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Long-term survival after Acute
Ischemic Stroke by types of reperfusion
therapy, sex and chronic treatments of
cardiovascular conditions

Purpose: Compare long-term survival by sex after reperfusion therapies with simultaneous medical
therapy of cardiovascular conditions.

Methods: AIS patients identified from the population-based register between 01Jan2011 and
31Dec2012 and classified into: 1) AIS + intravenous thrombolysis [group 1], 2) AIS + mechanical
thrombectomy with or without intravenous thrombolysis [group I1], and 3) AIS + medical therapy alone (no
reperfusion therapies) [group I1]. Follow-up went through up until December 2016. Statistical approaches
were employed for analyzing survival outcomes and their relationship with reperfusion therapy.

Results: 14,368 AIS patients (men 50.1%), 77.1+11.0 years-old. There was higher survival among
those treated with intravenous thrombolysis (p <0.001); women treated with thrombectomy (p <0.001);
and women <80 year-old without reperfusion therapy. The most common medications were antiplatelets
(52.8%), associated with lower survival (p<0.001); and statins (46.5%), associated with higher survival.
The regression model produced the following independent outcome variables associated to mortality:
anticoagulant HR 1.53 (CI195% 1.44-1.63,p<0.001), diuretics HR 1.71 (CI95% 1.63-1.79,p<0.001), antiplatelet
HR 1.49 (CI95% 1.42-1.56, p<0.001), statins HR 0.73 (CI95% 0.70-0.77, p<0.001), A-lIRA HR 0.93 (CI95%
0.89-0.98, p=0.008) and reperfusion therapy HR 0.88 (CI95% 0.81-0.97, p=0.009).

Conclusions: Under 80 year-old the women had a better outcome than men when treated with
thrombolysis therapy and/or catheter-based thrombectomy and with medical therapy alone. The men had
a better outcome when received intravenous thrombolysis. The chronic cardiovascular pharmacotherapy
must be evaluated to determine their effects on the reperfusion therapy outcome and whether they should
be included as factors in the decision to reperfusion.

Long-term survival after Acute Ischemic Stroke by types of reperfusion therapy, sex and chronic
treatments of cardiovascular conditions.

Long-term Survival differences after reperfusion therapy.

in the area of primary care. There are neither studies assessing
the efficacy of revascularization (medical therapy alone vs

A wide variety of factors influence stroke prognosis,
including age, stroke severity and comorbid conditions [1-4]. In
addition, interventions such as reperfusion therapy can play a
major role in the outcome of ischaemic stroke. Previous reports
[5-10], concerning sex differences in stroke [7,11,12] and
outcome are inconsistent [13,14] and are sometimes difficult to
interpret and the reasons for disparities remain unclear despite
adjustment for baseline differences in age, prestroke function
and comorbidities. Actually most current information about
outcomes and safety is derived from patients at 3-12 months and
mostly coming from the hospital activity that are not available

intravenous thrombolysis vs mechanical thrombectomy) in
long-term outcome beyond hospital discharge, nor evaluation of
potential effects on survival from interactions of cardiovascular
chronic treatments and revascularization therapy associated
with sex differences.

This work is a continuation and extension of the Ebrictus
study [15-17]. The aim of our study was to evaluate outcomes
after acute ischemic stroke (AIS) in a large national cohort to
determine whether sex and drugs for management of chronic
cardiovascular conditions are associated with long-term
survival differences after revascularization.
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Methods
Study design and setting

Data collection and study procedures: This cohort study is
based on AIS patients identified from the Minimum Basic Data
Register at hospital discharge (CMBD-HA) through specific ICD-
9 diagnostic and procedure codes. Access to population-based
data was reached through the Programa public d’Analitica de Dades
per a la Recerca i la Innovacid en Salut a Catalunya (PADRIS). Study
period was from 01Jan2011 through 31Dec2012 in Catalonia,
Spain. Eligible patients were between the ages of 15 and 90
years. The study protocol, which is available at Long survival
after ischemic stroke and thrombolysis in Catalonia, ClinicalTrials.
gov number, NCT03247036, and has been certified by the
Independent Ethics Committee (CEI) of University Institute for
Primary Care Research (IDIAP) Jordi Gol, code 4R17/017.

The primary outcome was all-causes mortality at 5 years,
according to the external certified registry. The study complies
with the Helsinki Declaration and the local ethics committee
requirements for clinical research.

Case definition

The automated operation of the PADRIS database retrieved
all patients with a diagnosis code of AIS (codes 433.x1, 434.
xx, and 436) with and without any of the following procedures
codes: 99.10 “Injection or infusion of thrombolytic agent”,
39.74 “Endovascular removal of obstruction from head and
neck vessel(s)”, and 38.91 “Arterial catheterization”. According
to ICD-9 procedure codes, the cohort was classified into: 1)
AIS + intravenous thrombolysis [group I], 2) AIS + mechanical
thrombectomy with or without intravenous thrombolysis [group
11], and 3) AIS + medical therapy alone (no reperfusion therapies)
[group III]. The total dose of thrombolytic agent was alteplase
(0.9 mgr/kg not to exceed 90 mgr.) based on patient weight.

The variables collected included: date of hospital admission,
date of discharge, age, sex, treatment group (I, II or III),
medication dispensation from the Integral System of Electronic
Prescription (SIRE) from at least three months before episode
(anticoagulant, antiplatelets, statin, antidiabetics, diuretics,
angiotensin converting enzyme inhibitor, angiotensin II
receptor antagonists, and beta-blocker); and patient vital
status (alive/dead), and date (day/month/year) of death from
the Central Register of people insured (RCA). All these registries
are population-based and managed by the Health Department,
Government of Catalonia.

Statistical analysis

Statistical analysis was undertaken with the following: a)
Descriptive study of basic statistics and standard deviation of
key variables stratified by age and sex; b) The probability of
survival was estimated by the Kaplan-Meier method, and the
hazard ratio (HR) was obtained by using the Cox proportional
hazard regression model. Mortality was interpreted as overall
mortality. The variables were included in a multivariate model
performed with adjustment for age, sex, and type of medication.
The analysis and processing of data were performed using the
SPSS 11.5 statistical package for Windows.

Results
Characteristics of the study population

A total of 14,368 AIS patients were included (men 50.1%).
Table 1 shows the baseline demographics and cardiovascular
medication used. The average patient age was 77.1+11.0 years
and average follow-up was 3.1+2.2 years. Men (74.2+11.1) were
significantly younger (p<0.001) than women (80.0+10.2).
The most commonly medications were antiplatelets (52.8%)
associated with lower survival outcome (p<0.001), and statins
(46.5%), associated with higher survival outcome, independent
of sex. Between the ages of 60 and 79 years, the most
prescribed medications included anticoagulants (13.5-15.3%),
antidiabetics (34-37.6%), statins (54.5-55.7%), diuretics
(54.8%) and antiplatelets prescriptions which increased
progressively from 44.4% at <60 years to 63.4% at >90 years.

Mortality rates

Overall, all-causes mortality was 43.8%, increasing from
17.1% <60 years up to 93.5% >90 years (Figure 1). The cumulative
5-year survival proportion was 0.30+0.06 among women and
0.38+0.02 among men (p<0.001) after stroke. The regression
model produced the following independent outcome variables:
anticoagulant HR 1.53 (CI95% 1.44-1.63, p<0.001), diuretics
HR 1.71 (CI95% 1.63-1.79, p<0.001), antiplatelets HR 1.49
(C195% 1.42-1.56, p<0.001), statins HR 0.73 (C195% 0.70-0.77,
Pp<0.001), A-IIRA HR 0.93 (CI95% 0.89-0.98, p=0.008) and
reperfusion therapy HR 0.88 (CI95% 0.81-0.97, p=0.009).

941 patients (471 women) received intravenous thrombolysis
[group I] and had better survival than those who did not receive
it (p =0.001) with an adjusted hazard ratio (HR) 0.83, [0.764-
0.913] at 5-year survival, higher among men (p=0.02) (Figure 2).
Women were older than men (78.4+8.2 Vs 73.4+10.0, p<0.001). A
higher mortality was shown among those treated with diuretics
(p<0.001) and/or antiplatelets (p =0.001) independent of sex.
The multivariate regression model identified the following
independent outcome variables: age HR 1.08 (CI95% 1.06-
1.09, p=0.001), diuretics HR 1.34 (CI95% 1.12-1.61, p<0.001),
antiplatelets HR 1.34 (CI95% 1.12-1.60, p<0.001), anticoagulant
HR 1.43 (CI95% 1.03-2.00, p=0.03) and antidiabetics HR 1.24
(CI195% 1.02-1.52, p=0.03). Of the 376 cases who were treated
with thrombolysis therapy and/or catheter-based thrombectomy
[group II] the number was significantly higher among men
(p=0.01), but resulted in better survival outcomes among women
(p=0.05) (Figure 3) than men, and got the best survival profile
among women (p <0.001) (Figures 4,5).

13,051 (90.8% patients, women 50.0%) were treated with
medical therapy alone [group III]. They were significantly
older than those with reperfusion therapy (77.4+11.1 vs
75.9+9.5, p<0.001), and women were significantly older than
men (p<0.001) (80.3+10.1 VS 74.4%11.1). Overall, there was
higher survival (p<0.001) among women under 80 years. The
overall survival probability was 0.29+0.08 among women and
0.37+0.06 among men (p<0.001) 5 years after stroke. Mortality
was higher among those treated with anticoagulants (p<0.001),
diuretics (p<0.001), antiplatelets (p<0.001) and beta-blockers
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Table 1: Baseline demographics and drugs for management of chronic conditions.

medical therapy mechanical thrombectomy .
. . . ) . medical therapy alone (no
including intravenous with or without intravenous ; .
. . ; reperfusion therapies)
Variable thrombolysis thrombolysis (Group Ill)
(Group 1) (Group II) P

Cases number 471 (50.1) 470(49.9) 0.335 941 165 (43.9) 211 (56.1)  0.011 376 6,530 (50.0) 6,521 (50.0) 0.782 13,051
Age (average)tSD 78.4+8.2  73.4410.0 <0.001 75.9+9.5 70.48t11.2 68.64+11. 0.110 69.45+11.1 80.3+10.1 74.4+11.1 <0.001 77.4£11.0
Age groups <0.001
<15 year-old 0 0 0 0 1 1 0 1 1
15-59 15(3.2) 46 (9.8) <0.001 61 27 (16.4) 34 (16.1) 61 302 (4.6) 661 (10.1) 963
60-69 45 (9.6) 96 (20.4)  <0.001 141 36 (21.8) 63(29.9) 0.019 99 532(8.1) 1335(20.5) <0.001 1867
70-79 158 (33.5) 185(39.4) <0.001 343 64 (38.8) 90 (42.7) 154 1655 (25.3) 2080 (31.9) 3735
80-89 230 (48.8) 135(28.7) <0.001 365 38 (23.0) 23(10.9) 61 3052 (46.7) 2094 (32.1) 5146
>90 year-old 23 (4.9) 8(1.7) <0.001 31 - - - 989 (15.1)  350(5.4) 1339
Anticoagulants

) 25(5.3)  31(6.1) 0243 56(6.0) 33(20.0) 28(13.3) 0.053 61(16.2) 949 (14.5) 782(12.0) <0.001 1731 (13.3)

Antiplatelets (%) 226 (48.0) 264 (56.2
Statins (%) 201 (42.7) 243 (51.7

0.007 490 (52.1
0.003 444 (47.2

) ) 61(37.0) 104(49.3) 0011 165(43.9) 3216(49.2) 3722(57.1) <0.001 6938 (53.2
) )  75(45.5)  123(58.3) 0.009 198(52.7) 2777 (42.5) 3255(49.9) <0.001 6032 (46.2
Antidiabetics (%) 92(19.5) 121(25.7) 0.014 213(22.6) 33(20.0)  52(246) 0.173 85(22.6) 1698 (26.0) 2138(32.8) <0.001 3836 (29.4
Diuretics (%) 190 (40.3) 133(28.3) <0.001 323(34.3) 58(352)  50(23.7
ACEls (%)*  163(34.6) 155(33.0) 0.323 318(33.8)

) )

) )

( 57 (34.5)  74(35.1
AIFRA**(%) 162 (34.4) 127(27.0) 0.009 289 (30.7
(

47(285)  61(28.9
49(297)  75(35.3

0.502 131(34.8) 2425(37.1) 2652 (40.7) <0.001 5077 (38.9
0.511 108(28.7) 1975(30.2) 1706(26.2) <0.001 3681 (28.2

( )
( )
( )
0010 108(28.7) 2953 (45.2) 2038 (31.3) <0.001 4991 (38.2)
( )
( )
0139 124(33.0) 1798 (27.5) 1616 (24.8) <0.001 3414 (26.2)

)
)
)
Beta-blocker (%) 157 (33.3) 147 (31.3 )

Haemorrhagic

0.273 304 (32.3

6 4 0.075 10 1 3 0.587 4 72 150 0.075 222 (97.7)
stroke post-
Primary outcome 4 7 3
(mortalityat 5 252 (50.1) 221 (46.7)  0.027 (50.34) 57 (34.5) 92(43.6) 0.053 149(39.6) 4005 (61.3) 3447 (52.9) <0.001 7452 (57.1)
years) (%) '
Cumulated
proportion 0.38 0.47 0.023 0.42 0.56 0.49 0.116 0.52 0.29 0.37 <0.001 0.33
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(p=0.02); but the survival was significantly longer if patients
were treated with A-IIRA (p<0.001), antidiabetics (p<0.001) and
statins (p<0.001) without differences by sex. The beta-blockers
benefited only women and the antidiabetics benefited only
men (p<0.001). The multivariate regression model identified
the following independent outcome variables: A-IIRA HR 0.89
(CI95% 0.82-0.96, p=0.005), statins HR 0.90 (CI95% 0.84-
0.96, p=0.003), diuretics HR 1.48 (CI95% 1.38-1.59, p<0.001),
anticoagulant HR 1.32 (CI95% 1.20-1.47, p<0.001), antiplatelets
HR 1.16 (CI95% 1.08-1.25, p<0.001) and age HR 1.1 (CI95%
1.06-1.07, p<0.001).

Discussion

This study brings results that reperfusion therapy seems to
benefit women and men differently. We observed the following
key findings: 1) IVT modifies the long-term survival expected
in the natural course after AIS (Figure 6). 2) Women were
significantly older in the group treated with medical therapy
alone, but their survival was better than that of men over 80
years-old. 3) Some medications/drugs could be associated
with a bad prognosis, and their use could be an indicator of
that prognosis. 4) Women in the group of EVT with or without
IVT showed better survival than men although our sample size
was not sufficient to permit robust assessments. There is much
strength to this large dataset and this paper tries to address long
term outcomes after reperfusion with reference to sex, type of
reperfusion therapy and other cardiovascular treatments.

Some authors [18] have suggested that these differences are
multifactorial, but new data suggest that there are biological
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Figure 6: Overall mortality according to revascularization procedure (all cases).

differences [19]. The challenge is whether these data can achieve
better health outcomes through the selection of patients with a
more favorable risk versus selection on the basis of reperfusion
profile.

A greater understanding of the differences and similarities
between males and females with respect to previous cardiovascular
risk factors [1,17,18,20], previous physical or mental condition
[21,22], response to acute stroke therapies, and recovery will
hopefully lead to better outcomes in both sexes in the future.

The chronic cardiovascular medications used confirm
epidemiological data of stroke-related risk factors and comorbid
conditions in Catalonia [4], highlighting that a higher percentage
of men have been treated with antiplatelets (p=0.006), statins
(p=0.001) and antidiabetics (p=0.002), apparently for more
ischaemic comorbidities; and a higher percentage of women took
AII-RA (p=0.026) and diuretics (p<0.001) possibly indicating a
higher proportion of heart failure in that population. Possibly,
the increase of mortality that is associated with cardiovascular
pharmacotherapy is actually related to the basal comorbidities
treated as diabetes mellitus, hypertension, heart failure, coronary
artery diseases and/or atrial fibrillation. These comorbidities
must be evaluated to determine their effects on the reperfusion
therapy outcome and whether they should be included as factors
in the decision to reperfusion [23].

The protective effects of statins and ARA-II are clearly
independent of treatment with reperfusion therapy or the absence
thereof. Statin use is widely delivered in patients who have
previously suffered a stroke and were significantly more likely to
survive compared with non-users [24,25]. Aspirin given together
with a thrombolytic agent may worsen the risk-to-benefit ratio
[26] probably due to cerebral hemorrhagic complications, but
this problem was not investigated in our study. The anticoagulant
treatment often has poor quality results and has been associated
with high frequency of complications and poor outcome, but in
selected NOAC treated patients with an acute stroke, endovascular
thrombectomy is preferred if indicated and possible[27]. The use
of antidiabetics was associated with higher survival in the group
I, differing with results [1] that showed higher death rates among
women, and higher long-term mortality in patients with diabetes
[28]. Although diabetes is not a contraindication for thrombolysis
therapy, patients with diabetes are often undertreated [29] and
could have a sampling bias.

Previous clinical trials have largely ignored the potential for
sex-specific responses to treatments [30,31]. It may be that the
beneficial impact of reperfusion therapy could be neutralized
by basal comorbidities and/or their treatment, or perhaps the
mortality outcome of the reperfusion therapy depends more on
the comorbidities profile. The development of computerized
decision tools [32,33] that examine factors such as age, sex,
cardiovascular comorbidities and their treatment may support
the optimization of decision making to further improve EVT
effectiveness as standard care for eligible patients [34] and
seamlessly support different approaches to decision-making
about reperfusion therapy. Eventually, the results of controlled
trials [2,35-38] have confirmed the safety and efficacy of EVT and
its importance for the advancement of stroke care [39], but have
not been evaluated different effects by sex and comorbidities.
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There are some limitations to our study. It is a large but
limited observational registry and putting these all together into
one analysis can make it difficult to minimizing the possible bias
that exists in non randomized data, but primary randomization
of sex is not possible, as sex is a nature-determined factor.
Our results were limited to patients treated with reperfusion
therapy and drugs for management of chronic conditions.
The accessibility to procedure includes variations between
different areas, and the type and quality of revascularization
that patients can access often will depend on where they live
particularly in the rural and remote areas.

Conclusion

Men and women have different prognoses after revascu-
larization treatment for acute ischemic stroke. Under 80 year-
old the women appear to have a better outcome than men
when treated with thrombolysis therapy and/or catheter-based
thrombectomy and with medical therapy alone. The men appear
to have a better outcome than women when received intrave-
nous thrombolysis. The chronic cardiovascular pharmacother-
apy must be evaluated to determine their effects on the reper-
fusion therapy outcome and whether they should be included
as factors in the decision to reperfusion.

Compliance with ethical standards

The study have been approved by the appropriate insti-
tutional and/or national research ethics committee and have
been performed in accordance with the ethical standards as
laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. Ethics approval
was granted by the Ethics Committee at the Research Institute
of Primary Care Jordi Gol i Gurina (IDIAP), Health Department,
Generalitat de Cataluiia, code code 4R17/017.

Registry information was collected from the government-
run healthcare provider responsible for all inpatient care
in the county without contact with participants in order to
gather data from the study. Identifying details of the records
were excluded to achieve a complete anonymity. For this type
of study formal consent is not required. This cohort study is
based on AIS patients identified from the Minimum Basic Data
Register at hospital discharge (CMBD-HA) through specific
ICD-9 diagnostic and procedure codes. The study protocol is
available at Long survival after ischemic stroke and thrombolysis in
Catalonia, ClinicalTrials.gov number, NCT03247036.
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