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Abstract Despite the potential immediate access to
diagnosis and care, in-hospital stroke (IHS) is associated
with delay in diagnosis, lower rates of reperfusion treat-
ment, and unfavorable outcome. Endovascular reperfusion
therapy has shown promising results in recent trials for
community-onset strokes (COS) and is limited by less
contraindications than systemic thrombolysis. Thus,
endovascular approaches may offer additional acute treat-
ment options for IHS. We performed a retrospective,
observational monocentric analysis of patients with acute
ischemic stroke between January 2010 and December
2014. Out of 3506 acute ischemic strokes, 331 (9.4 %)
were IHS. In-hospital mortality (31.4 vs. 8.0 %) and
duration of stay after stroke (19.5 vs. 12.1 days) were
higher in IHS than in COS. Most IHS occurred in cardio-
logic and cardiosurgical patients after catheterization or
surgery. In 111 cases (33.5 %) the time of onset could not
be established as a result of sedation or delayed referral
resulting in delayed symptom recognition. 52 THS (15.7 %)
and 828 COS (26.0 %, p < 0.001) patients received any
kind of reperfusion therapy, of which 59.6 % (IHS) and
12.1 % (COS) comprised isolated endovascular interven-
tions (p < 0.001). Intra-hospital delays (time to brain
imaging, systemic thrombolysis, and angiography) were
longer and outcome parameters (mRS d90, in-hospital
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mortality, length of stay) were worse in THS, whereas rates
of procedural complications and intracranial hemorrhages
were similar in both groups. The overall rate of reperfusion
treatment is lower in IHS compared to COS, as IHS
patients are less likely to be eligible for systemic throm-
bolysis. Interventional stroke treatment is a safe and fea-
sible therapeutic option for patients who are not eligible for
systemic thrombolysis and should be anticipated whenever
IHS is diagnosed.

Keywords In-hospital stroke (IHS) - Community-onset
stroke (COS) - Neurothrombectomy - Reperfusion

Introduction

Acute ischemic stroke (AIS) which occurs in hospitalized
patients [“In-hospital stroke” (IHS)] is reported to have a
proportion between 2.2 and 17 % of all strokes [1, 2]. It is
associated with an overall unfavorable clinical outcome, a
higher mortality, and a lower adherence-to-guidelines
treatment compared to community-onset stroke (COS) [1].
It has been shown that essential time intervals, such as
onset of symptoms to imaging and initiation of therapy,
often last longer in IHS than in COS despite omission of
the pre-hospital phase [3]. This is problematic because of
the general time dependency of treatment benefit in AIS [4,
5],.

Patients suffering from IHS are more prone to con-
traindications for the application of systemic rtPA [6], for
example due to prior major surgery [2]. However,
increasing experiences with the application of systemic
thrombolysis and endovascular revascularization approa-
ches also show that the presence of contraindications does
not always equal treatment inaccessibility [7]. Compared
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with systemic thrombolysis, mechanical endovascular
revascularization approaches for the treatment of large
vessel occluding (LVO) AIS are not limited by relevant
contraindications [8]. This holds especially true for stent-
assisted thrombectomy procedures which lately showed
promising results regarding revascularization rates and
clinical outcome in randomized clinical trials (RTCs) of
COS (MR CLEAN [9], ESCAPE [10], EXTEND-IA [11],
SWIFT PRIME [12], REVASCAT [13]). We hypothesized
that a significant fraction of IHS patients would be eligible
for endovascular treatment, if symptoms were recognized
in time. The objective of this retrospective study was to
identify patients at risk and reasons for possible delays in
IHS patients to improve quality of care for IHS.

Methods
Data acquisition

We performed a retrospective analysis of IHS, which
occurred to patients at the University Hospital RWTH
Aachen/Germany (number of beds (2013): 1400; number
of annual fulltime in-hospital treatments (2013): approx.
45,000) between January 2010 and December 2014. The
reference group of all acute ischemic strokes within the
study period was identified by enquiry of the International
Classification of Disease 10 German Modification (ICD-
10-GM). Following ICD10 codes were applied: 163.0,
163.1,163.2, 163.3, 163.4, 163.5, 163.6, 163.8, 163.9, 164. All
stroke patients with these codes as main diagnosis were
regarded to be COS patients. The remaining cases were
evaluated individually and identified as IHS via patients’
medical records. To identify the population with high risk
for IHS, the underlying condition, admitting department
and hospital ward, preceding interventions and surgeries,
vascular risk factors, and transfer to neurological ward
were collected. Data of patients who received any kind of
reperfusion treatment were also retrieved from a local
database, which was initiated as part of the ENDO-
STROKE registry trial (ClinicalTrails.gov NCT1399762).
These included the National Institute of Health Stroke
Scale (NIHSS) [14] and modified Rankin Scale (mRS) [15]
at admission, mRS at discharge and after 90 days (mRS
d90), procedural complications, time intervals (onset of
symptoms to emergency department, door-to-imaging,
door-to-needle, door-to-puncture), stroke etiology (modi-
fied classification of the Trial of Org 10172, TOAST [16])
as well as vascular risk factors. Follow-up (mRS
d90 £+ d10) was performed via a standardized, structured
telephone interview [17], if informed consent was given.
Ethics approval for the retrospective analyses was granted

by the ethics board of the medical faculty of RWTH
Aachen University.

Primary end-points of our analyses were the rate of
reperfusion therapy and the choice of treatment method. In-
hospital mortality and functional outcome after 90 days
(mRS d90) were defined as secondary end-points.

Procedures

At the University Hospital RWTH Aachen Tertiary Stroke
Centre COS patients were treated according to national and
international guidelines on a certified Stroke Unit (SU) or
neurological Intensive Care Unit (ICU). For the evaluation
of THS patients, the neurologist on call or SU neurologist
was contacted as an emergency consultant. Acute reper-
fusion therapy consisted of systemic thrombolysis with
recombinant tissue Plasminogen Activator (1tPA), isolated
endovascular therapy or combined (“bridging”) approa-
ches. Acute endovascular therapy with stent-assisted
mechanical thrombectomy (using Solitaire™ FR Revas-
cularization Device, Covidien, Dublin, Ireland; Trevo© XP
ProVue Retriever 4 mm, Stryker neurovascular, Fremont,
California and others) has been established as a routine
procedure in our clinic since the beginning of the study
period. A consensual decision of a vascular neurologist and
an interventional neuroradiologist determined the method
of treatment. All patients received brain imaging before
and within 24 h after acute reperfusion therapy. Post-in-
terventional intracranial hemorrhages (parenchymal hem-
orrhages according to ECASS classification [18] and
subarachnoid hemorrhages) were registered from the
beginning of reperfusion treatment to discharge. Procedural
complications and intracranial hemorrhages were regarded
as clinically relevant if they made further medical inter-
vention necessary (e.g., transfusion after hemorrhage) or if
there was a neurological deterioration of equal or more
than 4 points on the NIHSS.

Statistical analysis

Patient characteristics were compared between IHS and
COS groups applying Pearson-Chi*-tests for nominal
parameters and Wilcoxon rank-sum tests for metric
parameters for univariate analysis. Logistic regression was
used for multivariate analysis. p values were two sided with
p < 0.05 being considered statistically relevant. Values are
expressed as means if not stated differently. The com-
pleteness of documentation of the mentioned parameters
reached over 80 % with the exception of mRS d90, which
was reported in 39 (75 %) of IHS and 647 (78.1 %) of
COS. If a parameter was missing, the patient was excluded
from the corresponding analysis. If the remaining data was
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available, the patient was still included in further tests.
Analyses were performed using IBM SPSS Statistics 22
(IBM, Armonk, USA).

Results
Baseline characteristics

Between January 2010 and December 2014, 3506 patients
with AIS were treated in our institution. 331 were identified
as [HS (9.4 %). IHS occurred at a significantly younger age
than COS (Table 1). However, patients after IHS remained
hospitalized longer than after COS (mean 19.5 wvs.
12.1 days, p < 0.001, Table 1), had a significantly higher
in-house mortality (31.4 % vs. 8.0 %) and were less likely
to be discharged home (29.6 vs. 63.4 %, p < 0.001,
Table 1).

In-house demographics

More than half of the IHS patients had a cardiac (51.1 %)
or vascular disease (9.1 %) as underlying conditions.
Among them coronary artery disease (13.6 %) and
myocardial infarction (16.6 %) were the most common
ones (Table 2). At the time of stroke onset 59.5 % of
patients were treated on intermediate care wards (IMC) or
intensive care units (ICU) with 52.3 % of the latter being
ventilated. Consequently, most IHS occurred within the
departments of cardiology (32.0 %) and cardiothoracic
surgery (25.7 %). Other frequently affected departments
were neurosurgery (10.0 %), vascular surgery (5.7 %),
general surgery (4.5 %), and other departments of internal
medicine (gastroenterology 5.4 %, hematology/oncology

Table 2 Underlying disease in patients with IHS

Disease % of THS
Cardiac 51.1
Myocardial infarction 16.6
Coronary artery disease 13.6
Heart valve defect 8.5
Cardiac arrhythmia 6.7
Others 5.7
Tumorous 14.8
Brain tumors 39
Hematological tumors 2.7
Others 8.2
Inflammatory 12.1
Pneumonia or pneumogenic sepsis 33
Sepsis of other origin 2.1
Endocarditis 2.7
Autoimmune disease 0.9
Other infection 3.1
Vascular 9.1
Aneurism or dissection of the aorta 4.5
Disease of extra- or intracranial arteries 1.8
Others 2.8
Traumatic 5.7
Craniocerebral trauma 39
Others 1.8
Other disease 7.3
Gastrointestinal tract disease (incl. Hemorrhage) 1.5
Liver or biliary tract disease 0.6
Renal or urinary tract disease 0.3
Not classified 4.9

Underlying disease was defined as the main reason for hospitalization
at the time of stroke

Bold values indicate the percentage of the disease categories

Table 1 Baseline
characteristics and clinical

course of patients with THS vs.
COos

Variables IHS COS p value
Number (% of total AIS) 331 (9.4) 3175 (90.6)
Demographics

Male sex, n (%) 206 (62.2) 1763 (55.5) 0.019

Age, mean (£SD) 66.7 (14.6) 70.3 (14.2) <0.001
Clinical course

Length of hospitalization after stroke, mean days (£SD) 19.5 (25.1) 12.1 (10.9) <0.001

In-house mortality, n (%) 104 (31.4) 254 (8.0) <0.001

Discharged home, n (%) 98 (29.6) 2013 (63.4)

Transfer to post-acute treatment, n (%) 91 (27.5) 793 (25.0)

Transfer to other hospital, n (%) 30 (9.1) 93 (2.9)

Way of discharge does not equal 100 % since some patients have been transferred internally

IHS in-hospital stroke, COS community-onset stroke, AIS acute ischemic stroke, SD standard deviation
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3.9 %, nephrology 2.4 %). A majority of patients had a
history of surgery (49.2 %), or endovascular or endoscopic
intervention (22.7 %) within 4 weeks prior to the IHS.
Mean time between surgery and stroke was 4.6 days (me-
dian 2, IQR 1-6, SD 6.1 days). Mean time between inter-
vention and stroke was 2.1 days (median 1, IQR 0-3, SD
2.7 days).

Reperfusion treatment
Following IHS, a significantly smaller percentage of

patients received reperfusion treatment compared to
patients suffering from COS (Table 3). Endovascular

interventions (n = 348) were performed in 71.2 %
(n = 37/52) of IHS and in 37.6 % (n = 311/828) of COS
patients who received reperfusion therapy (p < 0.001).
Modern stent retrievers were used in 93.4 % of these cases
(n = 325/348). In IHS endovascular interventions without
IV rtPA made up for 59.6 % (n = 31/37) of reperfusions
compared to 12.1 % (n = 100/311) in COS (p < 0.001).
Etiology of stroke (TOAST) was more likely to be car-
dioembolic and undetermined in the THS group (Table 3).
Angiographic data were available in 94.2 % (n = 49/52) of
IHS and 94.8 % (n = 785/828) of COS that received
reperfusion therapies. Large vessel occlusion of the ante-
rior circulation was significantly more frequent in IHS

Table 3 Reperfusion treatment in patients with AIS:IHS vs. COS:Etiology, distribution of vessel occlusions, treatment intervals, stroke severity,

and clinical outcome

Variables IHS COS p value
Revascularization therapy, n/total (%) 52/331 (15.7) 828/3175 (26.1) <0.001
IV 1tPA, n (%) 15 (4.5) 517 (16.3) <0.001
Bridging Approaches, n (%) 6 (1.8) 211 (6.6)
Endovascular Treatment, n (%) 31 (9.4) 100 (3.1)
Etiology of Stroke (TOAST)
Large-artery atherosclerosis, n (%) 8 (15.4) 190 (23.0) <0.001
Cardioembolism, n (%) 29 (55.8) 369 (44.6)
Small-vessel occlusion, n (%) 0 (0.0) 89 (10.6)
Other” determined etiology, n (%) 1(1.9) 33 (4.0)
Undetermined® etiology, n (%) 14 (26.9) 143 (17.3)
Vessel occlusions, n of available data 49 785
No detectable occlusion, n (%) 6 (12.2) 270 (34.4) 0.001
LVO anterior circulation, n (%) 39 (79.6) 397 (50.6)
LVO posterior circulation, n (%) 3(6.1) 85 (10.8)
Minor vessel occlusion, n (%) 12.0) 33 4.2)
Treatment Intervals
Symptom-to-imaging time (min) (median; IQR; £SD) 73.7 (46; 29.8-95; 65.7) 122.8 (101; 74-160.8; 67.6) <0.001
Symptom-to-needle time (min) (median; IQR; £SD) 84.9 (65; 33.8-135; 59.3) 128.4 (110; 85-154; 57.8) 0.007
Symptom-to-puncture time (min) (median; IQR; £SD) 124.2 (105; 70-140; 81.1) 180.9 (165; 125-215; 80.1) <0.001
Stroke severity
NIHSS at onset (median; IQR; SD) 14.9 (15.5; 7.3-21; 8.0) 11.9 (10; 5-18; 7.9) 0.005
mRS at onset (median; IQR; £SD) 4.3 (4; 4-5; 0.8) 3.9 (4; 3-5; 1.1) 0.056
Clinical outcome
mRS at discharge (median; IQR; £SD) 3.7 (4; 2-5.8; 2.0) 3.1 (3;2-5; 1.9) 0.023
mRS d90 (median; IQR; £SD) 4.1 (5; 2-6; 2.3) 3.1 (3; 1-5;2.1) 0.006
mRS d90 <2, % 25.6 40.7 0.063
Length of hospitalization after stroke, days (£SD) 19.2 (17.0) 14.06 (12.4) 0.031
In-hospital mortality, n (%) 14 (26.9) 106 (12.8) 0.004

IHS in-hospital stroke, COS community-onset stroke, IV rtPA intravenous recombinant Plasminogen activator, /QR interquartile range, SD

standard deviation, NITHSS National Institute of Health Stroke Scale, mRS modified Rankin Scale
? Other determined etiology includes arterial dissection and non-atherosclerotic vasculopathies

® This included strokes with competing causes, incomplete evaluation, and complete but negative evaluation
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(Table 3). Available data from patients who received
reperfusion therapy suggest that time intervals from
symptom-onset to brain imaging, IV rtPA and angiography
were shorter after IHS (Table 3) due to the omission of the
pre-hospital interval [symptom-to-arrival time in COS
(min), mean & SD: 93.1 & 63.3, median (IQR):73
(48-125)]. However, in 111 cases of IHS (33.5 %) the time
of stroke onset was indefinable due to sedation, delayed
report on symptoms by the patient or atypical presentation.
Furthermore, intra-hospital delays from symptom-onset
(IHS), respectively, arrival to the clinic (COS) to the dif-
ferent end-points were significantly longer in the IHS
group: time to brain imaging (73.3 vs. 30.9 min
p < 0.001), to IV rtPA (84.9 vs. 37.9 min, p < 0.001), and
to angiography (124.2 vs. 91.8 min, p = 0.008). Since
intervals from CT to thrombolysis (IHS/COS 20.1 £ 15.9
vs. 18.7 £ 23.9 min, p = 0.444) and CT to angiography
(IHS/COS 65.8 £ 31.2 vs. 61.75 & 37.0 min, p = 0.235)
were comparable in both groups, delays in the IHS rescue
chain can be attributed to prolonged symptom recognition
and transportation to imaging. There was greater stroke
severity determined by NIHSS at onset (mean 14.9 vs.
11.9, p = 0.005, Table 3) and a statistically non-significant
trend towards higher functional impairment determined by
mRS in IHS on admission/symptom-onset (mean 4.27 vs.
3.94, p = 0.056, Table 3). After 90 days, mRS of 75 %
(IHS) and 78.1 % (COS) could be determined. There was
no significant difference in stroke severity at onset in this
subgroup. A higher percentage of patients with IHS was
currently treated with antiplatelet therapy (APT) (52.1 vs.
33.5 %, dual APT: 12.5 vs. 1.7 %, p < 0.001) and thera-
peutic anticoagulation (27.1 vs. 7.2 %, p < 0.001) prior to
reperfusion therapy.

Outcome

35.7 % patients with IHS (n = 117) were transferred to a
Stroke Unit (SU) or Neurological Intensive Care Unit
(ICU). After reperfusion treatment, 80.8 % of IHS patients
(n = 42) were transferred. Following IHS, patients
remained hospitalized significantly longer and were less
likely to be discharged home (Table 1). In-hospital mor-
tality was three times higher for patients with IHS
(Table 1). In 44.2 % of deceased IHS patients, death was a
direct consequence of the additional cerebrovascular event
(n = 46). Good functional outcome at follow-up (mRS
d90 < 2) was achieved less common in IHS than in COS
patients without reaching statistical significance (IHS/COS
25.6 vs. 40.7 %, p = 0.063). After adjusting for patient
demographics, vascular risk factors, and stroke severity,
mortality was still higher in the IHS group (OR 3.11; CI
1.09-8.88; p = 0.034). There were no significant differ-
ences in occurrence of intracranial hemorrhages (ICH)
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during and after treatment between the IHS and COS
groups (Table 4). In total, in 36 cases procedural compli-
cations or ICH were the cause of clinical worsening or
death (Table 4).

Discussion

The presented analyses showed that substantial numbers of
ischemic strokes occur in hospitalized patients and that
despite younger age they are associated with greater stroke
severity, lower rates of reperfusion therapies, higher in-
hospital mortality, and worse functional outcome compared
to patients with COS.

Our finding of 9.4 % IHS of all strokes is in line with
previous publications, which reported rates between 2.2
and 17 % depending on hospital characteristics and inclu-
sion criteria. Multicentre studies including regional hospi-
tals seem to report lower [1, 3], and university hospitals as
well as tertiary centers relatively report higher percentages
of IHS [2, 19]. This is most likely attributed to differences
in frequencies of high-risk procedures and multi-morbidity
of admitted patients. The RWTH University Hospital
Aachen is part of the latter category, performing approx.
1400 percutaneous coronary interventions, 700 coronary
artery bypass grafts, and 90 carotid endarterectomies per
year (2012). The higher prevalence of (cardio-)vascular
diseases in men (especially at younger age) [20, 21], and
the high percentage of the above-mentioned procedures in
patients with IHS most likely explains the male
preponderance.

In our cohort, IHS was associated with a high rate of in-
hospital mortality. To some extent this is explained by the
higher incidence of LVO in IHS (as derived by the pre-
vailing cardioembolic stroke mechanism), which results in
more severe strokes. The second relevant factor is the
original underlying disease, which contributed to over
50 % of deaths in our IHS cohort.

There were several reasons which contributed to the
relatively low rate of reperfusion therapies in patients with
IHS compared to patients with COS. One major constraint
for THS treatment was that stroke symptoms often were not
recognized early enough to start reperfusion therapies
within the recommended time frame (<4.5 h for IV rtPA
[22]; <6 h for endovascular therapy [9]). In our cohort,
more than one-third of IHS was diagnosed with a signifi-
cant delay. In most cases, symptom-onset could not be
determined due to sedation and insufficient neurological
assessment by non-neurological staff. The latter point also
contributes to considerable delays in diagnostic and ther-
apeutic intra-hospital procedural intervals. Another
important reason for non-treatment was that nearly half of
the patients underwent major surgery within 4 weeks
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g’é’t‘; 3f g}’)‘:ﬁﬂ;ﬁ‘f&;gges Variables IHS cos p value
in patients with AIS:IHS vs. IV rtPA, n 15 517
CcoS .
Intracranial hemorrhage
PHI1, n (%) 1(6.7) 8 (1.6) 0.590
PH2, n (%) 0 (0.0) 19 (3.7)
SAH, n (%) 0 (0.0) 2 (0.6)
Complication at puncture site or bleeding, n (%) 1(6.7) 14 (2.7) 0.361
Other complication®, n (%) 0 (0.0) 2(0.4) 0.809
Clinically relevant
Yes, n (%) 1(6.7) 17 (3.3) 0.704
Death, n (%) 0 (0.0) 7 (1.5)
Endovascular treatments (incl. bridging), n 37 311
Intracranial hemorrhage
PH1, n (%) 0 (0.0) 17 (5.7) 0.106
PH2, n (%) 4 (10.8) 17 (5.7)
SAH, n (%) 4 (10.8) 16 (5.3)
Complication at puncture site or bleeding, n (%) 3(8.1) 17 (5.5) 0.514
Other complication, n (%) 3(8.1) 72.3) 0.044
Clinically relevant
Yes, n (%) 0 (0.0) 5 (1.6) 0.509
Death, n (%) 0 (0.0) 6 (1.9)

IHS in-hospital stroke, COS community-onset stroke, IV rtPA intravenous recombinant Plasminogen
Activator, /CH intracranial hemorrhage, PH parenchymal hemorrhage, SAH subarachnoid hemorrhage

* Other complication includes:arterial dissections caused by endovascular intervention, thromboembolic
events, and reocclusion of target vessel or stent

before the occurrence of IHS and therefore in many cases
application of systemic rtPA was contraindicated. Other
frequent and relevant contraindications were prior ST-
segment elevation myocardial infarction, therapeutic and
sufficient anticoagulant as well as rejection of therapy due
to terminal illness or overall unfavorable prognosis. Most
of the mentioned medical contraindications for systemic
thrombolysis play a tangential role for interventional
treatment [9]. Accordingly, IHS patients received isolated
stent-assisted thrombectomy more frequently than COS
patients.

The high proportion of IHS patients who receive inter-
ventional stroke treatment has important implications for in-
house protocols. Strategies to improve quality of care of IHS
usually comprise education of medical staff about signs and
treatment options of stroke and standardization of in-house
procedures such as alert processes [23-26]. Our algorithm
(Fig. 1) suggests a specific training of nursing and medical
personnel treating patients with high risk of IHS, such as
cardiologic and cardiosurgical IMCs and ICUs, highlighting
basic and regular neurologic examination, and knowledge of
standardized diagnostic pathway if stroke is suspected. A
further improvement of this concept is an immediate and
pragmatic reunion of all involved parties. When acute IHS is

suspected, the currently supervising medical team should
immediately alert the neurologist on call and perform
transportation to the neuroradiology department while
checking potential contraindications for reperfusion treat-
ment. The neurologist (specialized in stroke therapy)
examines the patient during preparation for imaging (“CT
rendezvous”). A plain CT, CT-angiography, and CT-perfu-
sion should be performed routinely. The treatment decision
is made consensually with the neuroradiologist and treat-
ment is started immediately. Given that IHS patients are
likely to receive interventional treatment, an angiography
team should be in standby to anticipate interventional stroke
treatment. Technical advances may offer additional options
for early IHS recognition. During surgeries with a high
stroke risk, such as carotid endarterectomy and aortic
reconstructions, neuromonitoring via electroencephalogra-
phy (EEG) [27], transcranial Doppler-Ultrasound (TCD) of
the middle cerebral artery, and near-infrared spectroscopy of
cerebral oxygen saturation (NIRS) [28] proved to facilitate
early detection of changes in cerebral blood flow and of
ischemia. In the future, continuous neuromonitoring may
likewise be established on ICU [29] or other locations with
patients at risk and allow for reduction in delays in recog-
nition of THS.
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A priori Identification of Patients at Risk and of Institutional “Hot Spots”

Sensitization and periodical Training of involved Staff

Condsider peri- and if necessary post-procedural Neuromonitoring*

Suspicion of IHS

A\ 4

\ 4

Contact Vascular

Check for IVrtPA Contraindications: | Immediate transportation

Check for Times:

Contact

Current Anticoagulans or Coagulopathy?
Recent Surgery (Manageable Bleeding Risk?)
Recent ICB or IS?

Current Neoplasia (+/- treatment)?

Neurologist on call

Check for CA-Applicability:
Renal and Thyroidal Functions?
Known CA-Allergy?

Onset of Symptoms?
Last Seen Normal?
Unknown?

Neuroradiologist on call

!

r 3

CT Rendez-Vous

Neurological Examination
and
Multimodal Stroke CT
(cCT, ccCTA, cCTP)

v

|
L 2 v v
ICB AlS Cause not identified

Interdisciplinary

(Neurology/Neurosurgery)
Treatment Evaluation

Interdisciplinary
(Neurology/Neuroradiology)
Evaluation of Reperfusion Therapy

Neurological Reevaluation and
further Diagnostics
(i.e. cMRT, EEG, cerebral fluid)

¥

¥

¥

SU or Neurological ICU I l

SU or Neurological ICU

‘ [ Consider SU or Neurological ICU

Fig. 1 Algorithm for the management of in-hospital stroke. /HS in-
hospital stroke, IV rtPA intavenous recombinant tissue Plasminogen
Activator (Alteplase); /CB intracranial bleeding, IS ischemic stroke,
CA contrast agent, ¢CT cranial computed tomography, ccCTA
cervico-cranial computed tomography angiography, ¢CTP cranial
computed tomography perfusion, AIS acute ischemic stroke, cMRT

Limitations

Limitations to this study were the relatively small sample
size and its monocentric data acquisition.

Conclusion

IHS is a severe complication of in-patients and is associ-
ated with an unfavorable prognosis. Early symptom
recognition is hampered by difficulties in evaluation of
critically ill or postoperative patients on ICU or IMC. IHS
patients often suffer from LVO and treatment is con-
strained by contraindications for systemic thrombolysis. In
these cases, endovascular interventions offer safe and
feasible therapeutic treatment options and should be
anticipated whenever IHS patients are encountered.
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