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SUMMARY

Chronic kidney disease (CKD) is an important worldwide public health pro-
blem and stroke represents a continuously evolving medical and social problem.
Renal dysfunction carries a substantial risk for cardiovascular morbidity and morta-
lity, the risk increases with a decline in kidney function. In the last 15 years the link
between CKD and cerebrovascular disease has become more apparent. Nowadays,
in dialysis patients suffering from stroke, ischemic subtype is present in approxi-
mately 70%. In high risk patients with different stages of CKD, renal dysfunction is
clearly associated with subsequent ischemic stroke. In population-based studies,
conflicting results have been reported. Furthermore, in patients with ischemic stro-
ke renal dysfunction is associated with short- and long-term mortality.

Authors present different studies published in this field and also add some of
their own resulits.
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INTRODUCTION

Chronic kidney disease (CKD) is a worldwide
health problem; up to 15% of the adult population in in-
dustrialized countries has CKD (1,2). Renal dysfunction
carries a substantial risk for cardiovascular morbidity
and mortality, and the risk increases with a decline in
kidney function (3-5). The association between uremia
and an increased risk of cardiovascular disease was first
documented in 1974 by Lindner et al. (6). The preva-
lence of coronary artery disease in patients with end
stage renal disease is approximately 40% and cardio-
vascular mortality is 10 to 20 times higher than in the
general population (7, 8). The high prevalence of cardio-
vascular disease in patients starting dialysis treatment
suggests that cardiovascular disease begins in earlier
stages of CKD (9). Later, an independent, graded asso-
ciation was observed between renal dysfunction esti-
mated with glomerular filtration rate (GFR) and the risk
of death, cardiovascular events, and hospitalization in a
large, community-based population (5).

Patients with CKD have high prevalence of athe-
rosclerosis (10) and despite atherosclerosis being a sys-
temic disease attention has centered mainly on cardiac
aspects and/or manifestations. Less is known about the
association of renal dysfunction and stroke. Stroke re-
presents a continuously evolving medical and social
problem, being the third leading cause of death in deve-
loped countries (11). In this paper, some important stu-
dies in this field will be presented.

Chronic kidney disease and
ischemic stroke

In 1998, the National Kidney Foundation conve-
ned a Task Force on Cardiovascular Disease in Chronic
Renal Disease and members were unable to draw any
conclusions about cerebrovascular disease because the
literature was scant (12). In the next 15 years, the link
between CKD and cerebrovascular disease become
more apparent, especially in dialysis patients. From the
decade of 1990s, higher incidence of hemorrhagic stro-
ke was reported compared to ischemic stroke (13). In
the study by Iseki et al. the relative risk compared to
general population was 5.2 in stroke, 2.0 in cerebral
infarction and 10.7 in cerebral hemorrhage (13). Ano-
ther study from Japan by Kawamura et al. also confir-
med higher incidence of cerebral hemorrhage (14). Se-
liger et al. in the study published in 2003 confirmed
high age-gender-adjusted relative risk of stroke among
dialysis patients compared to the general population in
the United States (15). In this study, also an increased
risk of ischemic stroke was found (15). In the study by
Toyoda et al. Japanese dialysis patients with acute stro-
ke in 22-year period were included (16). In the first 17
years cerebral hemorrhage was more frequent, but in
the last 5 years ischemic stroke replaced hemorrhage
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as the leading cause of stroke (16). In the DOPPS (the
Dialysis Outcomes and Practice Patterns Study) study
the prevalence of cerebrovascular disease was similar in
Japanese and European dialysis patients and was higher
in US dialysis patients (17). Similar prevalence of cere-
brovascular disease in US dialysis patients was found
also in HEMO (Hemodialysis) study (18). Ischemic cere-
brovascular accident was the cause of death in 69% of
patients in HEMO study (18). In the study by Sozio et
al., published in 2009, ischemic stroke was the most
common in dialysis patients; ischemic stroke was con-
firmed in 76 % of all 200 events registered in the study
(19). Recently, a high prevalence of ischemic stroke in
patients with end stage renal disease at the start of dia-
lysis as well as a high incidence of ischemic stroke in
the course of dialysis treatment has been reported (20). The-
se changes in the distribution of cerebrovascular events
in dialysis patients (higher prevalence of ischemic stro-
ke) are probably due to the fact that patients currently
accessing dialysis are older and with higher comorbidity
(20). Recently published data from ERA-EDTA regjstry
showed increased age- and sex- standardized mortality
rates for stroke compared with general population (21).
Association between CKD and stroke is less con-
clusive; most studies suggest an independent associa-
tion between the presence of CKD and cardiovascular
disease. In most studies, authors had included stroke as
part of an aggregate cardiovascular event. In communi-
ty-based population graded association between renal
function and cardiovascular events was found, a cardio-
vascular event was defined as hospitalization for coro-
nary disease, heart failure, stroke, or peripheral arterial
disease (5). Over 1 million adults were included in this
investigation (5). Secondary evaluation of four-commu-
nity based studies (Atherosclerosis Risk in Communities
Study, the Cardiovascular Health Study, the Framin-
gham Heart Study and the Framingham Offspring Study)
showed that CKD was an independent risk factor for the
primary composite study outcome (22). The primary stu-
dy outcome was a composite of myocardial infarction,
fatal coronary heart disease, all-cause mortality, and fa-
tal and non-fatal stroke (22). In a separate analysis, no
increased risk of stroke was found in patients with CKD
as compared with the patients without CKD (22). In
NOMAS (Northern Manhattan) study, a prospective po-
pulation-based study designed to document the inci-
dence of stroke, estimated glomerular filtration rate (Co-
ckrof-Gault formula) was associated with significant 43%
increased stroke risk in the overall cohort, also in multi-
variate analysis (23). Interestingly, in a separate analy-
sis, renal dysfunction was a significant predictor of inci-
dent stroke in blacks and not in whites and Hispanics
(23). In general Japanese population, Nakayama et al.
found an association between increase in relative ha-
zard for the first symptomatic stroke and decreasing
renal function (24). The risk of stroke increased progre-
ssively with declining glomerular filtration rate also in
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study using data from 10 community-based Japan stu-
dies (25).

In studies including high risk patients, defined by
the presence of either cardiovascular disease or cardio-
vascular risk factors, renal dysfunction was an indepen-
dent risk factor for outcomes. In the study by Shlipak et
al. in postmenopausal women with coronary heart dise-
ase, even mild and moderate renal insufficiency was
associated with cerebrovascular disease (including both
stroke and transient ischemic attack) (26). In the se-
condary analysis from VALLIANT (Valsartan in Acute Myo-
cardial infarction Trial) study the risk of death for stroke
increased with declining estimated glomerular filtration
rate (MDRD formula) (27). Recently, meta-analysis has
been carried out to determine whether a link exists bet-
ween reduced glomerular filtration rate and incident stro-
ke (28). Most previously mentioned studies and some
other were added in this meta-analysis. Incident stroke
risk increased among participants with an estimated glo-
merular filtration rate <60 ml/min/1.73m? and not
among those with glomerular filtration rate of 60-90 ml/
min/1.73m? (28). Increased risk was found for subse-
quent ischemic and hemorrhagic stroke in participants
with glomerular filtration rate <60 ml/min/1.73m? (28)
(Table 1).

For transplant patients, single-center studies had
small sample sizes and consequently few observed
events, so it is not surprising that only a limited number
of studies about stroke in kidney transplant patients are
available. In a Spanish study, the prevalence of stroke
was 7.97% at ten years and cerebral hemorrhage appe-
ars to be more prevalent than in general population
(29). In the study by Lentine et al. (30), data from the
United States Renal Data System registry were used; in
the analysis 29.614 Medicare-insured kidney transplant
recipients were included. Medicare-insured kidney tran-
splant candidates and recipients with allograft failure
were also included in the analysis (30). The cumulative,
three-year incidence of de novo cerebrovascular disease
events after transplantation was 6.8% and was lower
than adjusted three-year estimates of 11.8% on the
waiting list and 11.2% after graft loss (30). Similar re-
lationships with transplantation and graft loss were ob-
served for each type of cerebrovascular disease event
and all forms of cerebrovascular disease event diagno-
ses after transplantation predicted increased mortality
(30).

Prevalence and impact of renal
dysfunction in patients with
ischemic stroke

The prevalence of renal dysfunction in patients
with cerebrovascular disease and/or stroke is not known.
In study of Koren-Morag et al. where patients with pre-
vious coronary heart disease were followed, a fifth of
patients suffering from ischemic stroke or transitory is-
chemic attack (TIA) had renal dysfunction defined as

GFR=60 ml/min/1.73m? (31). Recently, the prevalence
of renal dysfunction of approximately 30% has been re-
ported in acute stroke patients including patients with
ischemic and hemorrhagic stroke (32). CKD was pre-
sent in 36% of patients with acute stoke based on
MDRD formula and in only 18% if based on Mayo Clinic
formula in the study by Yahalom et al. (33). In the study
by Tsukamoto et al. (34), only patients with ischemic
stroke and transitory ischemic attack were included and
the prevalence of CKD was 38%. CKD was defined as
estimated glomerular filtration rate <60 ml/min/ 1.73m?;
dialysis patients were excluded (34). In age-matched
control group, CKD was present in only 22% (34).

There are only few data about the impact of renal
dysfunction on mortality in patients suffering from ische-
mic stroke. In most studies renal dysfunction was asso-
ciated with worse outcome in these patients. In the stu-
dy by Hojs Fabjan et al. (35) patients with ischemic stro-
ke and estimated GFR <90 mL/min/1.73m? were inclu-
ded. Decreased GFR was associated with higher short-
term (in-hospital) mortality (35). Renal dysfunction was
an independent predictor also after multivariable adjus-
tment (35). In the study by MacWalter et al. (36), renal
dysfunction was highly significant in predicting short-
term and long- term mortality after stroke. Patients with
ischemic and hemorrhagic stroke were included in this
study; renal dysfunction remained highly significant in
predicting mortality also among subgroup of patients
with ischemic stroke (36). In a prospective study, Tsa-
galis et al. included hospitalized first-ever stroke pati-
ents, after adjusting for basic demographic, stroke risk
factors and stroke severity on admission; renal dysfun-
ction was an independent predictor of stroke mortality at
10 years (32). CKD was strong and independent pre-
dictor of mortality in patients with acute stroke also in
an lsrael study (33) (Figure 1). Ovbiagele obtained data
from Nationwide Inpatient Sample (NIS) (37). Of over 1
million stroke hospitalizations during the study period,
6.1% had a comorbid diagnosis of CKD, and 9% of tho-
se with CKD died in hospital. The presence of CKD was
independently associated with higher odds of dying du-
ring stroke hospitalization regardless of stroke type. This
adverse association was driven by severe CKD and was
more pronounced in relatively younger persons and wo-
men (37).
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Table 1. Metaanalysis - incident stroke risk among participants with an eGFR < 60 mi/min/1.73m?
and among those with eGFR 60-90 mi/min/1.73m?

Study Risk ratio Weight Risk ratio
(inverse varlance, (%)  (inverse variance,
eGFR 60 ml/min/1.73 m? v reference random, 95% Q) random, 95% C1)
Bayx 2008 23 1.90(1.21 1o 2.99)
Bos 20077 46  122(1.02 1o 1.46)
Cheng 20087 2.8 216 (1.46 10 3.18)
Deo 2008% — 31 085 (0.60 to 1.20)
Ford 20094 B 4.2 103 (0.B2 10 1.29)
Ford 2009%% — 38 097 (0.74 10 1.26)
Ford 2009%%2 - 31 1.20(0.85 to 1.69)
Go 2009*33 4.6 116 (0.97 to 1.38)
o 20092 45 139 (115 1o 1.67)

33 198 (Léd to 2.71)
3.5 185 (137 to2.50)
31 194 (1.38 to 2.73)
24 219 (1.41103.39)
4.0 153 0(1.21to 1.94)
33 103 (075 to 1.41)
2.4 1.90(1.22 to 2.96)
1.9  310(1.80105.35)
3.6 143 (1.08 to 1.90)
3.5 141 (105 to1.89)
47 1210103 to 1.43)
4.3 146 (1.18 to 1.81)
3.8 15001.15 to 1.95)
4.6 115 (0.97 to 1.37)
34 1310097 to 1.78)
3.0 203 (1411t02.91)
33 1250(091t01.72)
4.5 117 (0.97 to 1.41)
1.8 281 (159 to 4.97)
26 212 (1.401t03.22)
100.00 1.43 (1.31 0 1.57)

Irle 2006 (men)™
Irle 2006 (women)®*
Kokubo 2009*3%
Kokubo 2009*7%
Koren-Morag 20067
Kurth 2009 —
Makayama 2007+
Makayama 2007+
Hickolas 20087
Minomiya 2008
Perkovic 2007%%
Perticone 2009°
Ruilope 200132
Ruilope 200733
Shlipak 2001*3*
Shlipak 2001%3*
Tonelli 20067 E
Weiner 200434

Yang 2008*%

Yang 20084%

Total (95% Cl)

Test forheterogeneity: ™=0.04, 3 =89.60,
df=28, P0.004, 1P=69%

Test foroverall effect: z=7.70, P40.001

'u*iH'H*HHWHHHi"'{+}

eGFR 60-90 ml/min/1.73 m? v reference
Bax 20088 —_— 3.5 100 (0.65 to 1.55)
Cheng 20082 — 5.2 0.95 (0.68 to1.33)
Irle 2006 (men)t?® — 59 106 (0.78 to 1.44)
Irie 2006 (men)t?* - 7.8 L09(0.B6101.39)
Irie 2006 (men)t* -+ 7.7 10100.79t01.29)
Irie 2006 (ment™ e 6.5 122 (0.92 to 1.62)
Irle 2006 (women)t?* —ih 4.2 100 (0.68 to 1.48)
Irie 2006 iwomen)t?* {— 6.9  120(0.92 to 1.57)
Irie 2006 (women)t™* —+— 7.0 105 (0.80 0 1.37)
Irie 2006 (women)t™* —— 6.0 097 (0.72 to1.31)
Kokubo 20097 % —+— 6.6 104 (079 to 1.38)
Kurth 20091% —f 9.0 090073 ta1.11)
Kurth 200915 ——| 6.9 074 (0.57 to 0.97)
Minomiya 2008 - 8.3 124 (0.99 to 1.56)
Yang 200813 . 4.1 150 (1.01t02.23)
Yang 200813 — 44 L77(1.22to2.58)
Total (95% C1) » 100.00 1.07 (0.98 to 1.17)
Test for heterogeneity: ©°=0.01, ¥°=24.05,
di=15, P=0.06, ’=38% 0102 05 1 2 5 10
Test foroverall effect: 2=1.43, P=0.15 Protective Excess risk

against stroke of stroke

Risk ratio for association of estimated glomerular filtration rate (eGFR) and risk of stroke
in prospective cohort studies. *Subgroups of estimates with eGFR <60 ml/min/1.73 m?
tSubgroups of estimates with e GFR 60-90 ml/min/1.73 m*
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Figure 1. CKD is strong and independent predictor of mortality in patients with acute stroke

CONCLUSION

In the first studies from 1990s, a higher inci-
dence of hemorrhagic stroke in dialysis patients was re-
ported compared to ischemic stroke. Afterwards, an
increased risk of ischemic stroke was found. In the last
studies, ischemic stroke was present in approximately
70% of dialysis patients with stroke. These changes are
probably due to the fact that patients currently acce-
ssing dialysis are older and with higher co-morbidity. In
patients with different stages of CKD before dialysis
treatment, the association between CKD and stroke is
less conclusive. Conflicting results from population-ba-
sed studies have been reported. In studies including
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BUBREZNA DISFUNKCUA I ISHEMICNI MOZDANI UDAR
Radovan Hojs'3, Tanja Hojs Fabjan®?

Klinika za internu medicinu, Odeljenje za nefrologiju, Maribor, Slovenija
20deljenje za nefrologiju, Univerzitetski klinicki centar Maribor, Slovenija
SUniverzitet u Mariboru, Medicinski fakultet, Slovenija

Sazetak

Hroni¢na bubrezna bolest je vazan svetski zdravstveni problem, dok mozdani udar predstavlja konti-
nuirano rastuéi medicinski i drustveni problem. Bubrezna disfunkcija nosi sa sobom znacajan rizik za kar-
diovaskularni morbiditet, a rizik se pove¢ava sa opadanjem bubrezne funkcije. U poslednjih petnaest go-
dina, veza izmedu hroni¢ne bubrezne bolesti i cerebrovaskularne bolesti je sve ociglednija. Danas je kod
bolesnika na dijalizi, koji su preziveli mozdani udar, ishemicni podtip prisutan u oko 70%. Kod visoko rizi-
¢nih bolesnika, sa razlicitim stupnjevima hroni¢ne bubrezne bolesti, bubrezna disfunkcija je u jasnoj vezi sa
posledi¢cnim mozdanim udarom. Kod populacione analize prikazani su kontradiktorni rezultati. §tavi§e, kod
bolesnika sa ishemi¢nim mozdanim udarom bubrezna disfunkcija se dovodi u vezu sa kratkoro¢nim i dugo-
ro¢nim mortalitetom.

Autori u ovom radu prikazuju razlicite studije objavljene u ovoj oblasti, kao i sopstvene rezultate.

Kljucne reci: cerebrovaskularna bolest, hronicna bubrezna bolest, zavrSna faza bubrezne insuficijencije,
mortalitet, bubrezna disfunkcija
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