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Abstract: Objective: To study the effects of alteplase combined with edaravone on the clinical efficacy and inflam-
matory factors in patients with tuberculous meningitis complicated with acute cerebral infarction. Methods: Patients 
(n=78) with tuberculous meningitis (TBM) and acute cerebral infarction (ACI) were selected for this prospective 
study. The patients were divided into two groups randomly. The observation group (n=39) was treated with intrave-
nous thrombolysis with alteplase combined with edaravone. The control group (n=39) was treated with intravenous 
thrombolysis with alteplase only. After 14 days of treatment, the clinical efficacy, serum C-reactive protein (CRP), 
serum tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), the National Institutes of Health Cerebral Infarction 
Scale (NIHSS) score, the Mini-mental State Examination (MMSE) score, the Montreal Cognitive Assessment (MoCA) 
score and the Modified Rankin scale score were observed. Results: The treatment efficacy between the two groups 
was compared. The total effective rate of the observation group was higher than the control group (84.62% vs 
64.10%, P<0.05). The inflammatory factors (CRP, TNF-α and IL-6) in the observation group were lower than those 
in the control group (P<0.05). The MMSE and MoCA scores were higher in the observation group than the control 
group, while the NIHSS score in the observation group was lower than the control group (P<0.05). The modified 
Rankin scale score at 3 months was significantly lower in the observation group (P<0.01), and there were more 
patient scores decreased to 0-1 points at 3 months in the observation group (P<0.05). Conclusion: Intravenous 
thrombolysis with alteplase combined with edaravone in the treatment of tuberculous meningitis with acute cere-
bral infarction showed an improved clinical efficacy. This combined therapy could reduce inflammatory reactions 
and nerve damage, and improve cognitive function.
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Introduction

Tuberculous meningitis (TBM) refers to non-
suppurative inflammation of the meninges 
caused by Mycobacterium tuberculosis. Al- 
though the clinical symptoms are mild at first, 
the disease may progress rapidly [1, 2]. Without 
timely diagnosis and treatment, TBM will even-

tually cause damage to the nervous system. 
The fatality rate of TBM is up to 30% and the 
disability rate is up to 60% [3]. Acute cerebral 
infarction (ACI) is mainly due to insufficient 
blood supply in local cerebral tissue caused by 
stenosis or occlusion of intracranial arteries. 
Brain tissue is injured and necrotic due to isch-
emia and hypoxia, eventually causing serious 
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damage to brain function [4, 5]. In China, there 
are about 2 million new cases of ACI each year, 
while the annual ACI incidence is still increas-
ing. Among them, 75% of the patients had an 
acute onset, and 30% of patients were elderly 
patients [6, 7]. Two-thirds of the disabled 
patients were elderly patients, their mortality 
rate was up to 11.4-14.5% within 1 year [8, 9]. 
ACI has become the leading cause of death in 
China [10]. The incidence of TBM complicated 
with ACI is 15%-57%, thus early treatment of 
TBM combined with ACI has a positive impact 
on nervous system protection and prognosis of 
the patients [11].

In patients with ACI, early thrombolytic therapy 
can reduce the extent of both the brain damage 
and the cranial nerve damage [12]. Evidence-
based medicine has indicated that the time 
window of ACI thrombolysis should be within 
4.5 h [13, 14]. In recent years, the second-gen-
eration thrombolytic drug alteplase has been 
widely adopted. Evidence-based medicine has 
indicated that it was suitable to treat ACI. It has 
been found that alteplase, compared with pre-
vious drugs, had a similar clinical efficacy in 
early ACI thrombolytic therapy, and was rela-
tively safe [15]. As a new thrombolytic agent, 
alteplase belongs to genetically modified th- 
rombolytic drugs. Studies have shown that, in 
western countries, a therapeutic dose of 0.9 
mg/kg could quickly dissolve the thrombosis 
without further increasing the risk of intracra-
nial hemorrhage [16-19]. Edaravone is a pro-
tective agent for brain tissue, which can remove 
oxygen free radicals. Due to its high lipophilici-
ty, it can cross the blood-brain barrier freely, 
thus reducing brain tissue damage. It is com-
monly used as an adjuvant drug for the treat-
ment of ACI. It can inhibit nerve cell damage 
caused by lipid peroxidation, thus reducing 
infarct size and improving the survival ability of 
ischemic neurons [20, 21]. Previous studies 
have found that intravenous thrombolysis with 
alteplase combined with edaravone had a sig-
nificantly better effect on patients with ACI. The 
total effective rate of the combined treatment 
in ACI was higher than the control group 
(84.75% vs. 63.79%). Another study found that 
ACI thrombolysis treatment with alteplase com-
bined with edaravone had significantly improved 
the patient's nerve function, thus improving the 
patient’s prognosis. Combined therapy can syn-
ergistically improve both the cerebral blood 

flow volume and the cerebral blood flow veloci-
ty, and eventually improve the prognosis of 
patients. Edaravone acts by significantly allevi-
ating nerve cell damage, reducing the activity 
of hypoxanthine oxidase and xanthine oxidase, 
promoting the synthesis of prostacyclin,and  
reducing free radical damage to the vascular 
endothelium. It can effectively prevent nerve 
damage. Alteplase can selectively dissolve 
fibrin in thrombus, therefore increase the blood 
supply of ischemic penumbra and save nerve 
cells. It can reduce the occurrence and devel-
opment of nerve injury [22, 23]. However, there 
is currently no report on the use of alteplase 
combined with edaravone in patients with TBM 
combined with ACI. This study was based on 
the observation of the clinical efficacy and 
inflammatory factors of these patients through 
the use of the two drugs.

Materials and methods

Clinical information

Patients (n=78) with TBM and ACI who were 
admitted to the Neurology Department of 
Shandong Provincial Chest Hospital, Cheeloo 
College of Medicine, Shandong University from 
January 2017 to June 2019 were selected for 
this prospective study. The patients were ran-
domly divided into two groups. The observation 
group (n=39) received alteplase intravenously 
for thrombolysis combined with edaravone 
treatment; while the control group (n=39) 
received alteplase thrombolysis therapy alone. 
Informed consent was obtained by patients 
and their families included in this study. This 
study was approved by the Ethics Committee of 
Shandong Provincial Chest Hospital, Cheeloo 
College of Medicine, Shandong University.

Inclusion criteria

(1) Patients conformed to the diagnostic crite-
ria for tuberculous meningitis in the 2010 inter-
national tuberculosis expert diagnosis consen-
sus [3] and the ACI diagnostic criteria in the 
2014 Chinese Guidelines for the Diagnosis and 
Treatment of Acute Ischemic Stroke [24]. (2) 
Patients were 18-76 years old. (3) Patients had 
not been diagnosed with acute cerebral infarc-
tion before. (4) The time from onset to intrave-
nous thrombolysis was within 4.5 h. (5) The 
National Institutes of Health Cerebral Infarction 
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Scale (NIHSS) score was 4-15 points at admis-
sion [25].

Exclusion criteria

(1) Patients allergic to either alteplase or edara-
vone. (2) Patients with a history of craniocere-
bral trauma, epilepsy, or cerebrovascular dis-
ease. (3) Patients who could not cooperate with 
the evaluation of cognitive function. (4) Patients 
who had abnormal coagulation function or was 
on heparin or oral anti-coagulation treatment. 
(5) Patients who had cardiopulmonary insuffi-
ciency. (6) Patients who had malignancies. (7) 
Patients who had mental illness which  affect-
ed cognition function. (8) Patients who were 
lactating or pregnant. (9) Patients who had gas-
trointestinal or urinary tract bleeding.

Methods

The control group was treated with alteplase 
(Boehringer Ingelheim Pharmaceuticals Co., 
Ltd., Germany) on the basis of anti-tuberculosis 
treatment. The total dose was 0.9 mg/kg. The 
first 10% of the total dose was injected within 1 
minute. The remaining 90% of the intravenous 
infusion was injected in no less than 1 h. The 
course of treatment was 14 days.

The observation group was treated with edara-
vone (Nanjing Simcere Donglin Pharmaceutical 
Co., Ltd., China) in addition to treatment of the 
control group. Patients received intravenous 
infusion of edaravone 2 times a day, each time 
with a dose of 30 mg. The course of treatment 
was 14 days.

Observation targets

After 14 days of treatment, the efficacy was 
evaluated. The standard was based on the ACI 
treatment efficacy evaluation standard in the 
2014 China 5-100 Guidelines for Diagnosis 
and Treatment of Acute Ischemic Stroke [24]. 
The treatment efficacy was estimated accord-
ing to the reduction in the neurological deficit 
score before and after treatment. The efficacy 
was defined as: recovery: a reduction of 
91-100%; significant progress: a reduction of 
46-90%; progress: a reduction of 18-45%; no 
change: a reduction of ≤17%. Total effective 
rate (%) = (recovery + significant progress + 
progress) number/total patient number * 100.

Before the patient was admitted to the hospital 
for thrombolytic therapy, 5 mL of venous blood 
was collected. Another 5 mL of venous blood 
was collected at 8:00 am after 14 days of treat-
ment. Blood samples were stored at 4°C for 15 
minutes, a centrifuge was used to separate 
serum and plasma at a speed of 3,300 rpm. 
The separated plasma was added to a phos-
phate buffer solution containing 40 μL prote-
ase inhibitors and stored in a freezer at -80°C. 
Serum C-reactive protein (CRP), tumor necrosis 
factor alpha (TNF-α) and interleukin-6 (IL-6) 
were measured with ELISA using an automatic 
multi-functional microplate reader (Thermo 
Scientific, USA). The above kits were all from 
Shanghai Enzyme-linked Biotechnology Co., Ltd 
(China).

Before and after 14 days of treatment, the 
NIHSS score was used to evaluate the severity 
of stroke. The range was from 0 to 42. Higher 
score represented a more severe stroke. The 
severity was classified as: normal: a score of 
0-1; mild injury: a score of 2-4; moderate injury: 
a score of 5-15; moderate-to-severe injury: a 
score of 16-20; and severe injury: a score of 
more than 21 [25].

The Mini-mental State Examination (MMSE) 
and the Montreal Cognitive Assessment (MoCA) 
were used to evaluate the cognitive function 
before and after treatment. The MMSE scale 
contains 19 items with a total score of 30. The 
MoCA scale has a total score of 30 points. For 
both scales, a lower score represented worse 
cognitive function [26]. All the scales above 
were recorded by specialists.

Assessment of prognosis

Modified Rankin Scale [27]: All patients were 
scored by the same doctor using the modified 
Rankin Scale at 1, 2, and 3 months after dis-
charge. The patient’s treatment plan was kept 
confidential to the doctors responsible for eval-
uation. The Modified Rankin Scale score runs 
from 0 to 6 as follows: 0 points: fully recovered; 
1 point: no significant disability despite some 
symptoms, able to carry out all usual activities; 
2 points: slight disability with some limitation of 
activities, able to look after their own affairs 
without assistance; 3 points: moderate disabil-
ity, requires some help, but able to walk unas-
sisted; 4 points: moderately to severe disability, 
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unable to walk unassisted, unable to attend  
to own bodily needs without assistance; 5 po- 
ints: severe disability, requires constant nurs-
ing care and attention, bedridden, or inconti-
nent; 6 points: dead. A score of 2 or less on the 
Rankin scale was considered as a good progno-
sis, and a score of 3 or above was considered 
as a poor prognosis. The number of patients 
whose Rankin Scale score dropped to 0-1 was 
recorded monthly.

Statistical analysis

SPSS 17.0 statistical software was used for 
statistical processing. Continuous variables 
were expressed as mean ± standard deviation 
(
_
x  ± SD), normality was tested by K-S test, 

t-test was used for normal distribution and 
homogeneity of variance. Independent t-test 
was used for comparison between groups, 
paired t-test was used for comparison within 
the group. Enumeration data were expressed in 
cases/percent (n/%), Pearson χ2 test was used 
for comparison between groups. P<0.05 was 
considered statistically significant.

Results

Comparison of general information

The two groups of patients showed no statisti-
cal differences in gender, age, education level, 

Comparison of inflammatory factors

Before treatment, there was no significant dif-
ference in CRP, TNF-α and IL-6 between the two 
groups of patients (P>0.05). After treatment, 
there was a statistical difference in CRP, TNF-α 
and IL-6 between the two groups of patients 
than before treatment (P<0.05); and the CRP, 
TNF-α, and IL-6 in the observation group 
showed a larger decrease than the control 
group (P<0.001), see Table 3.

Comparison of NIHSS scores

Before treatment, there was no significant dif-
ference in NIHSS score between the two groups 
(P>0.05). After treatment, there was a statisti-
cal difference in NIHSS score between the two 
groups of patients than before treatment 
(P<0.05); and the NIHSS score in the observa-
tion group showed a larger decrease than the 
control group (P<0.001), see Table 4.

Comparison of MMSE and MoCA scores

Before treatment, there was no statistical dif-
ference between the two groups of patients in 
MMSE and MoCA (P>0.05). After the treatment 
in the observation group, MMSE and MoCA 
were significantly improved compared with 

Table 1. Comparison of general information and baseline data between 
two groups

Item Observation 
group (n=39)

Control 
group (n=39) χ2/t P

Gender (Male/Female) 21/18 19/20 0.205 0.651
Age (year) 63.1±8.2 64.2±7.9 0.603 0.548
Education level (year) 11.82±3.92 11.56±4.02 0.289 0.773
BMI (kg/m2) 24.89±3.65 24.93±3.79 0.050 0.962
Time from onset to admission (h) 3.21±0.74 3.32±0.82 0.622 0.536
Location of stroke (n) 0.989 0.804
    Brain stem 5 3
    Brain lobe 8 7
    Cerebellum 4 6
    Basal ganglia 22 23
Hypertension (n) 19 21 0.205 0.651
Type 2 diabetes (n) 15 14 0.055 0.815
Hyperlipidemia (n) 18 19 0.051 0.821
Coronary heart disease (n) 11 10 0.065 0.799
Obese (n) 9 12 0.586 0.444
Hyperhomocysteinemia (n) 27 28 0.602 0.804
Hyperuricemia (n) 17 19 0.206 0.650
Note: BMI: body mass index.

BMI, time from onset  
to admission, stroke lo- 
cation and underlying 
disease. The groups we- 
re comparable (P>0.05), 
see Table 1.

Comparison of efficacy

Comparing the efficacy of 
the two groups of pa- 
tients, it was found that 
there were differences in 
the number of patients 
who recovered, had sig-
nificant progress, prog-
ress and no change (P< 
0.05). The total effective 
rate of the observation 
group was 84.62%, which 
was higher than that  
of the control group of 
64.10%, and there was a 
significant difference (P< 
0.05), see Table 2.
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Table 2. Comparison of the efficacy of the two groups of patients
Group Recovery Significant progress Progress No change Total effective rate (%)
Observation group (n=39) 4 (10.26) 19 (48.72) 10 (25.64) 6 (15.38) 33 (84.62)
Control group (n=39) 2 (5.13) 8 (20.51) 15 (38.46) 14 (35.90) 25 (64.10)
Z 2.889
P 0.004

Table 3. Comparison of inflammatory factors between two groups of patients before and after treat-
ment

Item
Before treatment After treatment

Observation group Control group Observation group Control group
CRP (mg/L) 6.45±1.92 6.87±1.78 4.76±1.51**,### 5.62±1.46*

TNF-α (ug/mL) 122.47±18.32 122.76±17.92 85.97±14.92***,### 103.22±16.35***

IL-6 (ug/mL) 350.87±36.92 354.67±38.82 272.87±25.98***,### 317.92±30.23***

Note: Compared with before and after treatment in the same group, *P<0.05, **P<0.01, ***P<0.001; compared with the control 
group after treatment, ###P<0.001. CRP: C-reactive protein; TNF-α: tumor necrosis factor alpha; IL-6: interleukin-6.

Table 4. Comparison of NIHSS scores of two groups of patients before and after treatment

Item
Before treatment After treatment

Observation group Control group Observation group Control group
NIHSS (score) 9.52±3.69 9.87±3.79 4.77±1.53***,# 5.61±1.46***

Note: Compared with before and after treatment in the same group, ***P<0.001; compared with after treatment in the control 
group, #P<0.05. NIHSS: national institutes of health cerebral infarction scale.

Figure 1. Comparison of cognitive scores between 
two groups of patients before and after treatment. A. 
Comparison of MMSE two groups; B. Comparison of 
MoCA two groups. Compared with the control group 
after treatment, **P<0.01; ***P<0.001; compared 
with the same group before treatment, #P<0.05. 
MMSE: mini-mental state examination; MoCA: Mon-
treal cognitive assessment.

before treatment. MMSE and MoCA scores 
were statistically different between groups (P< 
0.05), see Figure 1.

Comparison of modified Rankin scale scores

There was no difference between the observa-
tion group’s modified Rankin scale scores at 1 
month and 2 months compared with the con-
trol group (P>0.05). The observation group’s 
modified Rankin scale score at 3 months was 
lower than the control group (P<0.01) which 
was statistically significant. More patients in 
the observation group fell to 0-1 points at 3 
months than in the control group (P<0.05). The 
modified Rankin scale scores of both groups at 
3 months were lower than that in 1 month with 
a statistical difference (P<0.05). See Table 5.
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Discussion

Inflammation is one of the most important 
pathological changes of TBM combined with 
ACI and, it plays an important role in the forma-
tion of thrombosis and nerve function damage. 
Under the mediation of various inflammatory 
factors, it can induce oxidative stress to cause 
oxidative stress damage in brain tissue [28]. 
C-reactive protein (CRP) is synthesized by the 
liver under the mediation of interleukin 6 and 
other inflammatory factors and is often used as 
an indicator of inflammation. Previous studies 
have shown that monitoring CRP could reflect 
the degree of neurological impairment in 
patients with ACI to some extent [29]. Studies 
have also shown that tumor necrosis factor-α 
(TNF-α) plays an important role in the occur-
rence and progression of ACI, and its expres-
sion was positively correlated with cerebral 
infarction volume and neurological damage 
[30]. TNF-α can also promote thrombosis and 
inhibit the fibrinolytic process [31]. IL-6 begins 
to increase when the brain tissue was dam-
aged. An appropriate amount of IL-6 increase is 
conducive to the recovery of brain tissue. An 
excessive increase of IL-6 can cause further 
damage to the brain tissue [32]. Studies ha- 
ve found that alteplase could inhibit the inflam-
matory response and thus reduce the effect of 
the hemorrhagic inflammatory response [33]. 
Edaravone can reduce the oxidation of low-den-
sity lipoproteins in brain tissue and increase 
endothelial monoxide nitrogen synthase con-
tent, thereby inhibiting the activation of microg-
lia neurotoxicity and effectively improving nerve 
cell damage. Studies have shown that edara-
vone promoted the formation of prostacyclin 
and reduced the production of inflammatory 
factors by effectively antagonizing the activities 
of hypoxanthine oxidase and xanthine oxidase 
[34, 35]. Previous studies have shown that the 

combined use of the two drugs to treat ACI 
could reduce the level of matrix metalloprotein-
ase-9 (MMP-9) and interleukin-6 (IL-6) to 
achieve the effect of inhibiting inflammation 
[21]. Another study found that the combined 
use of the two drugs to treat ACI could increase 
the CD4+ cell ratio, CD4+/CD8+ ratio and 
immune adhesion-promoting factor level of 
patients, reducing the patient’s inflammation, 
promote the recovery of patients’ nerve func-
tion and improve the quality of life [22]. In this 
study, it was found that the use of alteplase 
combined with edaravone could reduce inflam-
matory factors and reduce nerve damage in 
vivo compared with the control group with 
alteplase alone.

NIHSS is an important indicator for evaluating 
neurological impairment, MMSE and MoCA are 
commonly used evaluation tools to reflect 
patients’ cognitive function [25, 26]. Previous 
studies have shown that the use of alteplase 
combined with edaravone in the treatment of 
ACI patients had a lower NIHSS score than the 
control group treated with alteplase alone af- 
ter 2 weeks (6.19±1.66 vs 7.73±1.64) [21]. 
Another study showed that the use of alteplase 
combined with edaravone in the treatment of 
ACI patients had a lower NIHSS score than the 
control group after one month (5.27±1.29 vs. 
8.35±1.54) [22], suggesting that the combina-
tion of the two drugs can significantly reduce 
ACI neurological damage. In this study, it was 
also found that the use of alteplase in combina-
tion with edaravone reduced nerve damage 
compared with the control group with alteplase 
alone. Further research on the impact on cogni-
tive function scores revealed that the combined 
use of the two drugs showed an obvious 
improvement on patients’ cognitive function. At 
present, there is no evidence of the long-term 
prognosis of patients with ACI treated with 

Table 5. Comparison of modified Rankin scale scores between two groups of patients

Item Observation 
group (n=39)

Control group 
(n=39) χ2/t P

One month modified Rankin scale score 2.7±0.5 2.9±0.7 0.895 0.126
The number of people who dropped to 0-1 points in 1 month 11 (18.33) 8 (13.33) 0.563 0.453
Two months modified Rankin scale score 2.3±0.5 2.7±0.7 0.912 0.118
The number of people who dropped to 0-1 points in 2 months 16 (26.67) 10(16.67) 1.768 0.184
Three months modified Rankin scale score 1.9±0.3** 2.5±0.7* 2.796 0.007
The number of people who dropped to 0-1 points in 3 months 25(41.67) 14(23.33) 4.596 0.032
Note: Compared with the 1-month modified Rankin scale score, *P<0.05, **P<0.01.
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alteplase combined with edaravone. In this 
study, the modified Rankin scale score was 
used to evaluate the prognosis of ACI. It was 
found that after treatment with alteplase and 
edaravone, the 3-month modified Rankin scale 
score was lower than the control group, sug-
gesting that patients treated with alteplase 
combined with edaravone had a better 
prognosis.

However, our study also had some limitations. 
This study was a small sample study, which can 
be further conducted as a multi-center study. 
The follow-up time also needs to be further 
extended to observe the patient's long-term 
prognosis and quality of life.

In summary, intravenous thrombolysis with 
alteplase combined with edaravone in the 
treatment of tuberculous meningitis with acute 
cerebral infarction showed an improved clinical 
efficacy. It can reduce inflammatory reactions 
and nerve damage, and improve cognitive 
function.
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