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Imaging and Stroke Outcome –
Evidence from Upper Austria
Klaus Buttinger
Harald Stummer
Abstract
Acute Stroke is known as a neurologic emergency, which should be treated as
soon as possible. The differences in treatment are dependent on the subtypes of
stroke (intracranial hemorrhage/cerebral infarction). To discriminate between
bleeding and infarction it is necessary that the patients undergo CT or MRI before
treatment. Many recent studies suggest rapid neuroimaging (CT/MRI) for better
outcome. However an association between delay of medical imaging, type of
imaging and outcome (mortality rate) has not been systematically investigated.
The aim of the present paper therefore is to explore the impact of time and type of
imaging on outcome. Data was collected over a period of 9 years (2007 – 2015) by
using clinical data (N=48,355). Binomial logistic regression was used to estimate
odds ratios (OR) and 95% confidence intervals (CI) for the association between
age (5 groups) as well as pre-notification by the emergency rescue or doctor,
neuroimaging using Stata ©. In several models controlling for patient age and
severity of stroke using the National Institutes of Health Stroke Scale (NIHSS),
MRI as a diagnostic tool is associated with lower mortality in brain infarction,
while for CT imaging no association is found. Time to picture, however, has no
significant influence.
Keywords: Stroke, Pre-notification, MRI, CT, Austria
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Introduction
Cardiovascular diseases are worldwide leading causes of death. About one
third of these deaths is caused by stroke (Bonita, Beaglehole, & Asplund, 1994)
which is the most frequent neurological emergency (Hasenbein, 2006). Due to its
high prevalence (Feigin, Lawes, Bennett, Barker-Collo, & Parag, 2009; Lemesle et
al., 1999; Wieberdink, Ikram, Hofman, Koudstaal, & Breteler, 2012) stroke is one
of the most economically important diseases all over the world (Buttinger &
Stummer, 2012).
The diagnosis "stroke" presents with an acute onset of a central nervous
deficit on the basis of a vascular pathology, starts suddenly and lasts longer than
24 hours. Fugacious, often self-limiting neurological disorders with a significantly
shorter duration are called TIA (Transient Ischemic Attack). In recent years, the
concept of "acute ischemic cerebrovascular syndrome" (AICS) is found in the
literature (Kidwell & Warach, 2003). In this concept the duration of the clinical
symptoms is not included in the definition.
The two main subtypes of acute stroke (about 15% cerebral bleeding; about
85% brain infarction) (Warlow, Sudlow, Dennis, Wardlaw, & Sandercock, 2003)
need different strategies of therapy.
Dependent from size (mass effect?), location (compression?), age and
comorbidity of the patient either conventional therapeutic strategies (slowly
resorption of blood) or surgical procedures (evacuation of intracranial blood) are
indicated in case of acute stroke due to intracranial hemorrhage (Bösel,
Zweckberger, & Hacke, 2015; Datar & Rabinstein, 2014; Kirkman, Citerio, &
Smith, 2014).
Different to other sites in the human body the vascular supply of the central
nervous system has only few collaterals. In case of a brain infarction at least one
(cervical or intracranial) vessel is occluded due to various reasons. This means that
in case of a vascular occlusion the affected brain territory gets insufficient blood
and oxygen and therefore loses cerebral function and vitality. Because there is
only a short time window for survival of brain cells, it is necessary that the blood
flow is restored as soon as possible ("time is brain") in order to minimize deaths
and improve functional outcomes (Gomez, 2018). Many trials demonstrated that
in case of brain infarction intravenous thrombolytic therapy with recombinant
tissue plasminogen activator (rtPA) given up to 4.5 hours after symptom onset is
an effective treatment which saves lives and improves functional outcome (Adams
et al., 2007; Hacke et al., 2008; Hajjar, Kerr, & Lees, 2011; Lees et al., 2010;
Nolte & Endres, 2012; Schellinger et al., 2007; Shobha, Buchan, Hill, & Canadian
Alteplase for Stroke Effectiveness, 2011). On the other hand outcome data has
shown that in less than 30% of patients with a clot in a proximal intracerebral
artery (middle cerebri artery or basilar artery) or in the internal carotid artery
intravenous thrombolysis (rtPA) leads to an early recanalization (Fransen et al.,
2014).
Therefore in the last years another treatment option for ischemic stroke was
proven. Since November 2014 five positive randomized controlled trials (MR
CLEAN, REVASCAT, ESCAPE, SWIFT PRIME, EXTEND IA) impressively
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showed that the treatment of a severe stroke due to a proximal vessel occlusion is
safe and highly effective when the blood clot is removed early by mechanical
intraarterial thrombectomy (Campbell et al., 2014; Evans, White, Cowley, &
Werring, 2017; Fransen et al., 2014; Molina et al., 2015; Palaniswami & Yan,
2015; Saver et al., 2015; Weiner & Ducruet, 2015).
Early intraarterial mechanical thrombectomy (within 6 hours after onset of
stroke symptoms) significantly improves outcome in case of severe ischemic
stroke (Evans et al., 2017) and therefore this therapeutic procedure has found its
way into certain guidelines (Ringleb & Veltkamp, 2015; Schlaganfall-Gesellschaft,
2017).
A few subgroups of stroke (e.g. wake-up strokes) are not fully covered from
these data. In order to select patient groups which will mostly benefit from a
mechanical intraarterial thrombectomy a strong need for a multimodal
neuroradiologic imaging was shown (Menon, Campbell, Levi, & Goyal, 2015;
Palaniswami & Yan, 2015).
The DEFUSE3 trial used (CT or MR) perfusion imaging in order to select
patients with a severe stroke (6 to 16 hours after a patient was last seen well)
eligible for endovascular treatment (Albers et al., 2018). Similar, the DAWN trial
used CT (Perfusion) or MR (Diffusion) imaging (difference between infarct
volume and clinical deficit) in order to select patients suitable for thrombectomy 6
to 24 hours after stroke (Nogueira et al., 2018). Despite of noticeably later
beginning of endovascular treatment both trials demonstrated better outcomes for
patients treated with endovascular therapy plus standard therapy than standard
medical therapy alone. The findings of the DEFUSE3 trial (Albers et al., 2018;
Powers et al., 2018) led to a major revision of the 2018 guidelines for the early
management of patients with acute ischemic stroke in the US (Powers et al.,
2018).
Clinical neurological examinations are used to assess the severity of an acute
stroke. For this purpose some scoring systems (clinicometric scales and functional
impairment scales) have been developed. The Barthel Index (BI) and the modified
Rankin scale (mRS) are widely used functional impairment and disability scales
(Ghandehari, 2013). For daily use in emergency situations at hospital sites the
National Institute of Health Stroke Scale (NIHSS) has been proven successful.
Moreover this deficit scale is also routinely used in clinical stroke trials (Goldstein
& Samsa, 1997).
Many papers describe clinical outcomes from acute stroke and the
measurement of clinical outcome parameters after suffering from stroke. Unlike
for other diseases, however, there is no conclusive evidence on the right moment
and on which kind of measurement (Davalos, Castillo, & Martinez-Vila, 1995;
Duncan, Jorgensen, & Wade, 2000; Hacke et al., 2008; Johnston et al., 2000;
Kotila, Waltimo, Niemi, Laaksonen, & Lempinen, 1984; Martínez-Vila E, 2004).
In addition, different, non-coherent stroke scales (NIHSS, mRS, BI) are used to
describe the results of treatment (Ghandehari, 2013; Hacke et al., 2008; Kotila et
al., 1984; Ward, Payne, Caro, Heuschmann, & Kolominsky-Rabas, 2005).
Stroke symptoms are equal in all types of stroke (cerebral bleeding or
intracranial infarction) and can only be safely distinguished by neuroradiologic
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imaging. Computed Tomography (CT) and Magnetic Resonance Imaging (MRI)
are practical worldwide used imaging modalities for selecting patients to get the
right therapeutic strategy (Adams et al., 2007; Menon et al., 2015; Menon et al.,
2013; Veltkamp, 2012)
Noncontrast CT (NCCT) discriminates reliably between cerebral ischemia
and intracranial hemorrhage and therefore provides the information to make
decisions about therapy options in most of cases (Menon et al., 2015; von Kummer
et al., 1994).
CT Angiography (CTA) can easily depict (carotid or intracranial) vessel
occlusion and therefore helps clinicians in selecting patients eligible for
endovascular treatment (Adams et al., 2007; Menon et al., 2015)
CT Perfusion (CTP) visualizes the infarct core and the tissue at risk.
Additional dynamic angiography views generated from raw CTP data are helpful
in grading collaterals with excellent temporal resolution (Menon et al., 2013).
MR Diffusion Imaging (DWI), MR Perfusion Imaging (MRP) and MR
Angiography (MRA) of patients with acute stroke symptoms are also helpful to
rule out stroke mimics and in categorizing the type of stroke (Menon et al., 2015).
MR imaging is more time consuming than CT imaging and motion artifacts are
more common (Menon et al., 2015; Menon et al., 2013). Therefore, in most
national guidelines only standard CT or MRI and not Perfusion or Angiography
are included.
There is also limited data about outcome from acute stroke and the role of
MRI imaging. Burke et al (Burke, Gelb, Quint, Morgenstern, & Kerber, 2013)
looked for circumstances influencing management of patients with acute stroke
and outcome parameters in cases where MRI was used (Burke et al., 2013).
If a patient reaches the emergency department with symptoms of an acute
stroke quick and robust neuroradiologic imaging (CT or MRI) is necessary for
managing further therapeutic steps (Audebert & Fiebach, 2015; Menon et al.,
2015). Time consuming imaging procedures (CTP, MRA, MRP) should only be
used in special situations (e.g. wake up stroke) or in controlled stroke trials
(Audebert & Fiebach, 2015).
Aim of the Present Study
As discussed in the literature review, there is little evidence on the relation
between the type of imaging and outcome. The aim of the underlying paper is to
analyze more in detail the triangular relation between different imaging types
(CT/MRI), treatments used (thrombolysis) and outcomes (mortality) for stroke
patients in order to improve clinical practice guidelines. Our proposition for the
optimization of the clinical process is the following:
We suggest that (1) a pre-notification (aviso) from the ambulance will reduce
the time to image acquisition, (2) the different types of imaging (CT vs. MRI) will
lead to differences in treatment and (3) therefore, different outcomes regarding the
type of imaging can be observed.
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Methodology
For testing our assumptions, we use a rich stroke registry dataset from Upper
Austria containing 48,335 documented insults from 16 hospitals between October
2006 until December 2015. Due to missing data, only 5 of the 9.3 years can be
used for the present analysis. Furthermore, we only include cases admitted to the
hospitals with one of the following two diagnoses: (i) cerebral infarction (ICD-10
code I63) or (ii) intracranial hemorrhage (ICD-10 code I60-I62). Our primary
outcomes include the time to image acquisition measured on a 5-point ordered
scale from (1=image prior to admission, 2=less than 0.5 hours, 3=0.5–1 hour,
4=1–6 hours to 5=image more than 6 hours after admission to the hospital), the
probability of receiving thrombolysis (1=Yes, 0=No) and in-hospital mortality.
Secondary outcomes include 7-day mortality, 30-day mortality and 90-day
mortality.
In the statistical analysis, a Mann-Whitney U Test is used to compare the
median time to imaging acquisition between cases where an aviso happened and
cases without aviso. Binomial logistic regressions with hospital fixed effects are
used to estimate odds ratios (OR) and 95% confidence intervals (CI) for (i) the
association between MRI, CT and the probability of receiving thrombolysis and
(ii) MRI, CT and mortality rates controlling for age (measured in years), sex, the
stoke severity measured with the National Institutes of Health Stroke Scale
(NIHSS) and time to image acquisition for the two main stroke subtypes using
Stata 14 ©.

Results
From the overall database of 9.5 years, only 5 years could be used as all the
relevant variables were coded properly and no systematic misses could be detected
what reduces the number of cases to 22,199. As some of the analyses we are
referring to only some of the hospitals in the database (e.g. hospitals having both,
CT and MRI) for some of the analyses the number of cases are reduced further
down to a lowest number of 3,337.
Our first proposition was that a pre-notification (aviso) from the ambulance or
from the emergency doctor significantly reduces the time from admission to image
acquisition. Figure 1 shows the distribution of the variable "time to image" by
aviso state. When an aviso happened (right panel Figure 1) almost 50% of patients
receive a CT or MRI within the first 30 minutes, whereas without aviso (left panel
Figure 1) this proportion drops to less than 30%. Using a Mann-Whitney U test for
testing the difference in the two distributions, a significant difference is found
between cases with and without pre-notification (p<0.001). Our first result
therefore shows that an aviso significantly reduces the time span between
admission and image acquisition.
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Figure 1. Pre-Notification at the Hospital and Time to Picture
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Our second proposition was that using different types of imaging will lead
to differences in treatment measured by whether patients receive thrombolysis
or not. We did this analysis in two steps, testing differently the hospitals that
have both, CTs and MRIs and the hospitals only having CTs. In the hospitals
having both, 3,583 cases can be analyzed.
Table 1. Influence of Imaging on Thrombolysis Rate within Hospitals Having
both, MRI and CT
Variables
MRI (=1)
CT (=1)
Age (in years)
Female (=1)
Time to image
NIHSS score
Constant
Observations

Thrombolysis Rate
OR (SE)
95% CI
1.668 (0.172)
1.364-2.040
0.382 (0.039)
0.313-0.466
0.997 (0.004)
0.989-1.004
1.168 (0.115)
0.963-1.416
0.744 (0.032)
0.683-0.810
1.085 (0.007)
1.071-1.100
0.357 (0.111)
0.194-0.655
3,583

Notes: Binomial logistic regression with hospital fixed effects and robust standard errors (SE)
clustered on patient level in parentheses.

Table 1 shows the results for running a logistic regression where the
probability of thrombolysis is regressed on both MRI and CT controlling for
additional covariates for hospitals having both CT and MRI. The results show that
when an MRI is used, the odds of thrombolysis is 1.67 times higher than without
MRI (p<0.001) whereas when a CT is used the odds of performing a thrombolysis
significantly decrease to 0.382 (p<0.001) compared to no CT. In addition, Table 1
also shows that for patients with a higher NIHSS score the odds for thrombolysis
increase significantly while for patients where the time span between admission
and image acquisition is high the odds for thrombolysis decrease significantly.
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When testing the frequency of thrombolysis between hospitals with both MRI
and CT and hospitals only having CT (N=310), we observe a slightly higher rate
of thrombolysis in hospitals with both CT and MRI (OR=1.297, CI: 0.935-1.798).
This result, however, is not significant, therefore the treatment behavior within the
first group differs depending on the imaging type used, but the treatment behavior
does not differ between hospitals having both imaging types and hospitals only
having CT.
As we assumed in proposition (3), the different treatment behavior analyzed
in proposition (2) should lead to different outcomes. This should only be true for
cerebral infarction, as bleeding can be seen in both, CT and MRI. To test our
proposition, we run logistic regressions for in-hospital mortality, as well as 7-day,
30-day and 90-day mortality.
Table 2. Influence of Imaging on In-Hospital Mortality for Hospitals Having
both, MRI and CT for Cerebral Infarction (ICD-10 I63)
In-hospital mortality
OR (SE)
95% CI
0.913 (0.214)
0.576-1.446
0.458 (0.114)
0.281-0.745
1.068 (0.010)
1.049-1.088
0.792 (0.139)
0.561-1.118
0.972 (0.085)
0.819-1.154
1.192 (0.013)
1.167-1.217
0.0001 (0.00008)
0.00002-0.0005
3,337

Variables
CT (=1)
MRI (=1)
Age (in years)
Female (=1)
Time to image
NIHSS score
Constant
Observations

Notes: Binomial logistic regression with hospital fixed effects and robust standard errors (SE)
clustered on patient level in parentheses

Table 2 shows the results for regressing in-hospital mortality on the two
imaging types for hospitals having both MRI and CT and for patients diagnosed
with cerebral infarction. Controlling for additional covariates, the results show that
running an MRI is associated with a significantly lower in-hospital mortality
(OR=0.458, CI: 0.281-0.745), whereas for CT we do not find any significant
relation. Interestingly, time to image – though a critical variable in guidelines – has
no influence on mortality (Table 3).
Table 3. Influence of Time to Picture I60-62
Variables
Age
(in years)
Female (=1)
Time to
picture

(1)
In-hospital
mortality
1.044***
(0.0161)
1.032
(0.350)
1.064
(0.184)

(2)
7-day
mortality
1.031
(0.0196)
1.182
(0.531)
0.724
(0.234)

(3)
30-day
mortality
1.037**
(0.0164)
1.178
(0.418)
1.053
(0.193)

(4)
90-day
mortality
1.054***
(0.0161)
1.046
(0.342)
1.151
(0.187)

Notes: Binomial logistic regression with hospital fixed effects and robust standard errors (SE)
clustered on patient level in parentheses
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When running the same regressions for our secondary outcomes (7-day, 30day, 90-day mortality), the results remain robust (Tables A1-A3 in the Appendix).
In sum, our results show that (1) a pre-notification has a significant influence
on time to image, (2) for and (3) therefore using MRI (when having a cerebral
infarction), is associated to lower mortality rates. This can be due to higher
thrombolysis as maybe the doctors feel more secure, but that cannot be proved
with the data (4) However, time to image has no impact on mortality rates.

Discussion
The two main causes of acute stroke (intracranial bleeding vs. cerebral
ischemia) need different therapeutic strategies: Small Hemorrhages without brain
herniation disappear by phagozytosis, larger bleedings often need to be evacuated
(craniectomy). In case of cerebral ischemia rapid reperfusion techniques (i.v.
thrombolysis, endovascular therapy) are necessary in order to supply the brain
with blood again.
In acute stroke non-contrast Computed Tomography (NCCT) helps to
distinguish intracranial bleeding from cerebral ischemia and is often followed by
CT-Angiography in order to select patients with a proximal occlusion of a large
intracranial vessel for endovascular treatment within the first 6 hours (Audebert &
Fiebach, 2015).
If there is no information about the beginning of the symptoms (e.g. wake up
stroke) MRI (DWI, Perfusion) is used to distinguish between infarct core and
penumbra areas (mismatch imaging) (Berkefeld & Neumann-Haefelin, 2009). On
this way patients eligible for endovascular therapy can be selected properly.
Head CT is less time consuming than performing MRI of the neurocranium
and enables door-do-needle time of 20 minutes or less to stroke patients (i.v.
Thrombolysis). On the other hand MRI is more sensitive in detecting cerebral
ischemia and penumbral tissue loss.
What we expected was the positive impact of pre-announcement on the time
to the imaging (CT or MRI). This is in line with the literature and the rational
expectations. However, there is no significant correlation between time to picture
and mortality. Maybe this can be that the time span can really be longer as
discussed or mortality is the wrong outcome indicator for this improvement of
processes. Using the Barthel-index (Schlote, Krüger, Topp, & Wallesch, 2004), a
nursing based index on activities of daily living would probably either support this
result or lead to different results. The latter proposition would be suggested by us.
We tested treatment behavior in hospitals having both, MRI and CT and in
hospitals only with a CT. While between those two groups, no significant
differences exist, there are significant differences within the group of the hospitals
having both. In the latter hospitals, treatment behavior of MDs differs as a function
of imaging. Probably, if they are used to having images more sensitive in detecting
cerebral ischemia, physicians feel more secure having MRI and are more cautious
in giving lysis i.v. if they are not really sure. In opposite to a recent study (Hansen
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et al., 2018) our findings demonstrate lower mortality rates when MR-Imaging
was performed. These different results could be subject for further research.
In the long run, due to additional reperfusion techniques (mechanical
thrombectomy) (Evans et al., 2017), guidelines will change, however in many
countries this will take some time and then (CT- or MR-) Angiography will be the
standard and then those differences should no longer be the case.

Conclusion
In hospitals equipped with two imaging modalities (CT and MRI), using MRI
leads to a significantly higher thrombolysis rate and is associated with lower
mortality rates. Though pre-notification significantly lowers time to image, it does
not influence mortality in patients with acute stroke. Retrospective real-world data
analysis can – due to high specificity – complement insights from clinical data
(Geisel-Marbaise & Stummer, 2010), however it cannot replace it. Our data show
a significant difference in treatment behavior based on imaging modalities more
sensitive for detecting cerebral ischemia. Prospective studies however should
prove the causality.
Limitations
Due to data quality issues only part of the database could be used. In future
research, better standardized routine data from stroke registers should be able to
compare pairs of patients with additional data on activities of daily living.
Ethical Approval
An approval by a local ethic committee was not necessary due to the local
hospital act regarding the use of non-interventional standard data; however the use
of the data was registered by the federal data protection commission, the
predecessor of the data protection authority domiciled at the federal chancellery
under the number DVR 0023981.
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Appendix
Table A1. Influence of Imaging on 7-Day Mortality for Hospitals Having both,
MRI and CT for Cerebral Infarction (ICD-10 I63)
Variables
CT (=1)
MRI (=1)
Age (in years)
Female (=1)
Time to image
NIHSS score
Constant
Observations

7-day mortality
OR (SE)
95% CI
0.766 (0.200)
0.460-1.277
0.406 (0.121)
0.227-0.727
1.061 (0.012)
1.037-1.085
0.821 (0.180)
0.535-1.261
1.061 (0.102)
0.879-1.281
1.192 (0.014)
1.164-1.220
0.00009 (0.00009)
0.00001-0.0006
3,337

Notes: Binomial logistic regression with hospital fixed effects and robust standard errors (SE)
clustered on patient level in parentheses.

Table A2. Influence of Imaging on 30-Day Mortality for Hospitals Having both,
MRI and CT for Cerebral Infarction (ICD-10 I63)
Variables
CT (=1)
MRI (=1)
Age (in years)
Female (=1)
Time to image
NIHSS score
Constant
Observations

30-day mortality
OR (SE)
95% CI
0.978 (0.211)
0.641-1.492
0.443 (0.099)
0.285-0.687
1.079 (0.010)
1.059-1.100
0.810 (0.133)
0.587-1.119
1.070 (0.090)
0.907-1.261
1.185 (0.012)
1.161-1.209
0.00006 (0.00005)
0.00001-0.0003
3,337

Notes: Binomial logistic regression with hospital fixed effects and robust standard errors (SE)
clustered on patient level in parentheses.

Table A3. Influence of Imaging on 90-Day Mortality for Hospitals Having both,
MRI and CT for Cerebral Infarction (ICD-10 I63)
Variables
CT (=1)
MRI (=1)
Age (in years)
Female (=1)
Time to image
NIHSS score
Constant
Observations

90-day mortality
OR (SE)
95% CI
0.944 (0.179)
0.651-1.368
0.419 (0.085)
0.282-0.622
1.095 (0.010)
1.076-1.115
0.980 (0.136)
0.747-1.286
1.101 (0.079)
0.956-1.267
1.171 (0.011)
1.149-1.192
0.00004 (0.00003)
0.0000-0.0002
3,337

Notes: Binomial logistic regression with hospital fixed effects and robust standard errors (SE)
clustered on patient level in parentheses.
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