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Can chronic kidney disease staging early 
predict outcome of large-artery ischemic 
stroke with impaired renal function?
Ie-Bin Lian*, Ping-Fang Chiu*, Yi-Chen Hsieh†, Yang-Hao Ou†  
and Chih-Ming Lin

Abstract
Background: Ischemic stroke poses a major threat to human beings, and a prompt 
intravenous thrombolytic management remains the gold standard protocol for stroke 
sufferers. Although the role of thrombolytic therapy (r-tPA) for ischemic stroke patients 
and those with underlying impaired renal function has been advocated as effective treating 
strategy, there is still a lack of investigation as to finding out baseline important variables that 
are capable of early outcome prediction.
Objectives: In this project, we hypothesize that the change of clinical chronic kidney disease 
(CKD) staging (delta stage = CKD stage after 3-month follow-up – CKD stage at admission) 
could serve as a crucial predictor of the prognosis of patients.
Design: This is a cohort longitudinal retrospective study.
Sources and Methods: A total of 765 cerebral artery ischemic stroke patients with impaired 
renal function were recruited and followed up for 1 year. Among them, 116 had received 
the thrombolytic treatment (r-tPA) after being evaluated at the triage in the emergency 
department and the rest had not (non-r-tPA). Propensity-matching was applied to compare 
the mortality between the r-tPA and non-r-tPA groups. Multiple logistic regression (LR) and 
decision tree (DT) algorithm were used to identify important prediction factors for mortality as 
well as the improvement in neurological function.
Results: The 1-year mortality rates for r-tPA and non-r-tPA groups were 32.8% and 44.4%, 
respectively. The propensity-matched odds ratio of mortality for the r-tPA group compared 
with the non-r-tPA group is 0.469, with p = 0.003. Logistic regressions suggest that age, 
Hct, diabetes mellitus type 2, coronary artery disease, and delta stage are important factors 
for mortality for the non-r-tPA group, whereas age, diabetes mellitus type 2, chronic heart 
failure, hospital day, and delta stage are important factors for the r-tPA group. On the 
usage of antihypertensive drugs, ACEI/ARB was not associated with mortality (p = 0.198), 
whereas the diuretic was, with odds ratio at 1.619 (p = 0.025), indicating higher mortality 
after administration. Both LR and DT analyses indicate that delta stage is the most important 
predictor. For the r-tPA group, patients with delta stage ⩽0 had a 24% mortality, while 
that for delta stage >0 the mortality is 75%. For non-r-tPA patients, the corresponding 
mortalities were 30.9 and 66.3, respectively. Delta stage is also useful for predicting patients’ 
improvement of neurological function, assessed by NIHSS, mRS, and Barthel Index. The areas 
under the curve for the three assessments are 0.83, 0.835, and 0.663, respectively.
Conclusion: Large-artery ischemic stroke patients who received thrombolytic treatment 
had significantly lower mortality, even when presenting underlying impaired renal function. 
The change of CKD staging (delta stage) is capable of acting as a powerful clinical baseline 
surrogate for both r-tPA and non-r-tPA patients in terms of early outcome prediction. Long-
term use of diuretics could be potentially harmful to this group of patients. Moreover, delta 
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stage correlates well with clinical long-term neurological functionality assessment (NIHSS, 
mRS, and Barthel index), which is helpful in aiding urgent clinical decision-making
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Introduction
Ischemic stroke represents the third leading cause 
of morbidity and mortality worldwide and it fre-
quently occurs also in Taiwan.1 Although there 
are several subtypes of stroke, middle cerebral 
artery infarction poses the most life-threatening 
sub-type of stroke and thus requires imminent 
management. For the first week after the index 
event, the cerebral infarct core as well as the 
penumbra regions might cause cellular edema-
tous change of expansion of the brain paren-
chyma, leading to a cerebral herniation. Thus, 
careful observation and prompt treatment of 
thrombolytic therapy are the gold standard 
according to the American Heart Association/
American Stroke Association guidelines (AHA/
ASA).1 Reviewing the thrombolytic guideline of 
inclusion and exclusion criteria, the proper 
National Institutes of Health Stroke Scale 
(NIHSS) scores for the potential candidates are 
between 4 and 25 points. In addition, those with 
poor body function are excluded from the throm-
bolytic treatment [recombinant tissue plasmino-
gen activator (r-tPA)].2,3

Renal failure is not only a leading cause of mor-
bidity and mortality worldwide, but also a potent 
risk factor for stroke.4 In particular, the risk of 
stroke in the end-stage renal disease (ESRD) 
population may be as high as 30-fold compared to 
the general population and is the third most com-
mon cause of death. Case fatality rates are also 
higher reaching almost 90%.5 Power et al.6 stud-
ied the stroke risk in hemodialysis patients and 
found that acute stroke had overall 1-year mortal-
ity of 24% and was significantly even worse in 
patients with hemorrhagic events (39%).

A recent study has shown that outcomes follow-
ing r-tPA and endovascular therapy do not differ 
between chronic kidney disease (CKD) and non-
CKD patients and concludes that both therapies 
should be offered to eligible patients, regardless 

of their renal function.7 Another recent meta-
analysis concluded that the risk of spontaneous 
intracranial hemorrhage is higher in patients with 
CKD undergoing r-tPA.8 A post hoc analysis of 
the ENCHANTED study, which also echoed the 
possibility of the spontaneous intracranial hemor-
rhage, also showed that CKD is associated with 
increased mortality but not disability or bleeding 
tendency in thrombolysis-eligible and treated 
acute ischemic stroke patients.9 However, in clin-
ical practice, the authors have encountered sev-
eral middle cerebral artery infarction patients 
with underlying poor renal function. This could 
be considered a clinical dilemma, as first-line 
neurologists are those meant to evaluate patients 
and to provide explanations to their families, and 
in these circumstances, it would occur without a 
proper support of information and clinical evi-
dence. Upon reviewing the current published lit-
erature,1–3 although the effectiveness of 
administration of intravenous thrombolytic agent 
(r-tPA) on this group of patients has been docu-
mented as fair and will not increase the long-term 
mortality rate, there still exists a clinical gap as to 
finding out baseline important variables that are 
capable of early predicting patients’ long-term 
outcomes.

The primary aim of the current investigation is 
thus to define the effectiveness and outcome of 
thrombolytic therapy for this group of patients. 
For r-tPA receivers and non-r-tPA receivers, the 
authors intend to identify the most important 
clinical predictors to forecast the patients’ long-
term functional outcomes. In addition, for the 
clinical question, the research intends to deter-
mine whether the antihypertensive drugs could 
have a long-term impact on patients. Finally, 
once the important parameters have been found, 
we will consider the clinical outcome assessment 
tools [modified Rankin Scale (mRS), Barthel 
Index, and NIHSS] of their recordings, to corre-
late the usefulness and accuracy with the baseline 
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important variables. In this project, we hypothe-
size that the change of clinical CKD staging as 
delta stage (3-month follow-up CKD staging – 
admission CKD staging) could serve as a crucial 
altering point in terms of long-term outcome pre-
diction. Through this project, the authors hope to 
provide first-line clinicians with important infor-
mation that can be crucial both in the therapy 
decision-making process and in the moment in 
which they will be required to create a dialogue 
with the patient and their families.

Materials and methods

Patient selection
Based on the clinical experience of the hospital 
that the 1-year mortality of ischemic stroke 
patients with impaired renal function was nearly 
40% and the ratio of r-tPA to non-r-tPA treat-
ment was about 1:5, the study was designed to 
recruit 130 r-tPA and 650 non-r-tPA patients, 
respectively, to reach a desired power of 0.8 and a 
maximal type I error rate of 0.05 if odds ratio 
(OR) between the treatment groups is >1.7. In 
this investigation, the authors retrospectively 
studied the data of 765 middle cerebral artery 
ischemic stroke patients with impaired renal func-
tion from the medical records of Changhua 
Christian Hospital (CCH) between January 2001 
and January 2018. The cases were collected fol-
lowing specific inclusion and exclusion criteria. 
All the patients were enrolled through triage of 
emergency department (ED) and evaluated by 
the stroke neurologist to be considered a throm-
bolytic treatment candidate. After the benefits 
and harms were weighed, a thrombolytic treat-
ment (rt-PA) was prescribed if the condition 
allowed and if the patient was within the golden 
time of 4.5 h of stroke onset. The participants 
were subsequently admitted to the intensive care 
unit and neurological ward for advanced treat-
ment and discharged for outpatient follow-ups for 
up to more than 1 year. The ultimate number of 
765 stroke patients was triaged and collected at 
the ED, with 116 patients receiving intravenous 
thrombolytic therapy, while 649 patients were not 
suitable for the treatment (Figure 1).

All patients included in the study have met the 
following pre-defined inclusion and exclusion cri-
teria: (1) aged between 20 and 90 years, with evi-
dence of middle cerebral artery ischemic stroke at 

the index event and evaluated by cerebral com-
puted tomography (CT), angiography (CTA), 
and CT perfusion (P-CT); (2) no observation of 
recurrent cerebral or other vascular events during 
the study period; (3) patient with no severe 
carotid stenosis/vertebral stenosis ever receiving 
carotid endarterectomy or carotid stenting; (4) 
completion of at least 12 months of follow-up 
after treatment. On the other hand, the exclusion 
criteria were: (1) NIHSS score <4 or >25 points 
at the initial evaluation; (2) patients receiving 
long-term anticoagulant therapy before the index 
event; (3) patients with cerebral bleeding based 
on the cerebral tomography scan; (4) patients 
with cerebral arteriovenous malformations or 
aneurysms; (5) recurrent stroke during the study 
period; (6) patients demonstrating systemic vas-
cular events or recurrent cerebral vascular epi-
sodes. The impaired renal function is defined as a 
decline in estimated glomerular filtration rate 
(eGFR) of greater than 30% (eGFR <60 ml/min 
per 1.73 m2). The eGFR was calculated based on 
MDRD (modification of diet in renal disease) 
equation as follows:

 

175 0 742

1 212

× ×
×

− −SCr age if female

(if black)

1.154 0.26× . ( )

.  

According to the Kidney Disease: Improving 
Global Outcomes (KDIGO) definition and clas-
sification, in people with GFR <60 ml/min/ 
1.73 m2 (GFR categories G3a–G5) over 3 months, 
CKD is confirmed10,11 (GFR 59–30 ml/min/ 
1.73 m2: stage 3; GFR 29–15 ml/min/1.73 m2: 
stage 4; GFR <15 ml/min/1.73 m2: stage 4; GFR 
89–60 ml/min/1.73 m2: stage 2; GFR ⩾90 ml/min/ 
1.73 m2: stage 1 with proteinuria or hematuria). 
The CKD staging was assessed on admission to 
the ward and reassessed again at 3-month follow-
up at the outpatient clinic settings. The change of 
staging, denoted as delta stage, was taken as the 
follow-up GFR stage minus the admission GFR 
stage. Consequently, delta stage with value ⩽0 
indicates no deprivation on GFR stage.

Baseline biochemistry and neuro-radiological 
examinations were carried out in the emergency 
room and neurological ward. The comorbidities, 
neurological and physical examinations, and rel-
evant previous drugs and personal history were 
carefully recorded during the hospitalization 
period. The carotid duplex examination was 
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conducted within 3 days of initial admission to 
the hospital. All the parameters of the carotid 
ultrasound were documented. The clinical infor-
mation collected was cross-checked to ensure 
consistency between the original (paper) medical 
records and the electronic information of the 
CCH 2000 computer-based medical record sys-
tem network. The study procedures were 
approved by the Institutional Review Board of the 
CCH in Changhua, Taiwan [refer to institutional 
review board (IRB) certificate, CCH IRB num-
ber: 180511]. The informed consent was waived 
due to the nature of retrospective study and 
approved by the IRB committee.

Intravenous thrombolytic therapy
All patients were evaluated for adequacy of 
thrombolytic therapy (r-tPA) at the ED by the in-
charge physician. (The window of time for the 

rt-PA was set at ⩽4.5 h from symptom onset.) A 
thorough evaluation of every single patient was 
carried out before the administration of r-tPA, 
including neuroimaging, and the patients’ stroke 
severity was recorded using the NIHSS scoring 
method. Shortly after the r-tPA, the patients’ 
baseline specific aspects were documented, 
together with the demographic information, 
NIHSS score, Barthel index, mRS, and blood 
biochemistry. The neurological outcome assess-
ment was recorded via NIHSS score, Barthel 
index, and mRS upon arrival of triage of ED. The 
abovementioned assessment recordings were 
documented 3, 6, and up to 12 months in the 
outpatient clinic settings. For each assessment, 
recordings were documented by both the case 
manager and the clinician in charge to avoid any 
discrepancies. If the two recordings were too 
large, a third party, usually another neurologist or 
neuroradiologist, was invited to confirm the 
measures. The NIHSS score is specifically used 
for measuring the degree of neurological defects 
(with ⩽3 defined as mild and ⩾25 defined as a 
severe ischemic stroke episode). The mRS is used 
for assessing general daily life functionality and 
independence (ranging from 0 to 6, with ⩽2 
defined as independence and 3–6 defined as hav-
ing neurological defects and with dependency on 
other people). Similarly, the Barthel index is used 
for assessing general daily independence using 
more detailed items (ranging from 0 to 100 
points, with ⩾60 points indicating favorable life 
mobility and ⩾95 denoting normal or near-nor-
mal life mobility).

Statistical analysis
Statistical analyses were performed using the sta-
tistical package SPSS for Windows (Version 16.0, 
SPSS Inc; Chicago, IL, USA). Pre- and post-
scores were compared to determine patient out-
comes. The baseline clinical data are used to 
correlate 1-year functional outcomes (as assessed 
using the NIHSS score, mRS, and Barthel index) 
on index episode after the stroke event. Statistical 
comparisons between groups were conducted 
using Pearson’s chi-square test and Mann–
Whitney U test for categorical and continuous 
variables, respectively. Univariate and multivari-
ate logistic regression was employed to assess the 
significance of risk factors and to obtain ORs. A 
p value <0.050 is considered statistically significant 
to seek for predictive factors determining the long-
term outcomes. Receiver operating characteristic 

Figure 1. Study profile. r-tPA and mortality prediction.
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(ROC) curve was applied to identify the variable 
with the best diagnostic power. The Youden index 
was used to determine the optimal cut-off value.

Propensity score matching method was con-
ducted using matchit library in R package to 
reduce the unbalance. The propensity score was 
estimated by fitting logistic regression of r-tPA 
status on the above significant variables: p 
(tPA = 1 | gender, diuretics), and then each 
patient was matched with the corresponding 
group by a greedy algorithm.

The decision tree was processed with the Chi-
square Automatic Interaction Detection 
(CHAID) system for detecting the interaction 
between variables. As CHAID can reveal the 
most critical risk factors in both groups, it could 
support clinicians’ decisions of whether patients 
were suitable for stenting. CHAID applied a pre-
pruning strategy; a node was split only if a signifi-
cant criterion was satisfied, thus preventing 
overfitting. CHAID was selected as the decision 
tree due to the criticality of interpretation and 
tree construction that would have helped to avoid 
overfitting.

Results
Table 1 shows the baseline characteristics 
between the intervention group (received r-tPA) 
and control (non-r-tPA group). Upon analyzing 
the baseline variables with ultimate mortality, the 
discharged GFR and admission GFR are signifi-
cantly associated with r-tPA. The following 
explanatory characteristics also have relevant p 
values: gender, age, platelet, natrium, length of 
hospital stay, diabetes mellitus (DM) type 2, 
essential hypertension, mixed-type hyperlipi-
demia, coronary artery disease, chronic heart fail-
ure, underlying cancer etiology, chronic 
obstructive pulmonary disease (COPD), gout, 
use of angiotensin-converting enzyme inhibitor/
angiotensin receptor blocker (ACEI/ARB), and 
diuretics, possible confounders that may cause 
the unbalanced analysis between r-tPA and non-
r-tPA groups. To improve the situation, a pro-
pensity score matching method was applied, 
conducted using matchit library in R package to 
reduce the unbalance between r-tPA and non-r-
tPA groups. First, the propensity score was esti-
mated by fitting the logistic regression of r-tPA 
status on the above significant variables: p 
(r-tPA = 1 | gender, diuretics); therefore, each 

patient in the r-tPA group was matched with two 
to three non-r-tPA patients by a greedy 
algorithm.

Table 2 shows the characteristics between r-tPA 
and non-r-tPA groups after propensity matching, 
where the variables used in propensity have 
become less or insignificant. (Figure 2) The pro-
pensity-matched OR of mortality for the r-tPA 
group compared with the non-r-tPA group is 
0.469, with p = 0.003, indicating that the r-tPA 
group has better prognosis. To identify factors 
that influence mortality, separate prediction mod-
els for r-tPA and non-r-tPA groups were estab-
lished by multiple regression analysis in Table 3. 
For the non-r-tPA group, age, hematocrit (Hct), 
DM type 2, coronary artery disease, and delta 
stage are significantly associated with mortality 
(p < 0.05). On the other hand, for the r-tPA 
group, age, DM type 2, chronic heart failure, hos-
pital day, and delta stage are the significant fac-
tors (p < 0.05). These models elucidate how delta 
stage can be a powerful prediction variable for 
both groups.

The use of ACEI/ARB or diuretics and long-term 
patient mortality is analyzed in Table 4. It shows 
they are not statistically significant with ACEI/
ARB (p = 0.198), whereas for diuretic, the OR is 
1.619 with a p value of 0.025, which indicates 
higher mortality after long-term administration.

The authors further analyze the datasets with two 
classifiers, stepwise logistic regression (LR) and 
decision tree (DT), to explore the significant fac-
tors for predicting the 1-year mortality for r-tPA 
and non-r-tPA groups separately. The results of 
LR indicates that age, DM type 2, GFR delta 
stage, and cardiac diseases [congestive heart fail-
ure (CHF) or coronary artery disease [CAD]) are 
significant common factors for both groups. 
Among them, DM type 2 has an OR of 3.2 and 
1.94 for r-tPA and non-r-tPA, respectively, and 
the worsening of the GFR by one stage will 
increase the 1-year mortality risk by OR of 1.92 
and 1.76 for tPA and non-r-tPA, respectively.

Figures 3 and 4 list the tree structures from DT 
classifier for non-r-tPA and r-tPA groups. On the 
top of both trees, delta stage is the most impor-
tant predictor of the 1-year mortality for non-r-
tPA and r-tPA groups. For the r-tPA group, delta 
stage is a single DT predictor; in fact, patients 
with delta stage ⩽0 had a 24% mortality rate after 
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Table 1. Baseline characteristics between the control and intervention groups.

Total
n = 765

Treatment p value

 Intervention
(r-tPA)
n = 116

Control
n = 649

 

Gender (male) 436 (56.99%) 77 (66.38%) 359 (55.32%) 0.027

Age 71.49 (± 9.69) 75.27 (± 9.52) 70.82 (± 9.57) 0.000

WBC 8.408 (± 3.23) 8.303 (± 2.95) 8.427 (± 3.28) 0.698

Hb 12.98 (± 1.89) 13.235 (± 1.8) 12.94 (± 1.90) 0.146

Hct 38.43 (± 5.45) 39.46 (± 5.16) 38.24 (± 5.48) 0.052

Platelet 219.22 (± 64.85) 207.4 (± 54.05) 221.34 (± 66.41) 0.047

GPT 28.82 (± 51.74) 26.17 (± 25.11) 29.29 (± 55.16) 0.226

Na+ 137.2 (± 3.84) 137.9 (± 3.29) 137.1 (± 3.92) 0.003

K+ 3.873 (± 0.48) 3.938 (± 0.44) 3.862 (± 0.49) 0.059

Hospital day 11.772 (± 10.18) 17.555 (± 13.72) 10.738 (± 9.05) 0.000

DM 91 (11.90%) 23 (19.83%) 68 (10.48%) 0.004

Hypertension 341 (44.58%) 76 (65.52%) 265 (40.83%) 0.000

Hyperlipidemia 95 (12.42%) 35 (30.17%) 60 (9.24%) 0.000

CAD 135 (17.68%) 46 (39.66%) 89 (13.71%) 0.000

CHF 25 (3.27%) 20 (17.24%) 5 (0.77%) 0.000

Cancer 42 (5.49%) 14 (12.07%) 28 (4.31%) 0.001

COPD 97 (12.68%) 40 (34.48%) 57 (8.78%) 0.000

Gout 59 (7.71%) 27 (23.28%) 32 (4.93%) 0.000

ACEI ARB 121 (15.82%) 62 (53.45%) 59 (9.09%) 0.000

Diuretics 100 (13.07%) 48 (41.38%) 52 (8.01%) 0.000

CKD admission stage 3: 667 (87.19%) 3: 101 (87.07%) 3: 566 (87.21%) 0.013

4: 71 (9.28%) 4: 12 (10.34%) 4: 59 (9.09%)

5: 27 (3.53%) 5: 3 (2.59%) 5: 24 (3.70%)

CKD (3-month followed up) 1: 51 (6.67%) 1: 12 (10.34%) 1: 39 (6.01%) 0.000

2: 139 (18.17%) 2: 33 (28.45%) 2: 106 (16.33%)

3: 317 (41.44%) 3: 43 (37.07%) 3: 274 (42.22%)

4: 131 (17.12%) 4: 18 (15.52%) 4: 113 (17.41%)

5: 127 (16.60%) 5: 10 (8.62%) 5: 117 (18.03%)

(Continued)
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Table 2. Baseline characteristics between the control and intervention groups after propensity matching.

Treatment p value

 Intervention
(tPA)
n = 85

Control
n = 187

 

Mortality 25 (29.41%) 88 (47.06%) 0.003*

CKD admission stage 3:75 (88.24%) 3:162 (86.63%) 0.764*

4:8 (9.41%) 4:14 (7.49%)

5:2 (2.35%) 5:11 (5.88%)

CKD (3-month follow-up) 1:7 (8.24%) 1:14 (7.49%) 0.011*

2:23 (27.06%) 2:26 (13.91%)

3:38 (44.71%) 3:85 (45.45%)

4:13 (15.29%) 4:34 (18.18%)

5:4 (4.7%) 5:28 (14.97%)

Total
n = 765

Treatment p value

 Intervention
(r-tPA)
n = 116

Control
n = 649

 

Delta stage −3: 3 (0.39%) −3: 1 (0.86%) −3: 2 (0.31%) 0.000

−2: 55 (7.19%) −2: 13 (11.21%) −2: 42 (6.47%)

−1: 153 (20%) −1: 33 (28.45%) −1: 120 (18.49%)

0: 340 (44.44%) 0: 49 (42.24%) 0: 291 (44.84%)

1: 137 (17.91%) 1: 15 (12.93%) 1: 122 (18.8%)

2: 77 (10.07%) 2: 5 (4.31%) 2: 72 (11.09%)

Admission GFR 44.8 (± 12.39) 46.1 (± 12.09) 44.6 (± 12.43) 0.155

Follow-up GFR 44.94 (± 28.07) 54.6 (± 31.98) 43.21 (± 26.98) 0.000

GFR slope 0.01 (± 0.61) 0.17 (± 0.65) −0.02 (± 0.60) 0.000

Delta GFR 0.14 (± 25.13) 5.18 (± 27.97) −1.36 (± 24.30) 0.000

Mortality 326 (42.61%) 38 (32.76%) 288 (44.38%) 0.020

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery disease; 
CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; delta GFR, 
discharged GFR – admission GFR; DM, diabetes mellitus; GFR, glomerular filtration rate; GFR slope, delta GFR /  
admission GFR; GPT/ALT, alanine aminotransferase; Gout, gouty arthritis; Hb, hemoglobin; Hct, hematocrit; WBC, white 
blood cells; r-tPA, recombinant tPA; tPA, tissue plasminogen activator.
p value by Mann–Whitney U test.

Table 1. (Continued)

(Continued)
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Treatment p value

 Intervention
(tPA)
n = 85

Control
n = 187

 

Delta stage −3:1 (1.18%) −3:2 (1.07%) 0.007*

−2:7 (8.23%) −2:14 (7.49%)

−1:23 (27.06%) −1:33 (17.65%)

0:43 (50.59%) 0:91 (48.66%)

1:10 (11.76%) 1:27 (14.44%)

2:1 (1.18%) 2:20 (10.69%)

Follow-up GFR 54.19 (±25.37) 44.36 (±33.18) 0.001*

GFR slope 0.16 (±0.56) 0.07 (±0.65) 0.194*

Delta GFR 7.65 (±22.14) 1.13 (±27.33) 0.024*

Confounder

Admission GFR 46.54 (±14.13) 43.23 (±18.38) 0.018*

Gender (male) 56 (65%) 131 (70.05%) 0.453

Age 74.65 (±9.36) 74.25 (±8.52) 0.886

WBC 8.25 (±3.4) 8.65 (±4.17) 0.485

Hb 13.27 (±1.74) 13.04 (±1.90) 0.398

Hct 39.56 (± 5.01) 38.53 (± 5.54) 0.202

Platelet 207.4 (± 68.58) 208.0 (± 72.5) 0.619

GPT 26.52 (±13) 33.01 (±13.97) 0.294

Na+ 138.3 (±3) 138.0 (±3.5) 0.062

K+ 3.93 (±0.449) 3.87 (±0.470) 0.313

Hospital day 15.80 (±20.01) 14.57 (±15.48) 0.425

DM 15 (17.65%) 25 (13.37%) 0.365

Hypertension 48 (56.47%) 88 (47.06%) 0.139

Hyperlipidemia 21 (24.71%) 26 (13.9%) 0.030

CAD 29 (34.12%) 45 (24.06%) 0.089

CHF 7 (8.24%) 4 (2.14%) 0.019

Cancer 4 (4.7%) 17 (9.09%) 0.205

Table 2. (Continued)

(Continued)
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1 year, while that for delta stage >0 it is 75%. For 
non-r-tPA patients, delta stage, Hct, and age are 
three important DT predictors, which were simi-
lar to the LR predictors. Non-r-tPA patients had 
mortalities of 30.9% and 66.3% for those with 
delta stage ⩽0 and >0 respectively.

By taking the difference of functional assessments 
at admission and 1-year follow-ups for NIHSS, 
mRS, and Barthel index, respectively, the authors 
defined the binary outcomes as value 1 with 
improvement and as 0 without improvement. 
Delta stage is to be correlated with the 

Figure 2. Distribution of propensity score between tPA and non-tPA groups before and after matching.

Treatment p value

 Intervention
(tPA)
n = 85

Control
n = 187

 

COPD 18 (21.18%) 40 (21.39%) 0.951

Gout 14 (16.47%) 18 (9.63%) 0.108

ACEI/ARB 35 (41.18%) 49 (26.20%) 0.014

Diuretics 31 (36.47%) 38 (20.32%) 0.005

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery disease; CHF, 
congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; delta GFR, discharged 
GFR – admission GFR; DM, diabetes mellitus; GFR, glomeruler filtration rate; GFR slope, delta GFR / admission GFR; Gout, 
gouty arthritis; GPT/ALT, alanine aminotransferase; Hb, hemoglobin; Hct, hematocrit; tPA, tissue plasminogen activator; 
WBC, white blood cells.
p value by Mann–Whitney U test. *p value by conditional logistic test.

Table 2. (Continued)
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abovementioned three assessment tools. Figure 5 
shows the ROC plots on the prediction of improve-
ment of neurological recovery assessment. For 
NIHSS (a), AUC = 0.83 and optimal criterion 
with sensitivity = 77.8%, specificity = 80.6%, and 
cross-validation total accuracy = 79.04%. For 
mRS (b), AUC = 0.835 and optimal criterion with 
sensitivity = 84.4%, specificity = 42.5%, and cross-
validation total accuracy = 79.02%. For Barthel 
Index (c), AUC = 0.663 and optimal criterion with 
sensitivity = 90.2%, specificity = 42.5%, and cross-
validation total accuracy = 66.64%.

Discussion
Middle cerebral artery ischemic stroke requires a 
prompt management, as the rapid cerebral edem-
atous change could potentially hamper the 
patient’s chance of surviving. Thrombolytic ther-
apy (r-tPA) remains the gold standard treatment 
of choice when the first line in charge, physician, 
encounters this kind of situation. However, there 
is a limited point window (NIHSS: 4–25) that is 
suitable for qualified r-tPA candidates. Even if 
r-tPA has been administered, there is still a 6% 
chance of cerebral hemorrhage, leading to poor 

Table 3. Significant factors for predicting the 1-year mortality for tPA and non-tPA groups by logistic regression.

Univariate analysis Multivariate analysis

 Odds ratio 95% CI p value OR 95% CI p value

Non-r-tPA

 Age 1.027 1.010 1.044 0.002 1.033 1.014 2.096 0.001

 Hct 0.944 0.917 0.972 0.000 0.953 0.924 0.983 0.002

 DM 2.532 1.499 4.276 0.001 1.937 1.097 3.420 0.023

 CAD 1.929 1.226 3.307 0.005 1.676 1.033 2.718 0.036

 Delta stage 1.747 1.482 2.060 0.000 1.764 1.485 2.096 0.001

r-tPA

 Age 1.068 1.017 1.122 0.008 1.062 1.004 1.122 0.034

 DM 4.472 1.717 11.65 0.002 3.235 1.098 9.532 0.033

 CHF 3.123 1.164 8.380 0.024 3.240 1.013 10.36 0.047

 Hospital day 1.045 1.012 1.08. 0.007 1.046 1.006 1.088 0.024

 Delta stage 2.084 1.327 3.271 0.001 1.921 1.184 3.116 0.008

CAD, coronary artery disease; CHF, congestive heart failure; CI, confidence interval; delta stage, discharged GFR stage – admission GFR stage; DM, 
diabetes mellitus; Hct, hematocrit; OR: odds ratio; tPA, tissue plasminogen activator.

Table 4. Results of multiple logistic regression analysis of ACEI/ARB and diuretics for the prediction of life 
situation at 1 year.

Multiple logistic regression

 Odds ratio 95% CI P-value

ACEI/ ARB 1.292 0.875 1.907 0.198

Diuretics 1.619 1.062 2.469 0.025

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CI, confidence interval.
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long-term outcomes. On top of that, a poor gen-
eral medical condition (for instance, poor renal 
function) might further complicate the status of a 
patient with index middle cerebral artery ischemic 
stroke.12,13 Based on the thrombolytic treatment 
inclusion and exclusion criteria published by the 

AHA/ASA guidelines,1,2 it is stated that patients 
with poor general medical condition, after the 
family being well explained, are not eligible for 
thrombolytic treatment. In addition, patients 
with poor renal function are not specified, being 
one of the items listed in the exclusion criteria. 

Figure 3. Tree structure of DT classifier for non-tPA, indicating delta stage as the most important predictor for 
the survival rate of patients.
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The authors believe this research project is a 
groundbreaking study and the finding of delta 
stage in the current study can provide first-line 
doctors with concrete and valuable information, 
fundamental for their decision-making in treating 
middle cerebral artery ischemic stroke patients.

CKD generates vascular structure and functional 
changes, with significant hemodynamic effects, 
favoring the progression of arterial stiffness.14 
Furthermore, it is well known that arterial stiff-
ness represents an independent risk factor for 
ischemic stroke, especially in patients with 
ischemic stroke from large vessel occlusion15 and 
also favoring different complications after throm-
bolysis and influencing the outcome.16

According to the current study, r-tPA can effec-
tively reduce the overall mortality up to 1 year after 
the treatment, as well as improve the long-term 
physical functionality. It is a general belief among 
doctors to avoiding the administration of r-tPA 
because, in the presence of already complicated 
medical conditions, it could increase cerebral 
bleeding and jeopardize the general medical situa-
tion. Surprisingly, the survival rate of patients with 
r-tPA treatment was 1.5 times greater than those 

without r-tPA intervention. The NEFRONA 
study17 prospectively confirmed a higher preva-
lence of atherosclerosis and contribution of CKD 
to subclinical atherosclerosis in patients with mod-
erate CKD. Progression of CKD correlates to pro-
gression of atherosclerosis as well. In CKD, the 
emerging risk factors involved in atherosclerosis 
include dysregulation of calcium and phosphate 
metabolism, vascular calcification, inflammation, 
oxidative stress, oxidized lipid, and endothelial 
dysfunction.18

This phenomenon might be determined by the 
fact that the intravenous route of r-tPA to the 
major renal artery could possibly canalize the pos-
sible atheroma, hence increasing the general renal 
function and toxin excretion.19,20 Moreover, 
r-tPA might be theoretically more potent and tar-
get the obvious thrombus in the major cerebral 
artery, leading to a thrombolytic effect and achiev-
ing recanalization despite cerebral bleeding 
occurring case by case. In this study, delta GFR 
stands out as the most relevant outcome predictor 
for these groups of victims, compared with other 
indicators of admission GFR, 3-month follow-up 
GFR, and slope of GFR. It provides clinicians 
with clear and simple clinical information regard-
ing the long-term patients’ outcomes. Moreover, 
DM, if not properly managed, plays a crucial role 
in determining the subjects’ long-term chance of 
mortality in both r-tPA and non-r-tPA groups, 
with OR of roughly 2 and 3 times the death rate.

Multiple studies have shown the association 
between renal function and post-ischemic stroke 
outcomes. Patients with reduced GFR and 
increased serum creatinine and proteinuria are 
linked with increased risk of neurologic deteriora-
tion, functional outcome, or mortality.20,21 A large-
scale study using the Taiwan Stroke Registry also 
found GFR on admission has an elevated risk of 
mortality in 1-month and 1-year follow-up.22,23 In 
a recent meta-analysis, moderate-to-severe CKD 
is associated with worse functional outcomes in 3 
months.24 Although the general trend is consistent, 
these studies utilized different equations for the 
calculation of GFR.25 The authors decided to use, 
instead of GFR on admission, the delta GFR or 
CKD stage for the evaluation of association with 
functional outcomes and mortality.

It would be interesting to see whether antihyper-
tensive drugs can have a long-term impact on these 
groups of people. The authors find that diuretics 

Figure 4. Tree structure of DT classifier for tPA, with delta stage as the 
most important predictor for the survival rate of patients.
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might worsen the general outcome, with an OR of 
2 times of chances leading to mortality up to 1-year 
follow-up. The possible explanation for this might 
be that for poor renal outcome patients, diuretic 
could reduce the extracellular fluid aggregation 
that clinically manifests as lower limb edema. 
Misuse of this type of drug could cause imbalanced 
human body electrolytes, potentially leading to 
cardiac arrhythmia of sudden death if not properly 
used. By contrast, ACEI/ARB shows no statisti-
cally significant values (p < 0.05), indicating that 
this type of drug is less harmful and in accordance 
with the current stroke AHA/ASA guidelines. 
Despite this, careful usage is still needed, and indi-
vidualized treatment should be arranged.

In addition, as we collect patients with r-tPA and 
non-r-tPA, intra-arterial thromboectomy (IA) 
procedures have not been included, and for bridg-
ing therapy (IA ensued after intravenous throm-
bolytic therapy) patients, the outcome is still 
unknown. Though not collecting IA or bridging 
therapy patients, based on the research datasets, 
the general survivorship after r-tPA is roughly 
70–80% (20–30% of death rate followed up to 1 
year). Compared with other published literature, 
the death toll is fair.26

The data of this study were collected and cross-
checked with CCH computer-based 2000 system 
to ensure the dataset’s accuracy. Furthermore, 

the collected datasets were analyzed by the same 
specialist to avoid treatment methodology–associ-
ated variability. Moreover, all the participants 
were followed up for more than 1 year, and the 
outcome assessment tools were conducted by the 
same case manager to align with the dataset’s 
accuracy and consistency. The weakness of this 
study lies in its limited extent and reduced tem-
porary duration of merely 1 year after thrombo-
lytic treatment therapy, which is retrospective in 
nature. Additional prospective and clinical trial 
studies are needed to validate the current find-
ings. All the collected cases belong to the same 
ethnicity; therefore, the findings are suggested to 
be applied to the same ethnic background. 
General external application should be inter-
preted carefully. The study focused only on stroke 
patients with evident large-artery stenosis; for 
those with other types of stroke, the results of the 
current project could not applied and required 
further investigation. Furthermore, IA procedure 
was not included in the current project, and the 
bridging effect and outcome assessment of this 
group of patients could not be obtained. In addi-
tion, pretreated patients’ general health status 
and post-thrombolytic treatments such as physi-
cal rehabilitation and antiplatelet therapy (aspirin 
or clopidogrel) might potentially confound the 
functional outcomes measured by the NIHSS, 
Barthel Index and mRS; the results of the current 
investigation should be interpreted carefully.

Figure 5. ROC plot on the prediction of improvement of neurologic disability assessments: (a) NIHSS, 
with AUC = 0.83 and optimal criterion with sensitivity = 77.8%, specificity = 80.6%, and cross-validation 
total accuracy = 79.04%; (b) mRS, with AUC = 0.835 and optimal criterion with sensitivity = 84.4%, 
specificity = 42.5%, and cross-validation total accuracy = 79.02%; and (c) Barthel index, with AUC = 0.663 and 
optimal criterion with sensitivity = 90.2%, specificity = 42.5%, and cross-validation total accuracy = 66.64%.
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Conclusion
Thrombolytic treatment has a great capacity to 
reduce middle cerebral artery ischemic stroke 
patients’ mortality, even when presenting with 
underlying impaired renal function. Change of 
CKD stage (delta stage) can serve as an impor-
tant predictor of mortality for both the r-tPA and 
non-r-tPA patients. Furthermore, long-term use 
of diuretics could be potentially harmful to the 
stroke patient with underlying impaired renal 
functionality. Finally, delta stage correlates well 
with clinical neurological functionality assess-
ment (NIHSS, Barthel Index and mRS) and is 
capable of serving as a crucial surrogate to early 
predict patients’ long-term outcome as well as aid 
clinical decision-making
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