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Introduction
Ischemic stroke is one of the most common dis-
eases worldwide and a leading cause of morbidity 
and mortality.1 Alteplase (recombinant tissue 
plasminogen activator, rtPA) is the only approved 
drug for patients with acute ischemic stroke. It is 
recommended as an initial treatment within 
4.5 hours after stroke onset and also shows thera-
peutic effects in a longer time window, if this is 

based on differentiated stroke imaging.1,2 Its safe 
routine use is documented by data analyses from 
large thrombolysis registers.3 In addition, since 
2015, several studies have shown the efficacy of 
mechanical thrombectomy (MT) in strokes 
caused by occlusions of large vessels.4,5

Native noncontrast cerebral computed tomogra-
phy (CT) imaging was used in the initial studies 
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Abstract
Background: Computed tomography (CT) scans are the first-line imaging technique in acute stroke 
patients based on the argument of rapid feasibility. Using magnetic resonance imaging (MRI) as the 
first-line imaging technique is the exception to the rule, although it provides much more diagnostic 
information and avoids exposure to radiation. We evaluated whether an MRI-based acute stroke 
concept is fast, suitable, and useful to improve recanalization rates and patient outcomes.
Methods: We performed a retrospective observational cohort study comparing patients 
treated at a comprehensive stroke center (Ulm/Germany) applying an MRI-based acute 
stroke concept with patients recorded in a large comprehensive stroke registry in Baden-
Württemberg (Germany). We analyzed the quality indicators of acute stroke treatment, 
patient’s outcome, and the rate of transient ischemic attack (TIA) at discharge.
Results: A total of 2182 patients from Ulm and 82,760 patients from the Baden-Württemberg 
(BW) stroke registry (including 29,575 patients of comprehensive stroke centers (BWc)) were 
included. Intravenous thrombolysis rate was higher in Ulm than in BW or the BWc stroke centers 
(Ulm 27.4% versus BW 20.9% versus BWc 26.1; p < 0.01), while a door-to-needle time <30 min 
could be achieved more frequently (Ulm 73.6% versus BW 44.1% versus BWc 47.1%; p < 0.01). 
Thrombectomy rate in patients with a proximal vascular occlusion was higher (Ulm 69.2% versus 
BW 50.7% versus BWc 59.3; p < 0.01). The number of TIA diagnoses was lower (Ulm 16.2% versus 
BW 24.6% versus BWc 19.9%; p < 0.01). More patients showed a shift to a favorable outcome (Ulm 
21.1% versus BW 16.9% versus BWc 15.3; p < 0.01). Complication rates were similar.
Conclusions: The MRI-based acute stroke concept is suitable, fast and seems to be beneficial. The 
time-dependent quality indicators were better both in comparison to all stroke units and to the 
comprehensive stroke units in the area. Based on the MRI concept, high rates of recanalization 
procedures and fewer TIA diagnoses could be observed. In addition, there was a clear trend 
towards an improved clinical outcome. A clinical trial comparing the effects of CT and MRI as the 
primary imaging technique in otherwise identical stroke unit settings is warranted.
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of intravenous thrombolysis (IVT) and is estab-
lished as the standard in acute stroke care world-
wide, in particular to exclude cerebral bleedings.6 
A decision regarding IVT and MT is based on the 
patient’s symptoms and the clinical decision in 
the emergency room.7,8 Possible misdiagnoses are 
‘stroke mimics’ (SMs) resulting in false-positives 
and ‘stroke chameleons’ (SCs) resulting in a false-
negative stroke diagnoses.

The majority of SMs are conditions that simulate 
stroke, such as migraine and seizures. The propor-
tion of patients with SMs who are misdiagnosed as 
stroke decreases with the use of magnetic reso-
nance imaging (MRI) at baseline. Studies on the 
proportion of SMs treated as ischemic stroke vary 
from 0% (when MRI is utilized prior to throm-
bolysis) to 25%, if standard procedures are used.9 
SM patients may receive IVT and are exposed to 
side effects of this therapy, in addition the under-
lying cause is recognized and treated late. Patients 
presenting with SCs are not identified as stroke 
patients and are not appropriately treated.10,11

Additional imaging modalities have been opti-
mized in recent years and help to define potential 
tissue at risk according to the mismatch concept.12 
Important tools are CT angiography (CT-A) for 
detection of larger arterial occlusions and CT per-
fusion (CT-P) analysis to define the penumbra 
and the infarct core. Advanced imaging technolo-
gies with MRI or CT-P can guide effective acute 
reperfusion treatment with MT and IVT.13

CT-based procedures are radiation-intensive. 
The radiation exposure of a single examination 
with CT-A and CT-P may be up to 1500 mGy 
surface dose. Compared with CT scans, the 
advantages of MRI include higher sensitivity for 
smaller lacunar or embolic lesions and ischemia 
in the posterior cranial fossa, easier assessment of 
the age of the infarction, and the reduction of 
SMs and SCs. These advantages add to the 
absence of radiation exposure.14 Nevertheless, 
CT is predominantly used in acute diagnostics 
and therapy in acute stroke patients based on the 
arguments of a faster imaging and shorter door-
to-needle times (DNTs) as one of the most 
important quality parameters.15 To date, less than 
20% of stroke units reportedly use MRI for acute 
diagnosis, although the number of available MRI 
scanners is constantly increasing worldwide.12 In 
Baden-Württemberg (BW), a federal state with 
10.8 million inhabitants in southwest Germany, 

only 16% of all stroke patients received an MRI 
as their first imaging modality in 2017.16

It is our hypothesis that, within a high-standard-
organization setting, MRI can be carried out 
quickly and easily, thereby resulting not only in 
an increased rate of acute reperfusion treatments 
using IVT and MT but also in an improved 
patient outcome.

Methods
We developed an MRI-based Ulm Stroke 
Concept (Ulm’s concept) with the goal of estab-
lishing optimized treatment outcomes aiming at 
high diagnostic certainty and high reperfusion 
rates. (Figure 1)

We first tested our hypothesis that MRI as first-
line imaging technique can be performed quickly 
in the majority of all stroke patients with consecu-
tive short DNTs. Second, we compared the rates 
of acute reperfusion treatments using IVT and 
MT, the outcome and safety parameters and the 
rate of patients diagnosed with a transient 
ischemic attack (TIA).

We performed a retrospective observational cohort 
study at the Department of Neurology at the 
University and Rehabilitation Clinic Ulm.

To this end, we compared the quality assurance 
data entered into the stroke registry of BW from 
January 2018 to December 2019, which includes 
patients with the diagnosis of an ischemic stroke 
and TIA, using the diagnostic codes International 
Statistical Classification of Diseases and Related 
Health Problems 10th Revision (ICD-10) I 61 
[intracerebral bleeding (ICB)], I 63 (ischemic 
stroke), and G 45 (TIA) in patients >18 years of 
age with an acute event (<1 week) for acute stroke 
with a complete dataset. Patients with a palliative 
situation at admission were excluded from most 
analyses. BW is a federal state with 10.8 million 
inhabitants in southwest Germany, in which the 
city of Ulm is located.

The stroke registry of BW contains comprehensive 
data from 133 hospitals in 2019 and 136 hospitals in 
2018, describing procedures and outcomes of stroke 
medicine, such as demographics, stroke scores, 
treatment data, and outcome measures.17 BW oper-
ates a three-level system for the treatment of acute 
stroke, with local and regional stroke units and 
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comprehensive stroke centers, all certified on a 
standardized and high level; only a few patients with 
stroke are treated in hospitals without a certified 
stroke unit. In order to reduce a possible bias due to 
differing care standards between the levels of the 
stroke units, we additionally compared the data 
exclusively with comprehensive stroke units, which 
are the maximum care providers for stroke patients. 
All hospitals in BW treating acute strokes, are obliged 
by law to participate in this comprehensive stroke 
registry. Details of the registry have been published 
elsewhere.18 The Department of Neurology in Ulm 
with its comprehensive stroke unit is the primary 
care center for all stroke patients in a region of more 
than 0.5 million inhabitants. Since its foundation in 
1999, stroke diagnosis and therapy are based on 
MRI if no contraindications exist.

The Ulm’s concept includes the prehospital and 
the acute hospital phase: the prehospital phase 

includes a stroke allocation concept developed in 
cooperation with the emergency teams.

For acute admission, patients are allocated via the 
neurological emergency unit (ER), which has 
immediate access (24 h, 7 days a week) to both MRI 
and CT scanners. Every patient with an acute stroke 
within a defined time window <6 hours or an 
unclear time window is triaged as a potential lysis 
patient. The main distinguishing feature of Ulm’s 
concept is a structured and optimized treatment 
process based on advanced acute stroke imaging 
using MRI as the primary imaging technique.

An on-site multi-professional stroke-trained team 
is available. The patient is reported directly to the 
neurologist via an emergency phone number. 
Relevant information is already recorded here by 
telephone (see supplement for emergency service 
checklist), and an information cascade of the 

Figure 1. Ulm’s stroke concept pathway.
*Standard operating procedures include blood pressure and blood tests.
TIA, transient ischemic attack.
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relevant interfaces on site (stroke care, imaging, 
laboratory, neuroradiologist) is triggered. When 
the patient arrives in the ER, a standardized pro-
cedure transfers the patient from the emergency 
services to the ER team.

A medical history, neurological examination, blood 
tests for coagulation abnormalities, and query for 
possible contraindications for MRI or thrombolysis 
follows before imaging is initiated. At the same 
time, the patient is provided with an intravenous 
line, vital signs are recorded, and the patient is 
transferred to the imaging table. In the meantime, 
the blood is examined, in particular with regards to 
coagulation parameters. A routine MRI stroke scan 
(Supplemental Data) has an acquisition time of 10′ 
21″ and includes diffusion-weighted imaging 
(DWI), a T2*-weighted gradient echo sequence 
(sensitive to hemosiderin), a time-of-flight angiog-
raphy (TOF-MRA), a fluid-attenuated inversion 
recovery (FLAIR) sequence, a T1-weighted 
sequence, and perfusion-weighted imaging (PWI).

In case of a time window <4.5 h, thrombolysis 
bolus and infusions are given in the scanner after 
hemorrhage has been excluded by T2* sequences. 
If the time window is unknown or >4.5 h, IVT is 
given according to the MRI paradigms after the 
FLAIR sequence or after the PWI. In addition to 
demographic data, we documented comorbidities, 
clinical scores, quality parameters such as DNT, as 
well as outcome parameters and complications.

Statistical analysis
Continuous variables were described as mean, 
median, and quartiles, or minimum/maximum. 
Categorical variables were presented as absolute 
and relative frequencies. The Chi-square test or 
Fisher’s exact test was used for comparison of 
categorical values as appropriate.

A two-sided p-value <0.05 was considered statisti-
cally significant. Because of the explorative nature 
of this study, all results from statistical tests have to 
be interpreted as hypothesis-generating and an 
adjustment for multiple testing was not made. 
Statistical analyses were conducted with SAS, ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
A total of 2182 acute patients with ICB, ischemic 
stroke, or TIA in Ulm and 82,760 in BW,  

including 29,575 patients treated in a comprehen-
sive stroke unit (BWc) were admitted between 1 
January 2018 and 31 December 2019. Of these, 
1922 patients in Ulm, 77,667 patients in BW and 
27,555 patients in BWc met the inclusion criteria 
and were included in the evaluation.

Patient baseline characteristics
Table 1 shows the characteristics of the study 
cohorts. The sex ratio and age were equally bal-
anced between the groups with 46–47% female 
and a median age of 76–77 years [interquartile 
range (IQR) Ulm 18 to 100 versus BW 18 to 107 
and BWc 18 to 105 years]. The mean National 
Institutes of Health stroke scale (NIHSS) score at 
admission was similar (Ulm 5.7, BW 5.1, BWc 
6.3). The proportion of patients with a modified 
Rankin scale (mRS) 0–2 at admission (indicating 
functional independence) was lower (p < 0.01) in 
the cohort of Ulm (40.6%) versus BW (51.2%) 
and BWc (47.2%).

Access to imaging and recanalization therapy
By establishing a fast-track service in the ER, we 
achieved significantly accelerated patient man-
agement processes. Overall, 90.7% of patients in 
Ulm, 88.1% of the BW patients and 81.9% of the 
BWc patients received acute cerebral imaging 
after admission, while 9.3% of the Ulm patients, 
11.4% of BW patients and 17.8% of BWc patients 
had imaging before admission. In 89.5% of cases 
in Ulm, MRI was the first imaging modality 
(89.9% with PWI), an exact comparative figure 
from BW is not available for the period examined 
but was 16.45% in the period from 2016 to 2017 
in BW and 23.5% in BWc. The processing times 
for MRI and CT in Ulm are almost the same with 
regard to the door-to-imaging time with a median 
door-to imaging time of 16 min for MRI and 
17 min for CT (p = 0.35). When looking at the 
time-to-first-imaging after admission with MRI 
or CT in the hospital, a significantly higher pro-
portion of patients received imaging within 30 min 
in the Ulm setting compared with the BW and 
BWc cohort (57.8%  versus 41.4% versus 36.5%). 
Significantly more patients in Ulm (98.3%) had 
an intracranial  vessel imaging than in BW (53.5%) 
and in BWc (62.8%). Overall, 56.5% of the 
patients in Ulm had intracranial vascular imaging 
for acute occlusion detection within 30 min after 
arrival compared with 39.6% of the BW and 
43.6% of the BWc cohort (Table 2).
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The proportion of patients receiving IVT was sig-
nificantly higher (p < 0.01) in the cohort from Ulm 
(21.5%) compared with the BW cohort (14.2%) 
and also higher in comparison with the other com-
prehensive stroke units (18.5%). Regarding throm-
bolysis rates of patients with the discharge diagnosis 
of an ischemic stroke or TIA (excluding patients 
already palliative in advance of the stroke, or show-
ing symptoms >48 h before admission), the throm-
bolysis rate was higher by one-third compared with 
BW with 27% versus 21% (p < 0.01) and also higher 
compared with BWc hospitals (26.1%, p < 0.01)

Ulm achieved a DNT < 30 min in 73.6% of the 
patients (BW 44.1%, BWc 47.1%) and a 
DNT < 40 min in 89.1% of the patients versus 

64.1% in the BW and 67.3% in the BWc cohort. 
The DNT was <1 h in 97.3% of IVT patients in 
Ulm, whereas the corresponding number was 86% 
of patients in BW and 93.8% of BWc patients. 
When analyzing a subgroup of patients with an 
ischemic stroke and an age of 18 to 80 years with a 
symptom-to-door time (STD) ⩽ 4 h and with 
moderate to very severe symptoms (NIHSS 4–25), 
we see a significantly higher (p < 0.01) thromboly-
sis rate of 76.8% (Ulm) versus 69.5% (BW) and 
71.6% (BWc). We consistently see higher throm-
bolysis rates in the group of patients aged 80 and 
older (Ulm 69.3% versus BW 56.1% versus BWc 
62.1%, p < 0.01) (Table 3). The DNT in Ulm is 
1.45 min longer for the CT compared to MRI, but 
also not statistically  significant (p = 0.45)

Table 1. Patient characteristics of the study cohorts from Ulm versus BW versus BWc.

Ulm BW BWc p-value

Patientsa, n 2182 82,760 29,575  

Stroke/TIA (meeting inclusion criteriab), n (%) 1922 (88.1) 77,667 (93.9) 27,555 (93.2)  

Stroke/TIA (meeting inclusion criteriac), n (%) 1921 (88.1) 76,166 (92.0) 27,457 (92.8)  

Age meanb (min–max) 74.2 (18–100) 73.7 (18–107) 72.8 (18–105) 0.99

Femaleb, n (%) 911 (47.4) 36,497 (47.0) 12,688 (46.1) 0.73

Maleb, n (%) 1011 (52.6) 41,167 (53.0) 14,867 (54.0)  

NIHSS at admissionb (mean, median) 5.65, 3.0 5.1, 2.0 6.3, 3.0 <0.01

mRS at admissionb, n (%) <0.01

0–2 780 (40.6) 39,789 (51.2) 13,011 (47.2)  

3–6 1142 (59.4) 37,878 (49.8) 14,544 (52.8)  

Onset to admission time <3 hb, n (%) 703 (36.6) 28,140 (36.5) 9769 (36.5) 0.91

Comorbid conditionsc, (%)

 Diabetes mellitus 23.6 23.9 22.8 <0.01

 Atrial fibrillation 30.2 26.7 27.3 <0.01

 Hypertension 88.5 80.3 76.7 <0.01

Results are presented as absolute numbers (n), median (interquartile range) or percentage.
aAll cases.
bPopulation: All treatment cases within the meaning of the inclusion criteria without patients with a palliative situation at 
admission.
cPopulation: All treatment cases within the definition of the inclusion criteria minus patients with a palliative situation at 
admission and patients admitted after >48 h from symptom onset from a clinic with a stroke unit.
BW, Baden-Wuerttemberg; BWc, Baden-Wuerttemberg comprehensive stroke units (n = 12);
mRS, modified Rankin scale; NIHSS, National Institutes of Health stroke scale; TIA, transient ischemic attack. 
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Table 2. Recanalization characteristics and quality parameter of patients.

Ulm BW BWc p-value

Imagingb, n 1922 77,210 27,416  

No imaging, % 0.0 0.5 0.4 <0.01

Before, % 9.7 11.4 17.8 <0.01

Time door-to-imagingb <30 min, % 57.5 41.4 36.5 <0.01

Time door-to-imagingb ⩾30–40 min, % 2.7 7.4 6.8 <0.01

Time door-to-imagingb >40–60 min, % 3.8 9.9 9.0 <0.01

Time door-to-imagingb >60 min, % 26.3 29.4 29.6 <0.01

Intracranial vessel imagingc, % 98.3 53.5 62.8 <0.01

Time door-to-intracranial-vessel imaging
in-house, n

1755 41,201 17,167  

⩽30 min, % 56.5 39.6 43.6 <0.01

>30–60 min, % 10.9 17.12 15.5 <0.01

>60–120 min, % 12.1 11.89 10.1 =0.20

>120 min, % 20.5 31.3 30.9 <0.01

Eligible for IVTc n 1921 77,109 27,457  

IVT yes, % 21.5 14.2 18.5 <0.01

IVT external, % 2.3 1.9 4.4 <0.01

IVT internal, % 19.1 12.3 14.0 <0.01

IVT no, % 78.6 85.8 81.6 <0.01

IVT with discharge diagnosis
I.63 and G.45, n

1502 52,512 19,358  

Yes, % 27.4 20.9 26.1 <0.01

External, % 3.0 2.8 6.3 <0.01

Internal, % 24.4 18.1 19.8 <0.01

No, % 72.6 79.1 73.9 <0.01

And STD ⩽4 h, NIHSS 4–25, age < 80 76.8 69.5 71.6 <0.01

And STD ⩽4 h, NIHSS 4–25, age > 80 (%) 69.3 56.1 62.1 <0.01

Door-to-needle time of all intravenously treated patients, n 367 9517 3834  

<30 min, % 73.6 44.1 47.1 <0.01

⩾30–40 min, % 15.5 20.0 20.2 <0.01

(Continued)
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Ulm BW BWc p-value

>40–60 min, % 8.2 21.8 40.2 <0.01

>60 min, % 2.7 14.1 6.2 <0.01

Patients with detected acute proximal vascular occlusion, n 247 9419 5347  

i.a. thrombolysis and/or mechanical recanalization, n 171 4771 3168  

Yes, % 69.2 50.7 59.3 <0.01

No, % 30.8 49.4 40.8 <0.01

External, % of all detected occlusions 1.6 13.0 0.9 <0.01

Internal, % of all detected occlusions 67.6 37.7 58.3 <0.01

Door-to-imaging time, intracranial vessel imaging with door-to-intracranial vessel imaging in-house time in all patients, 
intravenous thrombolysis and door-to-needle time of all IVT-treated patients and MT in patients with detected acute 
proximal vascular occlusion.
Results are presented as absolute numbers (n) or percentage.
bPopulation: All treatment cases within the meaning of the inclusion criteria without patients with a palliative situation at 
admission.
cPopulation: All treatment cases within the definition of the inclusion criteria minus patients with a palliative situation at 
admission and patients admitted after >48 h later of symptom onset from a clinic with a stroke unit.
BW, Baden-Wuerttemberg; BWc, Baden-Wuerttemberg comprehensive stroke units; IVT, intravenous thrombolysis;  
MT, mechanical thrombectomy; NIHSS, National Institutes of Health stroke scale; STD, symptom to door; i.a, intra-arterial. 

Table 2. (Continued)

In the subgroup of the patients with acute vascu-
lar occlusion, 69.2% of Ulm patients had MT. In 
comparison, 51% of the patients of the BW and 
59.3% of the BWc cohort received MT after a 
large-vessel occlusion.

Effectiveness
A favorable outcome at discharge with an mRS of 
0–2, regardless of therapy, was achieved in 61.7% 
of the patients in Ulm, in 68.1% of the BW and in 
62.5% of the BWc patients [Figure 2(a)]. With 
respect to the shift of the mRS between admission 
and discharge, 21% of the Ulm patients shifted to a 
favorable mRS score at discharge compared to 
admission, which was significantly higher (p < 0.01) 
than the shift in BW with 17% and in the BWc 
patients with 15.3%, respectively [Figure 2(b)].

Discharge, complications, and mortality
At discharge, a significantly lower percentage of 
Ulm’s patients had the diagnosis of a TIA with 
16.2% versus 24.6% in BW and 19.7% in BWc 
(p < 0.01). In contrast, Ulm had higher rates of 
ischemic stroke with 77.9% in comparison to other 

BW (68.1%) and BWc (70.4%) hospitals. The 
diagnosis of an ICB was higher in BW (7.2%) and 
BWc (9.7%) compared with Ulm (5.9%). (Table 3)

Most of the patients were discharged to their 
homes (58.9% versus 64.6% versus 59.5%) in all 
cohorts. 3.9% of the Ulm patients were dis-
charged to a nursing home as were 4.9% of BW 
patients and 3.0% of BWc patients. Discharge to 
a rehabilitation facility took place in 15.1% of the 
cases in Ulm, in 11.5% of the BW patients and 
11.7% of the BWc cohort.

In-hospital mortality of all patients included was 
lower in the cohort of Ulm with 5.5% compared 
to 6.2% in BW (p = 0.20) and 8.3 in BWc. In a 
subgroup analysis of all nonpalliative patients 
<80 years of age, without bleeding, without atrial 
fibrillation and without diabetes, 1.3% of the 
patients in Ulm did not survive, whereas the cor-
responding number in the BW cohort was 1.6% 
and 2.4% in BWc cohort.

If we consider the complication rates, rates of 
nosocomial pneumonia were similar (Ulm 2.8%, 
BW 2.6%, BWc 3.3%, p = 0.57). Ulm had more 
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symptomatic ICBs [Ulm 1.9% versus BW 1.1% 
versus BWc 1.7%, (p < 0.01)], i.e. evidence of 
hemorrhage in the imaging combined with a sec-
ondary deterioration of the neurological status. On 
the other hand, the proportion of patients with sec-
ondary cerebral artery embolism was lower (Ulm 
0.3% versus BW 0.4% and BWc 0.6%, p = 0.40).

Discussion
In this retrospective observational cohort study 
which contains data of patients from all stroke units 
in a region of about 11 million inhabitants in the 
southwest of Germany, we evaluated the Ulm 
Concept based on MRI as the first-line imaging 
tool. As a summary of the results, MRI was the first 
imaging procedure in 89.5% of the patients, while 
the MRI/CT ratio in BW and BWc was the oppo-
site with more than 80% primary CT imaging.16 In 

the cohort of Ulm, the rate of cerebral imaging 
together with vessel imaging within 30 min after 
admission was significantly higher compared to 
both BW and the comprehensive stroke units.

Almost 25 years after the results of the first rand-
omized controlled trial showing efficacy of IVT in 
patients with stroke, there is still a substantial dis-
crepancy between the estimated 20–25% of 
patients potentially eligible and the proportion 
actually treated.19,20 Even in optimally organized 
stroke-treating regions in Europe such as Tyrol in 
Austria,21 regional networks such as TEMPIS in 
southeast Germany (17%)22 or stroke centers 
such as Bern in Switzerland (13%),23 these num-
bers are still not achieved. In our setting, both the 
IVT rate (27.4% in patients with an ischemic 
stroke was significantly higher than in BW 
(20.9%) or in the comprehensive stroke units 

Table 3. Discharge diagnosis, reason for discharge, mortality, and complications in patients.

Ulm BW BWc p-value

Discharge diagnosisa 1921 76,166 27,555  

TIA (G 45) % 16.18 24.63 19.85 <0.01

Stroke (I 63) % 77.94 68.13 70.44  

ICB (I 61) % 5.88 7.24 9.7  

Discharge to:a

 Nursing home, % 3.90 4.79 3.0 <0.01

 Rehabilitation facility, % 15.14 11.48 11.65  

 Patient home, % 58.90 64.61 59.51  

 Other facility 16.55 12.89 17.6  

 Mortality, % 5.52 6.23 8.26  

Mortality <80 years, without ICB, atrial fibrillation, 
diabetes, %

1.30 1.60 2.44 <0.01

Complicationsa n (%) 95 (4.95) 3756 (4.93) 1528 (5.55) 0.98

Nosocomial pneumonia, % 2.80 2.58 3.29 0.57

Secondary ICB, % 1.87 1.13 1.66 <0.01

Cerebral artery embolism, % 0.31 0.44 0.58 0.40

Results are presented as absolute numbers (n) or percentage.
aPopulation: All treatment cases within the meaning of the inclusion criteria without patients with a palliative situation at 
admission.
BW, Baden-Wuerttemberg; BWc, Baden-Wuerttemberg comprehensive stroke units; ICB, intracerebral bleeding; TIA, 
transient ischemic attack. 
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(26.1%), and a DNT of <30 min could be 
achieved in the vast majority (74%) of the patients 
in Ulm, which is substantially better than in the 
BW group (44.1%) and the comprehensive stroke 
units (47.1%) and also worldwide.24 The 
American Heart Association sets as a primary 
goal that 75% of all patients be treated with IVT 
within 60 min after arrival, and as an advanced 
secondary goal the treatment of 50% and more of 
acute ischemic stroke patients within 45 min.25,26 
It should be noted that this low DNT was 
achieved by use of an MRI-based diagnostic path-
way in 80% of the cases. Of course, one can con-
sider whether the differences in the DNT 
compared to our results are due to other factors 
than the imaging modality, for example in the ER 
organization or perhaps even due to the fact that 
it is necessary to start a large lumen intravenous 
line to perform CT-A and CT-P. However, the 
decision may also take longer because a relevant 
proportion of the patients require differentiated 
imaging. Differentiated CT-based imaging also 
takes around 10 min, including CT-A and CT-P. 
In addition, an experienced radiologist is usually 
required for the diagnosis since this is more diffi-
cult than the assessment of a stroke MRI.

In the past 5 years, multiple studies have shown 
that, in strokes caused by large-vessel occlusions, 
MT is superior compared with IVT.4 With the help 
of our concept, 70% of patients with acute vascular 
occlusion underwent MT in comparison with 51% 
in BW and 59.3% in comprehensive stroke units. 
This can be explained by the fact that an MR-TOF-
angiography is part of the routine MRI protocol, 
thus the intracranial hemodynamics are already 
known from admission. More than 90% of these 
procedures could be completed with a successful 
recanalization TICI IIb or III. These rates are simi-
lar to those achieved by other hospitals in BW and 
show higher rates compared with the recanalization 
rates of other large case series or trials on endovas-
cular treatment.27–30 In addition, these high IVT 
and MT rates clearly resulted in a shift to an 
improved and favorable outcome at discharge.31,32

Increased application of recanalization treatments 
seemed to result in more symptomatic intracere-
bral hemorrhage (1.9% versus 1.1% and 1.7% in 
the control cohort). This complication of IVT and 
MT is similar to that in other large series or trials 
on endovascular treatment,33,34 but did not result 
in worse outcome measures, given the higher shift 
to a favorable outcome at discharge. Furthermore, 

patients with a high load of cerebral microbleeds, 
who have associated with a higher risk of bleeding 
with IVT, can be detected using MRI, which is 
likely to result in safer IVT compared with CT.35

It is well known that SMs account for up to 25% of 
admissions for probable strokes, most usually mis-
diagnosed as TIAs. The use of MRI decreases this 
number compared with CT, and helps to discrimi-
nate between SMs and real stroke patients.9 The 
significantly lower TIA rate in Ulm (16.1% of the 
stroke events) compared with the control group 

Figure 2. (a) mRS at admission versus mRS at discharge Ulm, BW and 
BWc. (b) Favorable mRS 0–2 versus unfavorable mRS 3–6, admission versus 
discharge, and the shift to a favorable mRS between Ulm, BW, BWc.
BW, Baden-Wuerttemberg; BWc, Baden-Wuerttemberg comprehensive; mRS, 
modified Rankin scale.
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reflects reduced numbers of misdiagnoses due to 
SMs. This could also be economically relevant due 
to potentially shorter hospital stays, as has already 
been discussed by some authors.36

Our study has several limitations. First, it is an 
observational study on routinely collected retro-
spective data from all stroke-treating hospitals in 
BW. The sources of the data could not be verified 
in each and every case, although they are regularly 
checked due to predefined logical and range 
checks.18,37,38 We assume that our favorable treat-
ment results are mainly associated with the pri-
mary use of MRI as a core element of Ulm’s 
concept. However, treatment results are also fun-
damentally influenced by specific algorithms and 
procedures. There may probably be confounding 
factors that might have biased the present results, 
e.g. rural versus metropolitan environment of the 
included hospitals, the prehospital emergency tri-
age, the organization and infrastructure of the 
emergency rooms, and the structure of the stroke 
units (e.g. tertiary stroke centers versus smaller 
stroke units). Nonetheless, since the vast majority 
of stroke units in BW are certified by the same 
organization at the identical very high standard, we 
believe that the general stroke unit treatment in 
Ulm is comparable to the quality of treatment algo-
rithms of other stroke units in BW, especially to the 
other comprehensive stroke units. Furthermore, 
the organization of the rescue service is uniformly 
regulated in BW. In addition, it has already been 
shown in other studies that the functional outcome 
and mortality in patients selected by MRI were 
more favorable than in patients selected by CT.39 
Our outcomes are not measured at a predefined 
time point but at hospital discharge, which limits 
the comparison of data compared to those from 
randomized controlled trials with standardized 
assessment of outcomes at 3 months.

Taken together, Ulm’s concept offers an opti-
mized, time-efficient treatment process with a high 
degree of diagnostic certainty, a high reperfusion 
rate with improved clinical outcome. The reported 
data are from a German sample, but the underly-
ing MRI-based concept could be transferred to all 
stroke-treating clinics that have immediate access 
to MRI imaging. Ultimately, we hypothesize that 
the primary use of MRI as an imaging technique is 
the major cause of our favorable outcome data. 
Therefore, we think that they call for prospective 
randomized clinical trials that address the question 
of potential benefits for public health of the 

primary use of MRI versus CT in stroke medicine. 
Such studies also should include the question of 
radiation exposure and potential additional eco-
nomic aspects associated with an infrastructure for 
MRI-based stroke medicine.
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