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Introduction
Early neurological deterioration (END) usually 
refers to the decline in neurological function that 
occurs within a few hours or days of the onset of 
acute ischemic stroke (AIS).1 Studies have 
reported END frequencies ranging from 5% to 
40%, which could have resulted from different 
evaluation methods and inclusion criteria.2,3 
Previous studies have indicated that END may 
affect the prognosis of patients with AIS.4 

However, the etiology and pathogenesis of END 
in AIS are complex, and clear descriptions, accu-
rate and reliable early prediction indicators, and 
effective prevention and treatment strategies are 
lacking.5 Therefore, it is important to explore 
END development in patients with AIS.

Although previous studies have reported on AIS 
with END, most were retrospective and focused 
on specific populations with stroke, such as 
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patients receiving intravenous thrombolysis and 
endovascular therapy or patients with mild 
stroke.6–8 In addition, most studies were single-
center, small-sample studies; therefore, large 
multicenter prospective cohort data on END are 
lacking. We aimed to improve END awareness by 
exploring the frequency, risk factors, and func-
tional outcomes in patients with AIS using multi-
center stroke registry data in Henan, China.

Patients and methods
This study enrolled patients from database of 
clinical research for Henan Province Multicenter 
Stroke Registry (Chinese Clinical Trial Registry, 
ChiCTR2100045258) from January 2021 to 
January 2022. This prospective, multicenter, 
web-based registry established in January 2021 is 
a part of the major science and technology project 
in Henan Province. Consecutive patients with 
AIS within 7 days after onset admitted to regional 
stroke centers were registered. Patient data 
regarding demographics, medical history, previ-
ous therapy, hospitalized treatment, and progno-
sis were prospectively collected from the registry 
using standardized protocols. Special quality con-
trol personnel, dispatched by the center leader, 
monitored the integrity of the data every month 
throughout the study.

The 18 participating hospitals, which passed the 
assessment as tertiary stroke centers, provide 
stroke care in Henan Province, and the patients at 
these centers comprised the participants. This 
study was approved by the Ethics Committee of 
the First Affiliated Hospital of Zhengzhou 
University. All patients received conventional 
treatment in accordance with established guide-
lines on pharmacological interventions for long-
term secondary prevention.9

The inclusion criteria were as follows: (1) patients 
who visited within 7 days after symptom onset 
and had AIS confirmed by diffusion-weighted 
imaging; (2) those aged ⩾18 years, and (3) those 
who provided signed informed consent.

There exclusion criteria were as follows: (1) 
patients with onset to admission time >24 h; (2) 
those receiving thrombolysis or endovascular treat-
ment; (3) those with a history of hematologic dis-
ease, cancer, or surgery; (4) those with incomplete 
clinical data or those who could not be evaluated 
over the subsequent 7 days following admission; 

(5) those with severe renal or hepatic diseases; and 
(6) those who were lost to follow-up.

Data collection
The Henan Stroke Registry prospectively col-
lected information on predefined variables using 
electronic case report forms and a secure web-
based databank. Patient baseline data were 
recorded on the Henan Stroke Data Management 
Platform website (http://crf.henanstroke.net). 
Demographic characteristics included age, sex, 
waist–hip ratio (WHR), body mass index (BMI), 
diastolic blood pressure (DBP), systolic blood 
pressure (SBP), and baseline National Institutes 
of Health Stroke Scale (NIHSS) score. Risk fac-
tors for stroke included a history of smoking 
(defined as continuous or cumulative smoking 
⩾6 months or smoking every day for at least 
6 months)10 and drinking [defined as drinking 
alcohol at least 5 days per week (>30 g/day) for at 
least 6 months],11 history of transient ischemic 
attack/stroke, diabetes, atrial fibrillation, hyper-
tension, coronary heart disease, antiplatelet ther-
apy, anticoagulant therapy, and lipid-lowering 
therapy. Laboratory tests were performed within 
24 h of admission, including white blood cell 
(WBC), neutrophil, lymphocyte, monocyte, red 
cell distribution width, mean platelet volume, 
glucose, HbAlc, uric acid, triglyceride (TG), total 
cholesterol, low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol 
(HDL-C), homocysteine, and C-reactive protein 
(CRP) measurements. Brain magnetic resonance 
imaging and magnetic resonance angiography 
were performed within 24 h of admission using a 
3.0 T MR scanner in all patients. All data were 
standardized. Two trained neuroradiologists 
reviewed all imaging procedures and performed 
the analysis. The infarct location was rated 
according to visual assessment as follows: cere-
bral watershed, thalamus, cerebral lobe, brain-
stem, cerebellum, and lenticulostriate artery area. 
Symptomatic intracranial and extracranial ather-
osclerotic stenoses were defined as the presence 
of removal of an artery or multiple lesions with 
50–99% stenosis.12,13

Definition of END and follow-up
The NIHSS score was used to evaluate the AIS 
severity on the day of admission. After admission, 
NIHSS scores were assessed by two certified neu-
rologists 1–2 times each day. All certified 
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neurologists at the 18 centers underwent unified 
training for NIHSS score evaluation and were 
blinded to the study. Patients were divided into 
three groups based on their NIHSS scores on 
admission, mild stroke (NIHSS score ⩽5), mod-
erate stroke (NIHSS score 6–15), and severe 
stroke (NIHSS score ⩾16). END was defined as 
an increase of ⩾2 points in the total NIHSS score 
or ⩾1 point in the motor items of the NIHSS 
within 7 days of hospital admission. Most patients 
were subsequently followed up via telephone. 
The modified Rankin Scale (mRS) was used to 
evaluate patient outcomes. Good and poor out-
comes were defined as mRS ⩽ 2 and mRS > 2, 
respectively.

Statistical analysis
SPSS software version 25.0 (IBM Corp., Armonk, 
NY) was used for statistical analysis. Continuous 
variables, presented as mean ± standard devia-
tion, were analyzed using the independent 
Student’s t-test or Mann–Whitney U-test. 
Categorical variables, presented as proportions, 
were analyzed using the χ2 test. The patient’s 

post-onset END was the dependent variable. 
Variables with p < 0.05 on univariate analysis or 
those clinically relevant (e.g. sex, age, time from 
onset to admission, BMI, WHR, SBP, DBP, 
baseline NIHSS score, disabled at baseline, his-
tory of diabetes mellitus, atrial fibrillation, intrac-
ranial arterial stenosis, infarction location, and 
some laboratory parameters) were included in the 
multivariate logistic regression model with END. 
Ordinal log regression analysis was performed 
and adjusted for potential confounders (variables 
in the univariate analysis [p < 0.05] or those con-
sidered to be of clinical significance) for the asso-
ciation between END and the mRS score at day 
90. Adjusted odds ratios (ORs) and correspond-
ing 95% confidence intervals (CIs) are expressed 
in the results. A two-tailed p < 0.05 was consid-
ered significant.

Results

Characteristics of baseline data
A total of 25,186 patients with AIS were consecu-
tively recruited from 18 hospitals (Figure 1). In 

Figure 1.  Patients flow-chart of the cohort.
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total, 12,722 patients were admitted within 24 h 
of symptom onset. Of the remaining patients, 
3608 patients were excluded as follows: 2051 
received thrombolysis, 213 received endovascular 
treatment, 502 had missing laboratory data, and 
842 had other diseases or underwent cancer treat-
ment or surgery. Finally, 9114 patients (median 
age: 67.20 ± 11.46 years, female: 3716 [40.8%]) 
were enrolled in the study, and END occurred in 
1286 (14.1%) patients. The median [interquar-
tile range (IQR)] hospital arrival time was 7.67 
(3.19–17.24) h from the onset. The distribution 
of infarct locations is shown in Figure 3. The 
infarct sites in patients with END were mostly 
distributed in the cerebral watershed (22%) and 
lenticulostriate artery (43%) areas.

Risk factors for END
The baseline characteristics of the two groups of 
patients are presented in Table 1. The results of 
univariate analysis demonstrated that patients 
with END were prominently older than those 
without END (68.02 ± 12.71 vs 
67.11 ± 11.23 years; p = 0.005); had a shorter 
time from onset to admission [6.01 (3.01–15.4) 
vs 8.87 (3.27–17.61) h]; p < 0.001); and had 
higher median NIHSS scores on admission [4.00 
(2.00–6.00) vs 3.00 [1.00–5.00]; (1.00–5.00); 
p < 0),], WHR (0.87 ± 0.08 vs 0.86 ± 0.08; 
p = 0.004), BMI (24.85 ± 3.09 vs 24.48 ± 2.68; 
p = 0.001), and SBP (152.86 ± 24.86 vs 
150.9 ± 23.06; p = 0.001). The following 

variables were significantly associated with 
patients with END compared with those without 
END: the proportion of disabled at baseline 
(62.1% vs 36.1%; p < 0.001), history of atrial 
fibrillation (9.9% vs 7.5%; p = 0.004), diabetes 
mellitus (31.1% vs 26.3%; p < 0.001), infarction 
location (p < 0.001), intracranial artery stenosis 
(45.4% vs 39.2%; p < 0.001), WBC (7.64 ± 2.36 
vs 6.94 ± 2.48; p < 0.001), lymphocytes 
(1.62 ± 0.74 vs 1.72 ± 0.79; p < 0.001), neutro-
phils (5.36 ± 1.96 vs 4.52 ± 1.38; p < 0.001), 
monocytes (0.79 ± 1.46 vs 0.69 ± 1.34; p = 0.017), 
glucose (6.61 ± 2.76 vs 6.42 ± 2.61; p = 0.014), 
uric acid (285.15 ± 97.42 vs 277.86 ± 91.42, 
p = 0.009), TG (1.53 ± 1.09 vs 1.43 ± 0.97, 
p = 0.001), homocysteine (14.91 ± 9.43 vs 
14.28 ± 8.84, p = 0.023), and CRP (5.09 ± 3.93 
vs 3.75 ± 3.81, p = 0.004).

Clinical and radiological predictors of END
The results of multivariate analyses for risk factors 
relevant to END are shown in Table 2. After adjust-
ing all potential confounders, BMI (OR: 1.05,  
95% CI: 1.03–1.07; p < 0.001), age (OR: 1.01, 
95% CI: 1.00–1.02; p < 0.001), WHR (OR:  
2.68, 95% CI: 1.28–5.59; p = 0.009), SBP (OR: 
1.01, 95% CI: 1.00–1.01; p = 0.010), baseline 
NIHSS (OR: 1.01, 95% CI: 1.00–1.02; p = 0.019), 
Disabled at baseline (OR: 2.03, 95% CI: 2.68–
3.43; p < 0.001), history of atrial fibrillation (OR: 
1.32, 95% CI: 1.12–1.56; p = 0.001), diabetes 
mellitus (OR: 1.22, 95% CI: 1.07–1.39; 

Figure 2.  Distribution of modified Rankin Scale (mRS) score at 90 days for no early neurological deterioration 
(END) vs END.
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Table 1.  Characteristics of patients included according to END.

Characteristic Total Non-END END P value

N = 7828 (85.9%) N = 1286 (14.1%)

Age, y, mean ± SD 67.20 ± 11.46 67.11 ± 11.23 68.02 ± 12.71 0.005

Male, n (%) 5398 (59.2) 4628 (59.1) 770 (59.9) 0.610

Time, h 7.67 (3.19–17.24) 8.87 (3.27–17.61) 6.01 (3.01–15.4) 0.001

BMI 24.54 ± 2.74 24.48 ± 2.68 24.85 ± 3.09 0.001

WHR 0.86 ± 0.85 0.86 ± 0.08 0.87 ± 0.08 0.004

SBP (mmHg) 151.21 ± 0.85 150.9 ± 23.06 152.86 ± 24.86 0.001

DBP (mmHg) 87.76 ± 14.34 87.66 ± 14.21 88.36 ± 15.10 0.108

Baseline NIHSS 3.00 (1.00–5.00) 3.00 (1.00–5.00) 4.00 (2.00–6.00) <0.001

Disabled at baseline 3620 (39.7) 2823 (36.1%) 797 (62.1%) <0.001

Medical history, n (%)

Hypertension 5471(60.1) 4669 (59.6) 802 (62.4) 0.065

Stroke/TIA 3130 (34.3) 2670 (34.1) 460 (35.8) 0.245

CHD 1929 (21.2) 1643 (21.0) 286 (22.2) 0.309

Atrial fibrillation 708 (7.7) 581 (7.5) 127 (9.9) 0.004

Diabetes mellitus 2458 (27.1) 2059 (26.3) 399 (31.1) <0.001

Smoking 2832 (31.1) 2432 (31.1) 400 (30.1) 0.979

Drinking 1978 (21.7) 1683 (21.5) 295 (22.9) 0.510

Previous therapy, n (%)

Antiplatelet 2123 (23.3) 1810 (23.1) 313 (24.3) 0.339

Anticoagulant 501 (5.5) 434 (5.6) 67 (5.2) 0.115

Lipid-lowering 1963 (21.5) 1672 (21.4) 291 (22.6) 0.305

Vascular imaging, n (%)  

Extracranial artery stenosis 1622 (17.8) 1384 (17.7) 238 (18.5) 0.472

Intracranial arterial stenosis 3655 (40.1) 3071 (39.2) 584 (45.4) <0.001

Infarction location, n (%)

Lenticulostriate artery area 2975 (32.6) 2422 (30.9) 553 (43.0) <0.001

Cerebral watershed 1832 (20.1) 1549 (19.8) 283 (22.0)  

Thalamus 1118 (12.3) 1002 (12.8) 116 (9.01)  

Cerebral lobe 1458 (16.0) 1265 (16.2) 193 (15.0)  

(Continued)
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Characteristic Total Non-END END P value

N = 7828 (85.9%) N = 1286 (14.1%)

Brainstem 811 (8.9) 721 (9.2) 90 (7.0)  

Cerebellum 920 (10.1) 869 (11.1) 51 (4.1)  

Anterior infarction 4745 (52.1) 4067 (51.9) 678 (52.7) 0.383

Posterior Infarction 3122 (34.2) 2673 (34.1) 449 (34.9)  

Both anterior and posterior 1247 (13.7) 1088 (14.0) 159 (12.4)  

Laboratory

WBC (109/L) 7.04 ± 2.47 6.94 ± 2.48 7.64 ± 2.36 <0.001

Neutrophil (109/L) 4.64 ± 1.50 5.36 ± 1.96 4.52 ± 1.38 <0.001

Lymphocyte (109/L) 1.71 ± 0.79 1.72 ± 0.79 1.62 ± 0.74 <0.001

Monocyte (109/L) 0.71 ± 1.36 0.69 ± 1.34 0.79 ± 1.46 0.017

RDW (109/L) 22.75 ± 14.25 22.80 ± 14.27 22.48 ± 14.16 0.459

MPV (109/L) 10.06 ± 1.62 10.07 ± 1.62 9.98 ± 1.65 0.081

Glucose (mmolL) 6.44 ± 2.63 6.42 ± 2.61 6.61 ± 2.76 0.014

HbAlc (mmolL) 6.61 ± 1.70 6.59 ± 1.64 6.67 ± 2.05 0.194

Uric Acid (μmolL) 278.89 ± 92.31 277.86 ± 91.42 285.15 ± 97.42 0.009

TC (mmol/L) 4.31 ± 1.24 4.31 ± 1.23 4.31 ± 1.30 0.915

TG (mmol/L) 1.45 ± 0.99 1.43 ± 0.97 1.53 ± 1.09 0.001

HDL-C (mmol/L) 1.19 ± 0.35 1.19 ± 0.35 1.16 ± 0.36 0.053

LDL-C (mmol/L) 2.44 ± 0.89 2.44 ± 0.88 2.43 ± 0.93 0.806

Hcy (umol/L) 14.38 ± 8.93 14.28 ± 8.84 14.91 ± 9.43 0.023

CRP (mg/L) 3.81 ± 3.83 3.75 ± 3.81 5.09 ± 3.93 0.004

BMI, body mass index; CHD, coronary heart disease; CRP, C-reactive protein; DBP, diastolic blood pressure; Disabled at 
baseline, baseline mRS ⩽ 2; END, early neurological deterioration; Hcy, homocysteine; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; MPV, mean platelet volume; NIHSS, National Institutes of 
Health Stroke Scale; RDW, red cell distribution width; SBP, systolic blood pressure; SD, standard deviation; TC, total 
cholesterol; TG, triglyceride; TIA, transient ischemic attack; Time, time from onset to admission; WBC, white blood cell; 
WHR, waist–hip ratio.

Table 1.  (Continued)

p = 0.003), intracranial arterial stenosis (OR: 
1.29, 95% CI: 1.14–1.45; p < 0.001) and infarct 
location in the lenticulostriate artery area (OR: 
3.84, 95% CI: 2.78–5.28; p < 0.001) and cerebral 
watershed (OR: 3.05, 95% CI: 2.22–4.18; 
p = 0.005) were identified as independent predic-
tors for END. The patients’ laboratory 

parameters were also included. Neutrophils (OR: 
1.39, 95% CI: 1.34–1.45; p < 0.001), lympho-
cytes (OR: 0.82, 95% CI: 0.76–0.89; p < 0.001), 
uric acid (OR: 1.01, 95% CI: 1.00–1.01; 
p = 0.047), and TG (OR: 1.11, 95% CI: 1.04–
1.17; p = 0.001) remained independently predic-
tive of END.
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END and functional outcome
The relationship between END and prognosis is 
shown in Figure 2. After 3-month follow-up, 829 
patients were lost, and a total of 8285 patients 
were included in the follow-up analysis. The pro-
portion of poor outcomes patients at 90 days was 
40.1% in the END group and 26.4% in the 

non-END group. Good prognosis was observed 
in 59.9% and 73.6% patients, respectively. 
Compared to patients without END, those with 
END had higher median mRS scores at 90 days 
(2.00 [1.00–4.00] vs 1.00 [0.00–3.00]; p < 0.001; 
Figure 2). The results of the multivariate logistic 
regression analysis predicting outcomes after AIS 

Table 2.  Multivariate logistic regression analysis predicting END after AIS.

Characteristic Adjusted OR (95% CI) P value

Age, y, mean ± SD 1.01 (1.00–1.02) <0.001

Male, n (%) 0.92 (0.81–1.05) 0.225

Time, h 0.94 (0.89–1.03) 0.157

BMI 1.05 (1.03–1.07) <0.001

WHR 2.68 (1.28–5.59) 0.009

SBP (mmHg) 1.01 (1.00–1.01) 0.010

DBP (mmHg) 0.99 (0.99–1.01) 0.292

Baseline NIHSS 1.01 (1.00–1.02) 0.019

Disabled at baseline 2.03 (2.68–3.43) <0.001

Atrial fibrillation 1.32 (1.12–1.56) 0.001

Diabetes mellitus 1.22 (1.07–1.39) 0.003

Intracranial arterial stenosis 1.29 (1.14–1.45) <0.001

Lenticulostriate artery area 3.84 (2.78–5.28) <0.001

Cerebral watershed 3.05 (2.22–4.18) 0.005

WBC (109/L) 1.03 (0.96–1.05) 0.092

Neutrophil (109/L) 1.39 (1.34–1.45) <0.001

Lymphocyte (109/L) 0.82 (0.76–0.89) <0.001

Monocyte (109/L) 1.04 (0.99–1.08) 0.079

Glucose (mmol/L) 0.98 (0.96–1.01) 0.187

Uric Acid (μmol/L) 1.01 (1.00–1.01) 0.047

TG (mmol/L) 1.11 (1.04–1.17) 0.001

Hcy (umol/L) 1.01 (0.96–1.03) 0.489

CRP (mg/L) 1.03 (0.98–1.09) 0.524

AIS, acute ischemic stroke; BMI, body mass index; CI, confidence interval; CRP, C-reactive protein; DBP, diastolic blood 
pressure; Disabled at baseline, baseline mRS ⩽ 2; END, early neurological deterioration; Hcy, homocysteine; NIHSS, 
National Institutes of Health Stroke Scale; OR, odds ratio; SBP, systolic blood pressure; SD, standard deviation; TG, 
triglyceride; Time, time from onset to admission; WBC, white blood cell; WHR, waist–hip ratio.
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are shown in the Supplementary Table 1. After 
adjusting for confounding factors, END was sig-
nificantly associated with poor prognosis at 
90 days, and the adjusted common OR was 1.74 
(95% CI: 1.53–1.97). Subgroup analyses were 
performed according to the mRS Score at admis-
sion (Supplementary Figure 1). The association 
of 3-month outcomes of AIS with END appeared 
more obvious in patients with higher baseline 
mRS score (OR 3.06; 95% CI: 2.26–4.03, p for 
interaction = 0.007).

Incidence and trends of END
Figure 4 shows the time variation trend of END. 
The highest incidence (62.5%) of END occurred 
within 24 h after admission. The estimated 

incidence of END decreased steeply after 1 day. 
The incidence decreased to approximately 
19.6% the day after the patient was admitted. By 
72 h after admission, the incidence decreased to 
<10%. Similar results were observed after AIS 
onset. Therefore, END risk was five times higher 
in patients who were admitted to hospital within 
24 h (43.5%) than those who were admitted 
after 72 h (8.8%). Furthermore, the highest inci-
dence (20.2%) of END observed in the severe 
stroke group and remained at 13.1% among 
patients with minor stroke (Supplemental Figure 
2). Multivariate logistic regression analysis 
revealed that moderate and severe stroke (OR: 
1.49, 95% CI: 1.25–1.79) were more likely to be 
associated with END compared to mild stroke 
(Supplementary Table 2).

Figure 4.  Time-dependent changes in the incidence rates of early neurological deterioration: (a) time after 
admission and (b) time after onset.

Figure 3.  Distribution of infarct location: (a) the entire population and (b) patients with END are depicted.
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Discussion
In the prospective multicenter observational 
study, we assessed patients who visited the hospi-
tal within 24 h of onset and defined progression as 
deterioration of clinical presentation after initia-
tion of treatment. END was prospectively 
recorded and registered according to predeter-
mined protocols, whereas most previous 
researches identified END retrospectively. Our 
study revealed following main findings: (1) END 
was observed in approximately one in seven 
patients hospitalized with AIS. (2) The highest 
incidence of END occurred within 24 h of admis-
sion and decreased steeply as time progressed. (3) 
Higher age, BMI, WHR, SBP, baseline NIHSS, 
neutrophil, uric acid, and TG levels, lower lym-
phocyte count, history of diabetes mellitus and 
atrial fibrillation, and infarct location in the len-
ticulostriate artery area and cerebral watershed 
were predictive of END. (4) END was associated 
with a risk of poor outcome at 3 months in patients 
with AIS.

A recent meta-analysis including 11 independent 
studies involving patients with AIS reported that 
the percentage of END occurring after endovas-
cular treatment ranged from 3.4% to 28.8%, an 
overall rate of approximately 11.0%.2 Another 
study performed a retrospective analysis of indi-
vidual patient data obtained from the Safe 
Implementation of Treatment in Stroke-
International Stroke Thrombolysis Registry, and 
results showed that the rate of END was 6.7% in 
patients who underwent intravenous alteplase 
treatment.14 Most of these studies were retrospec-
tive and were limited by the selection of specific 
populations with stroke. An inconsistent defini-
tion of END could also lead to differences in the 
results. In addition to thrombolytic patients, we 
focused on worsening of patients with AIS receiv-
ing conventional treatment at hospital. There is a 
lack of epidemiological data from large samples of 
this population. In our study, the incidence of 
END was determined by daily neurological func-
tion assessment of patients within 7 days of hospi-
talization, and the rate decreased significantly with 
increased duration of hospitalization. This result 
is consistent with those of previous studies.15,16 
The difference between the progression and recur-
rence of END and its clinical significance remains 
unclear. Previous studies reported that most END 
causes are due to the expansion and progression of 
existing infarct lesions, suggesting the need for 
effective treatments to prevent END.17,18 Our 

results indicate that clinicians should focus on 
symptom fluctuations in patients with AIS at pres-
entation or early stage of disease to avoid disease 
progression. Furthermore, our results revealed 
that moderate and severe stroke are more likely to 
be associated with END compared to mild stroke. 
Meanwhile, a review of a previous study also con-
firmed our findings.19 Another previous study 
found that NIHSS score was associated with END 
in AIS and NIHSS score >14 points was an inde-
pendent predictor of END.20 We speculate that 
higher NIHSS scores at admission may indicate 
larger infarct size and extent, as well as higher 
rates of events of hemorrhagic transformation and 
cerebral edema.

Univariate and multivariate regression analyses 
revealed that patients with infarcts in the lenticu-
lostriate artery and cerebral watershed areas 
exhibited a higher incidence of END than those 
with infarcts at any other location. These infarct 
locations can also predict the occurrence of END 
during hospitalization. Regional infarction of the 
lenticulostriate artery is a cerebral tissue infarc-
tion caused by a lesion in the deep perforating 
branch of the middle cerebral artery.21 Owing to 
the poor circulation of collateral branches in the 
terminal area of the perforating branch, the out-
flow brain tissue is softened after infarction.22 In 
our study, infarcts in the lenticulostriate artery 
region were mostly located near the basal ganglia 
and lateral ventricles, which are rich in motor and 
sensory nerve bundles and are the dominant area 
of the corticospinal tract. Patients with lenticulo-
striate arteries involvement are prone to motor 
function progression due to enlarged infarcts or 
cerebral edema.23 Watershed infarction is an 
ischemic stroke occurring in the marginal zone 
dominated by intracranial adjacent blood ves-
sels.24 Previous studies have shown that water-
shed infarction often leads to cerebral 
hemodynamic damage and micro-thrombi forma-
tion due to intracranial and extracranial vascular 
stenosis, resulting in stroke progression.25,26

Our results revealed that BMI and WHR were pre-
dictors of END. It was well known that obesity 
increases the risk of AIS in the normal popula-
tion.27 However, the influence of obesity on the 
progression of AIS required further study. We 
hypothesized that the effective increase in abdomi-
nal fat accumulation, represented by the increase 
in abdominal circumference regardless of the 
increase in body mass, might disturb lipid and 
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glucose metabolism and resulted in adverse 
effects.28,29 In addition, we revealed a significant 
association between the occurrence of END and 
higher neutrophil and lower lymphocyte counts.30 
A study in South Korea evaluated 438 patients 
with single subcortical infarctions and showed that 
the neutrophil-to-lymphocyte ratio (NLR) was 
positively associated with END.31 Another obser-
vational study revealed that the NLR was associ-
ated with END in patients who received 
thrombolytic therapy, and the biomarker was of 
moderate diagnostic value.32 Some studies have 
reported that inflammatory mechanisms play a key 
role in the pathogenesis and progression of AIS.33 
Peripheral WBC were guided by chemokines and 
inflammatory cytokines released from ischemic tis-
sues and conversely might affect infarcted tissue as 
well.34,35 Lymphocyte were considered to have 
neuroprotective effects and contribute to improve-
ments in neurological function.36,37 Peripheral 
neutrophils can be a source of matrix metallopro-
teinase-9, leading to hemorrhagic transformation 
and END.38 Furthermore, it was reported that 
neutrophils induced free oxygen radicals and cause 
symptomatic deterioration.39

Our results demonstrated that patients with END 
exhibited worse functional outcomes and were 
more frequently dependent at 90 days, confirming 
the findings of previous studies.40,41 We propose 
that most patients with AIS will exhibit milder 
symptoms after conventional treatment (except 
for a few death cases). Patients who were already 
disabled on admission were more likely to develop 
END. It is more difficult for these patients to 
recover from their neurological deficit after dis-
charge. Although the association did not equate to 
causality between END and poor functional out-
comes at 3 months, our results revealed that one in 
seven patients with END who received conven-
tional anti-platelet therapy died within 3 months 
after discharge. To date, there have been no large-
sample studies demonstrating effective treatment 
for patients with END. Previous studies have 
reported that compared with ordinary wards, 
stroke units can shorten the length of stay and 
reduce the incidence, mortality, and disability rate 
of END, and the effect was better than that of 
drug therapy alone.42,43 Further studies are 
required to focus on END treatment in the future.

There are several limitations in this study. First, 
the Henan Stroke Registry used in our study was 
solely based on AIS patients from 18 regional 

hospitals in Asian population; therefore, the 
results may not be extrapolated in Caucasians. 
Second, although we minimized the time 
between onset and admission, detailed informa-
tion on the pre-hospital course was not available, 
and we could not exclude effects of pre-hospital 
management on outcomes. Third, we did not 
evaluate changes in imaging and test results 
before and after END, which may potentially 
partly explain the mechanism of END. Fourth, 
the study focuses on worsening of patients with 
AIS receiving conventional treatment at hospital 
and patients who underwent intravenous throm-
bolysis (IVT) or endovascular treatment (EVT) 
were excluded. Future studies will separately 
explore patients with IVT or EVT. Finally, 
although our study confirms that history of atrial 
fibrillation is strongly associated with the occur-
rence of END in patients with AIS, other data 
on acute heart disease are still lacking. These 
may be potential risk factors for END. Further 
studies are required to provide greater insights 
regarding the underlying mechanism of END.

Conclusion
This large-scale prospective study revealed that 
one in seven patients with AIS experienced END. 
The highest incidence of END occurred within 
24 h of admission and decreased steeply with 
time. Our findings also showed that older age, 
BMI, WHR, SBP, baseline NIHSS, neutrophil, 
uric acid, TG, lower lymphocyte count, history of 
atrial fibrillation and diabetes mellitus, infarct 
location in the lenticulostriate artery and cerebral 
watershed areas were predictive of END, and 
END may be associated with poor prognosis. 
Patients with AIS at high risk for END on admis-
sion should be included in future targeted trials of 
novel acute treatment options.
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