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Abstract

which should be performed in well selected patients.

Scale

Background: Intravenous thrombolysis is a widely approved treatment method for acute ischemic stroke (AIS). Nev-
ertheless, there is a growing interest in its impact on functional outcomes and Health-related Quality of life (HR-QoL).
We aimed to evaluate and compare the HR-Qol in patients receiving intravenous thrombolysis (IVT) and in those
without thrombolytic therapy during the first 3-month post-stroke in a defined Bulgarian population.

Results: Patients treated with IVT have simillar functional outcomes and HR-QoL on the third month as the group
with conservative treatment, besides their higher NIHSS on admission. Patients with IVT had better self-assessed
recovery after the AIS. The higher NIHSS and mRS scores and the lower HR-Qol on discharge are reliable predictors for
a poor functional outcome on the third month. A door-to-needle of 60 min or less, and the absence of pathological
neuroimaging findings 24-h post IVT predict more beneficial HR-Qol outcome.

Conclusion: There were no significant differences in HR-QoL and functional outcomes between the groups. Nev-
ertheless, IVT is a treatment option with great importance for improving the clinical outcomes after ischemic stroke,

Keywords: Health-Related Quality of life, Quality of life, Intravenous Thrombolysis, Ischemic Stroke, Stroke Impact

Background

Stroke is one of the leading causes of death and chronic
disability worldwide [1]. The incidence of stroke in Bul-
garia is the highest with four times higher death rates
among the other European countries. A large variety
of clinical and functional outcomes can be observed in
stroke patients, ranging from full recovery to severe func-
tional dependence or even death [2].

Thrombolytic therapy with intravenous tissue plasmi-
nogen activator (IV tPA) administered within 4.5 h of
first symptom onset is nowadays widely used and highly
effective treatment for ischemic stroke patients, which
significantly reduces the neurological deficit [3]. Despite
the improvement in the acute treatment, a lot of patients
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are still deemed to live with multiple handicaps and long-
term impairments [4]. During the last decades, Health-
related Quality of life (HR-QoL) after acute ischemic
stroke (AIS) is a growing area of interest [5]. Post-stroke
patients often have a multifactorial deterioration in func-
tioning, requiring long-term care [2]. Long-term dis-
ability is widespread among stroke survivors, causing
problems in different aspects of their lives, such as activi-
ties of daily living (ADL) and social participation [6].

Little is known about the long-term effects after
ischemic stroke in the Bulgarian population especially for
patients treated with intravenous thrombolysis (IVT). It
is essential to know the differences in outcomes and pre-
dictive factors for functional outcomes in patients who
received thrombolysis and in those who did not receive
this kind of treatment.

The present study aimed to measure and compare the
HR-QolL in patients receiving intravenous thrombolysis
and in those without thrombolytic therapy during the
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first 3-months post-stroke in a defined Bulgarian popula-
tion. In addition, we evaluated the impact of various clin-
ical features on the total HR-QoL and investigated their
predictive value on the functional outcome in patients
treated with IVT in the third-month post-stroke.

Methods

Study design and participants

We conducted a prospective, hospital-based study from
July 2019 to June 2020, in Second Clinic of Neurol-
ogy with ICU and stroke unit at the University Hospital
"St. Marina’, Varna, Bulgaria.

Consecutive patients with first-ever and recurrent
acute ischemic stroke (AIS) were included in the present
study. A total of 150 patients we recruited at baseline—50
patients with intravenous thrombolysis and 100—with
non-thrombolytic treatment. The non-thrombolized
patients (NTP) were patients admitted after the thera-
peutic window for intravenous thrombolysis (IVT) or
had contraindications according to the European Stroke
Organisation (ESO) guidelines on intravenous thrombol-
ysis for acute ischaemic stroke [7]. We used the American
Heart Association/American Stroke Association (AHA/
ASA) definition of stroke [8]. Ethical permission was
obtained from the ethics committee of the Medical Uni-
versity Varna. All participants provided signed informed
consent.

We accepted the following inclusion criteria: age of
18 years or more; acute onset of neurological symptoms
lasting more than 24 h; conducted neuroimaging exami-
nation of the head—computed tomography (CT) or mag-
netic resonance imaging (MRI); and signed informed
consent.

Exclusion criteria were: age under 18 years; lack of neu-
rological symptoms; patients with a transient ischemic
attack (TIA); refusal to sign an informed consent.

Clinical evaluation and measures

All participants were interviewed by a neurologist in
an as similar as possible manner to get accurate demo-
graphic data, social history, and information for comor-
bidities and stroke risk factors. Medical records were
checked, and relatives and caregivers were also inter-
viewed. All participants underwent a detailed medical
examination with thorough neurological status, blood
tests, neuroimaging—computed tomography (CT) on
admission.

All participants were classified according to the eti-
opathogenesis of the cerebral infarction by the Trial of
ORG 10,172 in Acute Stroke Treatment (TOAST) [9].
This classification is differentiating ischemic stroke into
five subtypes: large-artery atherosclerosis, cardio-embo-
lism, small-vessel occlusion (lacunar), a stroke of other
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determined etiology—arterial dissection, vasculitis,
hematological diseases, and others, and stroke of unde-
termined etiology. In addition, we collected data regard-
ing the involved vascular system—anterior or posterior
circulation. In all cases of carotid stroke, we additionally
recorded which hemisphere was affected.

Stroke severity was measured on admission and dis-
charge from the clinic with the National Institutes of
Health Stroke Scale (NIHSS) [10]. Disability and func-
tional independence of patients were measured with
the modified Rankin Scale (mRS) [11]. Stroke survivors
were categorized as functionally independent (mRS 0-2
points) and functionally dependent (mRS 3-5 points).

The Stroke Impact Scale Version 3.0 (SIS 3.0) [12] was
applied to evaluate the Health-Related Quality of Life
(HR-QoL) on discharge and at two follow-ups—at the
first and the third-month post-stroke. In this study, we
used the mean domain-specific and the mean total SIS
3.0 score as a measure of the HR-QoL.

Statistical analysis

The data analysis was carried out using gold standard
methods widely reported in the HR-QoL literature [13].
We analyzed the HR-QoL data obtained at all three-time-
points. The items were recalibrated so that a high score
always indicate better HR-QOL. The domain results
are later rescaled by the following equation: domain
score = [(Mean item score—1)/5—1] x 100. The calculated
final scores have a standard range from 0 to 100, where a
score of 100 denotes the best health [14]. The overall HR-
QOL score was generated by finding the arithmetic mean
of all the domain scores.

The statistical analysis included descriptive and infer-
ential statistics. A comparison of the participants’
responses was made using ANOVA and correlation sta-
tistics. We used frequencies and medians with 95% con-
fidence intervals (CI). General linear modelling was used
to measure the changes in all SIS 3.0 domains over time.
A regression model was used to establish the extent of
the influence of different clinical features on the total SIS
3.0 scores. Receiver operator characteristic (ROC) curve
was used to plot baseline stroke characteristics and indi-
cators in relation to the 90-day unfavourable outcome—
functional dependency. We quantified the accuracy and
the independent effect of these factors by calculating the
area under the curves (AUC). The discrimination of each
factor was evaluated in accordance with the suggestions
by Hosmer and Lemeshow [15]: excellent (AUC >0.90),
good (AUC>0.80 and * 0.90), fair (AUC>0.70 and °
0.80), and poor (AUC ° 0.70). Statistical significance was
defined as a P value (alpha) of 0.05 or less.

Data were analyzed using the software programs SPSS,
version 23.00 (IBM Statistics, USA) and GraphPad Prism,
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version 5.00 (GraphPad Software, San Diego California,
USA).

Results
Baseline characteristics
A total of 150 patients were enrolled in this study—50
thrombolized patients (TP) and 100 non-thrombolized
patients (NTP). Three patients—two TP and one NTP,
were lost to follow-up between discharge and the first-
month visit. A further four patients, all from the NTP
group, were lost by the third-month post-stroke. Partici-
pants from both groups were age and sex-matched. The
main baseline characteristics are presented in Table 1.
Various differences between the two groups have to
be highlighted. First, most of the patients who received
IVT had their first-ever stroke (p=0.027), as there was
predominantly anterior circulation stroke (p=0.002).
Secondly, patients from the TP group had significantly
higher NIHSS score on admission—10.78 +4.66 in com-
parison with the NTP group—6.59+4.15 (p<0.001).
Subsequently, there was no significant inter-group differ-
ence in the NIHSS scores on discharge, which indicates
a better recovery in the TP group. A higher prevalence
of hypertension and atrial fibrillation was found in TP

Table 1 Patient characteristics at baseline
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patients, while diabetes mellitus was more common in
non-thrombolized patients.

Main results

The level of autonomy and HR-QoL from discharge to
3-month post-stroke improved in all SIS 3.0 domains for
both groups. All domains in the TP group presented with
a more remarkable improvement in the mean scores,
especially for the first period between discharge and the
first month. No significant inter-group differences were
noted, except for the level of communication impair-
ments on discharge, which were more severe at the NTP
group. Another noteworthy difference was the level of
self-assessed recovery after the acute ischemic stroke
(AIS). In all three timepoints, patients with thrombolytic
treatment reported significantly higher recovery post-
stroke. The level of dependency did improve over the first
3 months, while there were no differences in the compar-
ison of the two groups.

Detailed information about the comparison of the
HR-QoL and disability level in patients with thromboly-
sis and those with non-thrombolytic treatment are pre-
sented in Table 2.

Factors Thrombolized patients (TP) Non-thrombolized patients (NTP) P value
(n:50) (n: 100)
N % N %

Age Mean (years) 68.64+12.29 68.82+1093 0.927
>65 years 31 62.0 65 65.0 0.720

Sex Male 32 64.0 58 58.0 0483
Female 18 36.0 42 420

Ischemic stroke First-ever stroke 44 88.0 72 720 0.027
Recurrent stroke 6 12.0 28 280

Localization Anterior circulation 34 68.0 42 420 0.002
- Left hemisphere 19 38.0 28 28.0 0216
« Right hemisphere 15 300 14 14.0 0.019
Posterior circulation 16 320 58 580 0.002

Stroke severity Mean (NIHSS) on admission 10.78 £4.66 6.59+4.15 <0.001
Mean (NIHSS) on discharge 5784452 4534356 0.067

Level of dependence Mean (mRS) on discharge 2924147 2494145 0.090

Risk factors Hypertension 48 96.0 100 100.0 0.044
Atrial fibrillation 23 46.0 25 25.0 0.009
Myocardial infarction 5 10.0 4 4.0 0.147
Ischemic heart disease 19 380 40 40.0 0.815
Heart failure 21 420 53 53.0 0.207
Diabetes mellitus 7 14.0 30 300 0.032
Dyslipidemia 34 68.0 78 78.0 0.187

Bold values indicate P value is significant (less than 0.05)
NIHSS National Institutes of Health Stroke Scale, mRS modified Rankin Scale
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Accenting on the patients who received intravenous
thrombolysis, we found a significant negative associa-
tion between the patient’s age and the HR-QoL on the
third-month post-stroke. Being at the age of > 65 years
is a predictor of more unsatisfactory outcome after
ischemic stroke, as the mean HR-QoL is about 21.95
units lower than the younger patients (p =0.003). Gen-
der did not influence the outcome after intravenous
thrombolysis.

All vascular risk factors were related to a different
extent to a poor HR-QoL. Patients who undergo intra-
venous thrombolysis and have coronary artery disease
(CAD), myocardial infarction (MI), and atrial fibrilla-
tion (AF) have significantly reduced HR-QoL in the third
month.

A significant negative correlation was found between
the mean total SIS 3.0 score and neurological deficit
measured by NIHSS, whereas the higher NIHSS score
at discharge was predictive for much worse outcomes.
Patients who experienced a more severe stroke, with
higher neurological deficits, reported poorer HR-QoL
(p<0.001).

The shorter door-to-needle (DTN) time, less than
60 min, was a significant predictor for more beneficial
HR-QoL outcomes (p=0.009). Contrariwise, DTN of
120 min or more was significantly associated with worse
outcomes in total HR-QoL with approximately — 39.63
units lower (p=0.008). No changes in the computed
tomography (CT) imaging 24 h after the thromboly-
sis has a positive correlation with better HR-QoL in the
third month (p=0.011).

Detailed information on the factors influencing the
stroke survivors’ HR-QoL during 3 months after throm-
bolysis is presented in Table 3.

Furthermore, we analyzed the receiver operating char-
acteristic (ROC) curves to measure sensitivity to change
at the HR-QoL in the third-month post-stroke. This
approach allowed us to assess whether some clinical
characteristics and instruments used on admission and
discharge, such as the NIHSS, mRS, and the total HR-
QoL measured by the SIS 3.0, can be used to determine
the functional outcome at the third month.

All the three instruments—NIHSS, mRS, and SIS 3.0,
had good discriminating characteristics for assessment
of worse prognosis. The NIHSS score on admission had
good predictive value, while NIHSS, mRS, and HR-QoL
measured by SIS 3.0 on discharged presented with excel-
lent discrimination. All other factors presented with
AUC © 0.70 and, therefore, were rated with low discrimi-
natory capacity.

Details about the area under the curve (AUC) and sig-
nificance values for the ROC curves of the different vari-
ables are presented in Table 4 and Fig. 1.
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Discussion

In the present study, we assessed the HR-QoL of ischemic
stroke patients 3 months after intravenous thrombolysis
compared to patients who had not undergone thrombo-
lytic therapy. We additionally focused on thrombolized
patients (TP) and investigated various factors influenc-
ing the HR-QoL and the functional outcome at the third-
month post-stroke.

Both groups showed no difference in age and gender
distribution. The TP group experienced much severe
stroke in comparison to the group with non-thrombo-
lytic treatment (NTP). A possible reason for this might
be that patients with more severe neurological deficits
call for emergency medical care. Therefore, they reach
much earlier to a hospital, and they do not miss the ther-
apeutic window for IVT.

The risk profile of the participants revealed a higher
prevalence of atrial fibrillation (AF), a history of myocar-
dial infarction (MI), and coronary artery disease (CAD)
in the group with thrombolytic treatment. There are
divergent results in the literature regarding the risk pro-
file of ischemic stroke [16, 17]. However, the prevailing
view is that patients who have either CAD or MI are at
higher risk for acute ischemic stroke (AIS) [18]. There
are multiple cardiac complications from MI, such as ven-
tricular dyskinesia, aneurism, or ischemic cardiomyo-
pathy, which can manifest later as a source of embolism
and cause an acute ischemic stroke [19]. Atrial fibrillation
was a more prevalent risk factor in the TP group and a
predictor of worse clinical outcome regarding HR-QoL in
the third month. Some studies are indicating that comor-
bidity of AF is associated with better outcomes following
thrombolysis [20]. On the contrary, in recent years, there
is a growing number of studies reporting poor clinical
outcomes [21, 22]. A meta-analysis proved that throm-
bolized patients with acute ischemic stroke (AIS) and AF
have higher mortality rates and symptomatic intracer-
ebral hemorrhage (SICH) and subsequently reduced HR-
QoL and worse functional outcome compared to patients
without AF [23]. In addition, those patients had other
risk factors, such as dyslipidemia and diabetes mellitus,
which formed a complicated vascular background in the
TP group.

We proved that despite the conducted thromboly-
sis in the acute stage of ischemic stroke, patients have a
similar self-assessment of their Quality of life. This fact
was notable in all three-timepoints—discharge, first and
third-month post-stroke, while the only exception was
the better self-esteem for recovery after the stroke in all
timepoints. One possible explanation could be the more
rapid improvement of the neurological symptomatic after
the recanalization procedure. On discharge, we found a
higher mean mRS score, while more patients in the TP
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Table 3 Factors influencing the HR-QoL in thrombolized patients on the third-month post-stroke

Factors Adjusted R square Beta Std. error Pvalue Confidence interval for Beta
(95% CI)
Lower bound Upper bound
Age For each additional year 0.246 —105 026 <0.001 —157 —053
>65 years of age 0.156 —21.95 7.04 0.003 —36.13 —7.76
Gender Male —0.019 — 252 7.84 0.749 —18.30 13.26
Female — 0019 252 784 0749 —13.26 18.30
Risk factors Hypertension 0.024 — 2689 1836 0.150 —63.85 10.07
Atrial fibrillation 0.080 —1615 715 0.029 —30.53 - 176
Myocardial infarction 0.086 —2709 1162 0.024 — 5048 —3.70
Ischemic heart disease 0.055 — 1444 745 0.059 — 2945 0.57
Heart failure 0.027 —11.37 749 0.136 — 2645 3.70
Coronary artery disease 0.112 — 3337 1266 0.011 — 5884 —7.89
Diabetes mellitus — 0.004 —955 1054 0370 —30.77 11.66
Dyslipidemia —0.20 2.38 7.95 0.766 —13.628 18.39
Circulation Anterior circulation 0.026 —11.82 791 0142 —27.74 4.10
- Left hemisphere —0.019 —2.95 7.74 0.705 — 1853 12.63
« Right hemisphere 0.003 — 8.60 8.00 0288 —24.70 7.50
Posterior circulation 0.026 11.82 791 0.142  —410 27.74
Stroke severity (NIHSS)  NIHSS on admission (each additional 0436 — 373 061 <0.001 —496 —2.50
point)
NIHSS on discharge 0.733 — 536 047 <0.001 —631 — 442
(each additional point)
Computed Tomogra-  Visible acute ischemic stroke —0.002 —725 768 0350 —22.70 8.21
phy (CT) on admission
Silent strokes —0.18 —327 749 0665 — 1835 11.81
Hyperdence middle brain artery 0.028 — 11616 756 0.131 —26.84 3.60
ASPECTS (each additional point less) ~ — 0.020 — 0305 1.068 0776  —246 1.84
Computed Tomog- Formed ischemic zone 0.031 — 1164 737 0.121 —2647 320
raphy (CT) 24 h after
thrombolysis
Formed hemorrhagic zone —0.008 — 1222 1540 0432 —4322 18.79
Formed ischemic zone with hemor- —0.001 — 1303 1344 0.337 —40.09 14.03
rhagic infarction
No dynamics 0.144 1882  7.09 0.011 4.55 33.09
Door-to-needle time <60 min 0.119 19.03 7.03 0.009 4.88 33.17
60-120 min 0016 —1007 761 0192 —2539 525
>120 min 0123 — 3963 1436 0.008 — 68.54 —10.72
For each additional minute 0.153 —039 013 0.004 — 064 —0.13

Bold values indicate P value is significant (less than 0.05)
NIHSS National Institutes of Health Stroke Scale, ASPECTS Alberta Stroke Programme Early CT Score

group were functionally dependant, but without signifi-
cant intergroup difference with the NTP group. During
the follow-up, these differences decreased, and in the
third month, there were no disparities between the TP
and NTP group. In previous studies in Bulgaria were
reported significantly decreased rates of early mortal-
ity and severity of the neurological deficit after intrave-
nous thrombolysis. The authors also reported that these
results were not associated with a significant impact on

the functional outcome on the third-month post-stroke
in comparison with non-thrombolized patients [24]. The
most constant predictor of poor clinical outcome and
low HR-QoL was the severity of the ischemic stroke [25,
26]. We found a constant negative relation between the
total NIHSS score, both at admission and discharge with
the HR-QoL in the third-month post-thrombolysis. The
higher NIHSS and mRS scores, and the lower HR-QoL
measured by SIS 3.0 on discharged presented with high
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Table 4 Area under the curve (AUC) and significance values for the ROC curves measuring the discriminatory capacity of different
variables on admission with the functional dependence on the third-month post-stroke

Variable AUC Std. Error Significance 95% Confidence interval
Lower Bound Upper Bound

Age 0611 0.050 0.036 0514 0.708
CT on admission—Hyperdence MCA 0.598 0.054 0.064 0492 0.704
CT after 24 h—Visualized Ischemic zone 0.528 0.054 0.596 0423 0.633
CT after 24 h—Visualized Hemorrhagic zone 0.502 0.053 0.975 0.398 0.605
NIHSS on admission 0.854 0.031 <0.001 0.793 0916
NIHSS on discharge 0.946 0.020 <0.001 0.906 0.986
mRS on discharge 0.982 0.008 <0.001 0.966 0.999
SIS Total Quality of life on discharge 0.965 0.015 <0.001 0.937 0.994

Bold values indicate P value is significant (less than 0.05)

NIHSS National Institutes of Health Stroke Scale, mRS modified Rankin Scale, CT Computed Tomography, MCA Middle Cerebral Artery, SIS Stroke Impact

- Age
Door-to-Needle Time
NIHSS on admission
= NIHSS on discharge
= mR3S on discharge
CT on admussion — Hyperdence MCA
= CT after 24 hours — Visualized Ischemic zone
=== CT after 24 hours — Visualized Hemorrhagic zone
Total SIS 3.0 Quality of life
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Fig. 1 Receiver operating characteristic (ROC) curves for functional dependency on the third-month post-stroke

specificity and sensitivity as predictors for a poor func-
tional outcome on the third month. The two instruments
NIHSS and mRS were also reported with good discrimi-
nating characteristics concerning the functional outcome
1 year after the AIS [27].

Door to needle (DTN) time provides valuable insight
into stroke care workflow and is a performance indicator
of an acute stroke unit [28]. The benefit of thrombolytic
therapy is time-dependent, and previous studies have
shown that shorter DTN time is associated with signifi-
cantly better functional outcomes and fewer complica-
tions [29-31]. The results from our study are consistent

with these from previous studies. DTN of 60 min or less
was a predictive factor for favorable functional outcome
and better HR-QoL. On the contrary, DTN of 60 min
or more was significantly associated with poor clinical
outcome. The analysis of the ROC curve revealed low
discriminatory capacity in the current population. Nev-
ertheless, in a previous study, including 58,353 patients
treated with thrombolysis, the authors found that reduc-
ing the DTN time with 15 min results in a 4% better
chance for walking independently at discharge [29].
We highlight the need for changes in the healthcare
systems and education of stakeholders to reduce the
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DTN <60 min worldwide to achieve improvement in the
HR-QoL after thrombolysis.

Limitations

We acknowledge the following limitations in our study.
First, our cohort represents patients predominantly
with minor and moderate stroke. Other aspects related
to stroke outcomes such as psychoemotional disorders,
family, and social support can also influence the HR-QoL
and are not analyzed in the present study. Consequently,
the results likely underestimate the full impact of stroke
on the wellbeing of stroke-survivors.

Nevertheless, our results indicated the substantial
impact of ischemic stroke on the self-reported Quality
of life in our population. There is a lack of studies in our
country about HR-QoL after ischemic stroke, especially
for patients treated with intravenous thrombolysis. A
more extensive prospective study might be of interest to
address the Health-related Quality of life after thrombol-
ysis in ischemic stroke-survivors in Bulgaria.

Conclusions

There are no significant differences in the primary HR-
QoL results and functional outcome in patients with
intravenous thrombolysis and those without throm-
bolytic therapy within the first 3 months after stroke.
Thrombolized patients had an initially higher neurologi-
cal deficit on admission, but yet due to the differentiated
treatment, they presented with an almost equal level of
disability and Quality of life. Therefore, thrombolysis is a
treatment option of great importance for improving the
clinical outcomes after ischemic stroke.

The risk factors with predictive value for poor HR-QoL
in thrombolized patients are atrial fibrillation, myocar-
dial infarction, coronary artery disease, the higher NIHSS
score and the longer, more than 60 min, DTN time. The
higher NIHSS and mRS scores and the lower HR-QoL
measured by SIS 3.0 on discharge have high specificity
and sensitivity as predictors for a poor functional out-
come on the third month.
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