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Abstract
Background: To investigate whether endovascular therapy (EVT) was one of the factors influencing the incidence of early neurological dete-
rioration (END) in patients with acute ischemic stroke (AIS) as compared with intravenous thrombolysis alone.
Methods: This study was based on our single-center's database that included information on stroke patients hospitalised between January 2012
and September 2015. A total of 220 patients who underwent EVT after IV rt-PA, EVTor IV rt-PA alone. To reduce the lack of randomization, we
conducted a propensity score analysis using the SPSS custom dialog. After matching was completed, the 2 groups (with END versus non-END)
were compared between matched groups. Variables with a p value � 0.1 by univariate analysis were candidates for inclusion in logistic
regression analysis.
Results: Of 220 acute ischemic strokes attended, 213 patients were included (62.0%, 23.0% and 15.0% with circulation occlusion in the anterior,
posterior and both branches, respectively). END was detected in 68 patients (31.9%). Multivariable analysis showed that END was positively
associated with glucose level (OR, 1.40; 95%CI, 1.10e1.79; p ¼ 0.007), uric acid level (OR, 1.01; 95% CI, 1.00e1.02; p ¼ 0.026) and treatment
methods (EVT: OR, 3.87; 95% CI, 1.32e11.35; p ¼ 0.014). However, there was significant difference in baseline data (NIHSS and INR)
between EVT group and non-EVT group.
Conclusion: Our findings suggest that hyperglycemia, hyperuricemia and EVT may be independently associated with END in AIS, even after
controlling for possible confound factors. Further studies are warranted to confirm these results.
Copyright © 2018, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Ischemic stroke (IS) takes no prisoners, which was the first
leading cause of death and a major cause of long-term
disability in many developing countries, especially China.1
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Intravenous thrombolysis (IVT) for patients presenting up to
4.5 h after symptom onset has been considered as the key step
to reduce the risk of severe disability and mortality.2 Unfor-
tunately, <5% of acute ischemic stroke (AIS) patients received
intravenous recombinant tissue-type plasminogen activator (rt-
PA) in China mainly because most of stroke patients missed
the proper time of treatment.3 Furthermore, recanalization
rates following intravenous rt-PA are low especially for oc-
clusions of acute intracranial large vessels or large clots
(�8 mm).4 With the adventure of new treatment strategy in
AIS, Endovascular therapy (EVT) has been proven to be an
advantage of a higher recanalization and better functional
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outcome in anterior circulation stroke patients treated up to 6 h
after symptom onset,5 whose benefits were further confirmed
by four other randomized clinical trials, such as ESCAPE,
EXTEND-IA, SWIFT PRIME and REVASCAT.6e9

Early neurological deterioration (END) in the acute phase
of IS usually leads to a marked increase in disability and
mortality rates, after reperfusion treatment due to diverse
mechanisms.10 Previous studies have shown that the predictors
of END were as follows: diabetes,11 hyperglycemia, neuro-
logical functional deficits at admission,12 systolic BP,13

fibrinogen,14 and a delay until treatment.15 Nevertheless,
studies on the influence of different treatments in END have
been quite rare. Therefore, the aim of this retrospective study
was to evaluate whether EVT was one of the factors influ-
encing the incidence of END in patients with AIS as compared
with intravenous thrombolysis alone.

2. Methods
2.1. Study subjects
This retrospective single center case study was designed to
analyze the risk factors of END in patients with AIS in our
stroke center, which provides neurological care to the popu-
lation of Southeast China. Exclusion criteria comprised (1)
renal or hepatic disease, unstable angina, ventricular aneu-
rysm, myocardial infarction, heart failure, malignant disease,
vascular malformations, aneurysm, hemorrhagic stroke and
brain surgery; (2) patients with a previous history of carotid
endarterectomy or carotid artery stenting; (3) patients with
other causes & undetermined causes. All eligible patients
within 4.5 h after symptom onset were intravenously admin-
istered with rt-PA (0.9 mg/kg) and then immediately trans-
ferred to the digital subtraction angiography (DSA) room for
repeating imaging. Additional EVT was performed in the pa-
tients according to the following criteria: catheter-accessible
persistent occlusion of internal carotid artery (ICA), M1 of
the middle cerebral artery (MCA) on follow-up DSA after rt-
PA therapy. EVT alone was carried out in patients with an
occlusion in the proximal anterior or posterior circulation that
could be treated between 4.5 and 8 h or 4.5e24 h, respectively,
after symptom onset.

A total of 220 subjects were enrolled from the consecutive
patients who underwent EVT after IV rt-PA, EVT or IV rt-PA
alone in our center between January 2012 and September
2015. According to the different treatment methods, patients
were divided into two groups: EVT group (EVT plus IV rt-PA,
or EVT alone) and rt-PA group (IV rt-PA alone). They were
thoroughly investigated for demographics and baseline clinical
characteristics. The prevalence of certain cardiovascular risk
factors identified at the baseline has been previously
described.16 Neurological deficits were estimated using the
National Institutes of Health Stroke Scale (NIHSS) score by
two neurologists, who were blind of DSA images and baseline
clinical characteristics. In the presence of inconsistent scores,
a consensus was reached via discussion. The study protocol
was approved by the Ethical Committee of our center. The
authors of this study did not interact with the participants in
any way. Moreover, authors had no access to information that
could identify individual participants during or after data
collection.
2.2. Definition of END
In this study, We defined END as an increment of NIHSS
score �2 points within 72 h 1e3 times a day after admission
according to a previous recommended definition; this was a
restrictive criterion less influenced by subjective observation,
enabling differentiation from the late deterioration mostly due
to systemic complications such as aspiration pneumonia or to
stroke recurrence.17
2.3. Statistical analysis
Statistical analysis was performed using SPSS software,
version 18.0 (SPSS Inc., Chicago, IL). To reduce the lack of
randomization, we conducted a propensity score analysis
using the SPSS custom dialog. Before matching, comparisons
were performed using independent sample t tests,
KruskaleWallis tests, ManneWhitney U tests, or analysis of
variance for normal distributed continuous variables, and the
chiesquare test or fisher's exact test for categorical variables,
as appropriate. Then, the propensity score was developed by
using a logistic regression model in which the following var-
iables were entered: Total cholesterol (TC), high-density li-
poprotein (HDL), low-density lipoprotein (LDL),
homocysteine, uric acid. After estimation of the propensity
score, we matched participants using a simple 1:4 nearest
neighbor matching. After matching is completed, the 2 groups
(with END versus non-END) were compared between
matched groups. Variables with a p value � 0.1 by univariate
analysis were candidates for inclusion in logistic regression
analysis. A selection process was used to develop the final
multivariable model, and adjusted odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated as estimates of
relative risk. Moreover, baseline patient characteristics be-
tween IV rt-PA group and EVT group were assessed with
logistic regression. A two-tailed p value < 0.05 was consid-
ered statistically significant.

3. Results
3.1. Patient characteristics
Between January 1 2012 and September 31 2015, among
220 patients with AIS, 7 patients with incomplete clinical
data were excluded from this study, 189 patients underwent
IV rt-PA for AIS, and other 24 (11.3%) were treated with
EVT. Finally, a total of 213 patients were enrolled into the
study: 132 (62.0%), 49 (23.0%) and 32 (15.0%) with circu-
lation occlusion in the anterior, posterior and both branches,
respectively. The median time from symptom onset to
treatment was 3.3 h (interquartile range [IQR] 1.9). 68 of 213
subjects (31.9%) had END, 145 of which served as non-END
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controls. The baseline characteristics of the patients with
END versus non-END before and after propensity score
matching were shown in Table 1. Before matching, presence
of diabetes mellitus was more prevalent in the END group
than in the non-END group. TC, HDL, LDL, glucose levels,
and the number of female were higher, and neurologic
impairment was worse, in the END group than in the non-
END group. After matching, there were no statistically dif-
ferences between the two groups in TC, HDL, LDL levels,
diabetes mellitus, time from symptom onset to treatment, and
the proportion of female except for glucose, uric acid and
NIHSS score. Notably, NIHSS score was not included in the
propensity score matching because it is inherently expected
to be higher in the END group (Table 1).

Binary regression analysis for predicting factors associ-
ated with END was shown in Table 2. The analysis showed
Table 1

Comparison of demographic and therapeutic characteristics of END and non-END

Prematched

END non-END

No. 68 145

Age, year 62.9 ± 12.9 60.0 ± 10.6

ST, h, median (IQR) 4.0 (3.0e5.0) 3.0 (2.5e4.5)

NIHSS, median (IQR) 12.0 (10.0e18.0) 10.0 (7.0e12.0)
HCY, umol/L 13.6 ± 3.9 15.3 ± 10.1

SBP, mm Hg 153.4 ± 27.4 150.1 ± 21.6

DBP, mm Hg 92.1 ± 20.8 91.4 ± 13.8

BMI, kg/m2 25.2 ± 4.3 24.1 ± 4.2

Uric acid, umol/L 305.2 ± 91.2 293.5 ± 70.0

TC, mmol/L 5.5 ± 1.6 4.9 ± 1.0

TG, mmol/L 1.5 ± 0.8 1.4 ± 0.8

LDL, mmol/L 3.7 ± 1.3 3.1 ± 0.9

HDL, mmol/L 1.4 ± 0.7 1.2 ± 0.3

Glu, mmol/L 9.7 ± 5.4 6.7 ± 1.7

HbA1c, % 7.3 ± 0.8 7.3 ± 0.5

Fibrinogen, g/L 3.2 ± 1.1 3.2 ± 0.8

INR 1.1 ± 0.1 1.0 ± 0.1

Male, n (%) 44 (64.7) 68 (46.9)

Treatment methods

IV rt-PA 54 (79.4) 135 (93.1)

EVT 14 (20.6) 10 (6.9)

Hypertension, n (%) 44 (64.7) 80 (55.2)

Diabetes mellitus, n (%) 20 (29.4) 14 (9.7)

Dyslipidemia, n (%) 20 (29.4) 48 (33.1)

TIA, n (%) 0 (0.0) 2 (1.4)

Smoking, n (%) 8 (11.8) 28 (19.3)

Alcohol habit, n (%) 6 (8.8) 10 (6.9)

IHD, n (%) 22 (32.4) 33 (22.8)

ischemic stroke, n (%) 10 (14.7) 19 (13.1)

Offending vessel

Anterior circulation, n (%) 38 (55.9) 94 (64.8)

Posterior circulation, n (%) 16 (23.5) 33 (22.8)

Both, n (%) 14 (20.6) 18 (12.4)

Toast subtype

Large artery atherosclerosis 66 (94.1) 137 (94.5)

Cardiogenic embolism 2 (2.9) 2 (1.4)

Small artery occlusion 2 (2.9) 6 (4.1)

AF 2 (2.9) 2 (1.4)

Hemorrhagic transformation 2 (2.9) 3 (2.1)

ST ¼ time from symptom onset to treatment (onset-to-puncture); IQR ¼ interqua

BMI ¼ body mass index; HCY ¼ homocysteine; TC ¼ total cholesterol; TG ¼ tria

INR ¼ International Sensitivity Index; IHD ¼ ischemic heart disease; Both ¼ inv
the significant predictors of END in the study were glucose
level (OR, 1.40; 95% confidential interval [CI], 1.10e1.79;
p ¼ 0.007), uric acid level (OR, 1.01; 95% CI, 1.00e1.02;
p ¼ 0.026) and treatment methods (EVT: OR, 3.87; 95% CI,
1.32e11.35; p ¼ 0.014). In addition, we compared baseline
patient characteristics between IV rt-PA group (n ¼ 189) and
EVT group (n ¼ 24), and there was significant difference in
NIHSS scores at admission [10.0 (7.0e13.0) vs 12.0
(11.0e17.5), p ¼ 0.002], time to treatment [3.0 (2.5e4.5) vs
4.3 (3e5.4), p ¼ 0.024], and international normalized ratio
(INR) [1.1 ± 0.1 vs 1.0 ± 0.1, p ¼ 0.004] between 2 groups.
In binary regression analysis these two variables (INR and
NIHSS) remained significantly associated with and corre-
lated conversely to EVT by controlling for alcohol habit, and
time from symptom onset to treatment (results shown in
Table 3).
.

Postmatched

p END non-END p

e 39 81 e

0.080 61.9 ± 14.0 58.5 ± 10.2 0.175

0.003 4.0 (3.0e5.0) 3.5 (3.0e4.8) 0.531

0.000 12.0 (9.0e18.0) 9.0 (6.0e12.0) 0.004

0.172 13.2 ± 3.6 15.6 ± 11.3 0.201

0.348 151.7 ± 23.4 152.6 ± 23.0 0.847

0.822 89.5 ± 17.2 93.3 ± 14.4 0.205

0.077 25.4 ± 4.5 24.2 ± 3.9 0.176

0.302 336.4 ± 85.2 300.6 ± 77.6 0.024

0.008 5.3 ± 1.5 5.1 ± 1.1 0.424

0.666 1.2 ± 0.5 1.4 ± 0.8 0.289

0.003 3.6 ± 1.3 3.3 ± 1.0 0.281

0.005 1.3 ± 0.2 1.2 ± 0.2 0.242

0.000 7.8 ± 2.2 6.6 ± 1.5 0.001

0.518 7.1 ± 0.3 7.2 ± 0.4 0.476

0.580 3.2 ± 1.1 3.3 ± 0.9 0.497

0.877 1.1 ± 0.1 1.0 ± 0.1 0.381

0.015 25 (64.1) 39 (48.1) 0.102

0.003 0.003

25 (64.1) 71 (87.7)

14 (35.9) 10 (12.3)

0.190 25 (64.1) 45 (55.6) 0.376

0.000 7 (17.9) 9 (11.1) 0.304

0.591 11 (28.2) 27 (33.3) 0.573

0.332 0 (0.0) 2 (2.5) 0.324

0.172 4 (10.3) 12 (14.8) 0.493

0.620 4 (10.3) 6 (7.4) 0.598

0.137 8 (20.5) 16 (19.8) 0.923

0.689 8 (20.5) 10 (12.3) 0.243

0.145 0.190

21 (53.8) 49 (60.5)

6 (15.4) 22 (27.2)

12 (30.8) 10 (12.3)

0.678 0.748

36 (92.3) 77 (95.1)

2 (5.1) 2 (2.5)

1 (2.6) 2 (2.5)

0.594 2 (5.1) 2 (2.5) 0.595

0.696 2 (5.1) 1 (1.2) 0.203

rtile range; SBP ¼ systolic blood pressure; DBP ¼ diastolic blood pressure;

cylglycerol; LDL ¼ low-density lipoprotein; HDL ¼ high-density lipoprotein;

olvement of the anterior and posterior circulation; AF ¼ atrial fibrillation.



Table 2

Binary regression analysis for predicting factors associated with END

following matching by PSM.

Variable OR 95% CI p

Glu, mmol/L 1.40 1.10e1.79 0.007

NIHSS 1.09 0.99e1.18 0.053

Uric acid, umol/L 1.01 1.00e1.02 0.026

Treatment methodsa 3.87 1.32e11.35 0.014

END ¼ early neurological deterioration; PSM ¼ propensity score matching;

OR ¼ odds ratio; CI ¼ confidence interval.
a Treatment methods: EVT group (EVT plus IV rt-PA, or EVT alone) and rt-

PA group (IV rt-PA alone).
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4. Discussion

IS is characterized by the sudden loss of blood circulation
to an area of the brain, resulting in a corresponding neuro-
logical functional deficit. AIS is caused by thrombotic or
embolic occlusion of a cerebral artery and is more common
than hemorrhagic stroke. With the increasing elderly popula-
tion, AIS is a kind of common and frequently-occurring dis-
ease among the middle-aged and elderly groups with severe
disability rate and high mortality rate. END after AIS has been
found to be associated with more severe fatality and worse
functional outcome, which seriously affects the quality of life
of patients and their partners.18 Consistent with our findings
(31.9%), 10e40% of patients with AIS suffer an END,19

which can be explained by the diverse criteria used to eval-
uate the neurological deficits.

In our study, the most important finding was that EVT was
related with a higher risk of developing subsequent END
development when compared to those patients with IV rt-PA
(adjusted OR 3.87). Generally, there are several possible rea-
sons accounting for his phenomenon. Firstly, EVT is an
excellent alternative as a less invasive procedure to treat AIS
because of recent advances in the devices and techniques.
Especially, recent robust evidence from randomized clinical
trials suggests that EVT is beneficial for selected patients with
AIS due to large vessel occlusions in the anterior circulation
but not posterior circulation.5e9 EVT in vertebrobasilar terri-
tory is still not supported by any randomized trial. Therefore
proper patient selection is crucial for achieving a good clinical
outcome. Moreover, several studies indicated that the presence
of large vessel occlusion has been recognized as an indepen-
dent risk factor for END.19 Secondly, vascular occlusion leads
to distal hypoperfusion and potential reperfusion injury unless
effective collateral circulation develops. The other possible
mechanisms of END after EVT include recanalization failure,
distal migration of the thrombus, and reocclusion after initially
Table 3

Binary regression analysis for the factors associated with EVT.

Variable OR 95% CI p

NIHSS 1.20 1.09e1.32 0.000

time to treatment, hours 1.13 0.96e1.33 0.149

INR 0.00 0.00e0.01 0.001

Alcohol habit 5.67 1.28e24.26 0.022
successful arterial revascularization. It is necessary to inves-
tigate effective preventive strategies for vessel reocclusion
after successful reperfusion therapy in AIS. Also, operator's
experience affected the outcome of EVT. Thirdly, hemorrhagic
transformation is also one of the most clinically significant
risk factors for END. Previous studies found that the incidence
of symptomatic transformation was higher in patients treated
with EVT than with IV rt-PA.20,21 Fourthly, basic imaging data
was routinely done in recent trials to evaluate the location of
the arterial occlusion and the extent of the penumbra, collat-
eral blood flow status, and core infarct areas and thereby to
improve patient selection for endovascular therapy. In partic-
ular, EXTEND-IA trial regarding perfusion imaging data may
be prudent to improve the science before changing clinical
practice. In this study, the large vessels occlusion was evalu-
ated visually by the neurointerventionalist on call, collateral
perfusion and core/penumbra volumes were not assessed as
potential predictors, but need to be investigated in future
studies. Fifth, perhaps because of the low proportion of EVT
in this study, however, EVT was administered in the most
assigned participantsefrom 73% in the REVASCAT trial to
100% in the EXTEND-IA. Finally, baseline NIHSS between
the EVT and IV rt-PA groups (OR 1.20, p ¼ 0.000) can result
in differences in outcome not based on the therapeutic effect,
but due to dissimilarities in inclusion criteria. The NIHSS was
highly correlated with the occurrence of major vessel pathol-
ogy,22 and major vessel occlusions were more likely to
perform EVT.

Hyperglycemia was significantly positively associated with
END which might lead to poor short-term outcome in this
study. A possible explanation is that the post-ischemic in-
flammatory responses and neuroprotective heat-shock chap-
erone gene attenuation have been shown to significantly higher
in the diabetic mice than in that the nondiabetic mice.23 In
addition, based on previous research findings, hyperglycemia
on admission was associated with SICH after EVT in AIS
patients with anterior circulation occlusions, and that SICH
leads to significantly poor prognosis. In experimental stroke
models, acute hyperglycemia leads to increased brain lactate
production, the development of brain edema, breakdown of the
bloodebrain barrier, increased risk of hemorrhagic trans-
formation and enlarged infarct size, which may contribute to
the risk of END development.24

In agreement with previous studies,25 higher uric acid
levels at stroke admission are associated with a worse clin-
ical outcome, but to date results from several studies have
been inconsistent.26 Uric acid is the end product of purine
catabolism in humans, the main constituents of DNA and
RNA. For one thing, Uric acid uptake in adipocytes activates
nicotinamide adenine dinucleotide phosphate (NADPH) ox-
idase and increase production of reactive oxygen species
(ROS) through the activation of multiple intracellular
signaling pathways, which can exert pro-inflammatory and
pro-oxidant effects.27 Our findings give further support to
this adverse effect of uric acid and spread its effects to the
setting of AIS, suggesting that increased uric acid concen-
tration led to further neurological deterioration following
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ischemic stroke. For another, hyperuricemia may stimulate
vascular smooth muscle cell proliferation, inhibit endothelial
cell proliferation, attenuate vascular nitric oxide production,
reduce vascular nitric oxide activity, and lead to endothelial
dysfunction,28,29 thus resulting in increased risk of hemor-
rhagic transformation and infarct volume expansion after
thrombolysis in AIS.30

There are several limitations in the present study. First, it is
a single-center retrospective observational study and has
small sample size, which may lead to selection bias and weak
conclusion. Data on some potential predictive variables are
lacked; however, propensity matching helped to overcome
variations in patient and clinical characteristics between the
END and non-END groups. Second, it represents a
hospitalebased study and is not population based. Selection
bias is a possibility, it is likely that patients with more severe
strokes received EVT. In other words, patients with EVT
indicated more severe neurological function impairment.
Third, there is a lack of data on the long-term post-hospital-
ization neurological outcome. In addition, higher prevalence
of large artery atherosclerosis stroke in the hospital-based
study might be attributed to a genetic trait, and designing a
treatment study, for example, with a limited age range might
lead to a bias in what subtypes will be included in the study.
Finally, we have no data on recanalization and time to
reperfusion therapy.

In conclusion, after the propensity score matching analysis,
this study provides further evidence that hyperglycemia, hy-
peruricemia and inappropriate choice for EVT may increase
the risk of END events and short-term poor prognosis, thus
need to be managed after AIS. Future studies, preferably
randomized controlled studies should explore whether recog-
nition and appropriate management of hyperglycemia and
hyperuricemia may prevent END and improve patient
outcome. In addition, EVT is a promising therapeutic alter-
native for large vessel occlusion in patients with an AIS, and
identification of appropriate patients for EVT may improve
reperfusion, early neurologic recovery, and functional
outcome.
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