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SUMMARY

Background: It is well established that thrombolytic therapy improves the functional recovery by reducing
disability measured as National Institutes of Health Stroke Scale (NIHSS) and Rankin score in patients with ischemic
stroke. However, the role of alteplase treatment on anxiety and depression in those patients is less clear. Therefore, the
aim of this study was to determine whether patients treated with thrombolytic therapy had a better quality of life, less
anxiety and depression compared to patients who were not treated with thrombolysis.

Subjects and methods: In this “single canter study” 60 patients with acute ischemic stroke were divided into two
groups: alteplase treated (AT) group, and not treated (NT) group. The sociodemographic data including gender, age,
marital status, education, employment, financial status, place of residence, refugee status were collected at the
beginning of study. The NIHSS score and modified Rankin score (mRS) were performed on admission and at discharge
from hospital. Six months following discard from hospital the Beck's Anxiety Inventory (BAI), Beck's Depression
Inventory (BDI) and the Short Form 36 quality of life (SF-36 QoL) were performed.

Results: There were no differences in mean NIHSS and mRS at admission to hospital between the groups. At
discharge from hospital patients in AT group had significantly lower NIHSS and mRS than patients in NT group. In
post-stroke period the patients from AT group had significantly less anxiety and depression than patients from NT group
(BAI in AT 6.4+4.17 vs BAI in NT 14.27+7.01 and BDI in AT 9.20+6.61 vs BDI in NT 18.0+7.49). Patients in AT group
had significantly better SF-36 QoL score in all components than NT group.

Conclusion: The results of this study showed that thrombolytic therapy reduced the intensity of anxiety and
depression and improves the quality of life of patients six months after ischemic stroke.

Key words: ischemic stroke, intravenous thrombolytic therapy, post-stroke anxiety, post-stroke depression, quality of
life
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disability-adjusted  life-years (GBD  Neurology

INTRODUCTION Collaborators 2019). Thrombolytic therapy with
recombinant  tissue  plasminogen activator is

Stroke remains a leading cause of death and long- pharmacological causal therapy and method of choice
term disability worldwide despite more accurate and in the treatment of brain infarction. The neurological
carlier diagnosis and aggressive treatments (Caprio benefit of intravenous thrombolysis is well documented
2019). As such, stroke is a common and debilitating for adult patients with disabling stroke symptoms
neurological disorder having a negative impact on regardless of age and stroke severity (Lees et al. 2016,
quality of life and is the largest contributor to Minnerup et al. 2016, Muruet et al. 2018, Campbell

neurological disability responsible for 42.2% of 2017).
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The standard alteplase dose of 0.9 mg/kg of body
weight was well established and clinically approved
(The National Institute of Neurological Disorders and
Stroke rt-PA Stroke Study Group 1995), but there are
also clinical evidences that administration of lower dose
(0.6 mg/kg) for patient with increased risk of bleeding
is also effective (Liao et al. 2014, Anderson et al. 2016,
Skrbi¢ et al. 2019). The vast majority of thrombolytic
therapy efficacy studies have been primarily focused on
the clinical outcomes related to neurological
improvement and less on the patient's psychological
condition. The links between stroke and depression
and/or anxiety developed afterwards have already been
well documented. It has been found that the post stroke
depression occurs in 18%-60% cases (Carota et al.
2002, Carod-Artal & Egido 2009, Carod-Artal 2006),
and anxiety occurs in 25-50% of cases (Carota et al.
2002, Schottke & Giabbiconi 2015). It was noticed that
even a decade after the stroke occurred, depressive
symptoms and anxiety were present and associated with
poor functional recovery (Maaijwee et al. 2016).
Several other studies showed that post-stroke
depression significantly reduces the quality of life and
has contributed to the increased risk of mortality in the
first couple of years after a stroke (Bartoli et al. 2103:
Robinson & Jorge 2016). Beside the fact that there are
abundant number of published data related to post-
stroke depression and anxiety (Kotila et al. 1998,
Wolfe et al. 2011, Naess et al. 2005) there are only a
few studies that have investigated the effect of
thrombolytic therapy on the post-stroke development of
depression and anxiety. It has been shown that the
frequency of depression at 12 months after stroke does
not differ significantly between those treated or not
treated with thrombolytic therapy (deWeerd at al.
2012), while it was concluded in another study that
thrombolyzed patients may develop depression despite
good functional outcome (Schwab-Malek et al. 2010).
The major reason for these discrepancies in treatment
outcomes could be ascribed to different study designs,
treatment protocols, patients’ inclusion criteria and
selection of test applied. In order to elucidate the effect
of thrombolytic therapy on the occurrences of anxiety,
depression and quality of life of patients having
cerebrovascular insult, the study was designed in which
the late treatment outcomes of the two patient’s groups
were compared with very similar demographic and
clinical characteristics. Therefore, the aim of this study
was to determine whether patients treated with
thrombolytic therapy had better post-stroke quality of
life, less anxiety and depression compared to patients
who were not treated with thrombolysis.

SUBJECTS AND METHODS

Study design
The “single-center study” was performed from

April, 2018 to January, 2020 at the Department of
Neurology of the University Clinical Centre of the
Republic of Srpska, Banja Luka, Bosnia & Herzegovina
and all data related to patient’s characteristics were
collected from clinical information system. Two study
groups of patients with 30 participants in each were
included in the study: the first group of patients who's
“onset to door time* was within the 4.5 hours, and all
fulfilled the inclusion criteria for thrombolytic therapy
(alteplase treated, AT group), and the second group of
patients who were not thrombolyzed (not treated, NT
group), mainly due to late hospital arrival, or had other
exclusion criteria. These patients constituted a
gender/age-matched group for comparison with the AT
group. In the second, prospective part of the study, all
selected patients from both groups were invited for
psychological and quality of life testing. These tests
were performed six months following discharge from
hospital. The study was approved by the local ethics
committee, and all patients gave their informed consent
for the follow-up interviews.

Patients and procedures

Stroke evaluation

At the time of hospitalization, all patients were
clinically evaluated at the Stroke Unit of the
Department of Neurology. Brain infarction was
confirmed at admission by computerized tomography
(CT) scanner, or by nuclear magnetic resonance (NMR),
when needed. Stroke severity was assessed using the
National Institutes of Health Stroke Scale (NIHSS)
score and modified Rankin score (mRS), both on
admission and at discharge from hospital, by trained
and certified stroke physicians. All patients in the AT
group had to meet internationally recommended criteria
for intravenous alteplase treatment (European Stroke
Organisation Executive Committee 2008).

Study interviews

Only the patients who fulfilled the inclusion criteria
were invited to participate in study interviews. The non-
inclusion criteria in the study were: any kind of
disability present before brain infarction occurred due to
other neurological, orthopedic, or rheumatic conditions,
patients with intracranial bleeding, consciousness
disorders, sensory motor dysphasia or suicidal ideation,
as well as patients with severe somatic illnesses that do
not allow further patient follow-up.

Post-stroke  anxiety (PSA) and post-stroke
depression (PSD) were examined by Beck's Anxiety
Inventory (BAI) and Beck's Depression Inventory
(BDI), respectively, and the quality of life (QOL) test
was estimated by the Short Form 36 quality of life (SF-
36 QoL) survey.

The BAI is a brief measure of anxiety, composed of
21 items, and mainly focused on somatic symptoms of
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anxiety. Respondents indicate how much they have
been bothered by each symptom over the past week and
they are rated on a 4-point scale, ranging from 0 (not at
all) to 3 (severely). By summing scores for items, the
total score could range from O to 63. Based on
guidelines the scores can be considered as follows:
normal or no anxiety (0-9), mild to moderate anxiety
(10-18), moderate to severe anxiety (19-29) and severe
anxiety (30-63).

The BDI is a measure of depression and consists of
21 items with a total score ranging from 0 to 63, where
a higher score indicates more severe depressive
symptoms. A cut-off point at 18 was used to distinguish
between the absence and presence of a clinically
relevant depression.

The SF-36 QoL is quality of life self-report survey
that assesses eight domains of functional health and
wellbeing such as: general health perceptions (GH),
physical functioning (PF), social functioning (SF), role
limitations due to physical problems (RLP), role
limitations due to emotional problems (RLE), body pain
(BP), mental health (MH) and vitality (VT). Scores
were calculated for each of the eight domains of the SF-
36 QoL.

Statistical methods

The statistical analysis was done using the software
package Statistical Product and Service Solutions
(SPSS), version 20.0. Statistical significance between

groups was tested by t-test, Mann-Whitney test, Fisher's
test and x2 test.

RESULTS

Socio-demographic data showed that there were no
significant baseline differences between AT and NT
groups in all parameters except in patients age and
employment status. The AT group included 16 women
and 14 men, with a mean age of 63.1 years and better
employment status with less pensioners. The NT group
consisted of 13 women and 17 men, with a mean age of
70.3 years, and as such was significantly older than the
AT group (Table 1).

There were no differences in mean NIHSS and
Rankin scores at admission to hospital between the
groups. However, at discharge from hospital patients in
AT group had significantly lower NIHSS and Rankin
score than patients in NT group (Table 2).

Completed questionnaires were obtained from all
patients enrolled in the study giving a response rate of
100%. In the post-stroke period patients from AT group
had significantly less anxiety and depression than
patients from NT group, as measured with BAI and
BDI (Table 3).

In post-stroke period the alteplase-treated patients
had significantly better SF-36 QoL score in all
components than the non-treated patients (Table 4).

Table 1. Socio-demographic data of patients with ischemic stroke treated (AT) or non-treated (NT) with alteplase

Variables AT group N=30 (%) NT group N=30 (%) P value
Gender 0.605
Female 16(55.2) 13 (44.8)

Male 14 (45.2) 17(54.8)

Mean age, years (SD) 63.1 (SD+12.45) 70.3 (SD+7.47) <0.05
Marital status 0.398
Married 23 (54.8) 19(45.2)

Not married 4(50) 4(50)

Divorced 3(30) 7(70)

Education 0.764
Illiterate or * 9(50) 9(50)

elementary school

High School 18(47.4) 20 (52.6)

Faculty 3(75) 1(25)

Employment <0.005
Employed 11 (91.7) 1(8.3)

Unemployed 3(30) 7(70)

Pensioner 16(42.1) 22 (57.9)

Financial status 0.796
Poor 13(46.4) 15(53.6)

Appropriate 17(53.1) 15(42.9)

Place of residence 0.159
Urban 24(57.1) 18 (42.9)

Rural 6 (33.3) 12 (66.7)

Refugee status 1.000
Domestic 29 (49.2) 30 (50.8)

Refugee 1 (100) 0(0)

AT- alteplase treated group; NT- non-treated group; N- number of patients

S88



Zoran Vujkovié, Daliborka Radivojevi¢ Vuckovi¢, Milo§ P. Stojiljkovi¢, Goran Spasojevi¢ & Ranko Skrbi¢ THE IMPACT OF THROMBOLYTIC
THERAPY ON ANXIETY, DEPRESSION AND QUALITY OF LIFE OF PATIENTS WITH ACUTE ISCHEMIC STROKE Psychiatria Danubina, 2022;
Vol. 34, Suppl. 10, pp 86-92

Table 2. The NIHSS and mRS at hospital admission and discharge in both, alteplase treated and non-treated patients
with ischemic stroke

Scores AT group NT group P value
mean £SD mean £SD

NIHSS at admission  9.96+3.71 10.78+3.84 0.350

NIHSS at discharge  2.23+3.29%* 7.39+£3.90 <0.001

mRSat admission 4.00+0.95 4.14+0.97 0.493

mRS at discharge 1.00£1.51* 3.11+£1.28 <0.001

AT- alteplsase treated group; NT- non-treated group; mRS- modified Rankin score; SD- standard deviation;
*significant difference at discharge

Table 3. Six months post-stroke anxiety and post-stroke depression in both, alteplase treated and non-treated group of
patients

Scales AT group NT group P value
mean £SD mean £SD

BAI 6.40+4.17 14.27+7.01 <0.001

BDI 9.20+6.61 18.00+£7.49 <0.001

BAI -Beck's anxiety inventory; BDI- Beck's depression inventory; AT- alteplsase treated group; NT- non-treated group

Table 4. SF-36 QoL score in both, alteplase treated and non-treated groups of patients six months after acute ischemic
stroke

AT group NT group
SF-36 QoL domains Mean + SD (min-max) Mean + SD (min-max) p-value
General health perceptions (GH)  52.17+ 9.44 (35- 70) 44.17+7,66 (25- 60) 0.001
Physical functioning (PF) 72.00£30.69 (10-100) 26.83+29.61 (0-100) 0.001
Social functioning (SF) 65.00+£31.72 (0-100) 47.92+30.28 (0-100) 0.032
Role limitations: Physical (RLP)  68.95+£29.70 (25-100) 24.79+25.56 (0-100) 0.001
Role limitations: Emotional (RLE) 77.22+29.68 (0-100) 26.11+28.00 (0-100) 0.001
Bodily pain (BP) 89.17+18.78 (25-100) 60.00+17.80 (25-100) 0.001
Mental health (MH) 71.67+17.97 (25-90) 49.67+19.20 (0-90) 0.001
Vitality (VT) 60.42+28.30 (0-100) 35.42+ 30.63(0-100) 0.004

AT- alteplase treated group; NT- non-treated group; SD- standard deviation

post-stroke anxiety and depression, as well as on the
quality of life is still unclear, although several studies
have focused on this topic (de Weerd et al. 2012,
Stefanovi¢ Budimkié et al. 2017, Grabowska-Fudala et
al. 2018). The results of TEMPIS study clearly showed
that depressive symptoms and impaired quality of life

DISCUSSIONS

The results of this study showed that thrombolytic

therapy not only improved the patients' functional
recovery by reducing disability measured as NIHSS and
Rankin score, but also reduced the presence of anxiety
and depression, and improved the quality of life six
months after stroke. It is well known that many stroke
patients suffer from post-stroke depression and have
poor quality of life (Carson et al. 2000, Hackett et al.
2005). The role of thrombolysis on the development of

were present at substantial proportion in stroke patients
after thrombolysis (Schwab-Malek et al. 2010). After
analyzing the current literature, it was found that
different authors used very diverse study designs,
patients’ selection and tests applied to estimate the role
of thrombolysis on post-stroke mood disorders and
quality of life. The authors of a Polish study found that
thrombolyzed and non thrombolyzeed stroke survivors
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had similar frequency of depressive symptoms
measured three and twelve months after acute ischemic
stroke. However, in their study the treatment group had
more severe stroke symptoms and had a higher
percentage of subjects with moderate/severe stroke
compared to the group with non-thrombolyzed patients.
The authors assumed that the thrombolytic therapy
seemed to have a positive, but indirect, effect on
patients’ mood, especially in the first months after
stroke. No anxiety was monitored in this study
(Grabowska-Fudala et al. 2018). The Netherlands
observational study showed that the elderly stroke
patients who received thrombolytic therapy had
significantly better health-related quality of life only for
the ‘mental health’ and ‘vitality’ scales than the non-
treated patients measured by RAND-36. They found no
statistical difference between the treated and non-treated
groups in terms of anxiety and depression. However,
the study groups were not homogenous, since the
thrombolysis group had more severe stroke score and
patients in that group were younger than those in non-
treated group (de Weerd et al. 2012). Our study was
structured on the way that studied groups of ischemic
stroke patients were homogenous in terms of stroke
severity, since the NIHSS and Rankin scores at the
hospital admission were not different between AT and
NT groups. Stroke severity is crucial for the
development of depression and anxiety after a stroke.
Therefore, it is very important for the study design that
patients had a stroke of the same severity. Moreover, no
major differences between two groups regarding the
socio-demographic data were observed except in two
variables; patients in AT group were significantly
younger than those in NT group and had better
employment status with less pensioners. Therefore, in
that sense it was easier to study the impact of
thrombolytic therapy on post stroke anxiety, depression
and quality of life. The previous two studies were
similar in terms of age and gender proportion and in
that respect they are comparable to our study, but very
much different in terms of the stroke severity.
Differently from our study, the NIHSS scores at
admission in the studies performed in the Nederlands
and Poland were significantly higher in trombolyzed
than in non-thrombolyzed group of patients (9.97 vs.
2.6 and 8.0 vs. 4.0, respectively) (de Weerd et al. 2012,
Grabowska-Fudala et al. 2018). In our study the NIHSS
scores at admission in both, the AT and NT groups were
similar and much higher than in previous studies (9.96
vs. 10.78). Moreover, the efficacy of thrombolytic
therapy on reducing patient’s disability were more
pronounced in the present study, since the NIHSS and
Rankin scores at discharges significantly decreased for
77.6% and 75%, respectively, while in Polish study the
NIHSS score decreased just by 50% (Grabowska-
Fudala et al. 2018). These are important facts that could
explain the better functional outcomes and lower
incidence of anxiety and depression in thrombolyzed
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patients in the present study. The recently published
WAKE UP study showed that thrombolytic therapy had
a positive effect on the development of depression after
stroke. Depression was present in 42.9% patients in the
alteplase group and 53.7% in the placebo group 90 days
following CVI and authors concluded that intravenous
thrombolysis causes less depression due to less
anatomical damage (Konigsberg et al. 2021). In the
most recent Chinese study, Zhang and collaborators
monitored the effects of thrombectomy in stoke patients
compared with the group of patients treated with
combination of intravenous thrombolysis plus
thrombectomy. They found that anxiety and depression
were significantly higher in the thrombectomy group
than in the combination therapy group and proposed
that this effect of alteplase could be ascribed to its
additional biological effects (Zhang et al. 2022). The
results of Han et al. 2019 emphasized that aside of its
cleavage effect, the tissue type plasminogen activator
(tPA) possesses an important neurotrophic action,
which is important for the development of depression.
It is well known that the fibrinolytic system plays a role
in the pathogenesis of depression. Some recent studies
indicated that the increased inflammation in brain is
associated with the elevated plasminogen activator
inhibitor type 1 (PAI-1) level and the decreased tissue
tPA activity (Idell RD et al. 2017). Moreover, the
tPA/plasminogen system is involved in regulation level
of brain derived neurotrophic factor (BDNF), which has
a role in the synapsis plasticity, neurogenesis and
neuron survival and the activity of which is associated
with the development of depression. Studies in rats
have shown that BDNF levels are lowered in the brain
of stressed rats (Jiang et al. 2017). Stress can stimulate
PAI-1 expression, suppressing tPA cleavage activity
and resulting in compromised BDNF maturation (Han
et al. 2019). Therefore, these findings give a scientific
explanation that alteplase administration can reduce the
incidence of depression after stroke. This study has
some limitations. First, the study groups had relatively
small number of patients. It is, however, the case with
all studies cited in this paper. Second, the groups of
examined patients were not identical. There were
differences in sociodemographic data; the non-treated
group of patients were significantly older than alteplase
treated group, while the employment rate was
significantly higher in alteplase treated group which
might have influenced the outcomes of the study. Third,
there were no data related to the existence of depression
or the possible use of antidepressants before the stroke.
The study strengths could be attributed to the method of
data acquisition. The study questionnaires related to
BDI, BAI, and SF-36 QoL were performed by a single
researcher, psychiatrist, during a clinical examination of
the patient. We believe that data obtained through direct
conversation are more valuable compared to the
telephone interview that is present in some other
studies. Additional strength is related to the very
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harmonized and uniformed study groups of patients
with similar intensity of acute ischemic stroke, and
therefore the effects of alteplase treatment could be
easily compared.

CONCLUSIONS

These results of this study confirmed that
thrombolytic therapy improves the functional recovery
in patients suffering acute ischemic stroke by reducing
their disability measured by NIHSS and Rankin scores.
The patients treated with alteplase had significantly less
anxiety and depression and they had better quality of
life score compared to patients who did not receive
thrombolytic therapy.
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