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Abstract

Background : Studies on the role of chronic hyperglycemia and dehydration in the progression of acute cerebral infarction
have confirmed that chronic hyperglycemia can promote the progression of acute cerebral infarction, and dehydration can also
accelerate the development of cerebral infarction. However, there are few studies on the co-effects of chronic hyperglycemia and
dehydration on infarct core volume. Since it is not uncommon for stroke patients to have chronic hyperglycemia and dehydration
at the same time, it is of certain clinical significance to study the interaction of the two on stroke.

Method: A total of 270 patients with acute cerebral infarction were included and admitted to hospital to improve the examination
of glycosylated hemoglobin, blood urea nitrogen and blood creatinine. We would use blood urea nitrogen (BUN)/creatinine (Cr)
ratio as a dehydration marker.The dehydrated group was defined as the blood urea nitrogen/creatinine ratio >15, and the non-
dehydrated group was defined as the blood urea nitrogen/creatinine ratio <15. HbA1c >7% was defined as chronic hyperglycemia
group, HbA1c <7% was defined as non-chronic hyperglycemia group. According to the above definition, they were divided into
four groups: dehydration + chronic hyperglycemia group, dehydration + non-chronic hyperglycemia group, non-dehydration
+ chronic hyperglycemia group, and non-dehydration + non-chronic hyperglycemia group. At the same time, the magnetic
resonance DWI examination was improved, the infarct core volume was processed by the software after the acute cerebral
infarction magnetic resonance image, and the correlation between the infarct core volume and glycosylated hemoglobin and
blood ureal/creatinine ratio was evaluated.

Results: The core volume of cerebral infarction in chronic hyperglycemia group was larger (infarct volume >43.28ml, HBA1c
IQR 6.5%). The core volume of cerebral infarction in dehydrated group was larger (infarct volume >43.28ml, BUN/Cr IQR 17.632).
The core volume of cerebral infarction was the largest in dehydration + chronic hyperglycemia group, followed by dehydration
+ non-chronic hyperglycemia group, non-dehydration + chronic hyperglycemia group, and non-dehydration + non-chronic
hyperglycemia group.

Conclusion: Chronic hyperglycemia in patients with acute cerebral infarction is likely to lead to dehydration, which is the main
reason for the enlargement of the infarct core. Therefore, it is possible for patients with chronic hyperglycemia to avoid the

expansion of the infarct core by correcting the key link of critical dehydration.
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INTRODUCTION

Cerebral infarction, also known as ischemic stroke, is one of the
most common acute cerebrovascular diseases in our clinic. It is caused
by various reasons, the local blood supply disorder of brain tissue, the
appearance of brain tissue ischemia and hypoxia, and then produce
clinical corresponding neurological deficits. In the clinical process, it is
often encountered that a patient’s condition continues to progress and
aggravates 3 to 5 days after the onset of the disease [1]. These continuously
aggravated neurological deficits often take doctors by surprise and make
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many patients and their families express that they cannot understand,
which is easy to cause medical disputes. So, what factors are related to the
progression of cerebral infarction? [2]. If we can have a means to judge the
progress of cerebral infarction, it will bring great benefits to the doctor.
However, there is no uniform international guidelines and consensus on
progressive stroke. We have previously found that hyperglycemia may
be a very important factor in the progression of cerebral infarction [3],
or systemic dehydration of patients leads to cerebral hypoperfusion
[4], which leads to the aggravation of cerebral infarction. But how does
a brain infarction progress? What is its pathogenesis? We don’'t know
much, and the growth of infarct size is a complex and dynamic process
[5]- There’s a lot of variation between patients, and we don’t have any way
of assessing how the size of a patient’s infarct increases [6]. For example,
is the progression of infarction due to the necrosis of brain tissue caused
by ischemia-reperfusion injury? Or is it the poor quality of the collateral
circulation of the cerebral artery that leads to the progression of cerebral
infarction? Or is it due to the age of the patient and poor control of basal
blood pressure? Or is it because of the level of blood sugar? All of these
factors can influence the outcome of infarction, and we do not know if one
of these factors is dominant or if they are combined. Therefore, we still
need to further explore the specific factors affecting the progression of
cerebral infarction.

Our previous studies have shown that chronic hyperglycemia has
a certain influence on the prognosis of acute cerebral infarction [7]. At
the same time, many people use blood glucose levels to predict poor
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outcomes of stroke, but how blood glucose affects the development of
cerebral infarct size is still controversial. Chronic hyperglycemia, the
patient’s glycated hemoglobin level, reflects the patient’s blood glucose
level in the 3 months before the onset of the disease, and is associated with
the prognosis of cerebral infarction. We have also found that in clinical
patients, if dehydration is present, cerebral infarction is progressive [8].
In these dehydrated patients, we can stop the progression of infarction
and improve neurological function by rehydration or by enhancing
volume expansion. So, are there patients with chronic hyperglycemia,
which is due to the presence of dehydration, that is, because of high blood
glucose, leading to cell dehydration, which aggravates the deterioration
of brain function, leading to an increase in the area of cerebral infarction?

Diffusion weighted imaging (DWI) [9], in magnetic resonance imaging
is the only noninvasive method that can detect the diffusion motion of
water molecules in living tissues. After cerebral infarction, cells produce
toxic edema that restricts the diffusion of water molecules. Therefore,
DWI can detect high-signal images within a few minutes after cerebral
infarction, and the size of this image can be used to evaluate the size of the
patient’s cerebral infarction area.

After cerebral infarction, there is local hemodynamic impairment
around the infarct core [10], and without effective intervention, the extent
of the impairment will spread spatially over time. The infarct core may
then spread to nearby tissue, causing irreversible damage to the healthy
tissue surrounding the infarct [11]. As a result, the area surrounding the
high signal on DWI can be transformed into a infarct. Therefore, in clinical

practice, can we calculate the core volume of cerebral infarction through
DWI examination, and then calculate the dehydration and glycosylated
hemoglobin to evaluate the prognosis of patients with cerebral infarction?

MATERIAL AND METHODS

We included 270 hospitalized patients with acute cerebral infarction
within 24 hours of onset between 2019 and 2021 [Table 1]. The exclusion
criteria wererenal insufficiency (creatinine > 1.5 mg/dl), malignant
tumor, no informed consent, or without blood samples. The study was
approved by the ethics committee of Minhang Hospital, Fudan University.
All patients or their family members or legal representatives provided
written informed consent after being informed of the study protocol.
Demographic and clinical data were collected on admission, including
demographic data (age, sex, body mass index [BMI]), vascular risk
factors (smoking status, alcohol abuse, hypertension, diabetes mellitus,
hypercholesterolemia, atrial fibrillation, coronary heart disease, a
history of stroke, medication history (antithrombotic use, statin use,
antihypertensive agent, anticoagulant, anti-glycemic agent), laboratory
parameters (BUN/Cr, HbAlc), and other biochemical variables(high-
sensitivity C-reactive protein, Homocysteine, fasting blood glucose,
low density lipoprotein cholesterol, triglycerides etc), were measured
using routine laboratory methods on the second day after admission.
All patients underwent 3.0T MRI scans within 24 hours of admission
(uMR780; United Imaging Healthcare; Shanghai, China, with a commercial
24-channel head-and-neck coil). The stroke region obtained from DWI
images was manually segmented on the graphical user interface of

Table 1: Baseline characteristics by levels of Bun/Cr Ratio in acute ischemic stroke.

Dehydration Normal
All(n=270) (Bun/Cr Ratio>15) (Bun/Cr Ratio<15)
(n=145) (n=125)
Age, medians (IQRs) ,years 62(56-72) 63(54-71) 61(55-73)
Female, (%) 98(48.3) 56(49.6) 42(46.7)
BMI, medians (kg/m 2, IQR) 26.3(24.4-27.7) 25.9(24.2-26.8) 26.5(24.6-28.1)
Vascular risk factors, n (%)

Smoking status 51(25.1) 27(23.9) 24(26.7)
Alcohol abuse 47(23.2) 28(24.8) 19(21.1)
Hypertension 136(67.0) 78(69.0) 58(64.4)

diabetes mellitus 93(45.8) 56(49.5) 37(41.1)
Hypercholesterolemia 81(39.9) 44(38.9) 37(41.1)
Atrial fibrillation 34(16.7) 17(15.0) 17(18.9)
Coronary heart disease 47(23.2) 25(22.1) 22(24.4)
Previous stroke 45(16.7) 19(16.8) 26(28.9)
Pre-stroke treatment
Antithrombotic use 96(47.2) 53(46.9) 43(47.8)
Statin use 58(28.6) 33(29.2) 25(27.8)
Antihypertensive agent 85(41.9) 45(39.8) 40(44.4)
Anticoagulant 6(2.96) 3(2.92) 3(3.33)
Antiglycemic agent 40(19.7) 23(20.3) 17(18.9)

IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale.

*P value for difference between dehydration and normal hydration group, using chi-square for percentages and Kruskal-Wallis test for medians.
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MATLAB software. In order to improve the segmentation accuracy, the
DWI image is filtered in advance. The lesion area was then identified and
sectioned by two experienced neuroradiologists. Finally, the segmentation
results are fused with the original DWI image and displayed to check
whether the segmentation results are accurate. All patients admitted to
hospital were given a National Institutes of Health Scale (NIHSS) score by
an experienced neurologist. The ratio of creatinine to urea nitrogen was
calculated. If the ratio was greater than 15, it indicated that the patient
was dehydrated. If the ratio was less than 15, it indicated that the patient
was not dehydrated. HbAlc >7% was defined as chronic hyperglycemia,
HbAlc <7% was defined as non-chronic hyperglycemia.

The average age of the 270 patients included was 65 years old
(56-73), among which 126 were females (46.7%) and 144 were males
(53.3%). The average BMI (kg/m2, IQR) of these patients was 26.8(25.5-
27.3). Vascular risk factors included: hypertension in 176 cases (64.8%),
diabetes mellitus in 106 cases (39.3%), coronary heart disease in 76 cases
(28.1%), hypercholesterolemia in 85 cases (31.5%), atrial fibrillation in
38 cases (14.1%), transient ischemic attack in 45 cases (16.7%). There
were 56 smoking patients, accounting for 20.7%.

Pre-stroke treatment included 145 patients receiving antithrombotic
therapy (53.7%) and 84 patients receiving statin therapy (31.1%). In the
acute stage of cerebral infarction, 58 patients (21.5%) received r-TPA
thrombolytic therapy. The mean NIH score of all 270 patients before
admission was 7 (4-12), and the mean volume of cerebral infarction was
5.32 mm? (1; 67-14.77), The average time from the onset of cerebral
infarction to the hospital was 5.1 hours, and the mean time from
admission to MRI completion was 7.5 hours.

Etiological classification of stroke included: 80 cases of cardiogenic
embolism, accounting for 29.6%, 68 cases of small artery occlusion,
accounting for 25.2%, 67 cases of large atherosclerosis, accounting
for 24.8%, 32 cases of other causes, accounting for 11.9%, 23 cases of
unknown cause, accounting for 8.5%.

Laboratory results indicated that the mean value of high-sensitive
C-reactive protein was 0.42mg/ml, the mean value of homocysteine was
19.2umol/], the mean value of rapid blood sugar was 5.48mmol/], and the
mean value of brain-derived neurotrophic factor was 22.1ng/ml.

STATISTICAL ANALYSIS

Continuous data are summarized as a median (interquartile range
[IQR]), and categorical variables are presented as a number (percent)
of subjects. The Kruskal-Wallis test and chi-square test were used to
compare the two groups. Bivariate correlations were analyzed using
Spearman’s Rank correlation considering the abnormal distribution of
data. Binary logistic regression analysis was used to adjust for possible
confounding factors. Furthermore, a semiparametric approach with
univariate and multivariate quartile regression analysis was used to
evaluate the relationship between median NIHSS score and DWI infarct
volume quartiles. Results were expressed as adjusted odds ratios (OR)
with the corresponding 95% confidence interval (CI). All statistical
analysis was performed with R language (https://www.r-project.org/)as
a processing environment. Statistical significance was defined as P < 0.05.

RESULTS

The Relationship between infarct volume and NIHSS
score [Figure 1 + Table 2]

Q1 indicates small infarct volume, BUN/Cr is 13.935, NIHSS score is
less than 5 points, Q2 infarct volume is larger than Q1, BUN/Cr is 14.016,
NIHSS score is greater than 5 points, Q3 infarct volume is larger than Q2,
BUN/Cr is 15.57, greater than 15, NIHSS score is greater than Q2 score.
Q4 had the largest infarct volume, the BUN/Cr was 17.632, and the NIHSS
score was much higher than 10 points. From the above comparison, it can
be found that the size of the infarct was positively correlated with the
NIHSS score, and the larger the infarct size, the higher the NIHSS score.
we also adopted univariate and multivariate quartile regression models
to estimate stroke severity for infarct volumes quartiles. Other data
included age, sex, BM], risk factors, clinical information, and treatment
prior to stroke.

NIHSS

DWW Infarct Volumes

Figure 1: Infarct severity (NIHSS score) was correlated with infarct
volume

The relationship between infarct volume and
glycosylated hemoglobin [Figure 2 and Table 3].

When the HbA1c IQR is 6%, the infarct volume is less than 0.907ml;
when the HbA1lc IQR is 6.3%, the infarct volume is between 0.907 and
3.16ml; when the HbAl1c IQR is 6.5%, the infarct volume is greater than
43.28ml, indicating that the higher the HbAlc is, the larger the infarct
volume is. In patients with large infarct volume, the interquart interval
of HbAlc was 6.5%, indicating that the core volume of infarction was
correlated with chronic hyperglycemia (HbA1lc) , possible confounders:
sex, age, BM], risk factors, clinical information (including time from onset,
the biochemical examination, and MR imaging) [Table 3, Figure 2].

The relationship between glycosylated hemoglobin
and dehydration

There is no dehydration, that is, the BUN/Cr ratio is less than 15, the
HbA1c IQR is 6%, there is dehydration, the BUN/Cr ratio is greater than

Table 2: The relationship between infarction volume and dehydration on DWI was analyzed based on univariate and quartile regression

DWI Infarct Volumes (ml) Bun/Cr Ratio (IQR) Multivariate change in Bun/Cr Ratio (95% CI), ** P value®
Q1(< 0.078) 13.935 (12.267-15.984) 0.87 (0.2580671-0.971169) <0.001
Q2(0.078-0.907) 14.016(12.74-17.298) 1.26 (0.0004668037-0.901353) <0.001
03(0.907-3.16) 15.57 (13.7-18.45) 1.52 (0.00003945544-0.8670062) 0.092
Q4(> 43.28) 17.632 (16.053-21.658) 1.34(0.003637542-0.9264152) -
SM J Clin Med Imaging 8: 7 3/7
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Figure 2: Infarct volume and chronic hyperglycemia.
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Figure 3: The relationship between glycosylated hemoglobin and
dehydration

Table 3: The relationship between infarction volume and dehydration on DWI was analyzed based on univariate and quartile regression

DWI Infarct Volumes (ml) HbA1lc (IQR) Multivariate change in HbAlc (95% CI) P value®
Q1(< 0.078) 6(5.8-6.558) 0.43 (0.2580671-0.971169) 0.29
Q2(0.078-0.907) 6(5.7-6.744) 0.40 (0.00000004646681-0.7447058) 0.17
Q3(0.907-3.16) 6.3(5.7-6.947) 0.49 (0.0000001101058-0.7629836) 1
Q4(> 43.28) 6.5 (5.7-8.1) 0.59(0.000003268045- 0.8270757) -

15, the HbA1c IQR is 6.5%, indicating that the dehydrated patients have
higher HbA1c. [Table 4, Figure 3,Figure 4].

As a result, we divided the patients into 4 groups. Multivariate
regression analysis showed that patients with dehydration plus chronic
hyperglycemia had the highest quartile of infarct volume, patients with
dehydration plus normal blood sugar had a smaller infarct volume than
those with dehydration plus chronic hyperglycemia, patients without
dehydration plus chronic hyperglycemia had a smaller infarct volume
than those with dehydration plus normal blood sugar, and patients
without dehydration plus chronic blood sugar had a smaller infarct
volume than those with dehydration plus normal blood sugar. The infarct
volume was minimal, indicating that patients with dehydration and
chronic hyperglycemia had the largest infarct volume. [Table 5-7].

DISCUSSION

Cerebral infarction is due to the sudden decrease or stop of the
blood flow in the local blood supply artery of the brain tissue, resulting
in the necrosis and softening of the brain tissue caused by cerebral
ischemia and hypoxia in the blood supply area of the blood vessel, and
accompanied by the clinical symptoms and signs of the corresponding
parts [12]. In clinic, most of the symptoms are hemiplegia, slurred speech,
disturbance of consciousness, dysphagia and other neurological function
loss symptoms. The clinical manifestations of cerebral infarction are
varied, and are related to the site of injury, the size of cerebral ischemia
vessels, the severity of ischemia, the condition of collateral circulation,
and whether there are other diseases complicated [13]. Clinically, some
cerebral infarction patients are very mild, even asymptomatic, called

Group

High
narmal

Bun/Cr Ratio

High normal
Chronic Hyperglycemia

Figure 4: Relationship between dehydration and chronic
hyperglycemia
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Table 4: The relationship between infarction volume and dehydration on DWI was analyzed based on multivariate and quartile regression

DWI Infarct Volumes . « | Multivariate change in Bun/Cr @ Multivariate change in HbAlc
(m) Bun/Cr Ratio (IQR) Ratio (95% CI), a* P value b HbA1lc (IQR) (95% CI), a*
Q1(<0.078) 13.935 (12.267-15.984)| 0.87(0.2580671-0.971169) <0.001 6(5.8-6.558) 0.43 (0.2580671-0.971169)
Q2(0.078-0.907) | 14.016(12.74-17.298) |1.26 (0.0004668037-0.901353) <0.001 6(5.7-6.744) 0-40 (O'ggii(;%%‘;?46681_
1.52 (0.00003945544- 0.49(0.0000001101058-
Q3(0.907-3.16) 15.57 (13.7-18.45) 0.8670062) 0.092 6.3(5.7-6.947) 0.7629836)
Q4(>43.28) 17.632 (16.053-21.658) | 1.34(0.003637542-0.9264152) - 6.5 (5.7-8.1) 0.59(0.000003268045-
0.8270757)
Table 5: The relationship between dehydration and DWI infarct volume was analyzed by single factor regression
. Multivariate change in DWI Infarct
& b
Bun/Cr Ratio DWI Infarct Volumes (IQR) Volum % CI). #& P value
nomal(< 15) 0.3789 (0.0575-1.2205) 0.87(3.055579E-18-0.3382649) <0.001

Dehydration(>15)

1.55(0.506-6.797)

1.49 (0.000000000000035063-
0.6874845)

Table 6: Interquartile interval of chronic dehydration

16.669)

Group Bun/Cr Ratio (IQR) & Multivariate change in Bun/Cr Ratio (95% CI), a*
Chronic Hyperglycemia 171;2 g%;(})'flo_ 1.31e+00 (5.151728e-03-9.508372e-01)
normal 14.489 (12.853- 6.16e-01 (5.907238e-04-9.580575e-01)

Table 7: The relationship between DWI and infarct volume was analyzed by multivariate regression analysis

Group DWInfarct Volumes Multivariate change in DWI Infarct Volumes (95% CI) P value b
(IQR) ml
DH +CHG 18280 (0.6142- 2.25(6.106105e-09-7.238904e-01) <0.001
7.3942)
DH+N 12800 (0.1025- 2.01e+00 (9.769274e-11-6.294877e-01) <0.0044
4.9518)
N +CHG 04666 (0.0651- 7.19e-01 (2.053595e-05-6.766884e-01) 1
1.2084)
0.37890 (0.05675-
N+N 121750 1.10e+00(3.574995e-16 -3.362453e-01) -
SM J Clin Med Imaging 8: 7 5/7
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asymptomatic cerebral infarction [14].There are also patients with
recurrent hemiplegia, vertigo, slurred speech, etc., severe patients even
have coma, combined with cardiac, liver and renal insufficiency, death.
Therefore, in clinical practice, the occurrence and development of
cerebral infarction is a complex dynamic process, and we do not have any
clear means to predict the prognosis of patients with infarction. Previous
evidence has shown that HbAlc is significantly related to the prognosis
of cerebral infarction. Patients with significantly high HbAlc are more
severe than those with cerebral infarction and are more likely to suffer
from neurological deterioration in the early stage [15]. In this study, we
also found that patients with high hemoglobin had large volume of DWI,
high NIHSS score, high BUN/Cr ratio of more than 15, and dehydration
[16]. These dehydration states can lead to increased neurological
function in patients. If dehydration does not exist, that is, BUN/Cr ratio
is less than 15, DWI volume is small, NIHSS score is low, the patient’s
neurological function will not progress significantly, and the likelihood
of cerebral infarction is small. In actual clinical practice, only patients
with high HbAlc combined with dehydration are more likely to further
deteriorate the neurological function of cerebral infarction, leading to
a high probability of disease progression. In the early stage of cerebral
infarction, there will be ischemic penumbra around the infarction. If
sufficient blood supply can be provided early to improve the condition of
ischemic penumbra, the progression of cerebral infarction will be stopped
[17]. If adequate blood supply is not provided to improve the condition
of the ischemic penumbra, the ischemic penumbra sugars in serum. It is
in the form of a slow, continuous irreversible glycation reaction, which
can reflect the blood glucose level of the body for about 3 months [18].
High glycated hemoglobin can lead to will continue to progress, leading to
further expansion of ischemia and further deterioration of neurological
function in clinical practice. Glycated hemoglobin, which can reflect the
concentration of blood glucose, refers to the product of the combination
of hemoglobin in red blood cells and reduced hemoglobin in red blood
cells in the blood, so the affinity with oxygen is reduced, resulting in
hypoxia of tissues and cells, so that the stability and function of capillaries
and red blood cells decline, leading to the occurrence of microcirculation
disorders [19]. Thus, hypoxia of ischemic penumbra in patients with
cerebral infarction is aggravated, leading to further deterioration of
neurological function in cerebral infarction. So how does elevated HbAlc
cause cells to dehydrate? With high glycated hemoglobin and high blood
glucose levels, the crystal osmolality of the plasma is high, the water in the
interstitium enters the blood vessels, the osmolality of the crystal in the
interstitium increases, and the water enters the interstitium from within
the cells, resulting in intracellular dehydration [20]. BUN is a nitrogenous
substance in plasma in addition to protein, and Cr is the end product
of protein metabolism in the human body. The ratio of the two helps to
distinguish prerenal and renal parenchymosis. Generally, patients with
dehydration are prerenal, so in patients with dehydration, due to reduced
renal blood flow, Cr increased, but rarely more than 200umol/l, BUN can
be significantly increased, so BUN/Cr is often greater than 10, and if it is
renal lesions, Cr is often greater than 200 umol/l. It is considered that
high BUN is associated with a high risk of ischemic stroke, and high BUN/
Cr levels are associated with an increased risk of ischemic stroke [21].
We can also obtain more information during follow-up of these patients
to assess the impact on stroke. At present, the BUN/Cr ratio is often used
to evaluate the dehydration status of stroke patients [22]. In patients
with acute ischemic stroke, dehydration in the days following onset was
associated with increased BUN/Cr ratio and thromboembolic tendency.
Patients with a high BUN/Cr ratio are prone to early neurological
deterioration [23]. However, the increase of BUN/Cr ratio is more common
in progressive stroke. On multivariate analysis, the value was greater than
15 and may be an independent predictor of progressive stroke. A glycated
hemoglobin level of more than 7% is a predictor of progressive stroke,
and elevated blood glucose levels are associated with microvascular
and macrovascular damage [24]. It increases the breakdown of the
blood-brain barrier, leading to neuronal damage, and diabetes increases

neuronal degeneration and BBB permeability, disrupting AQP4 polarity,
leading to the occurrence of ischemia-reperfusion injury [25]. Therefore,
high glycated hemoglobin and chronic hyperglycemia lead to chronic
dehydration, thus increasing neuronal degeneration and blood-brain
barrier permeability, which can lead to the expansion of cerebral
infarction area in patients and the progression of stroke. Therefore, in
clinical practice, if we find that the glycated hemoglobin is high at the
time of admission, there are patients with BUN/Cr ratio greater than 15
then, the possibility of progression of cerebral infarction is very high,
which has a good guiding value for clinical prognosis, and can also guide
doctors to control blood glucose as soon as possible, strengthen fluid
infusion, give volume expansion, and avoid further dehydration. In fact,
among hospitalized patients with acute cerebral infarction, dehydration
is very common, patients with dehydration are more likely to have
disease progression or death, dehydration is more likely to have ischemic
penumbral zone, and if patients with dehydration are given fluid early
to expand volume, then there will be a better outcome. However, this
study also has its limitations. The pathophysiological mechanism of high
HbAlc caused by dehydration has not been further verified in animal
experiments, and the calculation of ischemic penumbra and core volume
of infarction by DWI can only be evaluated by software, which is not
accurate enough and will lead to bias. It is hoped that further studies can
be conducted on animal models in the future.
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