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Saver J. Stroke 2006;37:263-266.

Time is brain – Quantified

Neurons 
Lost

Synapses 
Lost

Myelinated Fibres 
Lost

Accelerated 
Aging

Per 
Stroke

1.2 billion 8.3 trillion 7140 km/4470 miles 36 y

Per Hour 120 million 830 billion 714 km/447 miles 3.6 y

Per 
Minute

1.9 million 14 billion 12 km/7.5 miles 3.1 wk

Per 
Second

32 000 230 million
200 meters/218 

yards
8.7 h

Estimated pace of neural circuitry loss in typical large vessel, supratentorial 

acute ischaemic stroke



FAST



Image Source:  NINDS

Cincinnati Prehospital Stroke Scale

Facial droop: have patient smile



Image Source:  NINDS

Arm drift: close eyes & hold 

out both arms
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Reiner-Deitemyer V. et al. Stroke  2011;42:1295-300.

Helicopter transport of stroke patients 

and its influence on thrombolysis rates: 

data from the Austrian Stroke Unit Registry.

NAW = ambulance with emergency physician

RTW = ambulance with paramedic

Helicopter is fastest and predicts highest 

rates for thrombolysis treatment



TEMPiSInteractive Videoconferencing and Teleradiology





Seenan, P. et al. Stroke 2007;38:1886-1892

Death within 1 year of stroke: stroke unit vs non-stroke unit care



Seenan, P. et al. Stroke 2007;38:1886-1892

Poor outcome within 1 year of stroke: 
stroke unit vs non-stroke unit care



Stroke Unit: 4936 Patients versus conventional ward: 6636 Pat., 

274 ^Hospitals, 2 year follow-up

Rankin > 2:  53% vs. 62%; OR 0,81 (0,72-0,91)

p = 0.0001

Lancet 2007;369:299-305

Benefit of Stroke Units



FACILITIES THAT SHOULD BE AVAILABLE

• Stroke trained physician (24/7)

• Diagnostic radiologist on call

• Multidisciplinary team

• Stroke trained nurses

• Physician expert in neurovascular ultrasonology

• Speech therapy start within 2 days

• Physiotherapy start within 2 days

• Brain CT scan 24/7 [MRI and MRA or CT and CTA]

• Extracranial Duplex sonography [Transcranial Dopplersonography]

• Transthoracic echocardiography [Transosephageal echocardiography]

• Automated ECG monitoring at bed-side

• Intravenous rt-PA protocols 24/7 [Endovascular emergency thrombectomy]

• Rehabilitation available (in-house or outside)

• Secondary prevention program

• [Neurosurgery service]

Modif. from : The main components of stroke unit care: results of a European expert survey.

Leys et al, EUSI Exec Comm. Cerebrovasc Dis 2007;23(5-6):344-52. Epub 2007 Jan 30.  

The main components of stroke unit care: results of a 

European expert survey.

[comprehensive service]



• Thrombolysis registry Helsinki

• 1998-2011

• N=1860

Meretoja et al.  2012 
Neurology



Meretoja 2012 Neurology

Some measures

to reduce

treatment delays

within the

hospital



Meretoja 2012 Neurology

Some measures

to reduce

treatment delays

within the

hospital
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ECASS 3 Trial

Time Interval from onset of symptoms to treatment initiation [min]
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Age >80 y does not appear to 
influence response to alteplase

BMJ 2011; 342:d312 doi: 10.1136/bmj.d312



Effect of age: <80 vs. > 80 years 

and time: <3 vs. 3-6 hrs



• October 2014: MR CLEAN is presented at the WSC in 

Istanbul and published early 2015 

The new endovascular

thrombectomy stroke trials

Berkhemer OA et al. NEJM 2015; 372:11-20



 

Thrombectomy in AIS: MR-CLEAN Study

22

MR CLEAN

Berkhemer OA N Engl J Med. 2015;372:11-20.



HERMES Metaanalysis

• The HERMES collaboration pooled patient-level data 
from five trials (MR CLEAN, ESCAPE, REVASCAT, SWIFT 
PRIME, and EXTEND IA) done between December, 
2010, and December, 2014

• Individual data for 1287 patients (634 assigned to 
endovascular thrombectomy, 653 assigned to control)

• Endovascular thrombectomy led to significantly 
reduced disability at 90 days compared with control 
(adjusted OR 2.49, 95% CI 1.76–3.53; p<0.0001).





HERMES Results

With or without rtPA



HERMES Safety





Additional 

volume

after MCA

infarction

and hemi-

craniectomy

Courtesy, Prof. Hacke



Results: Distribution of Outcome

p for mRS distribution (shift analysis) <.001
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Medical complications after stroke

modif, from Kumar S, Selim MH, Caplan LR: 

Medical complications after stroke. Lancet Neurol 2010; 9: 105-118

Chest infection

Urinary tract infection

Fever

Pain

Pressure sores

Falls

Depression

Deep vein thrombosis

Pulmonary embolism

Myocardial infarction/angina

Cardiac heart failure

Cardiac arrest

GI bleed

Urinary incontinence

Cognitive decline



Complications following acute stroke 

within the first week

Neurological complications: 

• increased intracranial pressure (7.6%) 

• recurrent cerebral ischemia (5.1%) 

Medical complications

• fever >38 degrees C (13.2%),

• severe arterial hypertension (7.5%)

• pneumonia (7.4%) 

Weimar C et al. Eur Neurol. 2002;48(3):133-40



Cochrane Database Syst Rev. 2007 Oct 17;(4):CD000197.

Stroke unit care

“Stroke patients who receive organised 
inpatient care in a stroke unit are more 
likely to be alive, independent, and living 
at home one year after the stroke. The 
benefits were most apparent in units 
based in a discrete ward. No systematic 
increase was observed in the length of 
inpatient stay.”



Acute stroke unit



Emergency Diagnostic Tests: assess risk

of early, recurrent stroke
• Differentiate between different types of stroke

– Assess the underlying cause of brain ischaemia

– Assess prognosis

• Provide a basis for physiological monitoring of the 

stroke patient

• Identify concurrent diseases or complications 

associated with stroke

• Rule out other brain diseases



Emergency Diagnostic Tests

• Electrocardiogram (ECG)

– Cardiac abnormalities are common in acute stroke patients1

– Arrhythmias may induce stroke, stroke may cause 

arrhythmias

– Holter monitoring is superior to routine ECG for the 

detection of atrial fibrillation (AF)2

1: Christensen H et al. Neurol Sci (2005) 234:99 –103
2: Gunalp M et al. Adv Ther (2006) 23:854-60



ECG changes in acute stroke:  

69% prevalence 

7% AV-Block I

7% RBB

3% LBB

31% QT-Prolongation

27% atrial fibrillation

4% atriale Tachy.

1% SVES

4% VES

5% S-Tachy.

1% U-Wave

6% T-pathology

Tatschl C et al. Cerebrovasc Dis 2005; 21: 47-53

34% ST-changes
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Atrial fibrillation (AF) - Etiology

• Hypertension

• Coronary heart disease

• Rheumatic

• Post myocarditis

• Valvular 

• Lone AF

• AF with extracardiac causes

– Hyperthyroidism

– Respiratory tract infection

– Reflux esophagitis



Paroxysmal AF (PAF)

• Detected in stroke patients by

– Holter monitoring during 24-

72 hours in 4.6%

– 4-7 days loop-recording in 

additional 6-8%

– 7 days event-recording in 14%

– Holter and serial ECGs within 

3 days in 14%

• 25% detection rate by combining 

different monitoring 

methods.[Sposato 2015]



QT prolongation 

• Potentially leading to torsades des pointes and 

ventricular fibrillation

• A variety of drugs may induce QT prolongation.

– Psychotropics

– Antibiotics

– Antiallergics

– Herbal drugs (ephedra, St. John‘s worth)……

• Actual information in www.torsades.org
(Stöllberger C, Int Clin Psychopharmacol 2005;20:243-51.)



Risk factors for QT-prolongation

• Increased age 

• Female gender 

• Elektrolyte-disturbances
– Hypokalaemia, 

– Hypomagnesaemia

– Hypocalzaemia 

• Bradycardia

• Cardiovascular diseases
– Cerebrovascular diseases, 

– Diabetes mellitus, 

– Coronary heart disease, 

– Heart failure, 

– Arterial hypertension

• Hypoglycaemia, hypothermia, hypothyroidism, obesity

(Tatschl C, Cerebrovasc Dis 2006;21:47-53.)



QT-prolongation: Therapy

• Patient should be monitored!

• Heart rate should be >60/min

– Consider pacing when <60/min 

• Assess serum potassium level

– Target value: >4.0 mmol/l

• Assess comedication

• Therapeutic option: Magnesium iv.



Emergency Diagnostic Tests

• Echocardiography (TTE / TOE)

– Echocardiography can detect many potential causes of 

stroke1

– It is particularly required in patients with history of cardiac 

disease, ECG pathologies, suspected source of embolism, 

suspected aortic disease, suspected paradoxical embolism

– Transoesophageal echocardiography (TOE) might be 

superior to transthoracic echocardiography (TTE) for the 

detection of potential cardiac sources of embolism2

1: Lerakis S et al. Am J Med Sci (2005) 329:310-6
2: de Bruijn SF et al. Stroke (2006) 37:2531-4



Atrial fibrillation - LAAT

TEE Courtesy Claudia Stoellberger MD



Aortic arch atheroma

exulcerated plaque complex plaque >4mm
Courtesy Claudia Stoellberger MD



A characteristic cardiomyopathy with left ventricular apical ballooning can occur as a 

complication of haemorrhagic or ischaemic strokes.

Takotsubo Syndrome: stress following acute stroke

Incidence of 

takotsubo

syndrome was 

1.2% in 

consecutive 

patients within the 

first 2 weeks after 

an ischaemic

stroke. Risk 

population: 

women, with 

strokes involving 

the insular region 

or with extensive 

brainstem.

S. Kumar et al. Lancet Neurol . 

2010;9:510-18



Recommendations for treatment of hypertension 

within the first 24-48 hours ctd.

• In patients without previous antihypertensive

drugs, and

• SBP <180 mm Hg, and

• DBP <100 mm Hg

• no antihypertensive therapy, 

• unless thrombolysis is indicated.



Recommendations for treatment of hypertension 

within the first 24-48 hours ctd.

• In patients with previous oral antihypertensive
therapy

• antihypertensive therapy should be given

• to avoid rebound hypertension.

• Aim is to maintain a 

• SBP <180

• DBP <100 mm Hg.
(Klijn CJ, Lancet Neurol 2003;2:698-701)



Emergency Diagnostic Tests

• Laboratory tests

– Haematology (RBC, WBC, platelet count)

– Basic clotting parameters

– Electrolytes

– Renal and hepatic chemistry

– Blood Glucose

– CRP, sedimentation rate



Hyperthermia and stroke 

• Hyperthermia is associated with a poor clinical 

outcome. 

• The later the hyperthermia occurs within the first 

week, the worse the prognosis. 

• Severity of stroke and inflammation are important 

determinants of hyperthermia after ischemic stroke. 

Saini M, Saqqur M, Kamruzzaman A, Lees KR, Shuaib A; 

on behalf of the VISTA Investigators. Effect of hyperthermia on prognosis after scute ischemic stroke. 

Stroke. 2009 Jul 30. [Epub ahead of print] PMID: 19644066



Figure 2

Source: The Lancet Neurology 2010; 9:105-118 (DOI:10.1016/S1474-4422(09)70266-2)

Pneumonia following stroke



Normal swallowing vs. aspiration



R. Martino et al. Stroke.. 2005;36:2756

63

Figure 2. Pneumonia frequency in stroke patients with dysphagia and 
no dysphagia.

Pneumonia frequency in stroke patients with aspiration and no
aspiration



Management of Complications

� Systematic swallowing assessment is 

recommended 

� Early commencement of nasogastric (NG)

feeding (within 48 hours) is recommended in

stroke patients with impaired swallowing

� Percutaneous enteral gastrostomy (PEG)

feeding should not be considered in stroke

patients in the first 2 weeks



•DIAGNOSIS

•Bedside Screening

•VFS (Videofluoroskopy) 

•FEES (Fiberoptic endoscopic evaluation 
of swallowing)





Kamphuisen PW et al. Thromb Res. 2007;119:269-72

Pulmonary embolism

Data from a pooled analysis of 16 trials involving 23 043 patients showed 

that high-dose UFH (≥15 000 IU per day) reduced the incidence of 

pulmonary embolism but led to an increased risk of intracranial 

haemorrhages , whereas low-dose UFH (<15 000 IU) decreased the risk of 

DVTs but had no effect on pulmonary embolism or the risk of haemorrhage .



ESO Guidelines for prophylaxis for venous thromboembolism

im immobile patients with acute ischemic stroke

• Intermittent compression stockings in 

immobile patients
(QoE: Moderate, Strength of Recom: strong, no effect on major outcomes

including symptomatic DVT and PE, but reduction of overall mortality)

• Prophylactic anticoagulation with low

molecular weight heparin or heparinoid

preferred over unfractionated heparin (5000 

Units 2-3 times daily)
(QoE: moderate SoR: weak, but LMWH have higher risk of extrcranial bleeding, higher

drug costs and risk in elderly pts with poor renal function) 

• Early mobilization, avoidance of

dehydration, aspirin

Dennis M et al: European Stroke Journal 2016, 1:6-19



Medical complications after stroke
Chest infection

Urinary tract infection

Fever

Pain

Pressure sores

Falls

Depression

Deep vein thrombosis

Prevent aspiration

Mobilize early

Prevent aspiration

Mobilize early

Mobilize early

Physiotherapy

Early recognition and Tx

Compression stockings



Medical complications after stroke

Pulmonary embolism

Myocardial

infarction/angina

Cardiac heart failure

Cardiac arrest

GI bleed

Urinary incontinence

Heparin and Mobilization

Assess cardiac risks

Reduce autonomic stress 

reaction

Assess cardiac function

Assess bleeding risk

Prevent stress, look for risks

Train natural functions, 

specialist assessment
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Promising areas:

• Drug therapy for motor recovery

• Body-weight support treadmill training

• Robotics

• Virtual reality

• Transcranial magnetic stimulation

• Early mobilization

Advances in Neurorehabilitation

Brainin M and Zorowitz R: Stroke 2013; 44:311-313



Simplified as a process, stroke

rehabilitation involves

•assessment, 

•goal-setting, 

• intervention, 

•reassessment

Langhorne P, Bernhardt J, Kwakkel G  Stroke rehabilitation. Lancet. 

2011;377:1693–1702.



Rehabilitation on a stroke unit
Stroke rehabilitation practice guidelines, update 2015 

(Int J Stroke 2016)

Assessment components should include dysphagia,

mood and cognition, mobility, functional

assessment, temperature, nutrition, bowel and

bladder function, skin breakdown, discharge

planning, prevention therapies, venous

thromboembolism

prophylaxis (Evidence Level B). 



Rehabilitation on a stroke unit
Stroke rehabilitation practice guidelines, update 2015 

(Int J Stroke 2016)

Mobilization is defined as ‘‘the process of getting a

patient to move in the bed, sit up, stand, and eventually

walk.’’

i. All patients admitted to hospital with acute stroke

should be assessed by rehabilitation professionals

(Evidence Level A), ideally within the first 48 h of

admission (Evidence Level C).

ii. Frequent, out-of-bed activity in the very early time

frame (within 24 h of stroke onset) is not recommended

(Evidence Level B). Mobilization may be

reasonable for some patients with acute stroke in

the very early time frame and clinical judgment

should be used (Evidence Level C).



Rehabilitation on a stroke unit
Stroke rehabilitation practice guidelines, update 2015 

(Int J Stroke 2016)

iii. All patients admitted to hospital with acute stroke

should start to be mobilized early (between 24 h

and 48 h of stroke onset) if there are no

contraindications (Evidence Level B).

Contraindications to early mobilization include,

but are not restricted to, patients who have had an

arterial puncture for an interventional procedure,

unstable medical conditions, low oxygen saturation

and lower limb fracture or injury.


