline oxygenation reserve may
predispose patients with COPD to higher stroke risk at dialysis
initiation.

In the DMMS 2–4 study using hospital discharge records,
age, black race without previous cardiovascular disease,

elevated systolic BP, diabetes, anemia (hemoglobin ,9.0 g/dl),
hypoalbuminemia, and malnutrition were strongly associated
with incident stroke.7 In the Spanish study of 449 incident
hemodialysis patients, age, diabetes, and atrial fibrillation
were independent predictors of stroke.8

Although atrial fibrillation was highly prevalent at 19%
among inpatient hemodialysis initiators, it was not a risk factor
for stroke in our study. However, our risk factor analyses
excluded patients with a previous stroke; these patients may
have had higher prevalence of atrial fibrillation. The anti-
coagulation status of these patients before and after dialysis is
also unknown. Although anticoagulation for atrial fibrillation
decreases the risk of stroke in non-CKD patients, anticoagu-
lation use in dialysis patients is controversial.13–15 It is also
possible that the effect of the dialysis initiation process itself
was so powerful that it overwhelmed the usual effect of atrial
fibrillation as a moderately strong risk factor.

Female sex was associated with moderately high (24%–

49%) increased risk of stroke in our study, unlike in previous
studies.7,8 This requires further exploration, although female
sex has been associated with increased risk of atrial fibrillation
in incident hemodialysis patients.16

Acceleration of Incident Stroke before Hemodialysis
Initiation
In our study, the incident stroke rate began to increase about 3
months before hemodialysis initiation, and peaked during the
month of initiation. The predialysis stroke increase may reflect
acceleration of the shared inflammatory load and vascular
endothelial pathology in the brains and kidneys of these CKD
patients, in turn triggering negative outcomes in either end
organ in both hemodialysis and peritoneal dialysis patients.
Baseline silent brain infarction on brain magnetic resonance
imaging predicts accelerated decline in estimated GFR and
increased risk of hemodialysis initiation in stage 3–5 CKD
patients over 2 years of follow-up.17 CHF, with attendant cir-
culatory congestion and volume-driven hypertension, could
contribute to increased stroke risk shortly before dialysis ini-
tiation, and was prevalent in about one-third of both inpatient
and outpatient hemodialysis initiators, but it appeared to be
protective in our risk factor analysis (OR, 0.80). However, we
measured prevalent CHF or history of previous CHF; incident
decompensated CHF may be more likely to trigger stroke by
potentially decreasing cerebral perfusion.

For some stroke patients, the stroke itself many have led to
acute-on-chronic renal disease with subsequent ESRD, due to
secondary complications of stroke (e.g., aspiration or other
pneumonias or sepsis).

Dialysis initiation can occur in many different settings,
which may complicate accurate ascertainment of first main-
tenance dialysis treatment. Misclassification of dialysis initi-
ation timing may contribute to the spread of the stroke
incidence peak over the time period immediately surrounding
initiation. For example, the first hemodialysis session may
occur during hospitalization for acute-on-chronic renal
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failure, before thrice-weeklymaintenancedialysis begins; some
patients begin with only 1–2 dialysis sessions per week. In
addition, Medicare claims for hemodialysis can be delayed
for a month or longer after initiation.

The Hemodialysis Process and Stroke
Evidence from observational cohort and imaging studies
indicates that the hemodialysis procedure may itself induce
strokes. For example, among 151 Japanese hemodialysis
patients with acute stroke, 39.5% of 86 brain infarcts and
34.7%of 58 brainhemorrhages occurredduring or,30minutes
after a dialysis session; the remainder occurred at other un-
specified times.18 In the CHOICE cohort, of 90 strokes in he-
modialysis patients with chart abstraction, 10 occurred during
dialysis, 17 at another time that day, 35 on a nondialysis day,
and 28 at an indeterminate time after last dialysis.6

Significantly decreased cerebral perfusion and blood flow
velocity after versus before dialysis have been documented
using Xenon inhalation scans of cerebral circulation19 and
transcranial Doppler ultrasonography of the cerebrovascular
arteries.20–22 Positron emission tomography scans also show
decreased cerebral oxygen metabolism and regional blood
flow in hemodialysis patients; cerebral blood flow in the fron-
tal lobes and white matter is inversely related to dialysis dura-
tion.23 The number of intradialytic hypotensive episodes
correlates with the degree of frontal cerebral atrophy on mag-
netic resonance imaging.24

The stroke rate decreased in the months after dialysis
initiation but remained approximately twice the baseline rate
by 1 year. This stabilization may represent partial recovery of
cerebrovascular autoregulation in response to acute volume
and electrolyte shifts after the first months of dialysis
sessions. It may also be a survivor phenomenon, with dialysis
functioning as a stress test; patients who were most suscep-
tible to stroke in our study, such as those with obstructive
carotid (or other vascular territory) disease, had already
experienced a stroke or died within the first few months after
dialysis initiation, resulting in a less-susceptible remaining
population.

Potential Interventions to Decrease the Rate of
Incident Stroke
Whether reducing the rate (K) of clearance through longer,
slower dialysis might reduce the risk of cerebral edema and/or
hypoperfusion and thus limit the risk of recurrent ischemic
episodes during dialysis needs further exploration. Of note, in
Europe, the average dialysis session lasts 4–4.5 hours, com-
pared with about 3.5 hours in the United States. Studies in
Europe, Japan, and the United States report that dialysis ses-
sions longer than 4 hours are associated with 19%–50% lower
adjusted mortality rates.25,26 However, comparative stroke
rates with different dialysis session durations have not been
described. The Frequent Hemodialysis Network study may
offer the opportunity to evaluate the effect of shorter, more
frequent hemodialysis on risk of stroke, because it compares

outcomes of standard thrice-weekly hemodialysis to 5 or 6
sessions of daily or nocturnal dialysis per week.27

Potential modifications of standard thrice-weekly hemo-
dialysis delivery include administering oxygen during dialysis
(especially to patients with COPD) to decrease risk of cerebral
hypoxemia secondary to cerebral ischemia, placing patients
in the Trendelenburg position intermittently, or prescribing
compression stockings or leg pumps to increase cerebral per-
fusion. To our knowledge, none of these interventions has
been attempted in a clinical trial to decrease risk of incident
stroke. In addition,women,whowereat increased riskof stroke
in our study, could be targeted formore aggressive primary and
secondary stroke risk factor reduction.

Limitations
Wewereunable to identify the timing of incident stroke relative
to initiation of maintenance hemodialysis, or relative to other
acute events, among patients who initiated as inpatients,
because date of stroke is not identified on hospital claims for
incident stroke. Survival bias before dialysis initiation and
known high mortality due to stroke after initiation likely
contribute to the pattern of stroke incidence observed. Rates of
symptomatic stroke reportedhere likelyunderestimate the true
burden of stroke in incident hemodialysis patients, based on
high rates of subclinical infarction evident on brain imaging in
the dialysis population.28 Although we used a previously val-
idated coding algorithm to identify stroke events,29 misclassi-
fication of stroke status and of other comorbid conditions may
have occurred. Likewise, misclassification of dialysis initiation
date may have occurred due to limitations related to accurate
completion of the Medical Evidence Report (Centers for
Medicare & Medicaid [CMS] form CMS-2728) and the
USRDS database. We did not have access to laboratory values
and medications for risk factor analyses because these data
were not consistently available in Medicare claims. Lastly,
use of Medicare claims diagnoses for risk factor analysis of
incident stroke during hospitalization is inexact, because ex-
act timing of inpatient stroke and acute events before stroke
are not documented on claims. For this reason we used pre-
transition zone identification of potential risk factors. A
more detailed risk factor analysis would require a prospec-
tive longitudinal study examining daily electronic medical
records to establish a time course of risk factors and incident
stroke.

The incident stroke rate increased 4- to 7-fold during the
month surrounding hemodialysis initiation, and stabilized
at double the baseline rate by approximately 1 year after ini-
tiation. This stroke rate trajectory strongly suggests that the
process of hemodialysis may cause strokes. Further study is
needed to evaluate risk factors for stroke in incident hemo-
dialysis patients, and determine whether modifications to the
dialysis dose or duration of dialysis sessions, adjunct support-
ive treatment during dialysis, or alternativemethods of dialysis
delivery such as more frequent hemodialysis, might decrease
the risk of incident stroke.

J Am Soc Nephrol 24: 1166–1173, 2013 Stroke and Dialysis Initiation 1171

www.jasn.org CLINICAL EPIDEMIOLOGY



CONCISE METHODS

We identified a cohort of incident hemodialysis andperitoneal dialysis

patients in 2009 aged$67 years at initiationwithMedicare as primary

payer for 2 years before initiation. Patients with any stroke-related

claim during months 13–24 before initiation were excluded; relevant

International Classification of Diseases, Ninth Edition, ClinicalMod-

ification (ICD-9-CM) codes were 430.3, 431.3, 433. 3 1, 434.3,

435.3, 436.3, 437.3 (other and ill-defined cerebrovascular disease),

and 438.3 (late effects of cerebrovascular disease). Date of dialysis

initiation was obtained from the USRDS database using the CMS

Medical Evidence Report (form CMS-2728), which is required for

Medicare coverage of dialysis.

Strokes were identified during the 12 months before and after

initiation, or until death or change in treatment modality (defined as

change to peritoneal dialysis or home dialysis, or kidney transplant).

Incident strokes were identified by occurrence of one outpatient,

inpatient, or skilled nursing facility claim. Patients classified with

incident stroke were removed from the denominator for the remain-

ing follow-up time.

Calculation of Stroke Frequency
Because time at risk during the hospital stay is not clearly definable by

months at risk (becausemost lengths of stay are less than 1month), we

calculated frequency of strokes as the percentage of patients in each

month of observation who had an incident stroke, referred to as

percent of patients per month. (This calculation is not the same as a

per-patient-per-month rate, but in most months matched a per-

patient-per-month rate because approximately 100 patients were at

risk inmostmonths). This percent-of-patients-per-month rate can be

multiplied by 12 to calculate the approximate percentage of patients

per year with incident stroke, based only on that month’s stroke

frequency. Strokes were identified from ICD-9-CM diagnosis codes

on Medicare claims (in any position). A stroke event was defined as

presence of one inpatient or skilled nursing facility Medicare claim

for stroke, including claims for ischemic (433.31, 434.3, 436.3) and

hemorrhagic (430.3, 431.3) strokes. Diagnosis code 435.3 repre-

sents transient ischemic attack; incident strokes were identified in-

cluding this code for completeness. Stroke claims with traumatic

brain injury or rehabilitation listed as the principal diagnosis code

were excluded, using a previously validated stroke identification

methodology by Tirschwell and Longstreth.29

Comorbid conditions were identified by one inpatient or two

outpatient or Part B Medicare claims for that condition, with the

exception of atrial fibrillation, whichwas identified by one inpatient

or one outpatient Part B claim. For all patients, comorbid condi-

tions were identified from claims from 13 to 24 months before

initiation.

Patientswere stratifiedbywhetherdialysis initiationoccurred in an

inpatient hospital setting. Patients who were hospitalized with an

admissiondate before theirdialysis initiationdate and adischargedate

after their dialysis initiation date were considered to be inpatients

during hemodialysis initiation; patients not meeting this definition

were considered tobeoutpatients duringdialysis initiation.Rateswere

calculated separately for inpatient and outpatient groups.

To determine whether the observed accelerated incident stroke

pattern after initiation persisted when recurrent strokes were in-

cluded, we also measured the rate of all new inpatient and outpatient

strokes combined that occurred over the 2-year observation period,

including recurrent strokes, and including patientswho experienced a

stroke during the 1 year preceding our observation period.

For the analyses of potential risk factors for incident stroke among

inpatienthemodialysis initiators, aCoxmodelwasused toestimate the

adjusted hazard ratio of incident stroke, both before and after

initiation. This was done separately for incident stroke before dialysis

initiation and incident stroke after dialysis initiation for patients with

no stroke before initiation. In each case, comorbid conditions were

identified from claims during the 13–24 months before dialysis ini-

tiation. Factors were measured before the transition period because it

was not possible to assess their timing in relation to each stroke that

occurred during the transition period or during the hospitalization

for initiation. Separately, we also compared characteristics of patients

who experienced stroke before initiation (212months to21month)

with characteristics of patients who experienced stroke after initia-

tion.
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