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Abstract
Background:
The data on long-term outcome after basilar artery occlusion (BAO) are scarce. Only a little is known
about BAO survivors´ outcome over decades.
Aim:

We set out to investigate long-term survival and causes of death in BAO patients with up to twodecade follow-up. We also evaluated differences in outcome trends.
Methods:
207 BAO patients treated with intravenous thrombolysis (IVT) at the Department of Neurology,
Helsinki University Hospital, between 1995-2016 were analyzed. Short-term outcome was assessed
with modified Rankin Scale (mRS) at three months. Long-term cumulative survival rate was analyzed
using Kaplan-Meier analysis. Factors associated with mortality were analyzed with Cox regression.
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Results:
Moderate outcome (mRS 0-3) was achieved in 41.1% and good outcome (mRS 0-2) in 30.4% of
patients at three months. Three-month mortality was 39.6%, of which 89% died within first month.
The median follow-up time in 3-month survivors was 8.9 years (max. 21.8 years). Total mortality
during the follow-up was 52.2%. Cumulative mortality rate was 25.7%. Older age, coronary artery
disease and more extensive ischemic changes on admission brain imaging were independently
associated with long-term mortality. After the acute phase, the rate of other vascular causes of
death increased in relation to stroke.
Conclusions:
The described evolution of a large single-center BAO cohort shows a trend towards higher rate of
good and/or moderate outcome during later years in IVT-treated patients. Survivors showed relative
longevity and the rate of cardiac and other vascular causes of death increased in relation to stroke
sequelae over long term.

Background
If a patient survives the perilous first one to three months after basilar artery occlusion (BAO), it is
not known how this translates into long-term survival. Successful recanalization therapy is crucial in
BAO, since the prognosis of untreated patients is abysmal with acute mortality of 85-97%.[1–4]
Even though the diagnostics and treatment strategies have dramatically developed during the last
years (including novel mechanical endovascular approaches), good outcome is achieved only by one
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third of patients.[2, 4–8] Data on long-term survival and mortality after ischemic stroke are scarce
and only little data on changes in outcome trends exist.[9–13] Furthermore, only a few studies
reporting long-term outcome separately on BAO are available. [5, 14, 15]
After early reports documenting the added independent value of early ischemic changes (EIC) on
admission imaging in predicting outcome of acute BAO[16, 17], to improve patient selection our
written in-house-protocol has for more than a decade advised to withhold aggressive recanalization
therapies if already extensive EIC of the brainstem were present. However, the implementation of
this regimen has been problematic, when there is no alternative therapy to reverse the dismal
condition. Still, 28% of the present consecutive series by February, 2012, included patients with EIC
(i.e. the posterior circulation Acute Stroke Prognosis Early CT Score (pc-ASPECTS) < 8)[16], which we
reported to be a robust predicting variable for dependent or fatal outcome (odds ratio 5.83, 95%
confidence interval 1.09–31.07).[18] This led us to focus also on this patient selection variable in the

face of long-term therapy success over the later era in BAO management.

Aims

We examined long-term survival and outcomes of BAO patients in our single-center cohort with
follow-up of up to two decades. We evaluated different causes of death during the follow-up.
Differences in outcome trends and associated variables were also analyzed.

Methods
Patient population
Total of 237 patients with BAO were treated with intravenous thrombolysis (IVT) at the Department
of Neurology, Helsinki University Hospital, between June 1995 and September 2016. In our
institution there is a well-established IVT-protocol for BAO treatment.[14, 18, 19] 30 patients who
were treated with concomitant endovascular treatment (EVT), in detail 3 intra-arterial thrombolyses
[IAT], 25 mechanical thrombectomies (MT), and 2 with IAT+MT, were excluded from the present
analyses since EVT was adopted to routine use only after 2015 when the data from randomized
trials[20] showed the efficacy in anterior circulation strokes. Furthermore, for patients treated with
EVT in recent years no long-term follow-up data were yet available. All BAO patients are
prospectively registered into our registry and some additional data were retrieved retrospectively
from the patient records. Approval by ethical committee was not required as the data were
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collected as a part of routine hospital care. BAO phenotype was defined as sudden or progressive as
previously described.[4]

National Institutes of Health Stroke Scale (NIHSS) was prospectively obtained for all patients on
admission. Neuroimaging was done for all patients before treatment with either computed
tomography (CT) or magnetic resonance imaging (MRI) accompanied with vascular imaging by CT
angiography (CTA), MR angiography (MRA) or digital subtraction angiography (DSA). Control imaging
was done approximately 24h after thrombolysis and additional imaging was obtained in case of
neurological deterioration. The pc-ASPECTS [21] was used to evaluate the extent of baseline
ischemia. Symptomatic intracerebral hemorrhage (sICH) was defined according to European
Cooperative Acute Stroke Study II (ECASS-II) criteria, because there is no other superior way to
evaluate sICH in the posterior circulation.[22] Recanalization was assessed from repeated
angiography images and dichotomized as partial to complete (thrombolysis in myocardial infarction
[TIMI] score 2-3) or nil to minimal (TIMI 0-1).[23]

Outcome Measures
Short-term outcome was measured with modified Rankin Scale (mRS) at three months. MRS was
assessed by video-trained and certified neurologist. Good outcome was defined as mRS 0-2 and
moderate outcome as mRS 0-3. Short-term mortality was determined at 3 months. Secondary
outcome was miserable outcome (mRS 5-6). 1-year mortality and total mortality rate during followup were also analyzed. The mortality data were obtained from the Statistics Finland on September
2017.

Statistical Analysis
Pearson´s Chi Square test or Fisher´s exact test was used to compare dichotomous variables, as
appropriate. Continuous variables were tested for normality and univariate analyses were
performed with t test or Mann-Whitney U test, as appropriate. For long-term mortality analyses,

patients surviving beyond three months were included. We analyzed cumulative survival rate with
Kaplan-Meier statistics. Cox proportional hazards models were used for univariate and multivariable
analyses in order to identify factors associated with long-term mortality. Variables with probability

This article is protected by copyright. All rights reserved

Accepted Article

value (p) < 0.1 in univariate analysis were included in the backwards stepwise multivariable model.
All statistical analyses were performed using SPSS version 25 (IBM Corp., Armonk, NY).

Results
Total of 207 BAO patients treated with IVT were included in the analyses. Patient characteristics are
shown in Table 1. In our cohort men outnumbered women and the majority had history of
hypertension. Median NIHSS on admission was 20 (IQR 10-30). 29% had extensive ischemic changes
at baseline imaging as evaluated by pc-ASPECTS <8.

[Insert table 1]

Moderate outcome (mRS 0-3) was achieved in 41.1%, good outcome (mRS 0-2) in 30.4% of patients
at 3 months and 101 (48.8%) were bedridden or dead (mRS 5-6) (Table 2). Altogether 82 patients

(39.6%) died during the first three months, of whom 89.0% (73/82) died within the first month.
Mortality rate within 1 year was 43.5% (90/207). Total mortality rate during the follow-up was 52.2%
(108/207) (Table 2).

[Insert table 2]

A clear trend towards higher number of patients achieving good (mRS 0-2) and/or moderate
outcome (mRS 0-3) and lower number patients treated despite excessive baseline ischemic changes
(pc-ASPECTS <8) were seen (Figure 1). In line, both mortality figures seem to reflect the fraction of

patients treated with pc-ASPECTS<8 for the given epoch (Figure 1). Similar trend was seen when
outcomes were compared between two epochs (1995-2005 and 2006-2016) with mRS 0-2 achieved
in 34.9% vs. 23.1% (p=0.074) in later and earlier time cohort, respectively (Supplemental table 1).

The illustrated data of two decades reflect seminal trends in IVT BAO recanalization treatment
patients. Patients treated in later time cohort (2006-2016) were older (median age 69 [IQR 59-78] vs
63 [52-74], p=0.005), but had shorter treatment time delays (median onset-to-treatment time 247
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[IQR 138-755] minutes vs 633 [425-1360] minutes, p<0.001), lower baseline NIHSS (median 17 [IQR
6-28] vs 24 [13-30], p=0.025), less extensive EICs (pc-ASPECTS < 8 in 17.8% vs 47.4%, p<0.001) and
less often need of ventilator support (31.0% vs 69.2%, p<0.001). In mortality rates, no clear
differences were seen between the two epochs (Supplemental table 1.). Patient characteristics,
patient selection and outcome measures between these two consecutive time cohorts are shown in
detail in supplemental table 1.

[Insert Figure 1]

The median follow-up time in 3-month survivors was 8.9 years (interquartile range [IQR] 6.1-14.2
years; min 1.4, max 21.8 years). Cumulative mortality rate was 25.7% (Figure 2). In the multivariable
Cox regression model age (HR 1.07 [95% C.I. 1.03-1.11]), coronary artery disease (HR 2.63 [1.036.69]) and signs of extensive ischemic changes on admission imaging (HR 5.12 [2.19-12.42]) were
associated with higher risk of mortality during the long-term follow-up (Table 3). Factors included in
univariate model are shown in supplemental table 2.

[Insert Figure 2]
[Insert table 3]

The causes of death received from the Statistics Finland are shown in groups (Table 4). One death
certificate was unavailable. Overall, 92.7% of deaths occurring within first 3 months were related to
the index stroke compared to 56.0% in 3-month survivors (p<0.001). In patients surviving the acute
phase the proportion of non-stroke related causes of death was greater. Cardiac or other vascular
non-stroke related condition comprised the cause of death in 32.0% of the three -month survivors
and in only 7.3% within first three months (p=0.004).

[Insert table 4]
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Discussion
The 30% overall rate of good outcome (mRS 0-2) at 3 months is similar or better than in previous
BAO cohorts treated with intravenous or intra-arterial thrombolysis (IVT, IAT) by us [24]and others
[5, 15] with rates of 21-33%, and also comparable with many thrombectomy treated cohorts [6, 8,
25–27] with rates between 27-36%. On the other hand, some EVT cohorts have reported higher
rates of good outcome of up to 44-56%.[28–31] These differences may be partly explained by

patient selection, treatment chain related factors or sample sizes. Yoon et al. [30], Baek et al. [29]
and Kang et al. [31] all reported EVT-treated cohorts with lower NIHSS scores and higher prevalence
of atrial fibrillation, factors that might affect slightly better outcome results. Regarding frequency of
comorbidities, age, sex distribution and baseline NIHSS scores, cohort-specific patient characteristics
(Table 1) in our data are also in line with previous studies reporting similar outcome results.[5, 15,
26]

The changes in outcome trends during 1995-2016 are shown in Figure 1 and in supplemental table 1.
A trend towards higher rate of good and moderate outcomes is obvious. Jung et al [15]reported a

similar trend towards improved outcome between earlier and later time periods with rates of
moderate outcome (mRS 0-3) of 35% and 53% in 1992-2003 and 2004-2010, respectively. As
previously discussed [32], this likely reflects more rapid diagnostics, prompt treatment decisions and
better patient selection for recanalization treatments in recent years (supplemental table 1). Indeed,
a remarkably decreasing rate of patients treated despite baseline EIC (pc-ASPECTS <8) reflects this in
the more recent years (Figure 1). Pc-ASPECTS below 8 on admission imaging appears in the present
report as an equally independently predictive baseline variable as it did in our previous report (Table
3) [18].

Lifetime costs of stroke are estimated to cause approximately 3% of total health care
expenditures.[33] Therefore it is of great importance to analyze the long-term cumulative survival
rates after stroke, which we could not find in previous studies. In the present study, the median
follow-up time was 9 years, clearly longer than in previous studies [5, 14, 15] As previously
described, there seems to be a remarkable persistent functional recovery potential beyond three
months after BAO treatment.[14, 15] We previously reported that individuals with short-term (3
months) outcome of mRS 2-4 often improved during follow-up. Moreover, those with the most
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severe disability at three months (mRS 5) did not maintain this status, but ended up dying or
improving functionally.[14] Jung et al. reported similar results of up to 40.8% of survivors improving
with at least 1 mRS point after 3 months.[15] Our study adds a novel finding of relatively high
cumulative survival rate of 74.3% within a long follow-up.

The present study includes only IVT-treated patients since EVT for BAO patients has been applied in
our center only after the main effect of reversal of occlusion was shown in anterior circulation
strokes in 2015.[20] A recent randomized controlled trial comparing EVT to standard medical care
(including IVT) reported mRS 0-3 at three months in 42% vs 32% of patients (OR 1.74, 95% CI 0.81-

3.74), respectively.[27] Similar or slightly higher rate of moderate outcome has been achieved in our
present IVT-cohort during later years (Figure 1.) Thus, IVT holds a role in BAO treatment, since EVT
remains without solid evidence of superiority over IVT in BAO in randomized controlled trials.

Therefore, making advances in the therapeutic success in BAO reversal may still meaningfully benefit
from careful observations of noteworthy single-center cohorts such as the present series over two
decades. Regardless of the prioritized initial therapeutic modality, most centers no longer maintain
certain onset-to-treatment time an absolute exclusion criterion for BAO recanalization therapy, but
EIC on admission imaging appear a reasonable basis for estimating short and even the long-term
prognosis when considering BAO reversal.

Cumulative mortality among 3-month survivors in our analysis was approximately 25%. Surprisingly,
this rate is quite similar with anterior circulation strokes.[9, 11] Van den Berg et al. [34]reported data
from 2-year follow-up of patients with acute ischemic stroke caused by a large vessel occlusion of
anterior circulation. Cumulative mortality rate in their study was 26% in EVT-treated patients and
31% in the control group.[35] All of these results point out that even though BAO is considered to
carry a dismal prognosis, the long-term mortality rate in BAO patients who survive first three months
actually coheres with large artery stroke subtype of anterior circulation. Although not captured in

the present study, earlier results by us and others demonstrated that the long-term survivors report
fair quality of life.[5, 14] Together with the present report confirming considerable longevity of BAO
survivors, these data bear a lot on avoiding the long-term expenses and human suffering by
aggressive acute recanalization therapy of BAO benefit of which carries over decades.
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Overall, half of patients died during an observation time of up to 22 years. This is in line with other
medium-term follow-up cohorts with mortality rates of 40-60%.[5, 14, 15] Majority of deaths
occurred during the first 3 months and were associated with the index stroke, highlighting the
frequently appalling prognosis of BAO even when treated. Primary causes of death among the 3month survivors were increasingly due to cardiac or vascular disorders besides the sequelae of
ischemic stroke (Table 4). Indeed, this leaves room for more aggressive secondary prevention
measures in subjects who survived BAO. Our data did not enable studying the effects of secondary
prevention in long-term outcome. Most of the stroke patients have a burden of other comorbidities,
which bear on mortality and poor outcome.[35]

Limitations of the present study include a relatively small sample size in our long-term analysis and
absence of data from EVT-treated patients, for whom long tern follow-up is not yet available. The
strengths of present study include longer follow-up time than ever described and a previously well
established and prospectively collected single center IVT-treated BAO-cohort.[14, 18, 24, 32]

In summary, our results show a major potential for benefitting of prompt BAO recanalization
treatment and relative longevity beyond the acute phase of first three months. In the surviving
patients, mortality due to non-stroke related causes increases in relation to stroke sequelae. A
concomitant trend towards better outcome together with better patient selection during later years
is also seen in experienced stroke centers with a beneficial effect carried over through decades
whenever extensive early brain infarction can be avoided.

Funding
We received support from Sigrid Jusélius Foundation, the Jane and Aatos Erkko Foundation and
Helsinki University Hospital Governmental Research Funding to our research group. No specific
project grants for this research were received.
Conflicts of Interests

This article is protected by copyright. All rights reserved

Accepted Article

Dr. Sairanen reports grants from Orion Corporation (Finland), TEVA Pharmaceutical Industries Ltd.,
Allergan plc, personal fees from Boehringer Ingelheim Inc., outside the submitted work. Other
authors declare that there are no conflict of interest.
Data availability statement
The data that support the findings of this study are available from the corresponding author upon
reasonable request.
References
[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Kumar G, Shahripour RB, Alexandrov A v. Recanalization of acute basilar artery occlusion
improves outcomes: a meta-analysis. Journal of NeuroInterventional Surgery 2015; 7: 868.
Schonewille WJ, Wijman CAC, Michel P, et al. Articles Treatment and outcomes of acute
basilar artery occlusion in the Basilar Artery International Cooperation Study (BASICS): a
prospective registry study. The Lancet Neurology 2009; 8: 724–730.
Arnold M, Mattle HP, Arnold M, et al. Basilar artery occlusion. The Lancet Neurology 2011;
10(11):1002-14
Lindsberg PJ, Sairanen T, Strbian D, et al. Current treatment of basilar artery occlusion. Annals
of the New York Academy of Sciences 2012; 1268: 35–44.
Caroline O, Judith Z, Gunther F, et al. Multimodal Recanalization Therapy in Acute Basilar
Artery Occlusion. Stroke 2012; 43: 2130–2135.
Singer OC, Berkefeld J, Nolte CH, et al. Mechanical recanalization in basilar artery occlusion:
The ENDOSTROKE study. Annals of Neurology 2015; 77: 415–424.
Lindsberg PJ, Sairanen T, Nagel S, et al. Recanalization treatments in basilar artery occlusionSystematic analysis. European stroke journal 2016; 1: 41–50.
Nagel S, Nagel S, Kellert L, Möhlenbruch M, Bösel J, Rohde S RP. Improved Clinical Outcome
after Acute Basilar Artery Occlusion since the Introduction of Endovascular Thrombectomy
Devices. Cerebrovasc Dis 2013; 394–400.
Rutten-Jacobs LCA, Arntz RM, Maaijwee NAM, et al. Long-term Mortality After Stroke Among
Adults Aged 18 to 50 Years. JAMA 2013; 309: 1136–1144.

This article is protected by copyright. All rights reserved

Accepted Article

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Walter M, Anthony R, A WCD, et al. Long-Term Survival After Intravenous Thrombolysis for
Ischemic Stroke. Stroke 2018; 49: 607–613.
Louise SM, Z SC, Heidi H, et al. Acute Ischemic Stroke and Long-Term Outcome After
Thrombolysis. Stroke 2014; 45: 3070–3072.
Schmidt M, Jacobsen JB, Johnsen SP, et al. Eighteen-year trends in stroke mortality and the
prognostic influence of comorbidity. Neurology 2014; 82: 340.
Koton S, Schneider ALC, Rosamond WD, et al. Stroke Incidence and Mortality Trends in US
Communities, 1987 to 2011. JAMA 2014; 312: 259–268.
Lindsberg PJ, Soinne L, Tatlisumak T, et al. Long-term Outcome After Intravenous
Thrombolysis of Basilar Artery Occlusion. JAMA 2004; 292: 1862–1866.
Jung S, Mono ML, Fischer U, et al. Three-month and long-term outcomes and their
predictors in acute basilar artery occlusion treated with intra-arterial thrombolysis. Stroke
2011; 42: 1946–1951.
Puetz V, Sylaja PN, Coutts SB, et al. Extent of hypoattenuation on CT angiography source
images predicts functional outcome in patients with basilar artery occlusion. Stroke 2008; 39:
2485–2490
Greving JP, Schonewille WJ, Wijman CAC, et al. Predicting outcome after acute basilar artery
occlusion based on admission characteristics. Neurology 2012; 78: 1058.
Strbian D, Sairanen T, Silvennoinen H, et al. Thrombolysis of basilar artery occlusion: Impact
of baseline ischemia and time. Annals of Neurology 2013; 73: 688–694.

[19]

Lindsberg PJ, Mattle HP. Therapy of Basilar Artery Occlusion. Stroke 2006; 37: 922–928.

[20]

Goyal M, Menon BK, van Zwam WH, et al. Endovascular thrombectomy after large-vessel

[21]

[22]

ischaemic stroke: A meta-analysis of individual patient data from five randomised trials. The
Lancet 2016; 387: 1723–1731.
Volker P, Andrei K, D HM, et al. Extent of Hypoattenuation on CT Angiography Source Images
in Basilar Artery Occlusion. Stroke 2011; 42: 3454–3459.
Hacke W, Kaste M, Fieschi C, et al. Randomised double-blind placebo-controlled trial of
thrombolytic therapy with intravenous alteplase in acute ischaemic stroke (ECASS II). The
Lancet 1998; 352: 1245–1251.

This article is protected by copyright. All rights reserved

Accepted Article

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

The TIMI Study Group. The Thrombolysis in Myocardial Infarction (TIMI) Trial. N Engl J Med
1985; 312: 932–936.
Sairanen T, Strbian D, Soinne L, et al. Intravenous Thrombolysis of Basilar Artery Occlusion:
Predictors of Recanalization and Outcome. Stroke 2011; 42: 2175–2179.
Meinel TR, Kaesmacher J, Chaloulos-Iakovidis P, et al. Mechanical thrombectomy for basilar
artery occlusion: efficacy, outcomes, and futile recanalization in comparison with the anterior
circulation. Journal of NeuroInterventional Surgery 2019; 11: 1174.
Bouslama M, Haussen DC, Aghaebrahim A, et al. Predictors of good outcome after
endovascular therapy for vertebrobasilar occlusion stroke. Stroke 2017; 48: 3252–3257.
Liu X, Dai Q, Ye R, et al. Endovascular treatment versus standard medical treatment for
vertebrobasilar artery occlusion (BEST): an open-label, randomised controlled trial. The
Lancet Neurology 2020; 19: 115–122.
Uno J, Kameda K, Otsuji R, et al. Mechanical thrombectomy for acute basilar artery occlusion
in early therapeutic time window. Cerebrovascular Diseases 2017;44(3-4):217-224
Baek JM, Yoon W, Kim SK, et al. Acute basilar artery occlusion: Outcome of mechanical
thrombectomy with solitaire stent within 8 hours of stroke onset. Am J Neuroradiol 2014; 35:
989-993
Yoon W, Kim SK, Heo TW, et al. Predictors of good outcome after stent-retriever
thrombectomy in acute basilar artery occlusion. Stroke 2015; 46: 2972-2975
Kang DH, Jung C, Yoon W, et al. Endovascular thrombectomy for acute basilar artery
occlusion: A multicenter retrospective observational study. J Am Heart Assoc 2018;
7(14):e009419
Ritvonen J, Strbian D, Silvennoinen H, et al. Thrombolysis and adjunct anticoagulation in
patients with acute basilar artery occlusion. Eur J Neurol 2018; 26: 128-135
Evers SMAA, Struijs JN, Ament AJHA, et al. International comparison of stroke cost studies.
Stroke 2004; 35: 1209-1215
van den Berg LA, Dijkgraaf MGW, Berkhemer OA, et al. Two-year outcome after
endovascular treatment for acute ischemic stroke. N Engl J Med 2017; 376: 1341-1349

This article is protected by copyright. All rights reserved

Accepted Article

[35]

Sennfält S, Pihlsgård M, Petersson J, et al. Long-term outcome after ischemic stroke in
relation to comorbidity – An observational study from the Swedish Stroke Register
(Riksstroke). European Stroke Journal 2020; 5: 36–46.

This article is protected by copyright. All rights reserved

Accepted Article

Table 1. Patient Characteristics

Patient characteristics in IVT-treated basilar artery occlusion patients between 1995-2016.

n (%) / median
(IQR)

Male sex

137 (66.2%)

Age (years)

68 (58-76)

Diabetes

31 (15.0%)

Hypertension

108 (52.2%)

Dyslipidemia

76 (36.7%)

Atrial fibrillation

47 (22.7%)

Chronic heart failure

15 (7.2%)

Coronary artery disease

41 (19.8%)

History of myocardial infarction

21 (10.1%)

History of stroke

50 (24.2%)

Sudden phenotype

147 (71.0%)

Intubation and ventilator support on admission

94 (45.4%)

NIHSS on admission

20 (10-30)

Onset-to-treatment time (min)

435 (165-966)

pc-ASPECTS < 8

60 (29.0%)

sICH (ECASS-II)

24/206† (11.7%)

Recanalization (TIMI 2-3)

97/153‡ (63.4%)

†Data missing for one patient; ‡Data available in 74%. Abbreviations: NIHSS National Institutes of Health Stroke Scale, pc-ASPECTS - posterior circulation
Acute Stroke Prognosis Early CT Score, TIMI - thrombolysis in myocardial
infarction, sICH – symptomatic intracerebral hemorrhage, mRS – modified Rankin
Scale.
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Table 2. Outcomes and mortality at follow-up

Three-month outcome was measured with modified Rankin Scale (mRS). Good outcome was
defined as mRS 0-2 and moderate outcome as mRS 0-3. Mortalities within 1 month, 1 year
and during follow-up were also analyzed.

N (%)

90 days mRS
mRS 0-2

63 (30.4%)

mRS 0-3

85 (41.1%)

mRS 5-6

101 (48.8%)

Mortality
Case fatality (1-month mortality)

73 (35.3%)

Dead at three months (mRS 6)

82 (39.6%)

1-year mortality

90 (43.5%)

Mortality during follow-up

108 (52.2%)

Abbreviations: mRS – modified Rankin Scale
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Table 3. Factors associated with long-term mortality (Cox regression)

All 3-month survivors were included in long-term mortality analysis. Factors with p<0.1 in
univariate model (see Supplemental table 2.) were included in multivariable model.

HR (95% C.I.)

Wald

P

Age (per year)

1.07 (1.03-1.11)

14.44

< 0.001

Coronary artery disease

2.63 (1.03-6.69)

4.12

0.042

pc-ASPECTS < 8

5.21 (2.19-12.42)

13.95

< 0.001

Factors included in analysis (p <0.1 in univariate model): age, baseline NIHSS, hypertension, coronary artery disease,
pc-ASPECTS <8. Abbreviations: pc-ASPECTS - posterior circulation Acute Stroke Prognosis Early CT Score. Since NIHSS
does not measure very precisely posterior circulation symptoms, we assumed that there was no significant collinearity
with pc-ASPECTS and both parameters were included in regression model simultaneously
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Table 4. Causes of death

Causes of death grouped according to the time of death. The mortality data were obtained
from the Statistics Finland.

Cause of death

N (%)

All dead patients (n=108)
Ischemic stroke or sequelae of stroke

90 (83.3%)

Cardiac condition

9 (8.3%)

Other vascular conditions

5 (4.6%)

Malignancies

1 (0.9%)

Miscellaneous†

2 (1.9%)

Undetermined‡

1 (0.9%)

3-month mortality (n=82)
Ischemic stroke or sequelae of stroke

76 (92.7%)

Cardiac condition

4 (4.9%)

Other vascular conditions

2 (2.4%)

Malignancies

0 (0.0%)

Miscellaneous

0 (0.0%)

Mortality after three months (n=26)
Ischemic stroke or sequelae of stroke

14 (53.8%)

Cardiac condition

5 (19.2%)

Other vascular conditions

3 (11.5%)

Malignancies

1 (3.8%)

Miscellaneous†

2 (7.7%)

Undetermined‡

1 (3.8%)

†1 fall, 1 cholecystitis; ‡1 patient with missing death report
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Figure shows trends in good (mRS 0-2) and moderate (mRS 0-3) 3-month outcomes and in mortalities and changes in number of patients treated despite
the excessive baseline ischemia in two-year consecutive time blocks over two decades.
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Figure shows Kaplan-Meier curve for cumulative survival in over 20-year follow-up. All 3-month survivors were included in long-term mortality analysis.
Cumulative mortality rate was 25.7%.
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