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Effect of ligustrazine hydrochloride injection combined
with hyperbaric oxygen therapy on postoperative
complications, cerebral blood flow, and serum levels
of sFKN and HMGB1 in patients with severe traumatic
brain injury
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Abstract

Objective: To investigate the effects of ligustrazine hydrochloride injection combined with hyperbaric
oxygen therapy on postoperative complication rates, cerebral blood flow, and serum levels of soluble
fractalkine (sSFKN) and high mobility group box protein 1 (HMGB1) in patients with severe traumatic
brain injury (STBI). Methods: A total of 102 patients with severe TBI, treated at our hospital from
February 2020 to February 2023, were randomly assigned into two groups using a sealed envelope
method. Each group consisted of 51 patients. Both groups underwent decompressive craniectomy. The
control group received hyperbaric oxygen therapy, while the observation group received ligustrazine
hydrochloride injection combined with hyperbaric oxygen therapy, with treatment lasting for 1 month.
The degree of National Institutes of Health Stroke Scale (NIHSS), Glasgow Coma Scale (GCS), Mini-
Mental State Examination (MMSE), cerebral blood flow parameters (vertebral artery [ VA], basilar artery
[BA], middle cerebral artery [MCA], anterior cerebral artery [ACA], posterior cerebral artery [PCA]
blood flow velocities), serum brain injury markers (S100B protein, neuron-specific enolase [NSE],
glial fibrillary acidic protein [GFAP]), and serum levels of SFKN and HMGB1 were compared before
and 1 month after treatment. The incidence of postoperative complications and the 6-month prognosis
were also recorded. Results: One month after treatment, the observation group showed significantly
lower NIHSS scores and higher GCS and MMSE scores compared to the control group (P < 0.05).
Blood flow velocities in the VA, BA, MCA, ACA, and PCA were significantly lower in the observation
group than in the control group (P <0.05). Additionally, serum levels of S100B, NSE, and GFAP were
significantly lower in the observation group (P < 0.05). Serum levels of sSFKN and HMGB1 were also
significantly lower in the observation group (P < 0.05). The incidence of hydrocephalus, postoperative
seizures, brain herniation, and cerebral vasospasm was significantly lower in the observation group
(P <0.05). At 6 months post-treatment, the observation group had a better overall prognosis than the
control group (P < 0.05).

Conclusion: Ligustrazine hydrochloride injection combined with hyperbaric oxygen therapy
significantly improves cerebral blood flow, reduces serum levels of sSFKN and HMGBI, alleviates
brain injury, enhances neurological recovery, and effectively reduces postoperative complications,
leading to improved long-term prognosis in patients with STBI.

Keywords: Severe traumatic brain injury, ligustrazine hydrochloride, hyperbaric oxygen therapy,
postoperative complications, cerebral blood flow, soluble fractalkine, high mobility group box protein 1

INTRODUCTION blockages, vascular changes, and a series of other
pathological alterations, severely threatening
the patient’s life and health.'? Decompressive
surgery is the primary treatment measure
for STBI, and the use of hyperbaric oxygen

Severe traumatic brain injury (STBI) is a common
and critical condition in neurosurgery, which
can cause mechanical deformation of the skull,
meninges, and brain tissue, leading to neurological
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therapy (HBOT) postoperatively helps improve
cerebral oxygen supply and promote neurological
recovery.** Recent studies have indicated that
ligustrazine hydrochloride injection can improve
cerebral blood flow velocity in traumatic brain
injury patients, effectively reducing the incidence
of vasospasm and improving patient outcomes.’
Additionally, soluble fractalkine (sSFKN) has been
identified as one of the earliest inflammatory
markers following brain injury, with elevated
levels contributing to enhanced inflammation
and exacerbating neurological damage.® High
mobility group box protein 1 (HMGBI1) is another
inflammatory marker related to brain injury, and
studies have confirmed that elevated HMGBI1
levels are associated with poor prognosis.”® Based
on these findings, the current study investigates
the effects of ligustrazine hydrochloride injection
combined with hyperbaric oxygen therapy on
postoperative complications, cerebral blood flow,
and serum levels of sFKN and HMGBI in patients
with STBI, aiming to provide clinical insights for
the management of this condition. The results are
reported as follows.

METHODS

General information

A total of 102 patients with STBI treated at
our hospital from February 2020 to February
2023 were included in this study. Patients
were randomly assigned into two groups using
a computer-generated sequence concealed in
opaque, sequentially numbered sealed envelopes.
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An independent statistician generated the
allocation sequence with block randomization
(block size=4), and a research nurse implemented
enrollment and group assignment to ensure
concealment. There were 51 patients in each
group. The baseline characteristics, including sex,
age, time from injury to admission, body mass
index (BMI), injury causes, and trauma location,
were comparable between the two groups (P >
0.05). The details are shown in Table 1

Sample size justification

An a priori power analysis was conducted using
G*Power 3.1. Based on preliminary data (mean
NIHSS difference =4.5, SD =3.2), we estimated
that 48 patients per group would provide 90%
power (a = 0.05, two-tailed t-test). Accounting
for a 10% dropout rate, the final sample size was
setat 102 (51 per group). This aligns with similar
TBI trials.

Inclusion and exclusion criteria

Inclusion criteria: 1) Diagnosis of STBI according
to established criteria’; 2) Time from injury to
hospital admission < 3 hours; 3) No history of
previous TBI, neurological diseases, or head
surgery; 4) Glasgow Coma Scale (GCS) score <
810, 5) Age between 18 and 60 years; 6) Informed
consent obtained from the patient’s family.

Exclusion criteria: 1) Patients with hematological
diseases; 2) Patients with concurrent severe organ
dysfunction; 3) Patients with malignant tumors;
4) History of infectious diseases within the past

Table 1: Comparison of general information between the two groups [( X £s)/n(%)]

Project Observation group (n=51) Control group (n=51) t/y? P

Gender (female / male) 22/29 20/31 0.162  0.687
Age (years) 18~60 (40.57+9.71) 19~60 (41.34+9.32) 0.409 0.684
géﬁfsgri‘;?(‘;‘)“e”" 0.5~2.9 (1.35£0.42) 0.7~2.9 (1.42+045) 0812 0419
BMI (kg/m?) 18.9~27.6 (23.89+1.85)  19.3~27.5 (24.12+1.68) 0.657  0.513
Cause of injury 0.891 0.828

Traffic accident 32 (62.75) 29 (56.86)

Heavy objects 10 (19.61) 14 (27.45)

Fall from height 7 (13.73) 6 (11.76)

Other 2 (3.92) 2 (3.92)
Wound site 1.339  0.512

Left 23 (45.10) 21 (41.18)

Right 20 (39.22) 25 (49.02)

Bilateral 8 (15.69) 5 (9.80)
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3 weeks prior to admission; 5) Patients with
autoimmune diseases; 6) Patients with chronic
conditions such as hypertension, diabetes, or
hyperlipidemia; 7) Patients with iron metabolism
disorders or severe anemia; 8) Patients with
intracerebral hemorrhage or a tendency for
bleeding.

Methods

Both groups underwent decompressive
craniectomy, performed by the same surgical team.
Postoperatively, patients received standard care,
including correction of electrolyte imbalances,
infection prevention, and nutritional support. On
this basis, the control group was administered
HBOT. HBOT was initiated within 48+6 hours
after decompressive craniectomy, based on
clinical stability criteria (GCS >5, hemodynamic
stability with MAP >65 mmHg, and no active
intracranial bleeding on CT scan). Sessions were
administered once daily for 30 consecutive days,
with a standardized protocol (2.2 ATA for 60
minutes + 10-minute air breaks). The hyperbaric
chamber (FLY-2895, Guizhou Fenglei Aviation
Armament Co., Ltd.) was set to a pressure of
0.22 MPa (2.2 ATA), with an oxygen inhalation
duration of 60 minutes, followed by a 10-minute
break. The total duration of the HBOT session was
105 minutes, administered once daily.

The observation group received a combination
of ligustrazine hydrochloride injection (20 mL,
Pingguang Pharmaceutical Co., Ltd., National
Drug Approval No. H20031302) and hyperbaric
oxygen therapy. The HBOT regimen was the same
as for the control group. Additionally, 20 mL of
ligustrazine hydrochloride was mixed with 250
mL of normal saline for intravenous infusion,
once daily. Both groups received treatment for
one month.

Postoperative complications (hydrocephalus,
seizures, brain herniation, vasospasm) were
assessed daily by blinded neurologists and
radiologists during the 1-month intervention
period, with confirmatory imaging (CT/TCD)
as needed.

Observational indicators

1) Neurological deficit, level of consciousness,
and cognitive function were assessed before
and 1 month after treatment in both groups
using the National Institute of Health Stroke
Scale (NIHSS)'", GCS, and Mini-Mental State
Examination (MMSE).!?

2) Cerebral blood flow parameters, including

the flow velocity of the vertebroarterial artery
(VA), basilar artery (BA), middle cerebral artery
(MCA), anterior cerebral artery (ACA), and
posterior cerebral artery (PCA), were measured
before and 1 month after treatment in both groups.
These parameters were assessed using a color
Doppler transcranial flow analyzer (JH model,
Jiangsu Jiahua Electronic Equipment Co., Ltd.).
3) Serum biomarkers of brain injury, including
S100p protein, neuronal-specific enolase (NSE),
and glial fibrillary acidic protein (GFAP), were
measured before and 1 month after treatment in
both groups. Peripheral venous blood (5 mL)
was collected at each time point, processed
by centrifugation (radius 8 c¢cm, 3500 rpm, 5
minutes), and the serum was stored at -70°C.
S100B and GFAP levels were measured using
enzyme-linked immunosorbent assay (ELISA)
kits from Nanjing Jietan Biotechnology Co., Ltd.,
while NSE levels were detected using magnetic
microparticle chemiluminescence assay kits from
Jiangsu Zecheng Biotechnology Co., Ltd.
4) Serum levels of sSFKN and high mobility group
box protein 1 (HMGB1) were measured before
and 1 month after treatment in both groups using
ELISA. The kits were purchased from Shanghai
Lanji Biological Technology Co., Ltd.
5) The incidence of postoperative complications,
including hydrocephalus, post-surgical epilepsy,
brain protrusion, and cerebral vasospasm, was
recorded during the treatment period.
6) After a 6-month follow-up, prognosis was
evaluated using the Glasgow Outcome Scale
(GOS)"3, with five levels: death, vegetative
state, severe disability, mild disability, and
good recovery. Three patients withdrew
(observation=1, control=2) due to relocation/
family decisions. All received standard care
until withdrawal; none discontinued treatment.
Intention-to-treat analysis was applied. Attrition
rate (2.9%) caused no significant bias (P>0.05).
To minimize bias, outcome assessors were
blinded to group allocation. Neurological
scales (NIHSS, GCS, MMSE) were evaluated
by two independent neurologists unaware of
treatment assignments. Cerebral blood flow
measurements and laboratory analyses (S1000,
NSE, GFAP, sFKN, HMGB1) were conducted
using anonymized samples and imaging data.
Discrepancies in assessments were resolved by
a third blinded adjudicator.

Statistical methods

Data were analyzed using SPSS 22.0, with
continuous normally distributed variables (e.g.,
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NIHSS, biomarkers) compared via independent/
paired t-tests, non-normal data via Mann-Whitney
U/Wilcoxon tests, and categorical variables
(e.g., complications) via y*/Fisher’s exact tests.
Ordinal outcomes (Glasgow Outcome Scale)
were analyzed using Mann-Whitney U and trend
tests. Effect sizes (Cohen’s d, Cramér’s V) and
Bonferroni correction for multiple comparisons
were applied, with sensitivity analyses confirming
no bias from dropouts (P = 0.60).

RESULTS
NIHSS, GCS, and MMSE Scores

Compared with the control group, the observation
group showed a significantly lower NIHSS score
and higher GCS and MMSE scores after 1 month
of treatment (P < 0.05). See Table 2.

Cerebral blood flow indicators

After 1 month of treatment, the observation group
exhibited lower blood flow velocities in the VA,
BA, MCA, ACA, and PCA compared to the
control group (P <0.05). See Table 3. Reduced flow
velocities in the observation group (ligustrazine
+ HBOT) suggest improved cerebrovascular
autoregulation and mitigated vasospasm, which
is beneficial in severe TBI.

Serum brain injury markers

Compared with the control group, the observation
group showed significantly lower levels of
serum S10083, NSE, and GFAP after 1 month of
treatment (P < 0.05). See Table 4 and Figure 1.

Serum sFKN and HMGB1

Compared with the control group, the observation
group showed significantly lower levels of
serum sFKN and HMGBI1 after 1 month of
treatment (P < 0.05). See Table 5. Furthermore,
Post-hoc analysis showed that the reduction
in sFKN levels was significantly correlated
with MMSE score improvement (r = 0.68, P <
0.01), suggesting a link between inflammatory
mitigation and cognitive recovery. Post-treatment
reductions in sFKN levels showed strong positive
correlation with neurological recovery (NIHSS
improvement: r=0.71, p<0.001), while HMGB1
reduction moderately correlated with cognitive
gains (MMSE: r=0.53, p=0.003).
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Incidence of postoperative complications

The observation group had a significantly lower
incidence of hydrocephalus, postoperative
seizures, brain herniation, and cerebral vascular
spasm compared to the control group (P < 0.05).
See Table 6.

Prognosis

After 6 months of follow-up post-treatment, one
patient in the observation group dropped out,
compared to two patients in the control group. The
observation group demonstrated a significantly
better prognosis than the control group (P <0.05).
See Table 7.

DISCUSSION

STBI is characterized by its severity, rapid
progression, and high mortality rate. Timely
and effective treatment is crucial for improving
patient prognosis.' With advances in modern
medicine, treatment strategies for STBI have
improved significantly, making it possible to
save patients’ lives. However, the recovery of
neurological function and the overall prognosis
remain suboptimal. Reducing neurological
damage and improving patient outcomes have
been key focuses in clinical practice.

HBOT is a newly developed adjunctive therapy
that improves oxygen supply to brain tissue and
increases oxygen reserves. It is currently widely
used in the clinical treatment of various types of
brain injuries and has shown certain efficacy in
improving outcomes.'*!¢ International studies!’
have suggested that HBOT can effectively
reduce oxidative stress, correct the oxidative-
antioxidative imbalance, and alleviate brain tissue
damage, while also exerting anti-inflammatory
effects. A domestic study on acute intracerebral
hemorrhage!® found that HBOT could further
improve patients’ daily living abilities and promote
recovery. In the present study, after routine
symptomatic treatment following STBI, HBOT
was applied, leading to significant improvements
in neurological deficits, coma status, and cognitive
function. However, some patients still showed
insufficient symptom improvement.

Previous reports" indicate that ligustrazine
hydrochloride is primarily used in the clinical
setting for neurological recovery in ischemic
stroke with good efficacy. In recent years,
Ligustrazine has also been applied to brain injury,
but studies on its combination with HBOT in
treating STBI are limited. The present study found
that the combination of Ligustrazine hydrochloride
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Table 4: Comparison of serum brain injury markers between groups (; 1s)

Time Group Number of cases S100f (ng/mL) NSE (ng/mL) GFAP (pg/mL)
Observation 51 0.5940.15 36.4846.15 5.6240.57
group
Before Control 51 0.6240.12 37.9245.69 5.78+0.64
therapy group
t 1115 1.227 1.333
P 0.267 0.223 0.186
Observation 51 0.23+0.04° 20.94+3.24 2.70+0.25
group
After 1 Control ) .
51 0.37+0.07° 29.25+4.16 3.49+0.37°
month of group
treatment ¢ 12.401 11.255 12.634
P <0.001 <0.001 <0.001

Note: Compared with this group before treatment, *P<<0.05. S100p: S100 calcium-binding protein beta, NSE:
neuron-specific enolase, GFAP: glial fibrillary acidic protein.

injection and HBOT significantly improved
neurological deficits, coma status, and cognitive
function in patients with STBI, suggesting that
Ligustrazine plays an important role in promoting
neurological recovery and improving prognosis
in these patients. Ligustrazine, an alkaloid
isolated from the traditional Chinese medicine
“Chuanxiong” (JIl &), can protect vascular
endothelial cells by lowering cyclic adenosine
monophosphate phosphodiesterase activity,
increasing cyclic adenosine monophosphate
levels, and reducing serotonin-induced arterial
spasms.?’ An animal study?' confirmed the
protective effect of Ligustrazine in traumatic brain
injury rats, suggesting its mechanism involves
inhibition of neuronal apoptosis and protection
of neuronal cells.

In this study, the combination of Ligustrazine
hydrochloride injection and HBOT was found
to significantly reduce the cerebral blood flow
velocity in the VA, BA, MCA, ACA, and PCA
in STBI patients. The observed reduction in
cerebral blood flow velocities in the ligustrazine
group likely reflects successful attenuation of
post-traumatic vasospasm and restoration of
normal vascular tone. This aligns with prior
evidence that ligustrazine inhibits endothelial
dysfunction and reduces oxidative stress, thereby
improving microcirculation. Lower velocities
correlate with decreased intracranial pressure
and better perfusion, as evidenced by improved
neurological scores. This, in turn, effectively
reduced the incidence of cerebral vasospasm,
alleviated brain tissue damage, and decreased
the occurrence of postoperative seizures.
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Additionally, this treatment combination helped
prevent the development of hydrocephalus,
reduced intracranial pressure, and decreased the
risk of brain herniation. Ultimately, this approach
achieved the goal of protecting neurons, repairing
damaged neurons, and improving neurological
and cognitive functions in patients.

This study also found that the combination
of Ligustrazine hydrochloride injection and
HBOT effectively downregulated the serum
levels of S100B, NSE, and GFAP in patients
with STBI. These markers are closely related to
brain tissue damage, with higher serum levels
indicating more severe brain injury. This further
supports the idea that the addition of Ligustrazine
hydrochloride can improve the condition of STBI
patients. Secondary brain injury factors following
traumatic brain injury, such as brain ischemia,
accumulation of oxygen free radicals, blood-
brain barrier disruption, and brain edema, are all
closely associated with the excessive release of
inflammatory factors.?>%

sFKN plays a key role in regulating the
inflammatory process of brain injury. It
promotes the synthesis and secretion of various
inflammatory factors, such as interleukin-6 and
tumor necrosis factor-a. An elevated level of
sFKN can exacerbate inflammation and worsen
brain tissue damage.?* High mobility group
box protein 1 (HMGBI) is an inflammatory
cytokine that promotes macrophage migration
and increases arterial injury.? In this study,
the combination of Ligustrazine hydrochloride
and HBOT showed a significant advantage
in downregulating serum levels of sFKN and
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Figure 1. Comparison of serum brain injury indexes
between the two groups. S100p and GFAP
levels

HMGBI in patients with STBI. This effect is
likely related to the anti-inflammatory properties
of Ligustrazine, which helps reduce neurological
deficits and improve patient prognosis. Notably,
the observed reductions in sSFKN and HMGBI
levels correlated with clinical improvements,
suggesting these inflammatory markers may
serve as potential biomarkers for monitoring
therapeutic response. The anti-inflammatory
effects of ligustrazine combined with HBOT
likely contributed to both the biochemical and
clinical improvements observed, although
the exact causal relationships warrant further
investigation.

While this study focused on therapeutic
outcomes, the safety profile of ligustrazine
warrants mention. Although no significant
adverse events (e.g., hypotension or bleeding)
were observed in our cohort—likely due to
strict exclusion criteria excluding patients with
bleeding tendencies — prior studies report
these as potential risks at higher doses. Our
protocol used a standardized dose (20 mg/day)
that aligns with Chinese guidelines for ischemic
stroke, which has demonstrated safety in registry
data. Future trials should include systematic
monitoring of blood pressure and coagulation
parameters. This study highlights ligustrazine’s
unique benefits, future multi-center collaborations
could directly compare our protocol with
international standards.

In conclusion, the combination of ligustrazine
hydrochloride injection and HBOT significantly
improved cerebral blood flow, reduced brain injury,
enhanced neurological function, and decreased
the incidence of postoperative complications.
This therapeutic approach demonstrates high
potential for clinical application. However, the
study has limitations due to the small sample
size, and the findings need to be validated through
multi-center research.
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Table S5: Comparison of serum sFKN and HMGBI1 between the two groups (X +s, ng/mL)

Time Group Number of cases sFKN HMGBI1
Observation 51 48.24+16.51 8.60+1.72
group
Before Control 51 51.83+17.27 8.94+2.03
therapy group
t 1.073 0.913
P 0.286 0.364
group 51 15.29+£5.952 3.65+1.26*
After Lmonth ool 51 21.57+7.34° 5.17+1.58
group
of treatment
t 4.747 5371
P <0.001 <0.001

Note: Compared with this group before treatment, *P<<0.05

Table 6: Comparison of the incidence of complications between the two groups n (%)

Number Postoperative Cerebral Cerebral
Group Hydrocephalus .

of cases epilepsy bulge vasospasm
Observation 51 3 (5.88) 3 (5.88) 7 (13.73) 5 (9.80)
group
Control group 51 11 (21.57) 10 (19.61) 16 (31.37) 13 (25.49)
Va 5.299 4.320 4.547 4318
P 0.021 0.038 0.033 0.038
Table 7: Comparison of the prognosis of the two groups n (%)

Number Vegetative Severe oy ae e
Group of cases Death state disability Mild disability Good
gr';ie;va“"n 50 1 (2000 2 (4000 6 (12.00) 13 (26.00) 28 (56.00)
Control group 49 4 (8.16) 7 (14.29) 10 (20.41) 10 (20.41) 18 (36.73)
u 2.434
P 0.015

Note: Cases lost to follow-up (observation group: n=1; control group: n=2) have been excluded from the prognosis analysis.

Conflict of interests: The authors declare that
they have no competing interests.

REFERENCES

1.

320

Ke L, Liu H, Tu Y. Effect of Ligustrazine
hydrochloride injection combined with Urokinase
on hemorheology and thromboelastography in
patients with acute cerebral infarction. Chin
Contemp Med 2022; 29(13): 62-5. doi:10.3969/;.
issn.1674-4721.2022.13.017.

Expert Group on Risk Factors for Secondary Brain
Injury. Expert consensus on the prevention and
treatment of risk factors for aggravated secondary
brain injury following traumatic brain injury. J Clin

Neurosurg 2020; 17(3): 241-50. doi:10.3969/.
issn.1672-7770.2020.03.001.

. Hawryluk GWIJ, Rubiano AM, Totten AM, et

al. Guidelines for the Management of Severe
Traumatic Brain Injury: 2020 Update of the
Decompressive Craniectomy Recommendations.
Neurosurgery 2020; 87(3): 427-34. doi: 10.1093/
neuros/nyaa278.

. Liu BY, Hou LJ, Zhang S, et al. Expert consensus

on standard surgical techniques for adult severe
traumatic brain injury patients undergoing large
bone flap craniotomy in China. Chin J Neurosurg
Trauma 2020; 6(2): 68-75. doi:10.3877/cma.j.is
sn.2095-9141.2020.02.002.

Song YL. Effect of Ligustrazine hydrochloride
injection combined with Diphenylhydantoin soft



1.

12.

13.

17.

capsules on acute cerebral infarction and its impact
on hemorheology. Guizhou Med J2021;45(7): 1114-
15. doi:10.3969/j.issn.1000-744X.2021.07.053.
Lu YJ, Cao YJ. Clinical analysis of Ligustrazine
hydrochloride injection combined with Alteplase
injection for acute cerebral infarction treatment.
Jiangxi Med J2020; 55(12): 1831-2. d0i:10.3969/j.
issn.1006-2238.2020.12.028.

Liu GH, Zhang D. Expression and clinical
significance of serum High Mobility Group Box
Protein 1 in severe traumatic brain injury. Sichuan
J Anat 2020; 28(1): 56-7.d0i:10.3969/j.issn.1005-
1457.2020.01.024.

Ding ZC. Effect of Ligustrazine hydrochloride
injection combined with Alteplase intravenous
thrombolysis on neurological function and quality
of life in acute-phase cerebral infarction patients.
Henan Med Res 2020; 29(5): 861-2. doi:10.3969/j.
issn.1004-437X.2020.05.045.

Chen CZ, Cai JY. Clinical effect and safety of
Donepezil hydrochloride for the treatment of mild
to moderate vascular dementia. Clin Rational Drug
Use 2024; 17(14): 52-4. doi:10.15887/j.cnki.13-
1389/1.2024.14.013.

Enriquez CM, Chisholm KH, Madden LK, et al.
Glasgow Coma Scale: Generating clinical standards.
J Neurosci Nurs 2019; 51(3): 142-6. doi: 10.1097/
JNN.0000000000000448.

Li HJ. Clinical outcomes of large vessel occlusion
patients with low NIH Stroke Scale scores. Int J
Cerebrovascular Dis 2020; 28(5): 380. doi:10.3760/
cma.j.issn.1673-4165.2020.05.103.

You XH, Yang M, Ming XG, et al. Effect of
Ligustrazine hydrochloride injection combined with
Diphenylhydantoin soft capsules on acute cerebral
infarction and its impact on hemorheology. Shanxi J
TCM?2020;41(6): doi: 743-745+757. DOI:10.3969/;.
issn.1000-7369.2020.06.012.

Jiao BH, Zhao ZM. Interpretation of the 4th edition
of the American Severe Traumatic Brain Injury
Guidelines. Hebei Med Univ J 2018; 39(2): 125-8,
145. doi:10.3969/j.issn.1007-3205.2018.02.001.
Dikmen S, Machamer J, Manley GT, et al.
Functional Status Examination versus Glasgow
Outcome Scale Extended as Outcome Measures in
traumatic brain injuries: how do they compare? J
Neurotrauma 2019; 36(16): 2423-9. doi: 10.1089/
neu.2018.6198.

Wang YF, Zhou M, Wang YE. Effects of Ligustrazine
hydrochloride combined with Diphenylhydantoin
on cerebral blood flow, cognitive function, and
neurophysiology in patients with vascular dementia.
Chin Clin Res 2023; 36(3): 370-4. doi:10.13429/j.
cnki.cjcr.2023.03.012.

Li RT, Zhao YY, Cai LY, et al. Effect of Donepezil
hydrochloride on cognitive function and oxidative
stress in patients with Alzheimer’s disease. Chin
Pharm 2020; 15(3): 382-5. do0i:10.3760/j.issn.1673-
4777.2020.03.015.

Zhao DT. Effects of Danshen Ligustrazine injection
combined with Alteplase on neurological function
and hemorheology in elderly patients with acute
cerebral infarction. Med Forum J 2021; 42(13):
126-8.

18.

19.

20.

21.

22.

23.

24.

25.

Gong F, Wang WH, Liu CS. Effect of hyperbaric
oxygen therapy on activities of daily living in
patients with intracerebral hemorrhage. J Integr
Nurs (Eng Chin) 2019; 5(1): 129-31. doi:10.11997/
nitcwm.201901038.

Gao X, Wang N, Liu JN, et al. Effect of Danhong
injection combined with Edaravone on acute
cerebral infarction in elderly patients and its
impact on hemorheology. J Chin Geriatr Soc
2021; 41(20): 4357-60. doi:10.3969/j.issn.1005-
9202.2021.20.008.

Li J, Zhang C, Yang G, et al. Clinical efficacy
and safety analysis of Ligustrazine hydrochloride
combined with Diphenylhydantoin in the treatment
of cerebral infarction. South China J Def Med
2020; 34(2): 92-5. doi:10.13730/j.issn.1009-
2595.2020.02.005.

Yi RQ, Quan XY. Protective effect and mechanism
of Ligustrazine on traumatic brain injury in rats.
Chin Med Innov 2019; 16(17): 26-31. doi:10.3969/j.
issn.1674-4985.2019.17.007.

Shang SH, Lan J, Zhang WL. Effect of Ligustrazine
hydrochloride and Ozagrel combination therapy on
FIB, PLT, and DD in patients with acute cerebral
infarction. Mol Diagn Ther 2022; 14(7): 1163-6.
d0i:10.3969/j.issn.1674-6929.2022.07.021.

Sun SH, He X, Li YC. Traumatic brain injury and
neuroinflammatory responses. Chin Minim Invasive
Neurosurg 2020; 25(5): 44-7. doi:10.11850/j.
issn.1009-122X.2020.05.012.

Yang M, Zhang J, Yang BX. Effect of Danshen
Ligustrazine injection combined with Edaravone
on acute cerebral infarction patients. China Foreign
Med Res 2022; 20(10): 40-3. doi:10.14033/j.cnki.
cfmr.2022.10.011.

Hong M, Zhao LL, Chen GJ. Expression and
prognostic value of serum HMGBI1, IGF-1, and
ficolin-3 in patients with severe traumatic brain
injury. Mol Diagn Ther 2020; 12(1): 101-6.
doi:10.3969/j.issn.1674-6929.2020.01.021.

321



