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Objective. This study is aimed at evaluating the diagnostic value of diffusion-weighted imaging combined with cervical vascular
ultrasound in the elderly patients with multiple cerebral infarctions and at demonstrating whether the diagnostic value is
affected by the history of diabetes. Methods. From January 2020 to November 2021, the case data of 30 elderly patients with
multiple cerebral infarction diagnosed in our hospital were included. Diffusion-weighted magnetic resonance imaging (DWI)
and cervical vascular ultrasound (CAU) were performed, respectively. The diagnosis rates of the simple diffusion-weighted
imaging group, the simple cervical vascular ultrasound group, and the diffusion-weighted imaging combined with cervical
vascular ultrasound group were compared. Results. The median onset time of 30 patients was 26.5 (4.75, 43.0) hours. There
were 10 hyperacute patients and 20 acute patients. The proportion of diagnosable patients in the diffusion-weighted imaging
group was 83.8% (25/30), which was lower than the proportion of diagnosable patients in the diffusion-weighted imaging
combined with cervical vascular ultrasound group, which was 90% (27/30). The difference was statistically significant
(χ2 = 16:667; P < 0:001). The ratio of diagnosable patients in the cervical vascular ultrasound group alone was 66.7% (20/30),
which was lower than 90% (27/30) in the diffusion-weighted imaging combined with cervical vascular ultrasound group. The
difference was statistically significant (χ2 = 6:7; P = 0:010). In the hyperacute phase, the proportion of diagnosable patients in
the diffusion-weighted imaging combined with cervical vascular ultrasound group was higher than that in the diffusion-
weighted imaging group alone (χ2 = 5:833; P = 0:016) and the cervical vascular ultrasound group alone (χ2 = 2:500; P = 0:004).
In the acute phase, the proportion of diagnosable patients in the diffusion-weighted imaging combined with cervical vascular
ultrasound group was also higher those that in the diffusion-weighted imaging group alone (χ2 = 9:474; P = 0:002) and the
cervical vascular ultrasound group alone (χ2 = 3:158; P = 0:006). The diagnostic accuracy of diffusion-weighted imaging
combined with cervical vascular ultrasound was not significantly different between patients with history of diabetes and
without history of diabetes (χ2 = 1:014; P = 0:314) Conclusion. The combined application of diffusion-weighted imaging and
cervical vascular ultrasound has important value in improving the diagnosis rate of multiple cerebral infarction in the elderly,
regardless of diabetes history, and it is worthy of clinical application.

1. Introduction

Cerebral infarction is the second most common cause of
death and the third most common cause of disability world-
wide, bringing heavy social and economic burdens [1].
Elderly patients are more prone to cerebral infarction, and
multiple cerebral infarctions are more common [2]. The

early diagnosis of elderly patients with multiple cerebral
infarctions can be treated more quickly, which can help
reduce the mortality and disability rates of patients with
cerebral infarction and improve the prognosis [3]. Magnetic
resonance is a technology based on the water content in tis-
sues, and the diffusion-weighted imaging developed in
recent years is a new type of magnetic resonance imaging
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method that can mainly measure and image the diffusion of
water molecules, thus indirectly reflecting the characteristics
of the microstructure of the organization [4]. The use of
DWI has had a huge impact in both clinical and neuroimag-
ing fields, and it has high sensitivity and specificity for the
diagnosis of multiple cerebral infarction in the elderly [4].
However, DWI-negative multiple cerebral infarction limits
the further promotion of this method [5]. Cervical vascular
ultrasound (CAU) is a commonly used color doppler ultra-
sound examination in clinical practice. It can directly reflect
the direction and shape of blood vessels and assess whether
there is stenosis or occlusion in the lumen and has a high
diagnostic value for cerebral infarction [6]. Diabetes, signifi-
cantly associated with cerebral infarction, may expand the
area of cerebral infarction and increase the risk of recurrence
of cerebral infarction [7]. This study is aimed at evaluating
the diagnostic value of diffusion-weighted imaging com-
bined with CAU in the diagnosis of multiple cerebral infarc-
tions in the elderly and at demonstrating whether the
diagnostic value is affected by history of diabetes, providing
a theoretical basis for the combined clinical application.

2. Materials and Methods

2.1. Participants. From January 2020 to November 2021, 30
elderly patients with multiple cerebral infarction were
selected in our hospital, combined with the symptoms, signs,
laboratory tests, and imaging examinations of the patients to
confirm the diagnosis of multiple cerebral infarction. The
average age of the 30 patients was 73:5 ± 3:8 years, including
16 males (53.3%) and 14 females (46.7%). Collect the
patient’s height, weight, time of onset, blood pressure, past
medical history, and other data. Fasting venous blood was
drawn to detect liver and kidney function, electrolytes, coag-
ulation function, blood lipids, high-sensitivity C-reactive
protein, and other indicators. Exclude patients who had a
clear history of atrial fibrillation, valvular disease, severe liver
and kidney disease, tumor, and other malignant diseases. All
patients signed an informed consent form, and the research
protocol was approved by the ethics review committee of
Yueqing Hospital Affiliated to Wenzhou Medical University.

2.2. Imaging Methods

2.2.1. Diffusion-Weighted Magnetic Resonance Imaging
(DWI). All patients were examined with the United Imaging
uMR586 magnetic resonance instrument. An eight-channel
special head coil was used for routine MR scanning and
DWI scanning of the head. T1WI (T1-weighted imaging)
and T2WI (T2-weighted imaging) were detected by the SE
(spin echo) method and fast SE (fast spin echo) method,
respectively. And DWI (diffusion-weighted imaging) was
detected by the SS-EPI (single-shot echo planar imaging)
method.

2.3. Cervical Vascular Ultrasound (CAU). All patients under-
went cervical vascular ultrasound examination, including
bilateral subclavian, common cervical, external cervical,
internal cervical, and vertebral arteries. The inner diameter
of the patient’s blood vessel and the thickness of the

intima-media were measured to assess whether there was
stenosis of the lumen, thickening of the intima, or carotid
artery plaque.

2.4. Imaging Evaluation. Two senior radiologists and sonog-
raphers performed DWI and CAU assessments, respectively,
to confirm the diagnosis of multiple cerebral infarction.

2.5. Statistical Analysis. Continuous variables were expressed
as mean ± standard deviation or median (interquartile
range). Categorical variables were expressed by frequency
(rate), and the chi-square test was used for comparison
between groups. All data were analyzed by IBM SPSS
21.0, and two-sided P < 0:05 was considered statistically
significant.

3. Results

3.1. Clinical Characteristics of Elderly Patients with Multiple
Cerebral Infarction. As shown in Table 1, the median onset
time of the 30 participants was 26.5 (4.75, 43.0) hours and
there were 10 hyperacute patients and 20 acute patients.
The patients’ average BMI, systolic blood pressure, and dia-
stolic blood pressure were 24:5 ± 2:9 kg/m2, 136 ± 15mmHg,
and 71 ± 11mmHg, respectively. The proportions of plaques
found in previous diabetes, hypertension, and color doppler
ultrasound were 23.3%, 46.7%, and 66.7%, respectively. The
average alanine aminotransferase and aspartate aminotrans-
ferase of the participants were 37 ± 13U/L and 33 ± 12U/L,
respectively, and the average blood creatinine and average
low-density lipoprotein cholesterol were 56 ± 16μmol/L
and 2:99 ± 0:65mmol/L, respectively. The thickness of the
carotid artery intima was 1:29 ± 0:29 cm.

3.2. Diffusion-Weighted Imaging Combined with Cervical
Vascular Ultrasound in the Diagnosis of Multiple Cerebral
Infarction in the Elderly. As shown in Table 2, the propor-
tion of diagnosable patients in the diffusion-weighted imag-
ing group alone was 83.8% (25/30), which was lower than
the diagnosable proportion of patients in the diffusion-
weighted imaging combined with cervical vascular ultra-
sound group, which was 90% (27/30). There was statistical
significance (χ2 = 16:667; P < 0:001). The ratio of diagnos-
able patients in the cervical vascular ultrasound group alone
was 66.7% (20/30), which was lower than 90% (27/30) in the
diffusion-weighted imaging combined with cervical vascular
ultrasound group. The difference was statistically significant
(χ2 = 6:7; P = 0:010).

3.3. Diagnosis of Multiple Cerebral Infarction in the Elderly
at Different Stages. As shown in Table 3, among patients in
the hyperacute phase (<6 hours), the proportion of diagnos-
able patients in the DWI group alone was 70.0% (7/10),
which was lower than the proportion of diagnosable patients
in the combined group by 80% (8/10), and the difference was
statistically significant (χ2 = 5:833; P = 0:016). The propor-
tion of diagnosable patients in the CAU group alone was
50% (5/10), which was lower than the proportion of diag-
nosable patients in the combined group of 80% (8/10). The
difference was statistically significant (χ2 = 2:500; P = 0:004
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). Among the patients in the acute phase (6 to 72 hours), the
proportion of diagnosable patients in the DWI group alone
was 90% (18/20), which was lower than the proportion of
diagnosable patients in the combined group of 95% (19/
20). The difference was statistically significant (χ2 = 9:474;
P = 0:002). The proportion of diagnosable patients in the
CAU group alone was 75% (15/20), which was lower than
the proportion of diagnosable patients in the combined
group of 95% (19/20). The difference was statistically signif-
icant (χ2 = 3:158; P = 0:006).

3.4. Diagnostic Value of Diffusion-Weighted Imaging
Combined with Cervical Vascular Ultrasound Based on
History of Diabetes. According to the history of diabetes,
patients were divided into two groups: patients with history
of diabetes and without diabetes history (Table 4). The diag-
nostic accuracy of diffusion-weighted imaging combined
with cervical vascular ultrasound was 87% (20/23) in patients
without diabetes and 100% (7/7) in patients with history of
diabetes. The diagnostic performance of diffusion-weighted
imaging combined with cervical vascular ultrasound was
likely to be better in patients with history of diabetes than
in patients without diabetes, but there was no significantly
different among the two groups (χ2 = 1:014; P = 0:314).

4. Discussion

In this study, we found that in 30 elderly patients with mul-
tiple cerebral infarction, the combined use of magnetic reso-
nance diffusion-weighted imaging and cervical vascular

ultrasound can improve the diagnosis rate of cerebral infarc-
tion. Moreover, we also found that the diagnosis rate of the
combined use of magnetic resonance diffusion-weighted
imaging and cervical vascular ultrasound was better than
that of diffusion-weighted imaging alone or cervical vascular
ultrasound alone, regardless of whether it is in the hyper-
acute or acute phase.

Early diagnosis can reduce the number of dead brain cells
and improve the severity of cerebral infarction. Timely diag-
nosis and treatment are essential to improve the prognosis of
elderly patients with multiple cerebral infarction. Early diag-
nosis can reduce the mortality and disability rate of patients
[8]. DWI is very sensitive to showing ischemic lesions of brain
tissue, especially multiple acute ischemia, which is manifested
as abnormal high signal in the lesion area, and the clarity and
sensitivity of the display are better than conventional magnetic
resonance [9]. Studies have shown that, compared with head
CT, DWI has significantly higher sensitivity (88%-100%)
and specificity (95%–100%) in the diagnosis of cerebral infarc-
tion [10]. However, it is worth noting that a meta-analysis
study showed that the prevalence of DWI-negative cerebral
infarction was 6.8% and DWI-negative cerebral infarction
was significantly related to posterior circulation ischemia [5].
DWI-negative cerebral infarction not only is related to poste-
rior circulation ischemia but may also be related to the follow-
ing reasons: DWI may not be able to detect multiple small
infarcts, especially multiple small infarcts that occur in the
brain stem; in addition, DWI may not be able to detect some
well hyperacute cerebral infarction [11].

Carotid vascular ultrasound, as a common clinically safe
and effective examination, has the main value in diagnosing
cerebral infarction in that it can accurately assess the charac-
teristics, range, and location of intravascular plaques and
show the degree of vascular stenosis and blockage [12]. In
addition, according to the characteristics of the plaque
shape, internal structure, and echo, it can be judged whether
the plaque is stable. There are more lipid cells and inflamma-
tory cells in unstable plaques, more irregular shapes on
ultrasound, and more uneven echo [13]. The combined
application of DWI and carotid vascular ultrasound can
make up for each other’s deficiencies, thereby increasing
the diagnosis rate.

Diabetic patients have twice the risk of cerebral infarc-
tion than patients without diabetes, and diabetes is associ-
ated with the poor outcome after cerebral infarction [14].
Diabetes could accelerate the vascular aging of the brain,
and it could increase the difficulty of accurate diagnosis of
cerebral infarction [15]. However, in our study, the diagnos-
tic accuracy of diffusion-weighted imaging combined with
cervical vascular ultrasound is not significantly different
between patients with history of diabetes and without
diabetes.

The results of this study suggest that in the hyperacute
and acute phases, the diagnosis rate of the combined group
was superior to that of diffusion-weighted imaging alone or
carotid vascular ultrasound alone. From the mechanism
analysis, in the hyperacute phase of cerebral infarction, due
to ischemic changes in the brain tissue, leading to cerebral
edema, there is a high signal on DWI [16]. In the acute

Table 1: Clinical characteristics of elderly patients with multiple
cerebral infarction.

People with cerebral
infarction

Number of people, n 30

Age 73:5 ± 3:8
Proportion of males, n (%) 16 (53.3)

Onset time (h) 26.5 (4.75, 43.0)

Proportion of hyperacute phase, n (%) 10 (33.3)

Proportion in acute phase, n (%) 20 (66.7)

Body mass index (BMI) (kg/m2) 24:5 ± 2:9
Systolic blood pressure (mmHg) 136 ± 15
Diastolic blood pressure (mmHg) 71 ± 11
History of diabetes, n (%) 7 (23.3)

History of hypertension, n (%) 14 (46.7)

Alanine aminotransferase (U/L) 37 ± 13
Aspartate aminotransferase (U/L) 33 ± 12
Serum creatinine (μmol/L) 56 ± 16
Low-density lipoprotein cholesterol
(mmol/L)

2:99 ± 0:65

High sensitivity C-reactive protein (mg/L) 4:5 ± 2:6
Carotid artery intima thickness (cm) 1:29 ± 0:29
Proportion of carotid artery plaque, n (%) 20 (66.7)
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phase, the edema of the cerebral infarction area was aggra-
vated and the extracellular space water increased and the
DWI signal was significantly increased [16]. The combined
use of DWI and cervical vascular ultrasound can effectively
overcome the shortcomings of the two technologies in diag-
nosing hyperacute and acute multiple cerebral infarctions
and better reflect the vascular lumen of the cerebral artery
in patients with cerebral infarction and better evaluate the
hemodynamics of blood vessels.

In short, the early diagnosis of multiple cerebral infarc-
tions in the elderly is a clinically urgent problem. Based on

the results of this study, we found that the combined use
of magnetic resonance diffusion-weighted imaging and
carotid vascular ultrasound can improve the diagnosis rate
of multiple cerebral infarctions in the elderly.

Data Availability

The analyzed datasets generated during the study are
available from the corresponding author upon reasonable
request.
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