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1. Introduction

   Intracerebral hemorrhage is a common type of brain stroke in 

clinic which accounts for about 10%–15% of all brain strokes. 

Acute intracerebral hemorrhage has a rapid development in disease 

condition, and its disability and fatality rate are very high[1,2]. When 

intracerebral hemorrhage occurs, the occupied effect caused by 

hematoma will lead to a raise of intracranial pressure, a compression 

to brain tissue and primary damage of brain tissue, and in severe 

cases cerebral hernia may occur. Except the effect of primary 

damage caused by intracerebral hemorrhage, the inflammatory 

reaction and oxidative stress response produced by decomposition 

of hematoma in local metabolism will result in the apoptosis of 

neuron and neurogliocyte and then the secondary damage to brain 

tissue occurs. In the developing process of disease condition in 

patients with acute intracerebral hemorrhage, the interaction and 

mutual promotion by primary damage and secondary damage 

will both cause the raise of intracranial pressure, brain edema 

and neural function damage[3,4]. Therefore, once the patients are 

diagnosed acute intracerebral hemorrhage and present with large 

amount of bleeding and obvious intracranial occupied effect, they 

need the emergency surgical treatment to remove the intracranial 

hematoma[5].

   At present, emergency minimally invasive puncture and drainage 

is the most common way to treat acute intracerebral hemorrhage 
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in clinic. As compared to the conventional craniotomy evacuation 

of hematoma, minimally invasive surgery causes lesser secondary 

damage to brain tissue and has a higher efficiency to remove the 

intracranial hematoma, and it also has a significant effect for 

reducing the intracranial pressure and brain edema[6,7]. Recent 

clinical researches have noticed that the minimally invasive puncture 

and drainage simultaneously along with the clot dissolution can 

achieve a significant effect to improve the evacuation of hematoma. 

Urokinase is the most widely used medicine for clot dissolution 

at present, which has a certain fibrinolytic system effect and can 

effectively dissolve the intracranial clot caused by intracerebral 

hemorrhage. However, due to its relatively poor specificity on 

fibrinolytic effect, it will easily cause systemic hyperfibrinolysis 

and increase the occurrence risk of rebleeding[8,9]. Alteplase is a 

new-type drug for dissolving hematoma compounded by genetic 

engineering technology which has a high selectivity of fibrous 

protein and a good effect on clot dissolution[10]. In the following 

study, we analyzed the effects on evacuation of hematoma, the 

severity of nerve injury and the difference between inflammatory 

reaction and oxidative stress response in treatment of acute 

intracerebral hemorrhage by minimally invasive puncture and 

drainage assisted with alteplase and urokinase.

2. Materials and methods

2.1. Cases recruited

   Case data of 114 patients with acute intracerebral hemorrhage 

treated with minimally invasive puncture and drainage in our 

hospital from May 2012 to October 2015 were colleted and 

retrospectively analyzed. The inclusion criteria were as follow: (1) 

Diagnosis standard of acute intracerebral hemorrhage was met, 

and the hematoma was found at the basal ganglia, thalamus and 

lobe with a volume of 20–60 mL by CT after admitting to hospital; 

(2) Patients presented with disturbance of consciousness, limb 

movement disorder and feeling dysfunction; (3) Glasgow coma scale 

was more than 5 and patients were not complicated with cerebral 

hernia; (4) Time from onset to receiving treatment was less than 

24 h; (5) Patients accepted the treatment of emergency minimally 

invasive puncture and drainage; (6) Case data were complete and 

serum specimens were completely collected.

   The study protocol was performed according to the Helsinki 

declaration and approved by the ethic committee of Zigong Third 

People’s Hospital. Informed written consent was obtained from 

patients’ family members.

2.2. Grouping and therapeutic methods

   Case data of patients with intracerebral hemorrhage were 

retrospectively analyzed and divided into alteplase group and 

urokinase group according to the different drugs used for hematoma 

dissolving in minimally invasive puncture and drainage. There 

were a total of 48 cases in alteplase group, and the therapeutic 

methods were as follow. The location and direction of puncture 

were confirmed according to the scan results of CT, which should 

avoid the main functional areas of brain tissue, important nerves and 

vessels. YL-1 type of hematoma smashing needle was applied. The 

suction volume of hematoma after successfully puncturing should 

be less than 30% of total volume. Then normal saline was used to 

repeatedly wash till the liquid color elicited turned light, and the 

drainage tube was clamped. The puncture needle was confirmed 

to locate in the hematoma cavity according to CT reexamination 

after surgery. Then 1–2 mg of alteplase and 5 mL of normal saline 

were injected into the hematom 2–3 times a day for continuous 3 

days. And the drainage tube was clamped for 1–2 h before opened 

each time. There were a total of 66 cases in urokinase group, and 

the therapeutic methods were as follow. The operation of minimally 

invasive puncture and drainage was the same as that of the alteplase 

group. When the puncture needle was confirmed to be located in the 

hematoma cavity, 30 000 IU of urokinase and 5 mL of normal saline 

were injected into the hematom 2–3 times a day for continuous 3 

days. And the drainage tube was clamped for 1–2 h before opened 

each time.

2.3. Evaluation methods for the evacuation of hematoma

   Before the surgery and on the 3rd day after surgery, CT was used 

for scanning, and software Kingstar winning Pacs this view version 

3.02 was applied in the measurement of the length, width and 

thickness of the largest layer of hematoma after image information 

was obtained. The volume of hematoma was calculated by the 

following formula:

The volume of hematoma = Length × Width × Thickness × π/6. 

   The complex volume of brain edema and hematoma was measured 

in the same way, and the volume of brain edema was calculated by 

the following formula: 

The volume of brain edema = Complex volume of brain edema and 

hematoma – The volume of hematoma. 

   The distance between brain midline and original midline was 

measured at the most obvious part of midline shift.

2.4. Collection and detection methods of serum indexes

   On the 3rd day after treatment, five milliliter of peripheral venous 

blood was collected and centrifuged to obtain the serum. Then 

ELISA was used to detect the contents of osteopontin (OPN), S100β, 

glial fibrillary acidic protein (GFAP), neuron-specific enolase 

(NSE), myelin basic protein (MBP), neuropeptide Y (NPY) and 

ischemia modified albumin (IMA). Radioimmunoprecipitation was 

used to detect the contents of total antioxidant capacity (T-AOC), 

malonaldehyde (MDA), advanced oxidation protein products (AOPP) 

and 8-hydroxy-2’-deoxyguanosine urine (8-OHdG).

2.5. Statistical analysis

   Software SPSS version 19.0 was used to input and analyze the data. 

Measurement data were expressed as mean ± SD and analyzed by 

t-test. Enumeration data were expressed by frequency and analyzed 
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by Chi-square. Difference was considered statistically significant 

when P < 0.05.

3. Results

3.1. The evacuation of hematoma of two groups

   There was no significant difference in the volumes of hematoma 

and edema, and the midline shift distance between the two 

groups before the treatment. On the 3rd day after the treatment, 

the volumes of hematoma and edema, the midline shift distance 

from minimally invasive group were significantly lower than 

those of craniotomy group, and incidence rate of rebleeding was 

lower than that of craniotomy group. There was no significant 

difference in the incidence rate of intracranial infection compared 

to craniotomy group. Differences in the volumes of hematoma and 

edema, the midline shift distance of the two groups on the 3rd day 

after treatment were considered statistically significant (P < 0.05). 

Difference in the incidence rate of intracranial infection was not 

statistically significant (P > 0.05) (Table 1).

3.2. Molecular markers of nerve injury in the serum 

   On the 3rd day after treatment, the contents of serum OPN [(5.52 ± 

0.81) vs. (7.56 ± 0.93) ng/mL], S100β [(0.94 ± 0.11) vs. (1.68 ± 0.20) 

ng/mL], GFAP [(1.78 ± 0.23) vs. (3.47 ± 0.49) pg/mL], NSE [(27.39 

± 3.96) vs. (47.15 ± 6.79) ng/mL], MBP [(3.49 ± 0.48) vs. (6.45 ± 

0.79) ng/mL], NPY [(89.65 ± 9.34) vs. (132.32 ± 17.69) ng/mL], IMA 

[(49.52 ± 6.74) vs. (64.59 ± 9.42) IU/mL] from alteplase group were 

significantly lower than those of urokinase group. Differences in the 

serum contents of OPN, S100β, GFAP, NSE, MBP, NPY, IMA between 

the two groups on the 3rd day after treatment were statistically 

significant (P < 0.05).

3.3. Molecular markers of inflammatory reaction and 
oxidative stress response in the serum

   On the 3rd day after treatment, the serum contents of tumor 

necrosis factor alpha (TNF-α) [(85.62 ± 9.52) vs. (129.42 ± 16.54) 

pg/mL], interleukin-1β (IL-1β) [(6.53 ± 0.83) vs. (9.41 ± 1.03) pg/

mL], IL-6 [(47.62 ± 6.41) vs. (65.49 ± 7.85) pg/mL], IL-8 [(32.21 

± 4.49) vs. (56.52 ± 6.75) pg/mL], soluble intercellular adhesion 

molecule-1 (sICAM-1) [(103.59 ± 15.49) vs. (178.87 ± 22.15) ng/

mL], high-mobility group box 1 protein (HMGB-1) [(143.54 ± 19.34) 

vs. (259.31 ± 33.49) ng/mL], MDA [(5.42 ± 0.89) vs. (8.41 ± 1.08) 

μmol/L], AOPP [(47.36 ± 6.53) vs. (95.58 ± 10.37) μmol/L] and 

8-OHdG [(3.69 ± 0.49) vs. (6.28 ± 0.77) ng/mL] from alteplase group 

were significantly lower than those of urokinase group, and content 

of T-AOC [(22.49 ± 3.36) vs. (14.42 ± 1.98) IU/mL] was higher 

than that of urokinase group. Differences in the serum contents of 

TNF-α, IL-1β, IL-6, IL-8, sICAM-1, HMGB-1, T-AOC, MDA, AOPP 

and 8-OHdG from the two groups on the 3rd day after treatment were 

statistically significant (P < 0.05).

4. Discussion

   Acute intracerebral hemorrhage has a dangerous condition which 

can damage the neural function and maintains a very high fatality 

and disability rate. Mechanism of neural function damage caused by 

intracerebral hemorrhage includes primary damage and secondary 

damage. Primary damage refers to the compression of brain tissue 

caused by the occupied effect of hematoma, which leads to a raise 

of intracranial pressure, cerebral hernia and further the neural 

function damage. Secondary damage refers to the inflammatory 

reaction and oxidative stress response caused by production 

of hematoma catabolism, which will result in the apoptosis of 

neuron and neuroglia, and further the neural function damage. 

Minimally invasive puncture and drainage assisted with hematoma 

dissolving drugs is a common way for emergency treatment of acute 

intracerebral hemorrhage in clinic. Minimally invasive surgery can 

evacuate the hematoma with very little injury. The hematoma and 

the intracranial pressure can be efficently removed and reduced 

when the surgery is assisted with hematoma dissolving drugs[11-

13]. Urokinase is a hematoma dissolving drug the most widely used 

with a certain fibrinolytic system effect. However, its biggest defect 

is the poor specificity and low affinity to the local fibrin. It will 

cause systemic hyperfibrinolysis and further increase the occurrence 

risk of rebleeding when dissolving hematoma at the same time[14]. 

Alteplase is an emerging new-type hematoma dissolving drug in 

recent years, also a plasminogen activator compounded by using 

genetic engineering technology, which has a high selectivity of 

fibrous protein. It will not cause hyperfibrinolysis when dissolving 

hematoma[15-17]. We can see by analyzing the evacuation of 

hematoma with two assistant hematoma dissolving drugs in the 

treatment of acute intracerebral hemorrhage, that the volumes of 

hematoma and edema, the midline shift distance and incidence 

rate of rebleeding from alteplase group were significantly lower 

than those of urokinase group, which indicated that as for the 

effect on evacuation of hematoma, adjuvant therapy with alteplase 

was superior to that with urokinase, and the recurrence risk of 

Table 1
The evacuation of hematoma of the two groups.

Group Before treatment After treatment
Volume of 

hematoma (mL)
Volume of 

edema (mL)
Midline shift 

distance  (mm)
Volume of 
hematoma 

(mL)

Volume of 
edema (mL)

Midline shift 
distance  (mm)

Rebleeding 
rate [(n) %]

Intracranial 
infection rate 

[(n) %]
Alteplase group  (n = 48) 33.42 ± 4.49 51.32 ± 6.76   4.42 ± 0.59   7.69 ± 0.93 16.65 ± 1.93   1.54 ± 0.18    2 (4.17)    3 (6.25)
Urokinase group  (n = 66) 33.19 ± 3.94 50.94 ± 7.14   4.56 ± 0.65 11.34 ± 1.45 24.89 ± 3.42   2.29 ± 0.35    10 (15.15)    5 (7.58)
P > 0.05 > 0.05 > 0.05 < 0.05 < 0.05 < 0.05 < 0.05 > 0.05

Values were expressed as mean ± SD.
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intracerebral hemorrhage was also lower than that with urokinase 

assisted therapy.

   When the neuron cells and neurogliocyte of brain tissue were 

affected by the combined effects of primary damage and secondary 

damage, the cells will result in rupture, and the blood brain 

barrier will be damaged as well. Various molecules of neuron 

and spongiocyte will get into the blood circulation through the 

damaged blood brain barrier, and the severity of nerve injury can 

be demonstrated by detecting the contents of related molecular 

markers in serum. OPN is mainly expressed in the blood brain 

barrier, which has a maintenance effect on both the close connection 

of the epithelium and endothelial cells, and the integrity of blood 

brain barrier. The damage of blood brain barrier will lead to the 

release of OPN into blood circulation[18]. S100β and NSE are mainly 

expressed in the neuron cells, while the former one participates in 

the regulation of intracellular calcium homeostasis and the dynamic 

change of cytoskeletal components, and the latter one gets involve 

with the regulation of energy metabolism in the cell[19-21]. GFAP and 

MBP are mainly expressed in the neurogliocyte which participates 

in the formation of cytoskeleton and the regulation and control of 

cell membrane stability[22,23]. NPY mainly distributes in the neuron 

and its neurite, and it is involved with the regulation and control of 

the sympathetic nerve system activity. The damage of neuron and 

spongiocyte will lead to a release of the above molecules into blood 

circulation[24,25]. IMA is a product of the combination of albumin 

under hypoxic-ischemic condition with divalent metal ion. Local 

occupied effect of intracerebral hemorrhage will cause a hypoxic-

ischemic condition and further increase the production of IMA. 

To confirm that whether the evacuation of hematoma following 

the adjuvant therapy with alteplase can reduce the neural function 

damage or not, we detected the contents of above molecular markers 

in serum, and the results showed that the serum contents of OPN, 

S100β, GFAP, NSE, MBP, NPY and IMA from alteplase group were 

significantly lower than those of urokinase group, which indicated 

that the adjuvant therapy with alteplase for patients with acute 

intracerebral hemorrhage can reduce the neural function damage.

   Constant damage of neural function from patients with acute 

intracerebral hemorrhage closely relates to the secondary damage 

caused by hematoma. The hematoma and proximal brain edema 

stay in a high level of inflammatory reaction and oxidative stress 

response. Neural function can be damaged through inflammatory and 

oxidative damage mechanisms both during the constant existence of 

hematoma and some time after hematoma is removed. Inflammatory 

factors TNF-α, IL-1β, IL-6, IL-8, sICAM-1 and HMGB-1 are 

important mediums mediating the inflammatory damage of neural 

function[26]. TNF-α is produced by mononuclear macrophage, 

which can not only improve the activation of various inflammatory 

cells, but also directly damage endothelial cells and aggravate brain 

edema at the same time. IL-1β is secreted by various inflammatory 

cells such as neutrophil granulocyte and mononuclear macrophage, 

which can directly damage the neuron and spongiocyte[27]. IL-6 

and IL-8 play a role as endogenous chemotactic factors which can 

improve the intralesional aggregation of inflammatory cells and 

activate the inflammatory reaction[28]. sICAM-1 is a soluble form of 

intercellular adhesion molecule-1 which can improve the adherence 

of inflammatory cells in local nidus and blood vessel endothelium. 

HMGB-1 is an important proinflammatory cytokine which can 

stimulate the secretion of various inflammatory mediators[29]. 

sICAM and HMGB-1 collectively mediate the cascade amplification 

of inflammatory reaction. We can know by analyzing the contents 

of the above inflammatory factors, that the contents of TNF-α, IL-

1β, IL-6, IL-8, sICAM-1 and HMGB-1 in serum from alteplase group 

were significantly lower than those of urokinase group. Oxidative 

stress damage is mainly mediated by oxygen free radicals. When 

the lipid, protein and nucleic acid in cells have oxidative reaction, 

the cell structure and function will be damaged, and the relative 

productions are MDA, AOPP and 8-OHdG. At the same time, oxygen 

free radicals will massively consume the antioxidant substance in 

local tissue and further weaken the oxidation resistance[30-32]. We 

can see by analyzing the molecular markers of oxidative stress, that 

the serum contents of MDA, AOPP and 8-OHdG from alteplase group 

were significantly lower than those of urokinase group. T-AOC was 

significantly higher than that of urokinase group. The above analysis 

of molecular markers of inflammatory reaction and oxidative stress 

response has showed that adjuvant therapy with alteplase for patients 

with acute intracerebral hemorrhage can reduce the secondary neural 

function damage mediated by inflammatory reaction and oxidative 

stress response.

   In conclusion, as for the effect on evacuation of hematoma and 

also the ameliorative effect on nerve injury, inflammatory reaction 

and oxidative stress response in treatment of acute intracerebral 

hemorrhage, minimally invasive puncture and drainage assisted with 

alteplase was superior to adjuvant therapy with urokinase. 
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