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Safety of alteplase intravenous thrombolysis
and influencing factors of clinical outcome
in elderly patients with acute ischemic stroke
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Abstract

Objective To explore the safety of intravenous thrombolysis with alteplase (rt-PA) in the treatment of acute ischemic
stroke (AIS) in the elderly (=80 years old) and with analyze the influencing factors of its clinical outcome.

Methods A total of 144 elderly patients (>80 years old) with AIS who were admitted to our hospital from April 2018
to October 2019 were divided into the elderly thrombolytic group (n=55) and the elderly non-thrombolytic group
(n=89) according to their different treatment methods, and 166 non-elderly AIS thrombolytic patients in the same
period were selected as the non-elderly thrombolytic group. Routine antiplatelet therapy or anticoagulant therapy
was given to the elderly non-thrombolytic group, while intravenous thrombolysis with rt-PA was given to the elderly
thrombolytic group and the non-elderly thrombolytic group. The changes in National Institutes of Health Stroke Scale
(NIHSS), Modified Rankin Scale (mRS), and intracranial hemorrhage transformation within 7 days, mortality within 3
months were used to evaluate the prognosis and safety of patients in each group. Binary Logistic regression was used
to analyze the independent factors affecting the long-term prognosis of thrombolytic therapy for AlS in the elderly.

Results After the treatment, the short-term prognosis and the long-term prognosis improvement rates in the non-
elderly thrombolytic group and the elderly thrombolytic group were higher than that in the elderly non-thrombolytic
group (P<0.05). There was no statistical difference in mortality between the elderly thrombolytic group and the
elderly non-thrombolytic group or in intracranial hemorrhage transformation among the different groups (P> 0.05).
Binary logistic regression analysis showed that NIHSS score before treatment was an independent risk factor affecting
the long-term prognosis of elderly AIS patients after thrombolysis (P < 0.05).

Conclusion Elderly AIS patients after rt-PA thrombolysis therapy can improve the short-term, long-term prognosis.
The risk of intracranial hemorrhage transformation and death is not higher than that of elderly non thrombolytic
patients, indicating that rt-PA treatment is safe for elderly AIS patients. The NIHSS score before treatment was an
independent risk factor affecting the long-term prognosis of elderly AIS patients after thrombolytic therapy.
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Introduction

In recent years, the incidence of stroke continues to rise,
which has become one of the leading causes of death,
of which acute ischemic stroke (AIS) is the most com-
mon stroke type [1]. After the occurrence of AIS, there
is an ischemic penumbra between the normal brain tis-
sue and the completely necrotic lesion. To restore the
blood supply to the cells in this region as much as pos-
sible within 4.5 h and promote the survival of the incom-
plete necrotic brain tissue is the most effective way to
reduce the disability and mortality rate of AIS [2, 3].
Conventional antiplatelet therapy has been proved to
be effective in the past, but evidence-based medicine
has confirmed that intravenous alteplase (rt-PA) throm-
bolysis is the most effective method for ultra-early treat-
ment of AIS at present. However, the consequent safety
problems such as secondary hemorrhage and reperfu-
sion injury limit its application in elderly patients [4, 5].
However, the high disability and high mortality rate of
AIS are more prominent in elderly patients. For elderly
patients, only conventional antiplatelet or anticoagulant
therapy is often ineffective. Although in various diagnosis
and treatment guidelines related to AIS in recent years,
age has not been taken as the exclusion criterion for the
application of rt-PA intravenous thrombolysis, there are
still many disputes on whether to apply rt-PA and throm-
bolytic therapy for elderly AIS patients, considering that
elderly patients may be more likely to cause intracranial
hemorrhage [6, 7]. Therefore, in this study, we compared
the short-term and long-term prognosis differences and
intracranial hemorrhage of different treatment measures
in elderly and non-elderly AIS patients within the time
window to determine whether elderly AIS patients can
benefit from rt-PA and the safety of drug use and con-
ducted a binary Logistic regression analysis to identify
the independent factors affecting the long-term progno-
sis of AIS thrombolysis treatment in the elderly patients.
The specific report is as follows.

Materials and methods

Research object

A total of 144 elderly AIS patients (aged>80 years)
who were admitted to our hospital from April 2018 to
October 2019 were divided into the elderly thrombo-
lytic group (n=55) and the elderly non-thrombolytic
group (n=89) according to their treatment methods,
and 166 non-elderly AIS thrombolytic patients in the
same period were selected as the non-elderly thrombo-
lytic group. Inclusion criteria: Patients who met the rel-
evant diagnostic criteria of AIS [8], who were confirmed
by cranial CT or MRI and excluded intracranial hemor-
rhage and had no imaging changes of early large-scale
cerebral infarction; onset time<4.5 h. Exclusion criteria:
The presence of subarachnoid hemorrhage; History of
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head trauma, cerebral infarction, myocardial infarction,
etc. in the past three months; History of cerebral hem-
orrhage in the past; There is coagulation dysfunction;
Blood glucose<2.7 mmol/L; The blood pressure was still
higher than 180/105 mmHg after antihypertensive treat-
ment; the infarct focus exceeds 1/3 of the MCA distri-
bution area or the ASPECTS score is <5 points. There
were 26 males and 29 females in the elderly thrombolysis
group, and the average age was (84.40+3.54) years old.
There were 36 males and 53 females in the elderly non-
thrombolytic group, with an average age of (84.33+3.64)
years old. There were 115 males and 51 females in the
non-elderly thrombolytic group, with an average age
of (65.36+11.00) years old. This study was approved by
the Hospital Ethics Committee and the informed con-
sent form was signed by the patient or his/her family
members.

Research methods

Therapeutic method

All patients were given multifunctional monitoring, oxy-
gen inhalation, establishment of bilateral venous chan-
nels, monitoring of patients’ vital signs and controlling
blood pressure, maintenance of water and electrolyte bal-
ance and other routine symptomatic treatment immedi-
ately after they were admitted and weighed.

The patients in the elderly non-thrombolytic group
were treated with antiplatelet aggregation or anticoagu-
lant therapy. Patients in the non-elderly thrombolytic
group and the elderly thrombolytic group were given
intravenous infusion of rt-PA (Boehringer Ingelheim,
Germany, specification: 20 mg/piece and 50 mg/piece)
according to their body weight at the dose of 0.9 mg/kg,
with the polar amount of 90 mg. 10% of the total amount
was statically pushed within 1 min from the start of med-
ication, and the rest was completed within 1 h. A reexam-
ination of the CT scan of the head after 24 h and, in the
absence of bleeding, administration of antiplatelet aggre-
gation or anticoagulation as well as routine treatment for
ischemic stroke were performed.

Observation index

The NIHSS is used to evaluate the short-term progno-
sis and the NIHSS score on the seventh day is observed.
Compared with before treatment, decreases in NIHSS
score>4 points or NIHSS scores of 0 and 1 were consid-
ered to improvement, fluctuations in NIHSS score within
3 points were considered to be no change, and increases
in NIHSS score>4 points or deaths were considered to
worsen [9]. The modified Rankin scale (mRS) after three
months was used to evaluate the long-term prognosis
of the patients. The mRS score<1 was classified as good
long-term prognosis, while mRS scores 2—6 was classi-
fied as poor long-term prognosis [10]. Compare the 7-day
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Table 1 Comparison of short-term prognosis among patients in
each group(n,%)
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Table 2 Comparison of long-term prognosis of patients in each
group(n, %)

Groups Improvement  No Worsen Im- Groups Good Poor Good
change prove- prognosis prognosis prog-

ment nosis
rate(%) rate(%)

Elderly thrombo- 21 22 12 38.18 Elderly thrombolytic group(n=55) 16 39 29.09

lytic group(n=>55) Elderly non-thrombolytic 13 76 1461

Elderly non- 10 57 22 11.2% group(n=289)

thrombolytic Non-elderly thrombolytic 98 68 59.04"*

group(n==89) group(n=166)

Non-elderly 93 55 18 56.02%# i value 51.190

thrombolytic Pvalue 0.000

group(n=166) Note: Compared with Elderly thrombolytic group, *P<0.05; Compared with

¥ value 48517 Elderly non-thrombolytic group, #7<0.05

Pvalue 0.000

Note: Compared with Elderly thrombolytic group, "P<0.05; Compared with
Elderly non-thrombolytic group, #P<0.05

intracranial hemorrhage transformation and 3-month
mortality after thrombolysis, especially in elderly throm-
bolysis patients and elderly non-thrombolysis patients, to
evaluate the safety of intravenous thrombolysis in elderly
patients with acute ischemic stroke.

The elderly patients with thrombolysis were grouped
based on long-term prognosis, and their clinical data
were analyzed. Binary Logistic regression was used to
analyze the independent factors affecting the long-term
prognosis of elderly patients with AIS after thrombolytic
therapy.

Statistical methods

The SPSS26.0 software was used for data processing.
Measurement data were expressed as meanztstandard
deviation, and enumeration data were expressed as (%).
t-test was used for pairwise comparison, and y*-test was
used for enumeration data. Multivariate analysis was per-
formed using a binary logistic regression model. The test
level was a=0.05, and P<0.05 indicated that the differ-
ence was statistically significant.

Results

Comparison of short-term prognosis among patients in
each group

After the treatment, the short-term prognosis improve-
ment rates in the non-elderly thrombolytic group and
the elderly thrombolytic group were higher than that in
the elderly non-thrombolytic group, and the improve-
ment rate in the non-elderly thrombolytic group was
higher than that in the elderly thrombolytic group, and
the differences were statistically significant (2<0.05). See
Table 1.

Table 3 Intracranial hemorrhage transformation within 7 days
and mortality within 3 months after thrombolysis in patients of
each group(n,%)

Groups Intracranial Mortality
hemorrhage rate
transforma-
tion rate

Elderly thrombolytic group(n=55) 8(14.55) 20(36.36)

Elderly non-thrombolytic group(n=_89) 14(15.73) 33(37.07)

Non-elderly thrombolytic group(n=166) 28(16.87) 16(9.64)*

i’ value 0.179 32.899

P value 0914 0.000

Note: Compared with Elderly thrombolytic group, *P<0.05; Compared with
Elderly non-thrombolytic group, #P<0.05

Comparison of long-term prognosis of patients in each
group

After treatment, the long-term good prognosis rates
in the non-elderly thrombolytic group and the elderly
thrombolytic group were higher than that in the elderly
non-thrombolytic group, and the long-term good prog-
nosis rate in the non-elderly thrombolytic group was
higher than that in the elderly thrombolytic group, and
the differences were statistically significant (P<0.05). See
Table 2.

Intracranial hemorrhage transformation within 7 days and
mortality within 3 months after thrombolysis in patients of
each group

After the treatment, the mortality rates in the non-elderly
thrombolytic group were lower than that in the elderly
thrombolytic group and the elderly non-thrombolytic
group, and the difference was statistically significant
(P<0.05). There was no statistical difference in mortality
between the elderly thrombolytic group and the elderly
non-thrombolytic group or in intracranial hemorrhage
transformation among the different groups (P>0.05). See
Table 3.
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Comparison of clinical data in elderly AIS patients with
thrombolysis with different long-term prognosis
Univariate analysis showed that there were significant
differences in D- dimer, NIHSS score before treatment
and history of heart failure among elderly AIS patients
with thrombolysis with different long-term prognosis
(P<0.05). See Table 4.

Multivariate analysis of long-term prognosis of elderly
patients with AIS after thrombolysis

Binary Logistic regression analysis was performed using
NIHSS score before treatment, D- dimer, and history of
heart failure was involved as independent variables. The
results showed that NIHSS score before treatment was an
independent risk factor affecting the long-term prognosis
of elderly AIS patients after thrombolysis (P<0.05). See
Tables 5 and 6.

Discussion

In many industrialized countries, advanced age is the
fastest-growing age group. At this age, cerebrovascular
disease is the leading cause of death and disability [11].
Acute ischemic stroke has become a clinically related
life-threatening disease for the elderly, not only because
of its increased incidence (one third of all patients with
first ischemic stroke belong to this age group), but also
because of poor prognosis, related dysfunction, demen-
tia and the risk of recurrence in stroke, as well as high
global and social burden. Compared to younger patients,
elderly patients with ischemic or hemorrhagic stroke
have poorer short-term prognosis, higher in-hospital
mortality rates, and a lower proportion of asymptomatic
patients upon discharge [12]. In China, we have entered
the elderly society, and with the decrease in birth rate,
there are more and more elderly people, especially those
over 80 years old. As age increases, the incidence of acute
ischemic stroke also increases, with many complications
and severe conditions, such as neurological deficits that
cannot be well recovered, which can bring serious bur-
dens to families and society.

After the occurrence of AIS, the blood flow of the isch-
emic tissue in the penumbra was still higher than the cell
failure threshold, and the neurons were still in the sur-
vival state, which could last for 4—8 h. Therefore, timely
and effective thrombolytic therapy, saving the ischemic
penumbra, restoring blood perfusion, and reducing the
infarct size were the key to improve the prognosis of
AIS. Alteplase (rt-PA) is currently one of the most widely
used thrombolytic drugs in clinical practice, and it can
act on thrombotic fibrin, accelerate local microcircula-
tion, and promote neurological functional recovery. The
thrombolytic effect is far superior to conventional anti-
platelet therapy, and it is also the only drug supported by
evidence-based medicine and approved for intravenous
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thrombolysis in acute ischemic stroke [13—15]. However,
there is still controversy about its application in elderly
AIS patients. Although it has been reported that the risk
of bleeding after intravenous thrombolysis in elderly
patients is significantly higher than that in non-elderly
patients [4], it has also been reported recently [16—18]
that intravenous thrombolysis with rt-PA does not
increase the probability of hemorrhage, poor prognosis
and death in elderly patients after thrombolysis.

NIHSS scores the degree of neurological dysfunction
from 11 items such as disturbance of consciousness and
eye movement, which is one of the commonly used scales
for clinical evaluation of neurological recovery in AIS
patients, while mRS is a commonly used scale for clini-
cal evaluation of patients’ ability to live, which can bet-
ter reflect the impact of AIS on patients’ ability to live
[19, 20]. In this study, the NIHSS changes were used as
the short-term prognosis evaluation index of AIS, and
the mRS score was used as the long-term prognosis
evaluation index of AIS. The results showed that after
treatment, the short-term and long-term prognosis of
non-elderly thrombolytic group and elderly thrombolytic
group were better than that of the elderly non-thrombo-
lytic group; the short-term and long-term prognosis of
non-elderly thrombolytic group were better than that of
elderly thrombolytic group. This indicates that the ben-
efit of intravenous thrombolysis with rt-PA in elderly
patients is decreased to a certain extent compared with
that in non-elderly people, but it is still significantly supe-
rior to conventional treatment. In addition, the results
of this study also showed that the mortality rates in the
non-elderly thrombolytic group were lower than those
in the elderly thrombolytic group and the elderly non-
thrombolytic group. There was no statistical difference
in the mortality rate and intracranial hemorrhage trans-
formation rate among the elderly thrombolytic group
and the elderly non-thrombolytic group. These results
indicated that the death risk of AIS patients could be sig-
nificantly increased with the age of patients, but they did
not significantly increase the hemorrhage and death risk
of rt-PA thrombolysis, which were partially similar to the
results of Sarikaya [21]. Indicating that rt-PA intravenous
thrombolysis is safe in the elderly population aged 80 and
above.

After univariate analyzing the clinical data of all elderly
patients who underwent intravenous thrombolysis with
rt-PA, and using their long-term prognosis as the evalu-
ation index, we found that there were significant differ-
ences in NIHSS scores before treatment, D- dimer and
heart failure history among elderly AIS patients with dif-
ferent long-term prognoses. D-dimer is the final product
of fibrin degradation, mainly reflecting the dissolution
function of fibrin, and can serve as a specific marker for
thrombus formation and dissolution. Elevated D-dimer
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Table 4 Comparison of clinical data in elderly AIS patients with thrombolysis with different long-term prognosis(n, mean +SD)

Influencing factor Good Poor X/t P
prognosis(n=16) prognosis(n=39)

Gender

Male(n,%) 9 (56.25) 17 (43.59) 0.730 0.393

Female(n,%) 7 (43.75) 22 (5641)

Age (year) 83.56+2.99 84.74+3.72 1.128 0.264

Weight (kg) 5591+8.84 5527+£10.23 0218 0.829

History of hypertension

No(n,%) 3(18.75) 6(15.38) 0.094 0.759

Yes(n,%) 13(81.25) 33 (84.62)

History of hypertension

No(n,%) 13(81.25) 30(76.92) 0.125 0.724

Yes(n,%) 3(18.75) 9(23.08)

History of hyperlipidemia

No(n,%) 12 (75.00) 29 (74.36) 0.002 0.960

Yes(n,%) 4(25.00) 10 (25.64)

History of stroke

No(n,%) 14 (87.50) 33 (84.62) 0.076 0.783

Yes(n,%) 2(12.50) 6(15.38)

History of heart failure

No(n,%) 14 (87.50) 20 (51.28) 6.305 0012

Yes(n,%) 2(12.50) 19 (48.72)

DNT (min) 64.31+£26.72 63.15+£18.72 0.183 0.855

ONT (min) 1719414567 159.33+£37.02 1.070 0.289

NIHSS score before treatment (points) 6.56+3.65 16.56+8.30 46193 0.000

Low density lipoprotein(mmol/L) 262+0.84 2634094 0.040 0.968

High-density lipoprotein(mmol/L) 1.14+0.28 1.07+0.29 0.877 0.385

Homocysteine (umol/L) 14.16+5.13 15.02+7.57 0412 0.682

Pre-thrombolytic systolic blood pressure(mmHg) 159.81+£14.30 171.56£29.33 1.524 0.133

Pre-thrombolytic diastolic pressure(mmHg) 81.25+1143 88.08+19.15 1.328 0.190

Random blood glucose(mmol/L) 8.10+3.64 8.26+4.06 0.138 0.891

Glycated hemoglobin (%) 6.21+0.65 6.29+1.35 0.232 0817

White blood cell count (x10%/L) 6.53+1.88 7.56+2.25 1.607 0.114

Red blood cell count (x10%/L) 432+054 4164053 0.995 0324

Neutrophil count (x10%/L) 3.79+1.01 493+227 1.922 0.060

Hemoglobin (g/L) 13463+14.10 126.72+16.92 1.647 0.106

Platelet count (x10%/L) 165.25+56.99 19267 £60.97 1.542 0.129

PT (s) 11.19£0.97 11.13£0.84 0.261 0.795

APTT (s) 2524+324 25.55+3.68 0.297 0.768

INR 0.96+0.08 0.96+0.08 0.119 0.905

Fibrinogen (g/L) 3.00+0.50 323+£087 0.956 0.343

D- dimer (ug/ml) 1.09+0.87 2794273 2445 0018

Na+ (mmol/L) 140.57+2.10 139.70+2.60 1.191 0.239

K+ (mmol/L) 3.65+0.34 3.57+044 0.645 0522

Urea nitrogen (mmol/L) 6.17+1.38 7.09+3.83 0934 0.355

History of atrial fibrillation

No(n,%) 8(50.00) 15 (38.46) 0.621 0431

Yes(n,%) 8 (50.00) 24(61.54)

History of coronary heart disease

No(n,%) 16 (100.00) 35 (89.74) 1.770 0.183

Yes(n,%) 0(0.00) 4(10.26)

History of smoking

No(n,%) 14 (87.50) 36 (92.31) 0317 0.573

Yes(n,%) 2(12.50) 3(7.69)
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Table 5 Assignment for multivariate logistic regression analysis

Factors Variables Assignment
NIHSS score before treatment X1 Continuous variable
History of heart failure X2 No=0,yes=1
D- dimer X3 Continuous variable

levels indicate the formation or degradation of blood
clots in the blood vessels, which can lead to reperfusion
disorders and enlargement of the infarcted area. Hsu PJ
et al. found that higher levels of D-dimer were signifi-
cantly associated with adverse outcomes and symptom-
atic cerebral hemorrhage in patients with acute ischemic
stroke undergoing intravenous thrombolysis. D-dimer
levels can serve as an early prognostic indicator for AIS
patients receiving rt-PA treatment [22]. Heart failure in
patients with acute ischemic stroke is a source of various
harmful pathophysiological mechanisms, including pre
thrombotic and pro-inflammatory states, deterioration of
brain tissue oxygenation, and hemodynamic damage. In
addition, heart failure may affect the safety and effective-
ness of acute reperfusion stroke treatment. The study by
Siedler G et al. showed that the presence of heart failure
is an independent predictor of adverse functional out-
comes in patients with acute ischemic stroke [23]. The
study by Héja M et al. also suggests that heart failure is
an important independent risk factor for poor outcomes
in elderly patients over 80 years old with acute ischemic
stroke [17].

Further binary logistic regression analysis showed
that NIHSS score before treatment was an independent
risk factor affecting the clinical outcome of elderly AIS
patients, and that a higher NIHSS score before treatment
increased the risk of poor long-term prognosis in elderly
AIS patients. The reasons were analyzed as follows: The
excessively high NIHSS score before treatment repre-
sented the large infarct size, great difficulty in recovering
the blood supply to the penumbra, severe neurological
impairment, and difficult treatment [24]. A high NHISS
score represents that the more serious the nerve damage
is, indicating that the recanalization rate after thromboly-
sis is low for patients [25].

Therefore, timely thrombolytic therapy with rt-PA con-
sidering the condition of elderly patients and paying close
attention to the changes of NIHSS scores before and after
treatment can effectively improve the prognosis of elderly
AIS patients and reduce the risk of disability and death.
Attention should also be paid to changes in D-dimer

Page 6 of 8

levels and a history of heart failure, which may be risk
factors for poor prognosis in elderly patients with acute
ischemic stroke undergoing intravenous thrombolysis.
Clinical physicians still pay close attention to the blood
flow of patients and timely give symptomatic treatment
when the risk occurs.

This study also has limitations. Because the num-
ber of patients with acute ischemic stroke who arrived
at the hospital in time during the COVID-19 pandemic
decreased, the number of patients with intravenous
thrombolysis decreased, and the sample size of elderly
thrombolysis patients was small, so no statistical analy-
sis was carried out on the etiology of cerebral infarction
and the cause of death of elderly thrombolysis patients.
There are research reports that although stroke has an
impact on both men and women, gender related differ-
ences have shown specific epidemiological and clini-
cal characteristics, and women have poorer prognosis.
Women also differ from men in the distribution of risk
factors, stroke subtypes, stroke severity, and outcomes
[12]. The results of this study did not find any gender dif-
ferences that may be related to the small sample size of
elderly patients undergoing intravenous thrombolysis.
Lacunar ischemic stroke is also a future research direc-
tion for this topic, because pathophysiology, prognosis
and clinical features of lacunar ischemic strokes are dif-
ferent from all other stroke subtypes. Studies have shown
that 15% of elderly stroke patients are diagnosed with
lacunar infarction [11], lacunar syndrome not due to
lacunar infarct accounted for 16.6% of all cases of lacu-
nar stroke [26]. The next step is to conduct a longer study
on elderly thrombolysis patients, enroll more patients,
expand the sample size, reduce errors, and conduct more
in-depth research on the etiology classification, causes of
death, gender differences, and other factors of cerebral
infarction in elderly thrombolysis patients. We will also
investigate whether there are differences in the prognosis
of intravenous thrombolysis between patients with lacu-
nar and non-lacunar ischemic stroke.

Conclusion

In summary, compared with non-elderly thrombo-
lytic patients, elderly AIS patients treated with rt-PA
thrombolytic therapy have significantly reduced efficacy
benefits, but still can improve the short-term and long-
term prognosis. Compared with conventional elderly
non-thrombolytic patients, the risks of intracranial

Table 6 Multivariate analysis of clinical outcomes in elderly patients with AIS after thrombolysis

Variable B SE Wald P OR 95%Cl of OR
NIHSS score before treatment 0.258 0.091 7977 0.005 1.294 1.082~1.548
History of heart failure -1.341 1.002 1.790 0.181 0.262 0.037~1.865

D- dimer 0.584 0.394 2.197 0.138 1.793 0.828~3.881

Constant -1.828 1.288 2016 0.156 0.161 -
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hemorrhage conversion, and death are not significantly
increased, indicating that rt-PA treatment is safe for
elderly AIS patients. The NIHSS score before treatment
was an independent risk factor affecting the long-term
prognosis of elderly AIS patients after thrombolytic ther-
apy. This study will help improve our understanding of
the efficacy and safety of intravenous thrombolysis with
alteplase in patients over 80 years old with acute ischemic
stroke, make proactive decisions on ultra early intra-
venous thrombolysis, reduce the mortality and disabil-
ity rates of stroke in the local area, and have significant
social benefits.
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