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Abstract

Background: Acute kidney disease (AKD) evolves a spectrum of acute and subacute kidney disease requiring a
global strategy to address. The present study aimed to explore the impact of AKD on the prognosis of ischemic stroke.

Methods: The Third China National Stroke Registry (CNSR-IIl) was a nationwide registry of ischemic stroke or transient
ischemic attack between August 2015 and March 2018. As a subgroup of CNSR-IIl, the patients who had serum creati-
nine (sCr) and serum cystatin C (sCysC) centrally tested on admission and at 3-month, and with 1-year follow-up data
were enrolled. Modified AKD criteria were applied to identify patients with AKD during the first 3 months post stroke
according to the guidelines developed by the Kidney Disease: Improving Global Outcomes in 2012. The primary clini-
cal outcome was 1-year all-cause death, and secondary outcomes were stroke recurrence and post stroke disability.

Results: Five thousand sixty-five patients were recruited in the study. AKD was identified in 3.9%, 6.7%, 9.9% and 6.2%
of the patients by using sCr, sCr-based estimated glomerular filtration rate (eGFRy,), sCysC-based eGFR (eGFRscysc),
and combined sCrand sCysC-based eGFR (€GFRy¢y oysc) Criteria, respectively. AKD defined as sCr or eGFR,¢, criteria
significantly increased the risk of all-cause mortality (adjusted HR 2.67, 95% Cl: 1.27-5.61; adjusted HR 2.19, 95% Cl:
1.17-4.10) and post stroke disability (adjusted OR 1.60, 95% Cl: 1.04-2.44; adjusted OR 1.51, 95% Cl: 1.08-2.11). AKD
diagnosed by eGFRyq . Or €GFRy¢ o5 Criteria had no significant impact on the risk of all-cause death and post
stroke disability. AKD, defined by whichever criteria, was not associated with the risk of stroke recurrence in the
adjusted model.

Conclusions: AKD, diagnosed by sCr or eGFR, criteria, were independently associated with 1-year all-cause death
and post stroke disability in Chinese ischemic stroke patients.
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by>50% for<3 months, or any kidney damage last-
ing <3 months [1]. The conceptual frame work of AKD is
intended to cover the entire spectrum of acute and suba-
cute stages which might not fulfill the strict criteria for
AKI or chronic kidney disease (CKD), but still requires
medical attention to prevent adverse outcomes. Up to
now, limited clinical studies have characterized AKD
[2, 3]. Accumulated evidence demonstrates that stroke
patients with AKI or CKD would have higher risk of mor-
tality, stroke recurrence and disability, but less is known
about the impact of AKD on the prognosis of ischemic
stroke [4—7].

The Third China National Stroke Registry (CNSR-III)
was a cohort study in patients with acute ischemic stroke
or transient ischemic attack (TTIA) [8]. Two renal func-
tion markers, sCr and serum cystatin C (sCysC), were
centrally tested on admission and at 3-month follow-up.
Therefore, valuable data were available for initial esti-
mation of a specific type of AKD, which focused on the
changes in kidney function during the 3-month after
stroke attack. We attempted to show whether stroke
patients who developed AKD would be at higher risk of
subsequent worse stroke outcomes.

Methods

CNSR-III was a national, hospital-based, prospective
study between August 2015 and March 2018, designed
to evaluate the aetiology, imaging and biological mark-
ers for the prognosis of ischemic stroke or TIA. Patients
older than 18 years old, and within 7 days from the onset
of symptoms were enrolled. Special personnel were
assigned to control the quality of data during the imple-
mentation of the project. Data clean was also conducted.
Details of the CNSR-III cohort were described elsewhere
[8]. In this subgroup study of CNSR-III, the popula-
tion included those with sCr and sCysC centrally tested
on admission and at 3-month after admission, and with
1-year follow-up data from CNSR-IIL Patients’ baseline
information was collected within 24 h after admission
through a face-to-face interview by research coordina-
tors. Demographic information included age, gender,
body mass index (BMI) calculated as weight/height (kg/
m?). Medical history included a history of diabetes,
hypertension, dyslipidemia, and coronary heart disease.
Patients were classified into different subtypes accord-
ing to the TOAST criteria (Trial of Org 10,172 in Acute
Stroke Treatment): large artery atherosclerosis, cardi-
oembolism, small artery occlusion, other determined
etiology and undetermined etiology [9]. Stroke severity
was assessed by the National Institute of Health Stroke
Scale (NIHSS) and disability was assessed by the modi-
fied Rankin Scale (mRS) within 24 h after admission [8].
The medications used during hospitalization, including
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dehydrant and angiotensin converting enzyme inhibi-
tors/angiotensin receptor blockers (ACEI/ARBs), were
collected.

In the present study, serum biomarkers for renal func-
tion evaluation included sCr and sCysC, and there were
two time points for evaluating renal function. The blood
samples were collected on the first day of enrolment and
at 3-month, and stored in cryotube at—80 °C refrig-
erator at clinical sites. The samples were transported
through cold chain to the central laboratory in Beijing
Tiantan Hospital, where all serum specimens were stored
at — 80 °C until testing was performed. The value of sCr
was measured by enzymatic method (sarcosine oxidase-
PAP) using a commercial kit (Beckman Coulter, Brea,
CA, USA) according to the manufacturer’s protocol. The
value of sCysC was measured by the immunoturbidimet-
ric method (Roche cobas ¢501 analyzer with Cystatin C
assay), which had an approximate coefficient of varia-
tion of 2%. Study technicians running the assays were
blinded to the participant’s clinical information. In order
to capture more people who truly had AKD but did not
have renal function data before the stroke attack, modi-
fied KDIGO AKD criteria was applied using a similar
methodology to AKI studies [1, 10, 11]. (1) AKD defined
by sCr: sCr measured at 3-month increases or decreases
by >50% of the value on admission; (2) AKD defined by
estimated GFR (eGFR): eGFR measured at 3-month
increases or decreases by>35% of the value on admis-
sion. eGER were calculated as sCr-based eGFR (eGFR,),
sCysC-based eGFR (eGFR ¢, ), and combined sCr and
sCysC-based eGFR (eGFRy¢,cysc) using the equations
from the Chronic Kidney Disease Epidemiology Collabo-
ration (CKD-EPI) [12].

Primary outcome was all-cause death which occurred
from 3-month to 1-year. Secondary outcomes included
stroke recurrence defined as new ischemic stroke and
haemorrhagic stroke from 3-month to 1-year, and post
stroke disability defined by scores on the mRS range from
3 to 6 at 1-year.

The SAS 9.4 (SAS Institute Inc., Cary, NC) statisti-
cal analysis software was used for data processing. Con-
tinuous variables were expressed as mean with standard
deviation (SD) or median with interquartile range (IQR);
categorical variables were expressed as number with
percentage. Continuous variables between groups were
compared using t test, or Mann—Whitney U test; cat-
egorical variables were compared using x> test. Survival
curves were estimated by the Kaplan—Meier method and
compared by the log rank test. Cox proportional hazard
regression model or multivariate logistic regression anal-
ysis was used for assessment of variables that were asso-
ciated with all-cause death, stroke recurrence or stroke
disability by calculating hazard ratios / odds ratio (HR/
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OR) and 95% confidence interval (CI). P value less than
0.05 was considered statistically significant. The propor-
tional hazard assumption for the Cox regression model
was examined by including a time-dependent covariate
with interaction of AKD into the model. Multicollinear-
ity analysis, and analysis of the interaction between AKD
and variables in the Cox proportional hazard model were
performed.

Results

Among 15,166 participants in the CNSR-1II, 12,603 par-
ticipants participated in biomarker substudy, and 11,261
participants were with blood sample sent to the central
laboratory. There were 827 patients excluded due to with-
out sCr or sCysC data on admission, and 5,308 patients
were excluded without sCr or sCysC data at 3-month. 61
patients were lost to follow-up. Eventually, 5,065 patients
were included in this study, shown in Fig. 1. The study
population was from 171 hospitals in 25 provinces and
4 municipalities across China. The baseline clinical char-
acteristics of patients on admission were presented in
Table 1. Demographic data showed that 59.9% of patients
were older than 60 years, 68.2% were male, and 67.9%
had the NIHSS score less than 5 on admission. There
was 6.4% of patients with eGFR, <60 mL/min/1.73m?,
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14.6% with eGFRcy <60 mL/min/1.73m? and 8.4%
with eGFRc, | oy <60 mL/min/1.73m? on admission,
respectively (Table 1). The median value of sCr was 69.0
(58.0-80.0) umol/L on admission, and 68.0 (58.0—80.0)
umol/L at 3-month. The median value of sCysC was 0.94
(0.83-1.07) mg/L on admission, and 1.01 (0.89-1.18)
mg/L at 3-month. sCr levels at 3-month decreased by
1.4% of the value on admission, and sCysC increased by
7.4%. Demographic data about excluded patients were
shown in Supplemental Material (Table S1, available as
online supplementary material).

Of the 5,065 patients, AKD was diagnosed in 198
(3.9%), 337 (6.7%), 500 (9.9%) and 314 (6.2%) patients
based on sCr, eGFRy,, eGFR ¢ and eGFRyc,  cysor
respectively (Table 1). AKD patients, compared to
non-AKD patients, were more likely to have a history
of diabetes and hypertension, had higher NIHSS score
and higher percentage of eGFR<60 mL/min/1.73m?
on admission (Table 1). Since 3 months after patient
enrolment, 71 (1.4%) deaths, and 184 (3.6%) stroke
recurrence, have occurred within the subsequent
9-month follow-up. The specific causes of death for
the 71 patients were as follows: ischemic stroke, 7
patients; hemorrhagic stroke, 12 patients; acute myo-
cardial infarction and other cardiovascular death, 7

15,166 participants from 201 sites
in CNSR-III

12,603 participants from 171 sites
participated in biomarker substudy

30 sites did not participate in biomarker
substudy, n=2,563

11,261 participants

Without blood sample sent to the
central laboratory, n=1,342

10,434 participants

Without baseline creatinine or cystatin
C, n=827

5,126 participants

Without 3 months' creatinine or cystatin
C, n=5,308

5,065 participants analyzed

Without related outcome within 12
months, n=61

Fig. 1 Study flow chart. CNSR-Ill, the Third China National Stroke Registry-|Il
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patients; non-vascular death and undetermined cause,
45 patients. 491 (9.7%) post stroke disability occurred
at 1-year. All of the proportional hazard assumptions
were met (P value greater than 0.05), and the statisti-
cal analysis results were listed in Table S2 (available as
online supplementary material). As shown in Table 2,
AKD, defined as sCr or eGFRy,-based criteria, sig-
nificantly increased the risk of all-cause mortality
even adjusted by the confounders. AKD diagnosed by
eGFRycyc or eGFR ¢, cysc-based criteria had no sig-
nificant impact on the adjusted HR of primary outcome.
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Similarly, sCr or eGFR,-based, but not eGFRy or
eGFR ¢, scysc-based AKD, remarkably increased the
risk of post stroke disability. Notably, AKD, no mat-
ter which criteria was used, was not associated with
the risk of stroke recurrence in the adjusted model. No
obvious collinearities between variables in Cox propor-
tional hazard model were found (all variance inflation
factors far less than 10), as shown in Table S3 (available
as online supplementary material). The Kaplan—Meier
estimates of probability of the primary and secondary
outcomes were shown in Fig. 2 and Fig. 3.
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Discussion

This is the first study, to our knowledge, to investigate
the impact of AKD on the clinical outcomes of ischemic
stroke. The results showed that AKD, defined by sCr or
eGFR,,-based criteria, significantly increased the risk of
all-cause death and post stroke disability during a 1-year
follow-up after ischemic stroke.

AKI is an abrupt decrease in kidney function occur-
ring over 7 days or less, whereas CKD is defined by the
persistence of kidney disease for a period of >3 months.
In 2012, the KDIGO AKI workgroup proposed the term

AKD to define any acute kidney diseases and disorders
lasting for a period of<3 months, that encompasses
both AKI and any newly recognized kidney disease
that does not meet the current definitions for AKI or
CKD [1]. In this study, we used similar methodology
to AKI studies to modify AKD criteria developed by
KDIGO in 2012, as increase or decrease in sCr>50%
or eGFR>35% of the admission level at 3 months post
admission [1, 10, 11]. Previous studies have demon-
strated the concomitant renal dysfunction in patients
with stroke, either AKI or CKD, were associated with
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morbidity and mortality [4-7]. However, the impact of
AKD on the clinical outcomes after stroke has not been
investigated. In the study, the risk of all-cause mortal-
ity was 2.67 folds in those with AKD defined by sCr
criteria compared to those without AKD. Development
of AKD also increased the risk of post stroke disability
(adjusted OR 1.60, 95% CI: 1.04-2.44), suggesting that
AKD occurred within 3 months post stroke may nega-
tively impact the outcome of stroke. Given that sCr is
accessible and inexpensive, the present study supports
to use sCr to detect AKD after stroke.

Cystatin C alone or in combination with creatinine was
reported to strengthen the association between the eGFR
and the risks of death and end-stage renal disease in gen-
eral-population or CKD [13]. While in the present study,
no association was observed between either eGFR-based
AKD involving sCysC (eGFRycy,c or eéGFRyc, | cysc) and
the 1-year clinical outcomes. Cystatin C, as an inhibi-
tor of cysteine proteases, plays an important role in the
pathogenesis of atherosclerosis [14]. The sCysC con-
centrations was reported to be significantly higher in
patients with acute ischemic stroke than in the control
group, and sCysC was independently associated with
acute ischemic stroke [15]. On the other hand, increased
cystatin C was suggested to be involved in endogenous
neuroprotection, and exogenous cystatin C was found to
exerte neuroprotective effects by reducing infarct volume
in the animal stroke model [16, 17]. In the present study,
the sCysC values increased by 7.4% at 3-month compared
with admission, in contrast to sCr which was relatively
stable (down 1.4%). Whether sCysC up-regulation rep-
resents a neuroprotective compensatory response, war-
rants further investigation. We hypothesized that, factors
associated with ischemic stroke, may influence sCysC
levels at 3 months and therefore weaken the relationship
between eGFRqc or eGFR, iy c-based AKD and
clinical outcomes.

There were some limitations. Firstly, two-thirds of
patients were excluded due to without blood sample or
missing sCr or sCysC data. The excluded patients were
those with higher NIHSS scores on admission, thus the
prevalence of AKD in stroke population may be under-
estimated. Secondly, as the CNSR-III was carried out in
2015, the updated AKD definition by the Acute Disease
Quality Initiative 16 Workgroup in 2017 was not applied
in the study [18], and AKI could not be defined due to the
lack of the renal function data during 7 days. Thirdly, we
had incomplete data on assessment of muscle mass and
other clinical conditions that might affect sCr or sCysC
levels independently of GFR. More in-depth evaluation
in the clinical practice was warranted.
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Conclusions

In summary, AKD, defined by sCr or eGFRy, crite-
ria, was independently associated with 1-year all-cause
mortality and stroke-induced disability in patients with
acute ischemia stroke. Monitoring the change in sCr on
a regular basis after attack of stroke may help to identify
patients with AKD who are at high risk of adverse out-
comes of stroke.
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