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Purpose: The proportion of older people in Poland is higher in rural areas than in urban 
areas. Thus, we aimed to evaluate treatment rate and factors associated with outcome and 
safety of intravenous thrombolysis (IVT) in rural residents aged ≥80 years admitted to 
primary stroke centers.
Patients and Methods: This study was a retrospective, observational cohort study of 
873 patients treated with recombinant tissue plasminogen activator (rt-PA) in primary 
stroke centers between February 1, 2009 and December 31, 2017. Among them were 527 
rural residents and 231 (26.5%) were ≥80 years of age. The analyses between rural and 
urban patients aged ≥80 and between rural patients aged <80 and aged ≥80 were 
performed.
Results: The proportion of patients aged ≥80 treated with rt-PA was comparable in rural 
and urban residents (27.9% vs 24.3% p = 0.24). Rural patients aged ≥80 were also 
characterized by lower incidence of cardiovascular risk factors and better patients’ 
conditions on admission to hospital. Symptomatic intracerebral hemorrhage rate among 
≥80-year-old stroke patients was lower in those living in rural areas than in those living 
in urban areas (5.4% vs 14.3%, p = 0.02); there were no differences regarding mortality 
and 3-month functional outcome between both populations. The older group of rural 
patients was characterized by a higher 3-month mortality (28.5% vs 12.6%, p < 0.001) 
and lower functional independence rate (34.0% vs 50.5%, p < 0.001) than rural younger 
patients. Antiplatelet (OR 2.43, 95% CI 1.04–5.66, p = 0.04) and anticoagulant therapy 
before stroke (OR 3.64, 95% CI 1.21–10.99, p = 0.022), early ischemic changes in 
baseline computerized tomograprpahy (OR 2.65, 95% CI 1.03–6.82, p = 0.043) were 
associated with unfavorable outcome; and higher National Institute of Health Stroke 
Scale score on admission (OR 1.01, 95% CI 1.01–1.20, p = 0.039), higher baseline 
count of white blood cells (OR 1.33, 95% CI 1.10–0.62, p = 0.003) were associated with 
mortality in rural patients over 80.
Conclusion: We suggest that rural patients aged ≥80 may be safely treated with IVT in 
routine practice. However, lower efficacy and a higher mortality must be considered in 
former use of Vitamin K antagonist and antiplatelet or high white blood cells count.
Keywords: ischemic stroke, rural patients aged ≥ 80, intravenous thrombolysis, atrial 
fibrillation, VKA

Introduction
Benefits arising from the development of modern diagnostic methods and therapies, 
as well as healthy lifestyle modifications, resulted in lengthened life expectancy. 
Thus, demographic characteristics in Poland have shifted with expansion in the 

Correspondence: Piotr Sobolewski  
Collegium Medicum, Jan Kochanowski 
University, 19 IX Wieków Kielc Str, 
Kielce 25-217, Poland  
Tel +48 608510991  
Fax +48 158330593  
Email psobolewski@ujk.edu.pl

Clinical Interventions in Aging                                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Clinical Interventions in Aging 2020:15 1737–1751                                                         1737

http://doi.org/10.2147/CIA.S256070 

DovePress © 2020 Sobolewski et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

C
lin

ic
al

 In
te

rv
en

tio
ns

 in
 A

gi
ng

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0003-4646-1702
http://orcid.org/0000-0002-7955-3454
http://orcid.org/0000-0002-7647-6000
http://orcid.org/0000-0001-7704-2434
mailto:psobolewski@ujk.edu.pl
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


oldest-old population. According to information from the 
Ministry of Health, the highest increase concerned people 
aged at least 80 and their proportion in Polish population 
doubled, from just under 2% in 1989 to 4% in 2014.1

Due to the aging population, the number of acute 
ischemic stroke (AIS) strokes in Poland, as worldwide, is 
increasing.2,3 In recent years, significant progress of evi
dence-based care for patients with stroke has resulted in 
a higher number of specific treatments, including intrave
nous thrombolysis (IVT) with use of recombinant tissue 
plasminogen activator (rt-PA) and endovascular 
procedures.4–6 With the new recommendations, although 
with certain restrictions, IVT is allowed in patients over 
80.7–9 The Polish recommendation (2013) listed age 
restrictions on IVT which still remains the most frequent 
method of effective stroke treatment despite the introduc
tion of endovascular thrombectomy.10

The share of older people in the age structure is 
higher in rural areas than in urban areas.11 Sparse stu
dies have previously reported on the safety and efficacy 
of thrombolytic therapy in patients from rural regions, 
showing inequalities compared to urban areas.12–15 

However, data regarding specific aspects of IVT therapy 
in the oldest population are unknown. Thus, we aimed 
to assess the rate and results of IVT treatment of stroke 
patients from the rural region in primary stroke units in 
patients aged ≥80 and to evaluate factors associated with 
outcome, mortality and presence of hemorrhagic com
plications (symptomatic intracerebral hemorrhage, 
SICH).

Patients and Methods
Study Design and Population
This study was a retrospective, two-center, observa
tional cohort study of data collected prospectively 
from 873 patients consecutively treated with rt-PA at 
primary stroke centers between 01 February 2009 and 
31 December 2017. From this group 527 patients lived 
in rural areas, and 231 were aged (26.5%) ≥80 years. 
Recruiting study centers are recognized as stroke units 
according to the Polish national criteria and interna
tional recommendation and are equipped with the 
proper monitoring and diagnostic facilities.3,16-19 The 
Emergency Departments (ED) are staffed 24 hours 
7 days a week with both a senior neurologist and 
a senior radiologist.

The tele-stroke services were unavailable for the rural 
areas considered in our study.

Computed tomography (CT), magnetic resonance 
imaging (MRI), angio-CT and angio-MRI are easily 
available within 24 hours. CT scans or less frequently 
MRI were performed upon admission to the hospital in 
order to establish the indication for treatment, between 
22 and 36 hours and on the seventh day after IVT. 
To evaluate the etiology of the stroke, transcranial 
Doppler (TCD), carotid duplex ultrasonography, 
Holter electrocardiography (Holter ECG), transthoracic 
echocardiography (TTE) and in the case of some 
patients transesophagal echocardiography (TEE) were 
performed. The severity of stroke symptoms was 
assessed using the National Institute of Health Stroke 
Scale (NIHSS).20 The 90-day stroke outcomes were 
measured using the modified Rankin scale (mRS).21 

A favorable outcome was defined as an mRS score ≤2 
points. In all patients IVT was performed within 
a regular time window (up to 4.5 hours), five patients 
who received treatment combined with endovascular 
intervention were excluded from the analysis.

Hemorrhagic transformation (HT) and SICH rates were 
assessed according to the ECASS II (European 
Cooperative Acute Stroke Study II) and III criteria.22,23

The ethics committee approved all data of analysis 
(Ethics Committee of Świętokrzyska Medical Chamber). 
All patients consented to the treatment method and parti
cipation in the study according to the Declaration of 
Helsinki.

Statistical Analysis
This study was based on a retrospective data analysis. 
The comparisons between rural and urban patients aged 
≥80 and between rural patients aged <80 and aged ≥80 
were performed. Data gathering, characteristics, and 
univariate analysis were performed using Microsoft 
Excel 2017. Logistic regression was performed with 
STATISTICA v. 9.1. All continuous variables were 
tested for a normal distribution and equality of var
iances. Because of the non-normality of the variables, 
non-parametric Mann–Whitney U-tests were used to 
perform the univariate analysis of the continuous vari
ables. Categorical data were compared using chi square 
tests; p values <0.05 were considered statistically sig
nificant. The multivariate analysis was performed using 
multiple logistic regression models. Factors identified 
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Table 1 The Clinical Characteristics of the Subgroups of Stroke Patients Treated with iv-Thrombolysis Aged ≥80 Living in Rural and 
Urban Areas

Variables Patients Living in Rural 
Areas

Patients Living in Urban 
Areas

p Value

n (%) 231 147(63,64) 84 (36,36) —

Demographic data
Male gender, n (%) 44 (29,93) 16 (19,05) 0.069

Baseline mRS 0–2 
Arterial hypertension

135 (91.84) 
97 (65.99)

74(88.10) 
68 (90.95)

0.351 
0.015

Coronary heart disease 77 (52.38) 38 (45.24) 0.296
History of heart infarct 11 (7.48) 14 (16.67) 0.030
Atrial fibrillation 86 (58.50) 38 (45.24) 0.051

Diabetes mellitus 38 (25.85) 19 (22.62) 0.583
Renal insufficiency 48 (35.04) 37 (48.68) 0.051

Dyslipidemia 111 (75.510 55 (65.48) 0.103

Smoking 4 (2.72 1 (1.19) 0.441
Prior stroke 17 (11.56) 13 (15.48) 0.394

Prior TIA 12 (8.16) 0 0.007
Antiplatelet therapy before stroke 92 (62.59) 51 (60.71) 0.778
Anticoagulant therapy before stroke 25 (17.01) 8 (9.52) 0.118

Logistic parameters
Onset to treatment time [min] median (IQR) 156 (134.00–205.00) 160.00 (120.00–182.00) 0.210

Onset to door time [min] median (IQR) 90.00 (60.00–120.00) 90.00 (50.00–114.50) 0.378

Door to treatment time [min] (IQR) 60.00 (45.00–88.00) 65.50 (40.00–99.00) 0.555

Stroke onset time
Nighttime (20:01–06:59h) 18(13.64) 16(21.62) 0.138
Working days 87(65.91) 46(62.16) 0.590

NIHSS on admission [points] median (IQR) 13.00(9.00–18.00) 12.00(8.80–16.00) 0.066

Arterial blood pressure on admission [mmHg] median (IQR)

MAP 103.33 (96.00–114.00) 115.00 (100.00–121.00) 0.036
Systolic 80.00 (80.00–95.00) 90.00 (80.00–100.00) 0.056

Diastolic 160.00 (140.00–170.00) 165.00 (150.00–176.00) 0.137

Radiological findings in CT or MR scans at baseline, n (%)

Early ischemic changes 43 (29.25) 25 (29.76) 0.934

Old ischemic changes 67 (45.58) 30 (35.71) 0.144

Laboratory findings before thrombolysis median (IQR)
Glucose level [mmol/L] 6.68 (5.70–8.80) 6.90 (5.75–8.22) 0.886
Cholesterol level [mmol/L] 4.82 (4.09–5.88) 4.55 (3.90–5.66) 0.200

Hemoglobin level [g/dL] 13.60 (12.70–14.40) 13.10 (11.90–14.10) 0.047
White blood cells [x109/L] 7.70 (6.40–9.20) 8.25 (6.90–9.30) 0.149
Creatinine level [µmol/L] 84.00 (71.50–97.00) 88.40 (70.50–111.00) 0.063

Glomerular filtration rate [mL/min/1.73 m2]° 64.00 (52.00–79.00) 58.00 (41.50–75.00) 0.037
aPTT median (IQR) 27.30 (24.70–30.10) 27.20 (24.75–29.90) 0.833
INR median (IQR) 1.07 (1.00–1.10) 1.03 (1.00–1.10) 0.468

Radiological findings in control CT scans, n (%)
No ischemia 60 (40.82) 22 (26.19) 0.025
Ischemic changes 105 (71.43) 66 (78.57) 0.234
COED 39 (26.53) 29 (34.52) 0.200

Hemorrhagic Transformationǂ 22 (16.06) 21 (27.63) 0.044

(Continued)
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in the univariate analysis with a p value <0.05 were 
then examined using a multivariate model.

Results
The proportion of patients aged ≥80 treated with rt-PA 
did not differ in rural and urban residents (27.9% vs 
24.3%, p = 0.24, ChiSq 1.4). SICH rate was lower in 
rural patients over 80 (5.4% vs 14.3%, p = 0.02); there 
were no differences regarding mortality and 3-month 
functional outcome. The older group of rural patients 
was characterized by lower incidence of cardiovascular 
risk factors such as arterial hypertension and previous 
heart infarct, and better patients conditions on admis
sion to hospital, i.e. lower mean arterial pressure 
(MAP), higher hemoglobin and glomerular filtration 
rate (GFR) levels, percentage of normal baseline CT 
and lower incidence of HT and SICH in patients aged 
≥80 living in rural areas. Among subjects aged ≥80 
years living in rural areas a higher frequency of prior 
history of transient ischemic attack (TIA) and lower 
rate of renal insufficiency were found. They have also 
showed a trend towards a higher presence of atrial 
fibrillation (AF) (Table 1).

Univariate analysis showed, that patients aged ≥80 
living in rural areas were characterized by lower per
centage of male gender, prior stroke and TIA, smoker, 
COED (cerebral edema) in the control CT, nighttime 
onset of stroke, lacunar stroke, mRS 0–2 after 3 
months from stroke onset, SICH, lower MAP, level of 
GFR, and higher percentage of AF, renal insufficiency, 

anticoagulant therapy before stroke, old ischemic 
changes in baseline CT, higher median NIHSS on 
admission, and higher mortality than patients aged 
<80 (Table 2).

Univariate analysis showed that in group of patients 
living in rural areas treated with rt-PA AF, prior stroke and 
TIA, anticoagulant therapy before stroke, ischemic 
changes and COED in control CT, large vessel disease 
and SICH, higher median NIHSS, MAP, SBP (systolic 
blood pressure), lower hemoglobin and GFR level were 
associated with unfavorable long-term outcome and base
line mRS 0–2 was associated with a lower proportion of 
unfavorable outcome (mRS 3–5); age ≥89, renal insuffi
ciency, prior TIA, ischemic changes and COED in control 
CT, large vessel disease, SICH, higher median NIHSS, 
higher glucose, white blood cells, creatinine and INR 
(international normalized ratio) level were associated 
with mortality and shorter median onset-to-door time was 
associated with lower mortality; and age 80–89 and >89, 
antiplatelet before stroke, longer onset-to-door time, 
higher median NIHSS, early ischemic changes in baseline 
CT, higher cholesterol, white blood cells, INR and lower 
GFR level, ischemic changes and COED in control CT, 
large vessel disease and mortality were associated with 
SICH (Table 3).

In patients living in rural areas, multivariate regres
sion analysis identified prior stroke, anticoagulant ther
apy before stroke, higher NIHSS on admission, SBP, 
ischemic changes in control CT and LVD (large vessel 
disease) as a predictor of unfavorable outcome; age 

Table 1 (Continued). 

Variables Patients Living in Rural 
Areas

Patients Living in Urban 
Areas

p Value

Etiological classification, n (%)

Large vessel disease 87 (59.18) 46 (54.76) 0.513
Cardioembolism 30 (20.41) 19 (22.62) 0.692

Lacunar stroke 11 (7.48) 13 (15.48) 0.055

Undetermined etiology 19 (12.93) 6 (7.14) 0.173

mRS 0–2 at three months, n(%) 50 (34.01) 37 (44.05) 0.130

SICH ǂ,n 8 (5.44) 12 (14.29) 0.021

3-month mortality, n (%) 42 (28.57) 26 (30.95) 0.702

Notes: ⁰According to the MDRD formula; ǂaccording to the ECASS II criteria. The bold values show the significance of the p < 0.05. 
Abbreviations: TIA, transient ischemic attack; mRS, modified Rankin Scale; MAP, mean arterial pressure; NIHSS, National Institutes of Health Stroke Scale; aPTT, activated 
partial thromboplastin time; INR, international normalized ratio; CT, computed tomography; MCA, middle cerebral artery; COED, cerebral edema; ECASS, European 
Cooperative Acute Stroke Study; SICH, symptomatic intracerebral hemorrhage; MDRD, Modification Diet for Renal Disease; SD, standard deviation; IQR, interquartile 
range (Q1–Q3).
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Table 2 The Clinical Characteristics of the Subgroups of Stroke Patients Treated with iv-Thrombolysis Aged <80 and ≥80 Living in 
Rural Regions

Variables Patients Aged <80 Patients Aged ≥80 p Value

n (%) 527 380 (72.10) 147 (27.90) —

Demographic data
Male gender, n (%) 230 (60.53) 44 (29.93) <0.001
Baseline mRS 0–2 

Arterial hypertension

364 (95.79) 

273 (71.84)

135 (91.84) 

97 (65.99)

0.070 

0.187
Coronary heart disease 177 (46.58) 77 (52.38) 0.232

History of heart infarct 49 (12,89) 11 (7.48) 0.079
Atrial fibrillation 122 (32.11) 86 (58.50) <0.001
Diabetes mellitus 70 (18.42) 38 (25.85) 0.058

Renal insufficiency 59 (18.44) 48 (35.04) <0.001
Dyslipidemia 308 (81.05) 111 (75.51) 0.157

Smoking 84 (22.11) 4 (2.72) <0.001
Prior stroke 80 (21.05) 17 (11.56) 0.012
Prior TIA 66 (17.37) 12 (8.16) 0.007
Antiplatelet therapy before stroke 225 (59.21) 92 (62.59) 0.478

Anticoagulant therapy before stroke 35 (9.21) 25 (17.01) 0.011

Logistic parameters
Onset to treatment time [min] median (IQR) 165.00 (135.00–190.00) 156.00 (134.00–205.00) 0.510
Onset to door time [min] median (IQR) 105.00 (67.50–130.00) 90.00 (60.00–120.00) 0.054

Door to treatment time [min] (IQR) 60.00 (43.50–80.00) 60.00 (45.00–88.00) 0.152

Stroke onset time
Nighttime (20:01–06:59h) 66 (22.07) 18 (13.64) 0.041
Working days 213 (71.24) 87 (65.91) 0.268

NIHSS on admission [points] median (IQR) 12.00 (7.00–17.00) 13.00 (9.00–18.00) <0.001

Arterial blood pressure on admission [mmHg] median (IQR)

MAP 110.00 (100.00–119.33) 103.33 (96.00–114.00) 0.028
Systolic 150.00 (140.00–170.00) 160.00 (140.00–170.00) 0.347
Diastolic 88.00 (80.00–91.00) 80.00 (80.00–95.00) 0.091

Radiological findings in CT or MR scans at baseline, n (%)
Early ischemic changes 135 (35.53) 43 (29.25) 0.172

Old ischemic changes 132 (34.74) 67 (45.58) 0.021

Laboratory findings before thrombolysis median (IQR)
Glucose level [mmol/L] 6.51 (5.79–7.90) 6.68 (5.70–8.80) 0.427

Cholesterol level [mmol/L] 5.13 (4.21–5.70) 4.82 (4.09–5.88) 0.268
Hemoglobin level [g/dL] 13.80 (12.70–14.80) 13.60 (12.70–14.40) 0.067

White blood cells [x109/L] 7.90 (6.90–9.60) 7.70 (6.40–9.20) 0.094

Creatinine level [µmol/L] 83.00 (69.80–91.20) 84.00(71.50–97.00) 0.309
Glomerular filtration rate [mL/min/1.73 m2]° 74.00 (54.00–90.50) 64.00 (52.00–79.00) 0.010
aPTT median (IQR) 26.60 (24.80–28.80) 27.30 (24.70–30.10) 0.089

INR median (IQR) 1.02 (1.00–1.12) 1.07 (1.00–1.10) 0.282

Radiological findings in control CT scans, n (%)

No ischemia 109 (26.68) 60 (40.82) 0.007
Ischemic changes 286 (75.26) 105 (71.43) 0.367

COED 172 (45.26) 39 (26.53) <0.001
Hemorrhagic transformationǂ 42 (13.13) 22 (16.06) 0.407

(Continued)
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≥80, higher NIHSS on admission, INR and SICH as 
a predictor of mortality and early ischemic changes, 
LVD and mortality as a predictor of SICH. Prior TIA 
and shorter onset-to-door time were a predictor of 
lower mortality (Figure 1).

Univariate analysis showed that in a group of patients 
aged ≥80 living in rural areas, female gender, antiplatelet 
and anticoagulant therapy before stroke, shorter door-to- 
treatment time, lower MAP, early ischemic changes in 
baseline CT, ischemic changes and COED in control CT 
were associated with unfavorable long-term outcome; 
higher NIHSS, higher baseline count of white blood cells 
(WBC) and SICH were associated with mortality and 
higher NIHSS and mortality were associated with SICH 
(Table 4).

Multivariate regression analysis confirmed that antipla
telet and anticoagulant therapy before stroke and early 
ischemic changes in baseline CT were predictors of unfa
vorable long-term outcome in rural octogenarians. Higher 
NIHSS score on admission and higher baseline count of 
white blood cells were predictors of mortality and mortal
ity during 90 days after IVT were associated with SICH 
(Figure 2).

Discussion
This study reports that rural patients over 80 may be 
effectively and safely treated with IVT in routine prac
tice. Similarly, the former analysis of randomized stu
dies of patients undergoing IVT from the Cochrane 
Database showed that participants aged over 80 years 
benefited equally to those aged under 80 years, parti
cularly if treated within 3 hours from stroke onset. This 

analysis was mainly based on the results of the 
International Stroke Trial 3 (IST-3) in which 53% of 
participants were aged over 80.24,25 The beneficial 
effects of alteplase particularly if given within 3 
hours was observed in the Thrombolysis in Elderly 
Stroke Patients in Italy (TESPI) Trial and the updated 
meta-analysis showed consistent results with prior esti
mates. However, all our patients were treated in the 
time window up to 4.5 hours.26 Regarding our results, 
lower efficacy and a higher mortality is to be consid
ered in the presence of oral anticoagulant and antipla
telet therapy prior stroke onset and a high WBC count 
on admission. The latter finding is to be evaluated in 
further analysis.

The former result showed lower IVT rate in rural 
patients.14 Because our findings were published 10 
years ago, they have indicated noticeable improvement 
in stroke care quality in rural areas. However, there are 
no publications discussing the outcome and safety 
issues or IVT in elderly rural populations. Małopolska 
region, the area from which patients were recruited for 
this study, is characterized by very diverse environ
mental conditions. The terrains are varied, from low
lands to highlands, but only some of them are 
transformed due to industrialization and urbanization. 
In the region, there are no highways or expressways in 
the region, air transport for stroke patients was practi
cally not used. The furthest village from which patients 
were delivered is located 72 km from the stroke center.

We did not observe differences between rural and 
urban population over 80 in terms of long-term out
come and mortality. The CANSEART Stroke Study 

Table 2 (Continued). 

Variables Patients Aged <80 Patients Aged ≥80 p Value

Etiological classification, n(%)

Large vessel disease 207 (54.47) 87 (59.18) 0.329

Cardioembolism 8 0(21.05) 30 (20.41) 0.870
Lacunar stroke 56 (14.74) 11 (7.48) 0.024
Undetermined etiology 37 (9.74) 19 (12.93) 0.286

mRS 0–2 at three months, n (%) 192 (50.53) 50 (34.01) <0.001

SICH ǂ, n 31 (8.16) 8(5.44) 0.285

3-month mortality, n (%) 48 (12.63) 4 2(28.57) <0.001

Notes: ⁰According to the MDRD formula; ǂaccording to the ECASS II criteria. The bold values show the significance of the p < 0.05. 
Abbreviations: TIA, transient ischemic attack; mRS, modified Rankin Scale; MAP, mean arterial pressure; NIHSS, National Institutes of Health Stroke Scale; aPTT, activated 
partial thromboplastin time; INR, the international normalized ratio; CT, computed tomography; MCA, middle cerebral artery; COED, cerebral edema; ECASS, European 
Cooperative Acute Stroke Study; SICH, symptomatic intracerebral hemorrhage; MDRD, Modification Diet for Renal Disease; SD, standard deviation; IQR, interquartile 
range (Q1-Q3).
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showed that stroke mortality is higher in rural than in 
urban areas. The authors reckon that the reason is of 
higher stroke incidence in rural areas rather than stroke 
care.27 As the results of other studies showed, among 
high HDI (Human Development Index) countries, 
stroke mortality was higher in rural than in urban 
areas in contrast to countries with low HDI in which 
mortality was higher in the cities.28

Previous studies showed that in many countries, the 
population living in rural areas is older than in urban 
areas, which is related to the migration of working-age 
people to cities.29–31 Our analysis showed that popula
tion of patients aged ≥80 living in rural areas charac
terized by lower incidence of cardiovascular risk 
factors. Cardiovascular risk factors are slightly differ
ent in the rural population than in the urban 
population;32–34 however, we did not have data for 
older people. Rural risk factors for health disparities 
include some kind of geographic isolation, lower socio
economic status, higher rates of health behaviors, lim
ited access to healthcare specialist, and limited job 
opportunities.35 Health care for patients from rural 
and urban areas is different. As shown by a survey 
conducted in the United States, rural health priorities 
have changed little in the last decade and access to 
health care continues to be the most frequently identi
fied health priority.36 The prevalence of cardiovascular 
risk factors, including arterial hypertension and smok
ing, in various regions of Poland was mostly explained 
by varying degrees of urbanization.37

In the population of patients from Peru, hyperten
sion was more prevalent among the urban (29%) com
pared to the rural group (11%).35 The result of the 
PURE study showed that in urban communities the 
awareness, treatment, and control of hypertension 

were higher compared with rural ones.37 Płaszkiewicz 
et al have found that in south-eastern Poland between 
1997 and 2009 year the number of rural patients with 
high blood pressure decreased by nearly a half.33 

Contrary to the results of the studies presented above, 
the results of a study by Lindroth et al indicate that 
residents of rural areas were more often treated for 
hypertension and hyperlipidemia, hospitalized for myo
cardial infarction and diagnosed with diabetes; how
ever, after adjusting for age and gender there were no 
differences.29 An increase of 30% in the prevalence of 
hypertension in rural populations between 1991 and 
2011 was also confirmed by a Chinese study.38

Our results showed the connection between an unfavor
able outcome and a finding of early ischemic changes in 
baseline CT. The presence of early ischemic changes in CT 
remains one of the questionable inclusion/exclusion criteria 
for IVT.39 To date, we do not have had clear criteria for 
assessing early ischemic changes, and in previous rando
mized trials different criteria were used. Topographic assess
ment of acute ischemic changes using Alberta Stroke 
Program Early Computed Tomography Score (ASPECTS) 
can predict disability, death in anterior circulation stroke and 
risk of developing SICH.40 Zou at al indicated that diagnosis 
of hyperdense middle cerebral artery sign is associated with 
increased risk of HT after IVT but not with SICH.41 

A recently published study by Tanaka et al showed that the 
detection of early ischemic changes using ASPECTS in CT 
(CT-ASPECT) and in MRI with sequence diffusion weight 
imaging (DWI-ASPECT) predict SICH in patients with AIS 
in anterior circulation receiving IVT, but our data did not 
show such correlation.42

In contrast to previous findings, the impact of antiplatelet 
and anticoagulant therapy before stroke on unfavorable out
come in analyzed patients was found. Age should not be 

Figure 1 Multivariate logistic regression models showing factors associated with 90 days unfavorable outcome, 3-month mortality and SICH in patients treated with iv- 
thrombolysis living in rural areas. 
Abbreviations: mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; COED, cerebral edema; SICH, symptomatic intracerebral hemorrhage; OR, 
odds ratio; CI, confidence interval.
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considered a barrier for implementation of optimal secondary 
prevention interventions. The available evidence supports 
benefit from secondary preventive cardiovascular events in 
the elderly.43 Antiplatelets impair thrombocyte function and 
might, therefore, increase the risk of SICH in patients under
going IVT and despite this, the benefit of IVT for AIS is 
greater in patients using antiplatelets before stroke.44,45 

Treatment with antiplatelets is not a contraindication to 
IVT; however, this does not concern the oldest but all treated 
patients.46 IVT is allowed for AIS patients on Vitamin 
K antagonist (VKA) with INR ≤1.7. Literature data suggest 
that the course of acute-phase cardiogenic stroke and long- 
term prognosis is more favorable in patients taking oral 
anticoagulant.47

Octogenarians living in rural areas had a higher incidence 
of AF compared to patients living in urban areas or younger 
patients living in rural areas, respectively. However, despite 
the fact that patients in rural areas had a higher incidence of 
AF, they had a higher percentage of large vessel occlusions 
and territorial strokes. That may be explained by the fact, that 
within the recruitment period, the vast majority of patients 
used warfarin, as novel oral anticoagulants (NOAC) were not 
reimbursed by the insurer for AF prophylaxis. Additionally, 
in all patients qualified for treatment with rt-PA the value of 
the INR was non-therapeutic (≤1.7). Probably, anticoagulant 
therapy with warfarin was poorly managed in patients living 
in rural areas, in terms of adequate monitoring of INR due to 
logistic reasons: no possibilities to reach the laboratory, 
unavailable system for collecting blood tests in the patient’s 
home. This is in line with previous reports showing that 
residency in rural areas was one of the strongest predictors 
of uncontrolled anticoagulation and indicated the logistical 
difficulties of systematically controlling of INR in a rural 
environment.48–50 In our opinion, this is also a reason why 
a prior anticoagulant therapy was found as an independent 

predictor of unfavorable outcome in our cohort of rural 
patients, including octogenarians. A higher frequency of 
AF without effective anticoagulation among rural patients 
from our study group can also explain why they tended 
toward more severe strokes in terms of baseline NIHSS 
despite the lower incidence of other cardiovascular risk fac
tors and, apparently, better baseline health status than in the 
urban counterpart. Similarly, the high NIHSS score in rural 
patients was indicated in previous studies.51–55

One should be aware that prognosis for elderly patients 
is less favorable than for younger patients because obser
vational studies suggest slightly higher incidence of 
SICH.56 Therefore, most of the expert groups’ guidelines 
recommend caution in the use of rt-PA in patients over 80.

In many studies, including ours, the connection between 
high baseline NIHSS, high WBC count and mortality has 
been shown. The severity of the neurological syndrome is 
the most important factor referring to both the chance of 
survival and functional status in long-term observation.57 

Patients with severe stroke were burdened with much higher 
risk and worse prognosis than lighter patients.58 Also, pre
vious studies indicated that elevated WBC counts in patients 
treated with rt-PA predict poor long-term outcome.59

The present study has some limitation. This was an 
observational study and the group of analyzed patients was 
not large. Although the data collection was conducted in 
a prospective study, the analysis was retrospective. The 
study population was limited to two primary stroke centers 
and was recruited in anon-industrial area. We did not com
pare it to industrial populations. Thus, we realize that pro
spective studies are warranted to evaluate the studied clinical 
issue due to its growing importance.

Based on our results, we suggest that rural patients aged 
≥80 may be safely treated with IVT in routine practice. 
However, especially in patients who use VKA and 

Figure 2 Multivariate logistic regression models showing factors associated with 90 days unfavorable outcome, 3-month mortality and SICH in patients aged ≥80 treated 
with iv-thrombolysis living in rural areas. 
Abbreviations: mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; CT, computed tomography; COED, cerebral edema; sICH, symptomatic 
intracerebral hemorrhage; OR, odds ratio; CI, cConfidence interval.
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antiplatelet therapy, with baseline high NIHSS and with high 
WBC count, it should be carefully considered, in terms of 
lower efficacy and higher rate of complications. We believe 
that our findings provide a certain benefit to the assessment of 
safety of IVT in elderly patients.
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