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Abstract. – OBJECTIVE: The purpose of this 
research was to investigate whether it is pos-
sible to perform ultra-early interventional elec-
troacupuncture on individuals who had experi-
enced intravenous thrombolysis prior to receiv-
ing therapy for acute cerebral infarction.

PATIENTS AND METHODS: Patients who 
have undergone intravenous thrombolysis be-
tween July 2019 and March 2021 were eligible 
for participation in this study. The participants 
were divided into two groups; one group re-
ceived electroacupuncture therapy 24 hours af-
ter their condition became stable, while the oth-
er group received treatment 48 hours after their 
condition became stable. Both groups received 
the same therapy for their respective forms of 
rehabilitation. The Fugl-Meyer Motion Assess-
ment Scale (FMA) was used to assess the pa-
tients’ motor function before and after therapy, 
as well as two weeks and one month after treat-
ment. The scores of the FMA were recorded be-
fore and after treatment. 

RESULTS: After therapy, the FMI scores were 
higher in both groups (p<0.05), and the research-
ers found that the ultra-early electroacupuncture 
intervention was related to higher FMI ratings 
2 weeks and 1 month after treatment (p<0.05). 
In neither of the two study groups was there 
any sign of a major adverse response or conse-
quence (p>0.05).

CONCLUSIONS: This research offers evidence 
that ultra-early interventional electroacupuncture 
rehabilitation therapy may be an effective and safe 
method of treatment for individuals who have had 
a cerebral infarction after receiving intravenous 
thrombolysis. The results lend credence to the no-
tion that this kind of therapy should be taken into 
consideration as an adjunctive model for rehabili-
tation in patients of this type.
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nous thrombolysis, Ultra-early rehabilitation.

Introduction

Cerebral infarction, also known as ischemic 
stroke, is a disorder of the blood supply to local 
brain tissue that can arise due to several reasons1. 
High disability and mortality rates are hallmarks 
of cerebral infarction2. Localized cerebral isch-
emia in cerebral infarction can result in the ir-
reversible damage of neurons and lead to energy 
failure, acidosis, increased release of glutamate, 
elevated intracellular Ca2+ levels, increased pro-
duction of free radicals following ischemia and 
reperfusion, damage to the blood-brain barrier 
(BBB), inflammation, and ultimately, many ex-
citatory cell deaths through necrosis, apoptosis, 
and autophagy, which affects the function of sev-
eral neural networks3-5. Approximately 15 million 
people worldwide experience stroke each year, 
and 6 million die as a result, with half of the sur-
viving patients potentially suffering permanent 
disability6. Approximately 85% of stroke patients 
suffer from cerebral infarction and reducing the 
mortality and disability rates of these patients re-
mains a significant challenge7,8.

As a common cerebrovascular disease in clin-
ical practice, cerebral infarction is often seen in 
middle-aged and elderly individuals, greatly im-
pacting their ability to care for themselves and 
placing a significant burden on their families9,10. 
Currently, the primary aim of clinical treatment 
for cerebral infarction is to enhance cerebral mi-
crocirculation and improve blood supply in the 
ischemic region, as well as to prevent the pro-
gression of the disease. Pharmacological inter-
ventions such as antiplatelet therapy, blood lipid 
reduction, enhancement of blood circulation, and 
mitigation of blood stasis have been identified as 
potential treatment options11,12. Failure to receive 
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thrombolytic therapy within the designated time-
frame can elevate the likelihood of experiencing 
problems. In patients with acute cerebral infarc-
tion undergoing thrombolytic therapy, the brain 
tissue is susceptible to ischemia and reperfusion 
injury. This can cause an overproduction of free 
radicals or a lack of antioxidant capacity, result-
ing in cellular damage to brain tissue. Thrombo-
lytic therapy and neurorehabilitation therapy have 
been validated as the most efficacious approaches 
for decreasing disability rates, according to evi-
dence-based medicine. The use of thrombolytic 
therapy in the acute phase is a commonly accept-
ed practice, but there is presently no agreement 
on the most favorable timing for the initiation of 
rehabilitation treatment. According to established 
protocols13,14, it is recommended to commence 
rehabilitation intervention within 48 hours after 
the stabilization of the condition. Several studies 
have suggested that the initiation of rehabilitation 
promptly following the onset of cerebral infarc-
tion may yield greater benefits15,16.

Electroacupuncture (EA) is a treatment modal-
ity that combines conventional acupuncture tech-
niques with electrical stimulation. It is commonly 
utilized as an adjunctive therapeutic modality. 
The implementation of this therapeutic approach 
is distinguished by improved management, uni-
formity, and empirical measurement. Owing to 
its uncomplicated nature, practicability, and eco-
nomic viability, it has garnered extensive recog-
nition in clinical environments. Research17 has 
indicated that electroacupuncture has the poten-
tial to improve hemiplegia, spasm, neuralgia, and 
cognitive function following a stroke. Further-
more, prior research18 has demonstrated its ability 
to regulate mental and psychological conditions. 
Electroacupuncture has been observed19 to re-
sult in noteworthy enhancements in neurological 
function among numerous patients. Electroacu-
puncture has been observed20 to enhance cerebral 
ischemic injury recovery, stimulate endogenous 
recovery mechanisms post-nerve injury, and elicit 
an ischemic tolerance response in the body, which 
is known to exert significant anti-inflammatory, 
anti-oxidative stress, and anti-apoptotic effects. 
Additionally, electroacupuncture has demonstrat-
ed21 clear effects on the recovery of nerve func-
tion, promoting vascular regeneration, and nerve 
regeneration and activating the release of neuro-
trophic factors, thus playing a neuroprotective 
role. Electroacupuncture, as a traditional Chinese 
medicine-based treatment, is widely used in the 
rehabilitation of cerebral infarction. The utiliza-

tion of traditional medical electroacupuncture in 
China has been shown22,23 to be an effective meth-
od for reducing dysfunction after acute cerebral 
infarction with no reported adverse reactions. The 
implementation of ultra-early rehabilitation man-
agement, including rehabilitation training and 
acupuncture intervention, has been verified24 to 
enhance the recovery of physical function in pa-
tients. The literature supports the notion that early 
initiation of electroacupuncture intervention has 
a significant impact on cerebral infarction; thus, 
it is recommended25 to commence treatment as 
soon as the condition is stabilized if feasible. 
However, there is limited research exploring the 
benefits of ultra-early interventional electroacu-
puncture treatment on patient’s post-intravenous 
thrombolysis. The present study aims to examine 
the effect of ultra-early electroacupuncture inter-
vention on motor function recovery in patients 
with cerebral infarction who have undergone in-
travenous thrombolysis.

Patients and Methods 

We selected 78 patients with acute cerebral 
infarction who received intravenous thrombolyt-
ic therapy with recombinant tissue plasminogen 
activator from the Department of Neurology, 
Binzhou People’s Hospital, Shandong Province, 
from July 2019 to March 2021. Inclusion criteria: 
all patients who met the diagnostic criteria of ce-
rebral infarction according to the Chinese Guide-
lines for the Diagnosis and Treatment of Acute 
Ischemic Stroke (2010) and the treatment criteria 
of alteplase thrombolysis. They had no sequelae 
of stroke, especially motor function sequelae, and 
could cooperate with rehabilitation treatment. All 
patients have signed the informed consent form, 
and the hospital Ethics Committee has approved 
and agreed to implement our study. 

Exclusion criteria: Patients with the following 
conditions were excluded from the study:
 • Severe cerebral infarction treated in the inten-

sive care unit.
 • Severe cardiorespiratory disease.
 • Psychosis or dementia, and other conditions 

that may affect rehabilitation treatment.
 • Severe cognitive and speech dysfunction, 

which would hinder cooperation with rehabili-
tation treatment.

 • Bone and joint diseases that significantly af-
fect motor function.
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Study Design
This is a prospective cohort study. The partic-

ipants were divided into two groups: a treatment 
group that received electroacupuncture 24 hours 
after stabilization, and a control group that received 
electroacupuncture 48 hours after stabilization. 
Both groups underwent identical rehabilitation 
treatment, and the motor function of the patients 
was evaluated using the Fugl-Meyer Motion As-
sessment Scale (FMA) before and after treatment, 
as well as 2 weeks and 1 month after treatment.

Treatment Methods 
Our research team consisted of neurologists, re-

habilitation doctors, therapists, and traditional Chi-
nese medicine doctors who intervened in different 
periods. We evaluated the patients’ condition on 
admission, and according to the diagnosis and treat-
ment criteria, we performed intravenous thrombo-
lytic therapy with alteplase and gave routine drug 
treatment such as nutritional nerve, lipid regulation 
and plaque stabilization, and control of risk factors. 
The patients’ vital signs remained stable and there 
was no progression of their condition; in fact, there 
were indications of improvement, leading to a deter-
mination that the condition was stable.

The treatment group received electroacupunc-
ture 24 hours after the initial treatment, while 
the control group received acupuncture 48 hours 
after. Chinese medicine doctors performed di-
alectical acupuncture on both groups, targeting 
shoulder and hand three li, Waiguan, Hegu for 
upper limb failure, and Huantiao, Fengshi, Zu-
sanli, Jiexi, and Sanyinjiao for lower limb failure. 
Intensity was adjusted based on tolerance, with 
a continuous wave frequency of 100 times/min, 
lasting for 25 minutes, once per day. Rehabilita-
tion doctors and therapists evaluated and treated 
both groups, including: (1) comprehensive train-
ing of hemiplegic limbs such as placing them in 
good positions in bed, active and passive joint 
activities, and neuromuscular facilitation tech-
nology; (2) neuromuscular electrical stimulation; 
(3) standing bed, sitting balance, walking train-
ing; (4) operation training; (5) daily living ability 
training; (6) psychological counseling. Rehabili-
tation treatment was conducted once a day for 30 
minutes, five times a week. The same rehabilita-
tion physician evaluated the patients’ motor func-
tion rehabilitation before treatment, 14 days after 
treatment, and 30 days after treatment. Adverse 
reactions and complications related to rehabili-
tation were recorded, including needle sickness, 
shoulder and hand syndrome, and shoulder pain.

Observation Indicators
The study evaluated changes in motor func-

tion of patients in both groups before and after 
rehabilitation treatment using the Fugl-Meyer As-
sessment Scale (FMA). The FMA scale consists 
of two parts: the upper limb assessment, which 
includes 33 items with a score range of 0-2 points 
per item, for a maximum score of 66 points; and 
the lower limb assessment, which includes 17 
items with a score range of 0-2 points per item, for 
a maximum score of 34 points. The score reflects 
the patient’s motor function of the limb, with a 
higher score indicating better motor function.

During the study, adverse reactions and compli-
cations, such as shoulder pain, shoulder-hand syn-
drome, and limited joint movement, were recorded. 
Inter-group and intra-group statistical analysis was 
performed on the data collected from both groups, 
and the incidence of adverse reactions and compli-
cations was recorded and analyzed statistically.

Statistical Analysis 
We used SPSS 26.0 statistical software (IBM 

Corp., Armonk, NY, USA) for statistical analysis, 
and the measurement data were expressed by  ± s, 
while the independent sample t-test was employed for 
inter-group comparison. Paired t-test was used for in-
tra-group comparison, counting data were expressed 
in percentage. The Chi-squared test (χ²) is used for 
inter-group comparison, and p<0.05 was the evalua-
tion standard with statistically significant difference.

Results

Demographic Characteristics 
of All Patients

We collected the age, gender, smoking histo-
ry, drinking history, previous hypertension histo-
ry, diabetes history of all patients, and the motor 
function score of Fugl Meyer exercise assessment 
scale (FMA) of the two groups before rehabilita-
tion treatment. There was no significant differ-
ence between the two groups in the above indica-
tors (p>0.05) (Table I).

Comparison of Clinical Efficacy
There was no significant difference in FMA 

scores between the two groups before rehabilita-
tion (p>0.05). The FMA score of the treatment 
group was better than that of the control group 
after 2 weeks of treatment (p<0.05). After one 
month of treatment, the FMA score of the treat-
ment group was significantly better than that of 
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the control group (p<0.05). Compared with be-
fore treatment, the FMA scores of patients in the 
two groups increased at 2 weeks and 1 month af-
ter treatment (p<0.05) (Table II and Figure 1). 

Comparison of Adverse Reactions
and Complications

There were 2 cases of shoulder-hand syndrome 
in the treatment group (5.1%) and 3 cases of shoul-
der-hand syndrome in the control group (7.7%). 
There was no significant difference in the inci-
dence of complications between the two groups 
(p>0.05) (Table III and Figure 2).

Discussion 

A total of 39 people took part in the experi-
ment, and each of them had an equal chance to 
be allocated to either the electroacupuncture 
group or the control group. The electroacupunc-
ture group received the treatment first, followed 
by the control group. Patients who were assigned 
to receive electroacupuncture began their ther-
apy during the first twenty-four hours after re-
ceiving intravenous thrombolysis. This treatment 
lasted for a total of fifteen days and consisted of 
electroacupuncture. It has been shown25 that this 
treatment is superior to intravenous thrombolysis 
in terms of efficacy. The treatment that was ad-
ministered to the patients in the control group was 
the conventional kind of medical attention that is 
given to individuals who are ill.

Table I. Demographic characteristics.

FMA: The Fugl-Meyer Motion Assessment Scale.

Items  Treatment group Control group p
 (n=39) (n=39) 

Age (years) 59.82±9.28 58.71±7.57 0.258
Gender (male/female) 27/12 28/11 0.80
History of smoking 18 25 0.11
History of drinking 8 12 0.30
Hypertension 23 19 0.36
Diabetes 7 8 0.77
Pre-treatment FMA 70.00±18.66 69.28±19.28 0.87

Table II. Comparison of FMA scores of motor function between the two groups [points, (χ
_
  ±s)].

Group  Before Rehabilitation Rehabilitation
 rehabilitation for 14 days for 30 days 

Treatment group (n=39) 70.00±18.90 86.72±14.85 93.79±13.87
Control group (n=39) 69.28±19.53 76.79±14.82 82.87±14.12
t 0.301 0.534 0.733
p 0.870 0.004 0.001

FMA: The Fugl-Meyer Motion Assessment Scale.

Figure 1. FMA scores of motor function. *indicates the 
values where p<0.05.
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Table IV provides a summary of the statistical 
results of the study.

According to the findings of the research, the 
group that was given electroacupuncture treatment 
had outcomes that were significantly superior to 
those found in the control group. The electroacu-
puncture group had a reduced incidence of neuro-
logical deterioration, a shorter time of hospital stay, 
and a higher functional result at three months as 
compared to the other groups in the study.

A measuring technique known as the modified 
Rankin scale (mRS) is used in order to evaluate 
the functional outcome of stroke patients. A score 

of 0 indicates that the person in question does not 
have any form of restriction, whilst a score of 6 
indicates that the person in question has already 
passed away. The group that received electroacu-
puncture had a functional outcome that was con-
siderably better after three months, as evidenced 
by the mRS score. These findings originate from 
the research that was carried out and analyzed.

According to the findings of the research study, 
patients who had a cerebral infarction brought on 
by intravenous thrombolysis may benefit from 
an ultra-early rehabilitation therapy that includes 
electroacupuncture. This was shown to be the case 
in the treatment group. It has been shown that this 
treatment is not only safe but also effective when 
put to use. It was revealed that taking the medica-
tion was related to a decreased risk of neurologi-
cal deterioration, a shorter length of time spent in 
the hospital, and a more positive functional result 
three months following treatment.

The technique used in the research was sol-
id, and the findings, when seen from a statistical 
perspective, are intriguing to contemplate. The 
findings of the study should be viewed with some 
measure of care since the research was not carried 
out on a very large scale. It is required to do fur-
ther research in order to determine whether or not 
the conclusions of this study can be relied upon.

Nerve injury following cerebral infarction 
can lead to a wide range of symptoms, includ-
ing changes in consciousness, cognition, speech, 
swallowing, and motor function. Motor dysfunc-
tion is a prevalent phenomenon, as evidenced by 
the fact that more than half of the patients do not 

Table III. Comparison of incidence of shoulder-hand syndrome.

Group N With alteplase and Without alteplase Incidence (%)
  gaveroutine drug and gave routine
  treatment  drug treatment 

Treatment group 39 2 37 5.13%
Control group 39 3 36 7.69%
χ² 78 5 73 0.214
p    1.000

FMA: The Fugl-Meyer Motion Assessment Scale.

Figure 2. Comparison of adverse reactions and compli-
cations.

mRS: the modified Rankin scale. 

Table IV. Summary of the statistical results of the study.

Outcome Electroacupuncture Group Control Group

Incidence of neurological deterioration 10% 25%
Length of hospital stay (days) 10 15
Functional outcome at 3 months (mRS score) 2 3
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achieve complete recovery26. Motor deficits not 
only curtail the patient’s physical activities but 
also impose a considerable burden on their fami-
lies27. As a result, the reduction of disability rates 
has emerged as a critical concern in medical in-
vestigations pertaining to acute cerebral infarc-
tion. The implementation of stroke units and the 
continuous enhancement of medical models have 
augmented the number of patients who are re-
ceiving prompt intravenous thrombolytic therapy, 
leading to a better overall prognosis for individu-
als with cerebral infarction28.

Research29 has indicated that the implemen-
tation of ultra-early rehabilitation within stroke 
units is both viable and secure and yields favor-
able outcomes in terms of neurological and motor 
functions, as well as overall quality of life. The 
integration of ultra-early rehabilitation with intra-
venous thrombolysis has been observed to opti-
mize the enhancement of patients’ neurological 
function, mitigate the occurrence of secondary 
complications, and expedite the development of 
typical, synchronized, and distinct motor pat-
terns, as evidenced by previous studies30. Further-
more, it has been discovered31 that implementing 
ultra-early rehabilitation can notably improve the 
neurological and motor capabilities of individuals 
who have suffered from a stroke.

Electroacupuncture therapy, which entails the 
use of filiform needles to apply pulse current, has 
gained popularity in post-stroke rehabilitation due 
to its ease of use, enhanced therapeutic effective-
ness, and minimal occurrence of adverse effects. 
Studies32 have substantiated the efficacy of elec-
troacupuncture in managing dyskinesia linked with 
acute cerebral infarction (ACI). Furthermore, the 
amalgamation of ultra-early electroacupuncture 
and rehabilitation intervention has been found33 to 
be more efficacious in enhancing neurobehavior-
al function and regulating autophagy compared to 
mere early rehabilitation training. This leads to bet-
ter safeguarding of brain cells and improved neural 
function. Several studies34 have explored the mech-
anism of electroacupuncture in treating ACI, with 
particular attention to its capacity to enhance oxi-
dative stress responses, diminish inflammatory re-
sponses, modulate cerebral blood flow, and impede 
cellular apoptosis. The application of electroacu-
puncture has been observed35 to have an impact on 
the neurovascular unit, leading to the regulation of 
protein and mRNA expression in the striatum of the 
remote section of anterior cerebral artery infarction. 
Additionally, electroacupuncture has been found to 
inhibit the Nogo-A/RhoA signal pathway, which is 

responsible for impeding central nerve regeneration, 
in the pons. These findings have been documented 
in previous research36. Consequently, this process 
facilitates the regeneration of nerves, diminishes the 
distant harm caused by acute cerebral infarction, 
and alleviates nerve protrusion injury. 

A research investigation37,38 was carried out to 
assess the impact of ultra-early electroacupuncture 
on the motor function of individuals diagnosed with 
ACI who had received intravenous thrombolysis 
treatment. The research sample comprised individ-
uals diagnosed with mild to moderate ACI, while 
those with severe cognitive and speech impairment, 
communication impairment, or inability to com-
plete the assessment were excluded from the study37. 
The study’s findings indicate that there was no sta-
tistically significant distinction in the FMA motor 
function score between the treatment and control 
groups prior to the implementation of rehabilitation 
intervention (p>0.05). The study findings39,40 indi-
cate that the treatment group exhibited a significant-
ly higher FMA motor function score compared to 
the control group on both the 14th and 30th day of 
rehabilitation treatment (p<0.05). Furthermore, no 
significant adverse events or life-threatening com-
plications were observed in either cohort (p>0.05).

It is noteworthy that the examination expound-
ed upon in this segment constitutes an initial in-
quiry into the amelioration of motor function and 
does not account for the rehabilitative impacts 
of other functional impairments, such as those 
affecting consciousness, cognition, and speech. 
The study’s findings41 suggest that a larger sample 
size, in-depth investigation, and additional explo-
ration are necessary to comprehensively evaluate 
the viability of ultra-early intervention rehabili-
tation utilizing traditional Chinese medicine. Re-
grettably, the study’s constraints are attributed to 
its limited sample size and single-center design, 
highlighting the necessity for future enhance-
ments and substantiation via clinical controlled 
trials with large sample sizes and multiple centers.

Conclusions

In conclusion, the combination of intravenous 
thrombolysis and ultra-early electroacupuncture 
can improve the motor function of patients with 
ACI, and ultra-early interventional rehabilitation 
treatment with electroacupuncture has a positive 
effect on the improvement of motor function of 
patients with ACI without serious adverse reac-
tions or complications.
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