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Abstract: Acute cerebral ischemic stroke is a common cerebral vascular disease and, under most situations, require 
the thrombolysis as its primary treatment. Recombinant tissue plasminogen agonist (rt-PA) has been proved for 
treating acute cerebral ischemic stroke in multiple countries. This study compared the treatment efficacy of rt-PA, 
via various routes including artery, venous and combined thrombolysis, in an attempt to find an optimal plan for 
ischemic stroke in clinical practice. A total of 150 cases of acute cerebral ischemic stroke patients were retrospec-
tively studied to analyze the treatment efficacy of artery, venous or combined application of rt-PA, via the analysis of 
vessel repass rate, ESS score, thrombolysis effects and incidence of complications. The vessel repass rates internal 
carotid artery in type I, II and IIIa patients were significantly higher than other sub-types (P<0.05). The repass rate 
was also remarkably higher in combined thrombolysis group compared to artery or venous thrombolysis group, 
along with higher ESS score, obvious effect and overall effective rate (P<0.05). No significant difference, however, 
has been identified between artery and venous injection group (P>0.05). The thrombolysis treatment using rt-PA by 
combined application can improve the vessel repass rate, ESS score, obvious effect and overall effective rate, and 
decrease the incidence of postoperative complications.
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Introduction

Acute cerebral ischemic stroke has high mobil-
ity and mortality rates, severely affecting 
patients’ lives [1]. Thrombolysis is the most 
effective treatment measure to recover the 
blood flow of cerebral vessels to date. Among 
all medicines used for thrombolysis, recombi-
nant tissue plasminogen agonist (rt-PA) has 
unique advantages [2]. In clinical practice, 
thrombolysis medicine is commonly applied by 
intravenous injection. This method, however, 
may not obtain satisfactory efficacy as the 
medicine cannot reach the blockage site of tar-
get vessels. With the advancement of intravas-
cular treatment, artery injection or artery/
venous combined method has been used in 
clinical thrombolysis. This study retrospectively 
investigated the treatment efficacy of rt-PA 
thrombolysis on acute cerebral ischemic stroke 
patients, among different injection routes, in 
an attempt to compare the overall effective 
rates among those methods.

Materials and methods

General information

A total of 150 patients with acute cerebral isch-
emic stroke between January 2014 and January 
2015 in our hospital were recruited and retro-
spectively studied. All patients had thromboly-
sis treatment using rt-PA, including 50 cases of 
artery thrombolysis (22 males, 28 females, 
aging between 34~75 years old, average age = 
56.2±5.2 years), 50 cases of venous thrombol-
ysis (31 males, 19 females, aging between 
33~75 years old, average age = 60.1±4.2 
years) and 50 cases of combined thrombolysis 
(24 males, 26 females, aging between 40~74 
years old, average age = 59.3±6.3 years).

The study protocol was approved by the Re- 
search Ethics Committee of our hospital, and 
all patients gave their informed consent before 
study commencement.
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The typing of ischemia followed established 
guidelines [3]: Type I, blockage of internal carot-
id artery but not affected Willis circle or lenticu-
lostriate artery; Type II, blockage of cerebral 
cortex vessels but not lenticulostriate artery; 
Type IIIa, blockage of middle cerebral artery 
and partial lenticulostriate artery; Type IIIb, 
blockage of middle cerebral artery and lenticu-
lostriate artery; Type IIIc, complete blockage of 
lenticulostriate artery. Inclusive criteria: (1) 
Ages between 18~80 years old; (2) Received 
thrombolysis within 6 hours of onset; (3) 
Manifestation of brain dysfunctions for more 
than one hour. Exclusive criteria: (1) Patients 
having history of intracerebral hemorrhage, 
cerebral trauma, active bleeding, gastrointesti-
nal hemorrhage or surgery; (2) Those who were 
taking anti-coagulation medicines; (3) With 
severe multi-organ dysfunctions; (4) Palate 
count less than 100×109/L.

Thrombolysis treatment

Combined thrombolysis: Rt-PA (10~20 mg) 
were applied via intravenous injection within 6 
hours of disease onset. Meanwhile, an intra-
artery cannulation inside internal carotid artery 
and vertebral artery was performed via femoral 
artery puncture. Under the help of cerebral 
angiography and heparinization, the catheter 
was inserted to the thrombus site. Rt-PA 
(20~30 mg) was continuously applied within 
30~60 min. Total dosage of rt-PA was not more 
than 50 mg. Heparinization was maintained for 
24 hours, with the monitor of blood coagulation 
indexes.

Artery thrombolysis: An artery cannulation was 
performed via femoral artery puncture within 6 
hours of disease onset. Rt-PA (20-30 mg) was 
applied for thrombolysis under heparinization 
condition, with monitoring of blood coagulation. 

Venous thrombolysis: Rt-PA (0.9 mg/kg body 
weight) was applied with intravenous injection 
(10% dosage) and continuously pumping for 60 
min (90% dosage).

Vessel repass rate evaluation

Under cerebral angiography, the vessel repass 
status was graded as: (1) Grade 0, no observ-
able change; (2) Grade I, no improvement of 
perfusion, but slight movement of thrombus; 
(3) Grade II, re-perfusion (<50%) in the isch-

emic region; (4) Grade III, complete re-perfusion 
of ischemic region. A complete thrombolysis 
was defined under grade III, while partial throm-
bolysis was identified under grade II. Grade 0 
and I represented as unsuccessful thromboly-
sis [4].

European stroke scale (ESS)

We used ESS to evaluate the neurological func-
tional of patients at different time points: 
before thrombolysis, 24 hours after treatment, 
7 days afterwards and 30 days later. Severe 
conditions were defined when ESS score was 
less than 50 points, while mild condition and 
recovery were identified for ESS score between 
50~94 and more than 95, respectively.

Treatment efficacy evaluation

The treatment effective rate was evaluated as 
previously documented [5]: (1) Complete recov-
ery, when ESS decreased by 91%~100%; (2) 
Significant improvement, when ESS decreased 
between 46%~90% and having grade I~III mor-
bidity; (3) Improvement, when ESS decreased 
by 18%~45% and with grade III or above mor-
bidity; (4) No change, when ESS decreased by 
0%~17%; (5) Aggravation, when ESS increased; 
and (6) Death. Obvious effects were defined for 
those having complete recovery and significant 
improvement, while efficacy was defined for 
those with complete recovery improvement, 
significant improvement or improvement. 

Data analysis

SPSS 17.0 software package was used to ana-
lyze all collected data, of which measurement 
data were presented as mean ± standard devi-
ation (SD). Between-group comparison for enu-
meration data was performed by chi-square 
test. A statistical significance was defined when 
P<0.05.

Results

Vessel repass rates

We compared the blood vessel repass rates 
among three groups using different thromboly-
sis methods. Results showed significantly ele-
vated repass rates in type I (78.57%), type II 
(75%) and type IIIa (72.73%) ischemic stroke 
when using combined thrombolysis method as 
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orrhage in combined thrombolysis group. This 
was significantly lower than that in artery or 
venous injection group (Table 4, P<0.05). No 
significant difference of incidence of intracra-
nial hemorrhage or death rate has been found 
between artery and venous group (P>0.05).

Discussion

Acute cerebral ischemic stroke has now 
become one of the most important reasons 
causing mortality worldwide, making it a great 

compared to the other two methods (Table 1, 
P<0.05). This method, however, had lower 
repass rates in type IIIb (33.33%), type IIIc (0%) 
and vertebral basal artery thrombus. The com-
parison between artery and venous thromboly-
sis group had no statistically significant results 
(P>0.05).

ESS scores

No significant difference of ESS scores existed 
among three groups before the thrombolysis. 

The intervention obtained signif-
icant improvement of ESS 
scores in all three groups. The 
combined thrombolysis method 
gained the most significant 
improvements of ESS scores in 
all time points checked (6 hours 
later, 81±19; 24 hours later, 
81±19; 7 days later, 87±26; 30 
days later, 89±21). All those 
scores were significantly higher 
than those in artery or venous 
intervention group (Table 2, 
P<0.05). No significant differ-
ence regarding improvements  
of ESS scores between artery 
and venous injection groups 
(P>0.05).

Treatment efficacy of throm-
bolysis

In an evaluation of different 
thrombolysis methods, we found 
13 cases of complete recovery 
and 8 cases with significant 
improvement after combined 
thrombolysis, making the obvi-
ous effect at 42% and overall 
effective rate at 56%. All those 
percentages were significantly 
elevated when compared to 
either artery or venous throm-
bolysis group (Table 3, P<0.05). 
No significant difference of 
effective rate has been discov-
ered between artery and venous 
group (P>0.05).

Incidence of complications

We also observed the occur-
rence of various complications 
in all patients. Results showed 2 
cases (4%) of intracranial hem-

Table 1. Vessel repass rate among three thrombolysis methods
Group N Complete 

repass
Partial 
repass

No  
repass

Repass 
rate (%)

Combined thrombolysis 50
    Internal carotid thrombus
        Type I 14 7 4 3 78.57*,#

        Type II 12 7 2 3 75*,#

        Type IIIa 11 5 3 3 72.73*,#

        Type IIIb 6 0 2 4 33.33*,#

        Type IIIc 0 0 0 0 0
    Vertebral artery thrombus 7 1 2 4 42.86*,#

Artery thrombolysis 50
    Internal carotid thrombus
        Type I 16 0 5 11 31.25
        Type II 11 1 3 7 36.36
        Type IIIa 9 1 3 5 44.44
        Type IIIb 5 0 1 4 25
        Type IIIc 0 0 0 0 0
    Vertebral artery thrombus 9 0 2 7 22.22
Venous thrombolysis 50
    Internal carotid thrombus
        Type I 14 0 5 9 35.71
        Type II 10 1 3 6 40
        Type IIIa 8 1 2 5 37.5
        Type IIIb 7 0 1 6 14.29
        Type IIIc 0 0 0 0 0
    Vertebral artery thrombus 11 0 4 7 36.36
Note; *, P<0.05 compared to the artery thrombolysis group; #, P<0.05 com-
pared to the venous thrombolysis group.

Table 2. ESS scores after thrombolysis

Group N Before
After thrombolysis

6 h 24 h 7 d 30 d
Combined group 50 40±14 81±19*,# 82±21*,# 87±26*,# 89±21*,#

Artery group 50 41±11 71±15 73±17 78±18 81±13
Venous group 50 40±17 72±12 73±19 79±14 82±10
Note; *, P<0.05 compared to the artery thrombolysis group; #, P<0.05 com-
pared to the venous thrombolysis group.
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After thrombolysis, ESS scores in all groups 
had improvements when compared to those 
before treatment. Further comparison showed 
that, at the same time point after treatment, 
patients with combined therapy had higher ESS 
scores compared to artery or venous group, 
both of which, however, had no between-group 
difference. An evaluation of thrombolysis effi-
cacy revealed more satisfactory effects and 
lower incidence of complications of combined 
group than the other two methods. These 
results suggested that the venous-artery com-
bined thrombolysis can improve patients’ ESS 
score, facilitate the recovery of neurological 
function, improve the efficacy of thrombolysis 
and decrease the incidence of complication, 
contributing to a more favorable prognosis. 
Previous studies reported the rate of intracra-
nial hemorrhage after combined thrombolysis 
between 5.6%~20.0%, while the percentage of 
favorable prognosis at 60.0%~66.7% [17]. No 
significant difference of thrombolysis efficacy 
has been discovered between artery and 
venous intervention, while the venous injection 
did not increase the incidence of complication 
[18, 19]. The neurological score was significant-
ly elevated 3 month after rt-PA thrombolysis 
treatment [20, 21], which is consistent with this 
study.

In summary, the application of rt-PA by artery-
venous combined thrombolysis in treating 
acute cerebral ischemic stroke can elevate the 
vessel repass rate, improve ESS score, facili-
tate the recovery of neurological function, 
increase the effective rate and decrease the 

challenge for effective decrease of morbidity 
and mortality rate [6]. The safety and efficacy 
of rt-PA in thrombolysis has been repeated 
proved by clinical trials [7]. The neglect of early 
symptoms of ischemic stroke, however, often 
make the patient miss the optimal treatment 
window of thrombolysis, as only 6% of acute 
cerebral ischemic stroke patients received 
rt-PA thrombolysis treatment [8, 9]. Clinical 
researches have confirmed the safety and effi-
cacy of thrombolysis within 4.5 hours of the 
onset of ischemic stroke [10, 11], including 
venous, artery or combined intervention [12]. 
Among all these routes of drug introduction, 
artery cannulation can achieve a higher local 
concentration of rt-PA, but with a delay of treat-
ment for about 2 hours, thus compromising the 
efficacy and alleviation of hypercoagulable 
state of cerebral blood vessel. Venous throm-
bolysis can exert its effect in a short time, but 
only has a vessel repass rate of internal carotid 
artery at about 10% [13, 14]. Therefore, the 
combined thrombolysis can achieve a rapid 
treatment with retaining the advantage of high-
er repass rate of large vessel by artery method 
[15].

This study retrospectively investigated the ves-
sel repass rates among all those three types of 
rt-PA introduction routes in thrombolysis and 
found significantly elevated repass rates in 
internal carotid artery type I, type II and type IIIa 
thrombus. Such higher repass rate was not 
related with certain treatment method. A fur-
ther comparison among different methods 

found significantly elevated repass 
rate in combined thrombolysis group 
when compared to either artery or 
venous group, suggesting better treat-
ment efficacy of combined therapy. 
This was consistent with previous 
study, which reported the repass rate 
of combined thrombolysis as high as 
64.0%~88.9% [16].

Table 3. Thrombolysis efficacy comparison

Group N Complete 
recovery

Significant 
improve Improvement No 

change Aggravation Death Obvious 
effect (%)

Effective 
rate (%)

Combined group 50 13 8 7 18 3 1 42*,# 56*,#

Artery group 50 5 6 9 24 5 1 22 40
Venous group 50 4 5 11 25 4 1 18 40
Note; *, P<0.05 compared to the artery thrombolysis group; #, P<0.05 compared to the venous thrombolysis group.

Table 4. Incidence of complication after thrombolysis

Group N
Intracranial hemorrhage Death rate

N Percentage N Percentage
Combined group 50 2 4*,# 1 2*,#

Artery group 50 4 8 1 2
Venous group 50 5 10 1 2
Note; *, P<0.05 compared to the artery thrombolysis group; #, P<0.05 
compared to the venous thrombolysis group.
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incidence of complication, making it a better 
treatment plan for clinical practice.

Disclosure of conflict of interest

None.

Address correspondence to: Futang Xie, Depart- 
ment of Treatment Center of Cerebral Vascular 
Disease, Fifth Center Hospital of Cerebrovascular 
Disease Treatment Center, Zhejiang Road No.  
41, Tanggu, Binhai New Area, Tianjin, China. Tel: 
+86-15222298026; +86-15022149847; E-mail: 
xiefutang1997@163.com

References

[1]	 Savelieva I and Camm J. Update on atrial fibril-
lation: part II. Clin Cardiol 2008; 31: 102-8.

[2]	 Saver JL, Smith EE, Fonarow GC, Reeves MJ, 
Zhao X, Olson DM, Schwamm LH; GWTG-
Stroke Steering Committee and Investigators. 
The “golden hour” and acute brain ischemia: 
presenting features and lytic therapy in 
>30,000 patients arriving within 60 minutes 
of stroke onset. Stroke 2010; 41: 1431-9.

[3]	 Urbach H, Hartmann A, Pohl C, Omran H, 
Wilhelm K, Flacke S, Schild HH, Klockgether T. 
Local intra-arterial thrombolysis in the carotid 
territory: does recanalization depend on the 
thromboembolus type? Neuroradiology 2002; 
44: 695-9.

[4]	 Yeo LL, Paliwal P, Teoh HL, Seet RC, Chan BP, 
Wakerley B, Liang S, Rathakrishnan R, Chong 
VF, Ting EY, Sharma VK. Early and continuous 
neurologic improvements after intravenous 
thrombolysis are strong predictors of favorable 
long-term outcomes in acute ischemic stroke. 
J Stroke Cerebrovasc Dis 2013; 22: e590-6.

[5]	 European Stroke Organisation (ESO) Execu- 
tive Committee; ESO Writing Committee. 
Guidelines for management of ischaemic 
stroke and transient ischaemic attack 2008. 
Cerebrovasc Dis 2008; 25: 457-507.

[6]	 Bhatt A and Shatila A. Neurohospitalists 
Improve Door-to-Needle Times for Patients 
With Ischemic Stroke Receiving Intravenous 
tPA. Neurohospitalist 2012; 2: 119-22.

[7]	 Hacke W, Donnan G, Fieschi C, Kaste M, von 
Kummer R, Broderick JP, Brott T, Frankel M, 
Grotta JC, Haley EC Jr, Kwiatkowski T, Levine 
SR, Lewandowski C, Lu M, Lyden P, Marler JR, 
Patel S, Tilley BC, Albers G, Bluhmki E, Wilhelm 
M, Hamilton S; ATLANTIS Trials Investigators; 
ECASS Trials Investigators; NINDS rt-PA Study 
Group Investigators. Association of outcome 
with early stroke treatment: pooled analysis of 

ATLANTIS, ECASS, and NINDS rt-PA stroke tri-
als. Lancet 2004; 363: 768-74.

[8]	 Ito Y and Suzuki N. [Guidelines in diagnosis 
and therapy for acute-phase ischemic cerebro-
vascular disorders: Intravenous rt-PA therapy]. 
Nihon Naika Gakkai Zasshi 2007; 96: 2556-
63.

[9]	 Sharma VK, Kawnayn G and Sarkar N. Acute 
ischemic stroke: comparison of low-dose and 
standard-dose regimes of tissue plasminogen 
activator. Expert Rev Neurother 2013; 13: 
895-902.

[10]	 Tu HT, Campbell BC, Christensen S, Collins M, 
De Silva DA, Butcher KS, Parsons MW, 
Desmond PM, Barber PA, Levi CR, Bladin CF, 
Donnan GA, Davis SM; Echoplanar Imaging 
Thrombolytic Evaluation Trial (EPITHET) In- 
vestigators. Pathophysiological determinants 
of worse stroke outcome in atrial fibrillation. 
Cerebrovasc Dis 2010; 30: 389-95.

[11]	 Hacke W, Kaste M, Bluhmki E, Brozman M, 
Dávalos A, Guidetti D, Larrue V, Lees KR, 
Medeghri Z, Machnig T, Schneider D, von 
Kummer R, Wahlgren N, Toni D; ECASS 
Investigators. Thrombolysis with alteplase 3 to 
4.5 hours after acute ischemic stroke. N Engl J 
Med 2008; 359: 1317-29.

[12]	 Seet RC, Zhang Y, Wijdicks EF, Rabinstein AA. 
Relationship between chronic atrial fibrillation 
and worse outcomes in stroke patients after 
intravenous thrombolysis. Arch Neurol 2011; 
68: 1454-8.

[13]	 Alberts MJ. Genetics of cerebrovascular dis-
ease. Stroke 2004; 35: 342-4.

[14]	 Nikneshan D, Raptis R, Pongmoragot J, Zhou 
L, Johnston SC, Saposnik G; Investigators of 
the Registry of the Canadian Stroke Network 
(RCSN); Stroke Outcomes Research Canada 
(SORCan) Working Group. Predicting clinical 
outcomes and response to thrombolysis in 
acute stroke patients with diabetes. Diabetes 
Care 2013; 36: 2041-7.

[15]	 Frank B, Fulton R, Weimar C, Shuaib A, Lees 
KR; VISTA Collaborators. Impact of atrial fibril-
lation on outcome in thrombolyzed patients 
with stroke: evidence from the Virtual 
International Stroke Trials Archive (VISTA). 
Stroke 2012; 43: 1872-7.

[16]	 Mishra NK, Diener HC, Lyden PD, Bluhmki E, 
Lees KR; VISTA Collaborators. Influence of age 
on outcome from thrombolysis in acute stroke: 
a controlled comparison in patients from the 
Virtual International Stroke Trials Archive 
(VISTA). Stroke 2010; 41: 2840-8.

[17]	 Kim JT, Yoon W, Park MS, Nam TS, Choi SM, 
Lee SH, Kim BC, Kim MK, Cho KH. Early out-
come of combined thrombolysis based on the 
mismatch on perfusion CT. Cerebrovasc Dis 
2009; 28: 259-65.

mailto:xiefutang1997@163.com


rt-PA treats ischemic stroke

9580	 Int J Clin Exp Med 2016;9(6):9575-9580

[18]	 Ploneda Perilla AS and Schneck MJ. Un- 
answered questions in thrombolytic therapy 
for acute ischemic stroke. Neurol Clin 2013; 
31: 677-704.

[19]	 Kunisawa S, Kobayashi D, Lee J, Otsubo T, Ikai 
H, Yokota C, Minematsu K, Imanaka Y. Factors 
associated with the administration of tissue 
plasminogen activator for acute ischemic 
stroke. J Stroke Cerebrovasc Dis 2014; 23: 
724-31.

[20]	 Feng W, Vasquez G, Suri MF, Lakshminarayan 
K, Qureshi AI. Repeated-measures analysis  
of the National Institute of Neurological 
Disorders and Stroke rt-PA stroke trial. J Stroke 
Cerebrovasc Dis 2011; 20: 241-6.

[21]	 Effect of thrombolysis with alteplase within 6 h 
of acute ischaemic stroke on long-term out-
comes (the third International Stroke 
Trial[IST-3]): 18-month follow-up of a ran-
domised controlled trial. Lancet Neurol 2013; 
12: 768-76.


