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CLINICAL STUDY

A Transient Improvement in Renal Function Occurs after Ischemic
Stroke
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Abstract

Background: Neurohumoral effects have been suggested to affect kidney function. Stroke is a condition where regula-
tion of the renin–angiotensin system and sympathetic nerve activity are altered. Methods: Renal function as estimated
by serum creatinine was analyzed over 1 week in 220 patients after acute ischemic stroke. Results: In patients with
chronic kidney disease defined as those with serum creatinine >1.2 mg/dL at admission (n = 62), renal function
transiently improved, measured by a mean decrease of creatinine of 0.34 mg/dL during the first days after stroke.
A significant and transient decrease of creatinine was also observed in patients with diabetes (n = 69) or patients
with heart failure (n = 89). In both subgroups creatinine decreased by a mean of 0.49 and 0.24 mg/dL, respectively
(p < 0.05 for both). In patients with normal renal function at admission, no change in serum creatinine occurred dur-
ing the first week after stroke. There was no association between stroke severity and creatinine change. Conclusion:
An acute ischemic cerebrovascular event intermittently improves impaired kidney function. The underlying mechanism
may involve central regulation of renal function.
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INTRODUCTION

The interaction between brain and kidney has been
poorly investigated so far. The renin–angiotensin system
(RAS) directly and indirectly regulates arterial blood
pressure (BP) and also the BP in the brain.1 RAS
modulates blood flow; sympathetic nerve activity, which
controls vascular tone; and secretion of neurohormones,
which influences electrolyte and fluid homeostasis; it
also regulates behavioral processes to increase salt and
water intake.1 Disturbances of this homeostasis con-
tribute to cardiovascular risk. The renal autonomic
nervous system has been identified as a major contrib-
utor to the complex pathophysiology of hypertension,
states of volume overload (such as heart failure), and
progressive renal disease, both experimentally and in
humans.2–7 Autonomic dysfunction has been linked
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to diseases like hypertension or heart disease.8,9 This
causes end organ damage to kidney and brain in the
form of functional or structural impairment.

Acute stroke impairs multiple brain functions.8

These might be reflected not only by physical dis-
ability but also by other regulatory malfunctions. The
RAS is generally upregulated in patients with stroke in
order to sustain cerebral perfusion.8 This activation is
of prognostic importance and is associated with poor
prognosis.10 Protein and electrolyte excretion and kid-
ney function have been reported to be disturbed after
stroke.11,12

Despite this evidence for a relationship between the
central nervous system activity and the kidney, the influ-
ence of an acute disruption of central regulation on the
kidney function has not been investigated yet. In order
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to assess potential changes of kidney function after an
acute cerebrovascular event, we performed serum cre-
atinine measurements in an observational multicenter
cohort study.

METHODS

Patients
This study was performed within a prospective stroke
registry maintained by nine neurological departments
in Vienna [Vienna Stroke Registry (VSR)]. This study
had been approved by the local ethics committees and
complied with the Declaration of Helsinki. Details of
the VSR have been published elsewhere.13,14 Briefly,
between October 1998 and December 2001 all patients
with stroke who were admitted to one of the participat-
ing centers within 72 h of symptom onset were prospec-
tively documented, on the basis of informed consent
given by the patient or the next of kin. Patients were
carefully recorded according to a standardized protocol
with respect to risk factors, medical history, laboratory
and technical investigations, as well as stroke etiology
and severity, measured by validated scales. The diagno-
sis was established clinically and all patients underwent
cranial computer tomography or magnetic resonance
imaging. Out of a sample of 1440 patients with acute
ischemic stroke, the subgroup of subjects with consecu-
tive creatinine measurement during the first week after
the ischemic event was filtered; 220 patients had a doc-
umented laboratory report and were included in the
analysis. The medical history of patients is shown in
Table 1.

Statistics
Descriptive data are presented as means ± standard
error of the mean (SEM) if not indicated other-
wise. The Mann–Whitney U-test was used to check

for differences in baseline variables and changes in
creatinine levels between groups. For comparison of
creatinine courses, analysis of variance (ANOVA) for
repeated measurements and Fisher LSD post hoc tests
were applied. Skewed variables were log-transformed
for ANOVA. Analyses were performed applying the
Statistica software package (Release 6; StatSoft, Inc.,
Tulsa, OK, USA).

RESULTS

Patients were 73 ± 12 years old and had a mean
systolic and diastolic BP of 169 ± 32 and 90 ± 17
mmHg at admission, respectively. Metabolic charac-
teristics are shown in Table 2. Serum creatinine val-
ues decreased after ischemic stroke by 0.12 ± 0.52
mg/dL and increased again after 1 week in all patients.
When patient groups were classified according to renal
function at admission, subjects with elevated serum
creatinine (>1.2 mg/dL) had a maximum decrease
of creatinine (�-creatinine) of 0.34 ± 0.92 mg/dL
(p < 0.001), while no significant change in serum cre-
atinine was detectable in subjects with normal kidney
function (−0.03 ± 0.14 mg/dL �-creatinine, p = 0.111;
Figure 1).

Table 1. Medical history of subjects admitted with ischemic
stroke (n = 220).

n (%)

Hypertension 171 (78)
Current smoking 46 (21)
Diabetes 69 (31)
Previous cerebral ischemia 43 (20)
Coronary heart disease 61 (28)
Hyperlipidemia 68 (31)
Atrial fibrillation 58 (26)
Peripheral vascular disease 34 (15)

Table 2. Data of subjects with ischemic stroke and normal (≤1.2 mg/dL) or elevated (>1.2 mg/dL)
serum creatinine at admission.

Creatinine ≤1.2
mg/dL (n = 158)

Creatinine >1.2
mg/dL (n = 62) p-Value

Age 72 ± 12 75 ± 10 0.203
Sex (male/female) 51/107 34/28 0.002∗
Systolic blood pressure (mmHg) 169 ± 32 167 ± 30 0.764
Diastolic blood pressure (mmHg) 91 ± 16 88 ± 18 0.247
Diabetes 44 (28%) 25 (40%) 0.073
Heart failure 53 (34%) 36 (58%) <0.001
Glucose (mg/dL) 158 ± 68 161 ± 71 0.5
Creatinine (mg/dL) 0.9 ± 0.2 1.9 ± 1.1 <0.01∗
Cholesterol (mg/dL) 212 ± 43 222 ± 50 0.6
HDL cholesterol (mg/dL) 67 ± 14 73 ± 44 1.0
LDL cholesterol (mg/dL) 189 ± 102 129 ± 16 0.3
Triglycerides (mg/dL) 134 ± 82 204 ± 113 0.02∗
Uric acid (mg/dL) 5.7 ± 1.8 7.3 ± 1.6 <0.01∗
Stroke severity scale 31 ± 16 36 ± 18 0.021∗

Notes: Values are given as means ± SD. Differences between groups are indicated. HDL, high-
density lipoprotein; LDL, low-density lipoprotein.
∗p < 0.05, Mann–Whitney U-test for continuous or chi-square test for categorical variables.
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Figure 1. Serum creatinine in patients with ischemic stroke and
elevated (>1.2 mg/dL, squares, n = 62) or normal creatinine
(≤1.2 mg/dL, circles, n = 158) after admission. Data are pre-
sented as means ± SEM.
Note: ∗Denotes p < 0.001 versus baseline, ANOVA and Fisher
LSD.

Transient decreases in serum creatinine could also
be detected when patients were grouped according to
sex or comorbidities (Figures 2–4). In patients with
ischemic stroke and diabetes or heart failure, serum cre-
atinine decreased significantly on day 1 and on day 3/4,
but also in patients with ischemic stroke and without
diabetes or heart failure a similar transient change in
serum creatinine was observed, though not significant
(Figure 3A and B). Patients with diabetes had higher
serum creatinine during the entire observation period
than patients without diabetes. Patients with heart
failure also had higher serum creatinine than patients

without heart failure (mean ± SD 1.28 ± 0.71 mg/dL
vs. 1.06 ± 0.48 mg/dL, p = 0.002; Figure 3A and B).
Serum creatinine decreased significantly in men and
women with ischemic stroke and elevated creatinine at
admission but not in those with normal creatinine at
admission (Figure 4).

No difference in the creatinine course could be
detected between patients with or without peripheral
vascular disease (n = 34) or coronary heart disease
(n = 61) (both p > 0.05; data not shown). Comparable
results could be obtained when patients with and with-
out hypertension, ACE-inhibitor therapy, and stroke
severity were compared (data not shown). Analysis of
hemoglobin and hematocrit courses to exclude poten-
tial dilution effects showed no change over time (data
not shown).

In multiple group comparison analysis, diabetes or
heart failure had no influence on the creatinine course
after stroke when the cohort was stratified according
to elevated or normal creatinine concentration at base-
line (Table 3). There was no association between stroke
severity scale and the change in creatinine after stroke
event (Figure 5).

Creatinine at hospital admission was associated with
sex (p < 0.001), age (p = 0.03), triglycerides (p = 0.02),
uric acid (p < 0.001), total protein (p = 0.01), and
fibrinogen (p = 0.01).

DISCUSSION

In our study acute ischemic stroke was associated with
an improved renal function in patients with elevated
creatinine at admission but not in those with normal
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Figure 2. Maximum changes in serum creatinine (�-creatinine) after admission for ischemic stroke in patients with elevated (>1.2 mg/dL,
gray bars) or normal creatinine (≤1.2 mg/dL, black bars). Obtained from male and female subjects, patients with and without diabetes
mellitus (DM), and patients with and without heart failure (HF). Data are presented as means ± SEM.
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Figure 3. Serum creatinine of patients (A) with or without dia-
betes and (B) with or without heart failure. Data are presented as
means ± SEM.
Note: ∗Denotes p < 0.05 versus baseline, ANOVA and Fisher
LSD.

creatinine. This phenomenon was seen in subgroups
of patients with diabetes or heart failure and men or
women.

Table 3. Comparison of subgroups to assess the effect of diabetes
and heart failure (HF) on the creatinine course stratified accord-
ing to elevated or normal creatinine (ANOVA and Fisher LSD
post hoc test).

Groups p-Value

Elevated creatinine + diabetes versus elevated
creatinine + no diabetes

0.82

Normal creatinine + diabetes versus normal
creatinine + no diabetes

0.79

Elevated creatinine + HF versus elevated
creatinine + no HF

0.47

Normal creatinine + HF versus normal
creatinine + no HF

0.98
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Figure 4. Creatinine course in (A) men and (B) women with
ischemic stroke and elevated (>1.2 mg/dL, squares) or normal
creatinine (≤1.2 mg/dL, circles). Data are presented as means ±
SEM.
Note: ∗Denotes p < 0.01 versus baseline, ANOVA and Fisher
LSD.

Brain and kidneys are considered as end organs
on parallel trajectories, sharing cardiovascular risk fac-
tors, with microvascular pathologic processes mediated
by inflammatory and oxidative processes.15,16 Further,
brain and kidney have similar low-resistance vascular
beds and endothelial structures.15,16 Therefore, vascu-
lar dysfunction may lead to defects of the blood–brain
barrier in the central nervous system and to impaired
glomerular filtration in the kidney.16 Thus, one would
speculate a decline of kidney function after cerebral
ischemia. Impaired renal function is common among
stroke survivors and is associated with an increased
risk for subsequent major cardiovascular events, which
include acute myocardial infarction, sudden death, and
recurrent stroke.17

Patients with diabetes or heart failure under study
had higher creatinine concentrations compared with

Renal Failure
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Figure 5. Relationship between individual maximum serum creatinine change and stroke severity scale in 220 patients with ischemic
stroke (p = 0.487; r = 0.048, Spearman correlation).

other ischemic stroke patients, which is expected in this
group of subjects.18–22 Despite higher creatinine values
at admission the decline in creatinine in both groups,
a significant decrease in creatinine was also seen in
patients without diabetes or heart failure. The high-
est decrease was detectable in patients with chronic
kidney disease (CKD). This was surprising since hyper-
glycemia, low cardiac output, high BP, or impaired
filtration usually deteriorates kidney function in acute
situations.23,24 One explanation might be that chronic
inflammation in patients with diabetes and heart failure
is aggravated by stroke.25–27 Subsequent vasodilata-
tion by local septic conditions in renal arterioles would
enhance glomerular filtration and creatinine excretion in
the first days after stroke. After normalization of inflam-
mation and vascular tone, renal clearance would return
to baseline. Further, it is possible that intensive med-
ical supervision including BP management, hydration,
or antithrombotic therapy might positively affect kidney
function. On the other hand, this improvement in crea-
tinine was only intermittent and renal function resumed
to baseline within 1 week. It is therefore rather likely
that the creatinine dynamics are a result of mediators
or a mechanism induced by cerebral ischemia. This
hypothesis is supported by the finding that comorbidity
of diabetes or heart failure did not mitigate the transient
improvement in creatinine course. However, there was
no relationship between changes in creatinine and stroke
severity.

An interesting finding is the fact that creatinine
decrease was greater in women than in men. Gender
differences are well known for patients with ischemic
stroke28 and not related to sex hormones. It is well
established that sex differences in stroke patients per-
sist beyond the menopause, and female sex is asso-
ciated with favorable outcome after brain injury, also

in newborn children.28 This study does not provide a
ready explanation for the difference observed between
the sexes.

The metabolic profile of patients with and without
CKD was comparable at admission. Thus, discrepan-
cies, for example, osmotic effects of glucose, can be
excluded as an origin for the improvement of kidney
function after stroke. In addition, clinical evidence of
atherosclerosis as coronary heart disease or peripheral
vascular disease did not influence creatinine courses
when compared with the general study population.
It is therefore unlikely that the presence of potential
atherosclerosis affected the results.

In summary, kidney function improved transiently
after ischemic stroke and returned to baseline after 1
week in patients with impaired renal function. This
effect was also seen in patients with and without heart
failure and in those with and without diabetes. This
intermittent change in creatinine may be caused by
altered neurohumoral regulation of kidney function
after stroke.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for
the content and writing of the paper.
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