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ABBREVIATION LIST   

 

ACA   Anterior cerebral artery 

ATP                        Adenosine triphosphate  

AVM                      Arteriovenous malformations 

CBF             Cerebral Blood flow 

CT                          Computer Tomography 

CVA                       Cerebrovascular accident 

CVD                      Cerebrovascular disease 

DM                      Diabetes Mellitus 

ECASS European-Australian randomised stroke   

thrombolysis studies  

EMEA                    European Medicines Evaluation Agency                

NINDS National Institute of Neurological Disorder and             

Stroke 

IHD                      Ischemic heart disease 

MCA   Middle Cerebral Artery  

MRI             Magnetic Resonance Imaging 

PCA   Posterior cerebral artery 

SITS                 Safe Implementation of treatment of Stroke 

SITS-ISTR Safe implementation of treatment of stroke - 

International Stroke Thrombolysis Registry 

SITS-MOST Safe implementation of thrombolysis in stroke -              

Monitoring Study 

TIA                        Transient ischemic attack 

tPA                         Tissue Plasminogen activator 
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INTRODUCTION 

 

Cerebrovascular disease (CVD) represents a heterogeneous group of 

disorders that clinically manifest as neurological deficits of the brain caused by 

pathological processes in the cerebral vessels. It is the third most common cause 

of disability and death in the developed world after cancer and Ischemic heart 

disease (IHD).  CVD is also the most common cause of severe physical disability, 

and has an enormous emotional and economic impact on the lives of patients, 

their family and society.  Stroke has traditionally been used as the clinical term to 

include episodes of a rapid onset (over minutes) of focal brain dysfunction due to 

focal ischemic infarction or bleeding into part of the brain. 

 

Stroke is a common medical emergency with a high incidence in the Czech 

Republic that increases with age. In western society approximately 80% of strokes 

are caused by focal cerebral ischemia and around 20% are due to haemorrhage 

within the brain. (M. Brainin, N. Bornstein et al) The Prevention and treatment of 

stroke remains an increased area of research and is a recognised health priority in 

the developing world that would lead to a decrease in mortality and morbidity.  

Prompt assessment of stroke patients and treatment decreases the incidence of 

morbidity and mortality. There are very few effective treatments for acute stroke; 

these include early stroke care, early aspirin and thrombolytic treatment. 

Thrombolysis with tissue Plasminogen activator is the only approved treatment 

for stoke in Europe. Published in the Lancet January 2007, Safe implementation 

of thrombolysis in stroke – monitoring study (SITS-MOST) an ongoing 

international internet based interactive Thrombolysis register, assessed the safety 

profile of thrombolysis use in clinical practice across Europe. They concluded that 

intravenous thrombolysis was safe and effective in routine clinical use when used 

within 3 hours of the onset on stroke. (Prof Nils Wahlgren MD, Niaz Ahmed MD, 

2007)  
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Stroke is usually divided into two categories which  includes cerebral ischemia 

that results from an occlusion of a cerebral artery due to degenerative vessel wall 

disease or an embolism, and hemorrhagic stroke which is due to rupture of a 

cerebral blood vessel into the subarachnoid space or brain parenchyma.  

 

 

In this review I will look at the use and effect of thrombolysis in patients 

who suffered with stroke in our faculty hospital during the year 2009. Using CT 

images from the patients I will analyse the extent of any lesions pre and post 

intravenous thrombolysis treatment as well as looking at the extent of hypo 

density, mass and midline effects on the CT scans.  
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CEREBROVASCULAR DISEASE 

 

  Neurological symptoms or a complex of symptoms caused by cerebral 

ischemia or haemorrhage is commonly called cerebrovascular accident (CVA), or 

stroke. (Nils Wehlgen, Niaz Ahmed, Antoni Davalor, 2008) Stroke usually 

presents with an abrupt onset of neurological deficit lasting for more than 24 

hours. If the symptoms resolve within 24 hours then it is termed a Transient 

ischemic attack (TIA). CVD compromises of a heterogeneous group of 

dysfunction and disease of the cerebral vessel or vessels supplying the brain. The 

most common cerebrovascular disease is atherosclerosis commonly affecting the 

large extra cranial vessels that arise from the aortic arch, where the formation of 

fatty plaques in the vessel wall causes changes in the architecture making them 

narrowed and stiff.  There may also be defect or weakness in a blood vessel wall 

within the brain which may lead to the formation of an aneurysm that may lead to 

haemorrhage. Hypertension is one of the major risk factors for CVD. The most 

common cause of CVD does include embolism, aneurysm and low flow states 

within the cerebral arteries. Taking the history of CVD serves of great importance 

as specific therapy may be indicated to prevent further strokes or other 

complications. Because of the heterogeneity of CVD’s the outcome depends on 

several factors which include the presence of collateral cerebral circulation, any 

current illness of the patient, and the underlying pathophysiology.  

 

Having a CVD increases the risk of having a stroke where there is a sudden stop 

of blood flow within the brain or rupture of a blood vessel leading to 

haemorrhage. Blocking of the artery is commonly due to clot formation in the 

cerebral arteries (thrombosis) or embolism. Transient ischemic attacks (TIAs) are 

usually caused by an embolism causing blockage of an artery leading to a 

decrease in supply of blood flow to that area of the brain. The standard definition 

of transient ischemic attack requires that all neurological signs and symptoms 

resolve within 24hours. 
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There are two main mechanisms by which cerebrovascular disease can be 

classified; these are focal cerebral ischemia and hemorrhagic strokes. A more 

descriptive classification based on the aetiology is seen in Fig 1. Ischemic stroke 

results from a reduction in cerebral blood flow caused by a cascade of events due 

to energy depletion finally leading to death of the neuronal cells. Neurological 

symptoms usually manifest within a very short time due to neurons lacking 

glycogen and hence energy failure occurs rapidly. With ischemia lasting for, more 

than a few seconds infarction of the brain tissue may result.  

 

The brain requires a constant delivery of glucose and oxygen from the 

blood receiving around 15% of the cardiac output and accounts for 20% of the 

total body oxygen consumption the brain is highly aerobic and several 

mechanisms are able to deprive oxygen.  

If blood flow would rapidly be restored the brain tissue is capable of recovering 

and the symptoms are short lives hence the patients suffers a transient attack.  

A generalized reduction in blood flow due to hypotension usually produces 

syncope. The most common cause of syncope is due to decrease cerebral blood 

flow from cardiac arrhythmias, Myocardial Infarction or hemorrhagic stroke. With 

Persistent decrease in blood flow for a long duration, infarction occurs in the 

border zone between the major cerebral arteries. 

 

Acute stroke clinically manifest itself within a few minutes although most 

patients may present with a stepwise or gradual deterioration of symptoms. The 

manifestation of stoke depends on the region of the brain that was effected and the 

extent of the lesion. 

The most common deficit of brain function is hemiplegia with or without signs of 

higher cerebral dysfunction such as aphasia. Cognitive impairment occurs in 

about 33% of patients, problems with lower limb 30%, and speech difficulties 

27%. These represent the most common impairment from stroke. 
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Fig.1 aetiology of ischemic and haemorrhagic stroke.  
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ISCHEMIC STROKE 

 

Ischemic stroke is caused by multiple entities and has varied clinical 

symptoms but commonly caused by a reduction of normal blood flow through the 

brain. 80% of all cerebrovascular diseases are ischemic and mostly associated 

with atherosclerosis. 45 % are caused by small or large artery thrombus and 20% 

being of embolic origin (Medscape Med Student: Acute ischemic stroke review)  

 

There are many factors which may contribute to the development of infarction, the 

risk increases with age and is correlated with arterial blood pressure, diabetes, 

previous history of ischemic heart disease or previous stroke.  Hypertension still 

remains the major risk factor for stroke. 

Cerebral blood flow is maintained to ensure an adequate blood flow to the brain; 

the cerebral vessel is able to withstand short periods of ischemia.  A constant 

supply of oxygen and glucose ensures proper maintenance of the tissue. During an 

ischemic stroke interruption of the blood supply to the brain results in tissue hypo 

perfusion, hypoxia and eventual cell death secondary to a failure of energy 

production. Maintenance of cerebral blood flow depends on several factors; a 

balance between the pressures within the skull, the intracranial pressure, and the 

arterial pressure of blood. Therefore during decreased arterial pressure there are 

several mechanisms in place to ensure that the cerebral blood flow is kept at near 

constant value as possible and prevent ischemia. In response to ischemia the 

cerebral autoregulatory mechanism compensates for the reduction in CBF by 

causing local vasodilatation, opening of collateral vessels and increasing the 

extraction of oxygen and glucose from the blood. 

 

The normal cerebral blood flow (CBF) is 45-50ml per 100grams of brain tissue 

per minute. It varies in different parts of the brain.  

The brainstem is not able to tolerate an absence of blood flow and Neurons suffer 

irreversible infarction within minutes when the blood flow is completely stopped. 

During an acute ischemic stroke a complete cessation of blood flow occurs in the 
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core of the ischemic area. The territory between the ischemic core and the 

surrounding normally perused area is the penumbra.  

The mechanism of ischemia includes phases of thrombosis formation, embolism, 

systemic hypo perfusion, arterial luminal obliteration and venous congestion 

(Jesse Dawson and Matthew Walters 2006)  

In situ thrombosis is the formation of a clot in an artery that occurs long enough to 

cause ischemic insult to the cerebral tissues supplied by the affected vessel. 

Thrombosis is often triggered by pathology in the local endothelium. 

Arteriosclerotic plaques are usually prothrombotic over expressing plasminogen 

activator inhibitor-1 and tissue factor. 

 

  
 

Picture 1. Large ischemic stroke on the right, hypo dense area. Source: 

Massachusetts general hospital: stroke service. 
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HEMORRHAGIC STROKE 

 

There are two main types of haemorrhage within the brain these include 

bleeding within the brain (intracerebral haemorrhage) and subarachnoid 

haemorrhage bleeding in the subarachnoid space. 

Intracerebral haemorrhages are usually caused by chronically high blood pressure 

weakening atherosclerotic vessels that then rupture. These haemorrhages are 

usually large single and catastrophic. Most patients presenting with focal 

neurological deficit like that of ischemic stroke patients but tend to be more ill 

than ischemic stroke patients. These patients usually present with sever 

“thunderclap” headache often described as “the worse headache of my life”, 

altered mental status, seizures, nausea and vomiting the first symptoms usually 

being a severe headache. Intracerebral haemorrhage represents around 20% of all 

strokes and is associated with higher mortality rates than cerebral infarction. The 

aetiology of hemorrhagic stroke has been outlined in fig 1, the most common 

being Arteriovenous malformations (AVM’s) and aneurysms. 
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Picture 2. CT scan of large Intrcerebral Haemorrhage with midline shift 

Source: e-medicine stroke, hemorrhagic (www.emedicine.medscape.com) 

 
Bleeding into the brain parenchyma is usually via a leak from small intracerebral 

arteries that have been damaged by chronic hypertension this blood accumulates 

as a mass that can compress and dissect through adjacent brain tissue. The 

severity of impaired functions in the brain depends mainly on the size and 

location of the bleeding and may be life threatening. 

 

The location of the bleed determines the symptoms and severity of symptoms. 

Haemorrhage involving the deep structures of the brain hemisphere may result in 

weakness on the contra lateral side of the body. Bleeding involving the 

cerebellum usually begins abruptly with vomiting and serve loss of coordination 
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making the person unable to stand or walk. These are occasionally accompanied 

by slurred speech and double vision. 

 

Haemorrhagic stroke also requires prompt evaluation and treatment. Diagnosis is 

usually based on the symptoms and CT or MRI scans. 

 

 

EPIDEMIOLOGY OF STROKE 

 

Stroke is the third most common cause of death in the CZ as well as in 

other developed countries. Approximately 700 men and 10000 women die from 

stroke each year (Herzig, K. Urbanek, I. Vlachova et al, 2003) 

Below are some data points of the different categories of cerebrovascular diseases 

in Czech Republic. 

 

 

Fig 2. Represents number of stroke patients by gender. From the graph it is 

seen that more women suffer with stroke and the incidence increases with age. 
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Fig.3 number of stroke patients in absolute numbers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tables 1. The number of cerebrovascular admission in Czech Republic in male 

population. 

 

 

Code of 

the 

diagnosis 

Name of the diagnosis 
Admitted 

cases 

Persons 

afflicted 

within 1 

year 

Number of 

days 

hospital 

stay 

Average 

length of 

stay in 

hospital 

Averag

e age 

        MALE     

I60  Subarachnoidální krvácení        750   424  8 399   11,2   52,9

I61  Intracerebrální krvácení        1 987  1 381  27 906   14,0   63,0

I62  J.neúraz.intrakraniální krvác.   297   237  4 414   14,9   64,0

0
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I63  Mozkový infarkt                 10 279  8 572  128 937   12,5   68,2

I64  Cévní příhoda mozková neurčená  7 697  6 769  95 582   12,4   70,1

I65  Okl.a sten.př.mo.te.nek.mo.in.  3 409  2 375  19 342   5,7   66,1

I66  Okl.a sten.mo.te.nekonč.mo-in.   225   212  2 298   10,2   70,0

I67  Jiná cévní onemocnění mozku     3 793  3 304  56 960   15,0   75,1

I69  Následky cévních nemocí mozku   1 409  1 284  43 377   30,8   67,2

 

 

Tables 2. The number of cerebrovascular diagnoses in Czech Republic 

in the female population. 
Zdroj: Národní registr hospitalizovaných 

 

 

Code of 

diagnosi

s 

Name of the diagnosis 
Admitted 

cases 

Persons 

afflicted 

within 1 

year 

Number of 

days 

hospital 

stay 

Average 

length of 

stay in 

hospital 

Averag

e age 

 

  

  

 

 

  FEMALE    

I60  Subarachnoidální krvácení        955   535  10 486   11,0   55,8

I61  Intracerebrální krvácení        1 652  1 166  22 903   13,9   68,9

I62  J.neúraz.intrakraniální krvác.   206   163  3 143   15,3   67,5

I63  Mozkový infarkt                 10 168  8 578  144 304   14,2   74,1

I64  Cévní příhoda mozková neurčená  8 795  7 760  134 223   15,3   76,0

I65  Okl.a sten.př.mo.te.nek.mo.in.  1 971  1 474  14 102   7,2   69,0

I66  Okl.a sten.mo.te.nekonč.mo-in.   234   226  3 546   15,2   74,5

I67  Jiná cévní onemocnění mozku     6 482  5 588  138 392   21,4   78,4
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I69  Následky cévních nemocí mozku   1 430  1 279  49 491   34,6   71,7

 

 

Tables 3. The number of cerebrovascular diagnoses in Czech Republic in both 

male and female population. 

 

 

Number 

of 

diagnosis 

Name of the diagnosis 
Admitted 

cases 

Persons 

afflicted 

within 1 

year 

Number of 

days 

hospital 

stay 

Average 

length of 

stay in 

hospital 

Average 

age 

 
    TOTAL MALE AND FEMALE 

I60  Subarachnoidální krvácení       1 705   959  18 885   11,1   54,5

I61  Intracerebrální krvácení        3 639  2 547  50 809   14,0   65,7

I62  J.neúraz.intrakraniální krvác.   503   400  7 557   15,0   65,5

I63  Mozkový infarkt                 20 447  17 150  273 241   13,4   71,2

I64  
Cévní příhoda mozková 

neurčená 
 16 492  14 529  229 805   13,9   73,3

I65  Okl.a sten.př.mo.te.nek.mo.in.  5 380  3 849  33 444   6,2   67,1

I66  Okl.a sten.mo.te.nekonč.mo-in.   459   438  5 844   12,7   72,3

I67  Jiná cévní onemocnění mozku     10 275  8 892  195 352   19,0   77,1

I69  Následky cévních nemocí mozku  2 839  2 563  92 868   32,7   69,4

 

 
RISK FACTOR 

 

Patients who have survived from stroke have a 15 fold risk of reoccurrence 

of another stroke.  Up to 80% of all strokes can be prevented; this can be 
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decreased by targeting the relative risk factors. Hypertension remains the major 

risk factor for stroke. (H. Bart Van der Worp, M.D., Ph.D., and Jan Van Gijn, 

F.R.C.P et al, 2002).  

 

The risk factors for stroke are classified into the modifiable and fixed factors.  

There are many biological and lifestyle factors that lead to increase in the 

incidence of stroke. These include hypertension, increased serum cholesterol, 

physical inactivity, diabetes mellitus, smoking and alcohol. Modification of these 

factors can help to decrease the incidence of stroke. Strategies in the modification 

of these factors include identification of the risk factors, and goal attainment for 

risk factor control, compliance strategies and regular follow up. (Philip B. 

Gorelick, Milton Alter)  

 

Hypertension being one of the major risk factors is the most powerful and 

potentially modifiable risk factor. The incidence of stroke increases with an 

increasing blood pressure (www.ecass3.com)  

 

The National Stroke Association provides recommendations and guidelines which 

helps to lower the risk of strokes in patients. These guidelines can be seen in fig. 3 

established by the national stroke association’s stroke prevention advisory board. 

These was first published in a 1999 issue of Journal of the American Medical 

Association (JAMA) 

 
 

Fig.4. Guidelines for stroke prevention for the public source: National stroke 

association (www.stroke.org) 

 

1. Blood pressure regulation 

2. Atrial fibrillation regulation 

3. Stop smoking if patient smokes 
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4. Decrease alcohol intake  

5. Decrease cholesterol 

6. Good diabetic control 

7. Regular exercise 

8. Lower salt diet 

9. Decreasing circulation problems 

10. Early recognition of symptoms 

 

 

Fig.5 fixed and modifiable risk factors for stroke.  
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Diabetes mellitus 

High serum cholesterol 

 

 
TREATMENT OF STROKE 

 

Stroke is a treatable condition. Treatment requires prompt intervention to 

decrease the rate of death and mortality also reducing the risk of recurrent stroke. 

Stroke has a profound effect on patients and relatives. There are only few 

effective treatments for acute stroke, with organized stroke care, early aspirin and 

thrombolytic treatment being the only proven therapeutic strategies. Acute 

treatments of stroke are usually administered within 0-24 hours of the onset of 

stroke. All patients are cared for in an acute stroke unit. The management includes 

controlling physiological variables, reperfusion of the ischemic area and methods 

to try and reduce growth of the primary intracerebral haemorrhage and surgery. 

 Physical variables that should be monitored and control include hypertension 

which occurs in around 80% of patients and is associated with a poor outcome. 

(Jennifer Diedler, Niaz Ahmed, Marek Sykora, Maarten Uyttenboogaart et al 

2010) 

 

 
THROMBOLYSIS 

 

Tissue plasminogen activator tPA was approved as safe treatment for 

stroke if given intravenously within 3hours of the onset of stroke.  Thrombolytic 

therapy with tissue plasminogen activator is the only licensed treatment for acute 

ischemic stroke in Europe. The efficacy was established in two randomized 

double blind placebo-controlled studies conducted in combination by the National 

Institute of Neurological Disorder and Stroke (NINDS).  
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tPA treatment must be started within 3 hours of the onset of symptoms. There is a 

narrow therapeutic time window which requires rapid assessment of the stroke. 

 
Within The first few hours after the onset of ischemic stroke the infarct volume 

increases with the ischemic penumbra gradually being subsumed into the area of 

infarction.  The viability of the penumbra depends on the severity and duration of 

ischemia, should blood flow be resumed quickly the penumbra tissue may be 

saved.  

All patients with suspected acute stroke should undergo urgent brain scan to allow 

rapid differentiation of ischemic from hemorrhagic stroke. A non contrast CT of 

the brain is the method of choice with excellent sensitivity for identification of 

haemorrhage after onset.  

 

Intracerebral haemorrhage represents the most sever complication of 

Thrombolysis treatment. Hemorrhagic transformation can happen spontaneously 

and can also occur from the first hour at the core of the cerebral infarct. This risk 

of haemorrhage is greatly increased by the use of thrombolytic agents. (Mathew 

Brandon Maas, MD and Joseph E. Safdieh, MD) 

 

 
PREVENTION OF STROKE 

 

With the onset of stroke there are several factors that give an indication to 

the patients of the preceding incidence. These include the sudden onset of 

weakness and numbness of arm, legs or face especially if only affecting one side, 

sudden confusion or difficulty in speaking or understanding, sudden trouble with 

walking loss of coordination or trouble with seeing from one or both eyes. Early 

recognition of these signs and quick action gives the patient a better chance of 

reducing total morbidity.  
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Primary prevention of stroke includes controlling the risk factors smoking, DM, 

Lipids, exercise. Secondary prevention aims at preventing recurring strokes again 

strict control of the risk factors and the use of aspirin. 

 

 

SITS DATABASE 

 

Safe implementation of treatment of stroke (SITS) is an international 

internet based interactive Thrombolysis register. It involves collaboration of 

information from several centers across Europe creating a database of clinical 

information concerning clinical trials with the main aim to verify and certify acute 

and secondary prevention in the treatment of patients with stroke. SITS is the 

world’s biggest network in acute and secondary prevention of stroke with ongoing 

trails across four continents Europe, Asia, Australia and Central/ Latin America. 

SITS has a total of 36454 patients and 856 hospitals which are involved.  

 

SITS with its base in Karolinska Institutet in Sweden, started as an initiative by 

participants in the European-Australian randomised stroke Thrombolysis studies 

(ECASS) and has spread across to many centres in several countries. SITS aims to 

serve as a way for clinical centres to follow their own treatment result and 

compare with other centres in other countries.  

 

 

SITS-ISTR (International Stroke Thrombolysis Registry) is a database of clinical 

information regarding the treatment of patients with tissue plasminogen activator 

(tPA) within the time period of 3 hours of experiencing an acute stroke. tPA is 

currently the only approved medical treatment for patients with acute ischemic 

stroke within 3 hours of the onset of the stroke. This was approved by the 

European medicines evaluation agency (EMEA) in 2002. SITS-ISTR compared a 

number of patients presenting with ischemic stroke and given intravenous 

Alteplase. 664 of the patients were given tPa within 3 to 4.5 hours, and 11865 
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patients treated within 3 hours of stroke onset. (Nils Wehlgen, Niaz Ahmed, 

Antoni Davalor, et al 2008)  

 

The organisation is academic driven and non-profit organization. The database 

represents a collaboration of clinical information from countries including 

Austria, Belgium, Czech Republic, Denmark, Finland, France, Hungry, Israel, 

Italy, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and UK. 

It started in 2002 and finished in 2006.  Data from the integration register of tPA 

treated stroke patients was included in the SITS-MOST trail which was published 

in The Lancet and confirmed the safe implementation of Thrombolysis for 

treatment for acute ischemic stroke.  

The SITS-MOST trail had the main aim of assessing the safety and effectiveness 

of intravenous tPA as thrombolytic therapy in patients that had suffered from an 

acute ischemic stroke. (Nils Wahlgren MD, Niaz AhmedMD, Prof Antoni 

Davalos 2007) 

 

Alteplase  or recombinant tissue plasminogen activator, rt-PA was approved for 

use in the United States in 1996 and Canada in 1999 in patients treated within 3 

hours of stroke onset, based on clinical trials that took place during the early 

1990’s. Alteplase is a fibrinolytic or thrombolytic agent used to dissolve thrombi 

that forms in coronary and cerebral blood vessels leading to tissue necrosis that 

result in death or severe morbidity. This treatment was not approved in Europe. 

The European authorities only gave provisional approval for treatment in 2002, 

which was based on an observational study assessing the safety of tPA use. This 

was the SITS-MOST trial. 

 

Patients who were eligible for inclusion into the trials had to have received tPA 

from within the recommendation set out for tPA and had to have received the 

treatment within three hours of the onset of symptoms of stroke. The patients were 

all between the age of 18 and 80years. Patients were only administered the 

treatment based on no contraindications for thrombolytic treatment scored with 
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the national institute of health stroke scale (NIHSS). A major contraindication was 

severe stroke with NIHSS score of 25 or more. 

 

The SITS-MOST showed that the mortality rate after treatment with Actilyse (R) 

was lower than that of the randomized controlled trial seen at 3 months, 11.3% vs. 

17.3% Table 1.  

 

Table 4.  SITS-MOST mortality at three months in stroke patients treated with 

tPA in practice vs. pooled randomized trials. Source Medscape medical news: 

Thrombolysis safe and effective for stroke treatment in European centres: 

January 30, 2007. 

 

End point SITS-MOST, % (95% CI) Pooled tPA trails, % (95% CI) 

3 months mortality 11.3 (10.5-12.1) 17.3 (14.1-21.1) 

 

 

INTRODUCTION TO MY STUDY 

 

 The thrombolytic therapy has been introduced in Czech Republic in 2003 

and since that time it has had a growing frequency. In 2008 the number of 

trombolyses in Czech Republic surpassed 600 per year. Due to the further 

growing frequency, Czech Republic is actually on the third place in Europe in 

applications of thrombolyses per ischemic stroke admissions. Nevertheless the 

percentage of affected people taking advantage of this treatment does not reach 

yet up to 3%. This is mainly due to late arrivals of stroke victims to the hospital, 

to slow services in the hospitals and to many contraindications, which do not 

allow to administer thrombolytic treatment.  

 

 The original limit for a safe thrombolysis was 3 hours. In the last 10 

months this limit was prolonged to 4.5 hours – consequence of a large 
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international trial. The time interval is however further on crucial for the success 

and for avoiding complications. The most frequent complication is the 

haemorrhagic transformation of the ischemic lesion and the other, although more 

rare, but more dangerous, is a full haemorrhage from a ruptured ischemic artery. 

 

 Within the first 5 – 12 hours usually no signs of the infarction are visible 

on CT. The minimal changes could be found only as tiny swelling of the 

parenchyma, effacement of sulci on the convexity and disappearance of the white-

gray matter differences in density. Besides of the parenchymal changes there 

could be observed an increased density of the horizontal portion of middle 

cerebral artery (MCA), signalling its thrombosis. On the anterior and posterior 

cerebral arteries (ACA and PCA) this sign is less frequent. The thrombotic 

occlusion of an artery accumulates haemoglobin, which in turn increases the 

attenuation of X-rays, transmitting the head during the CT examination. This 

phenomenon, called “high density sign” is being sought by the radiologists at their 

evaluation of the initial CT. 

 

 The severity of the ischemic lesion is governed during its maturation by 

the extent of the deteriorated district. In the acute stage the intracellular oedema 

increases the volume and can cause a shift of the midline to the opposite side. The 

increase content of water with intracellular oedema decreases the density of the 

tissue. In later stages an additional decrease is caused by the disintegration of 

polar lipids (to the neutral ones). Thus the density drops down further on along the 

colliquation necrosis, eventually down to almost zero Hounsfield units. The 

severity of the lesion can be interpreted in terms of the volume, of mass effect 

(midline shift, compressed ventricles) and of the velocity of the lowering 

hypodensity. 

 I have correlated my observations on the sequential CTs with the data of 

patients registered in the SITS database. 
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MATERIAL AND METHOD 

 

In order to analyse the patients profile we looked at serial CT scans of 

patients that had the first CT less than 3 hours from the onset of stroke and the 

second one less than 24 hours later. I collected patient’s data including the 

patient’s age, gender, and the time from the onset of stroke to admission to the 

hospital and the time period from the stroke onset to administration of treatment 

with intravenous Alteplase. The CT scans were read in all 12-15 layers in axial 

view. I analysed if any high density signal (HDS) was present in the middle 

cerebral artery, the extent of the lesion if present, and the mass effect of that lesion 

and if any mid line shift was present. We also measured the degree of hypo 

density of the lesion the results from the CT scans is seen in Table 6.  

Fifteen patients were included (9 males and 6 females) from the SITS database in 

2009, with an average age range between 55-67 years their average age was 55 

years in males and 67 years in females seen in Table 6. 

The requirement of the patients entered into the SITS required that the time 

between the onsets of stoke and administration was less than 3 hours and also in 

the first CT scan no lesions was to be present or seen.  

 

 

RESULTS 

 

Patients were admitted to the hospital in a range of one till three hours 

(average of 2 hours) after the onset of stroke. The Actilyse treatment has been 

administered in a range of 2 and 3 hours (average 2.5) after the onset. (Table 5). 

On admission only 2 persons had some ischemic signs in their CT’s. One had an 

old infarct from another attack; one had a starting hypodensity of small extent-1.5 

cm in diameter. Others had intact parenchyma. Out of our 15 patients 3 did not 

develop any lesion till their second CT examination. Eleven patients did develop 

hypodensity, in one case of a mild, one of a severe degree, others in the moderate 

degree. 
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Big lesions were revealed- 7 cases. Out of them 8 of the lesions have caused a 

shift of tissue with mass effect. In 6 patients the high density signal has prevailed 

also on the second CT, thus referring no effect on the recanalization of the 

suspected occluded artery. 

 

Table 5. Results of patients from the SITS database  

 

 
PATIENT 

NUMBER 

AGE GENDER STROKE ONSET TO 

ADMISSION 

STROKE ONSET TO tPA 

TREATMENT 

1 34 M 1H10M 3H 

2 64 M 1H20M 3H 

3 59 F 1H20M 2H35M 

4 63 F 45M 2H 

5 28 M 1H15M 3H20M 

6 61 M 48M 1H55M 

7 66 M 1H20M 2H50M 

8 69 F 1H15M 2H35M 

9 55 M 20M 3H05M 

10 66 M 45M 2H50M 

11 62 F 1H10M 3H05M 

12 55 M 12M 2H40M 

13 66 M 40M 3H 

14 73 F 1H 2H30M 

15 77 F 0H45M 2H05M 
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Table 6. Average age of patients from SITS database 

 

Male 55 

Female 67 

 

 

 

Table 7. Results of patients from CT analysis. HDS high density sign. (L)- Left 

side, (R) right side. 

  

 
patient HDS EXTENT OF 

LESION (cm) 

MASS 

EFFECT 

MIDLINE 

SHIFT 

HYPODENSITY 

1 0 

0 

0 

6.4x4.5x4 

0 

0 

0 

0 

0 

++ 

2 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 0        +++ 

0             0 

0 

8.2x6x5 

0 

0 

0 

0 

0 

0 

4 0             +

+             +

0 

6x6x8 

0 

+ (L) 

0 

0 

0 

++ 

5 +             +

+             0 

0 

5x4.5x6 (R) 

+ (L) 

+ (R) 

0 

+ (R) 

0 

++ 

6 +             +

0             0 

0 

3.9x5x7 (L) 

0 

0 

0 

0 

0 

++ 

7 ++           0

+++        0 

1.5x1.5 (R) 

6x6x8 (R) 

0 

++ 

0 

0 

+ 

++ 
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DISCUSSION 

 

The difference between hospital admission and the thrombolysis 

application reflects a measure of the hospital skills and efficiency. Usually it is 

called “door to needle time”. In our case the interval for preparatory procedures in 

the hospital took in average 1 hour. This time includes the neurological 

examination, CT, biochemical examination and transports of the patient from 

neurology to CT and back. 
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 The 3 patients, who did not develop any hypodensity till the next CT 

examination, can be considered as rescued. This could be the merit of 

thrombolysis, with a successful dissolution of any thrombi. On the other hand 

nobody could also exclude the possibility, that these patients had a spontaneous 

improvement of a lesion, which achieved only the stages of ischemic penumbra. 

In such a case these patients would be from the beginning candidates for the 

Transient ischemic attack (TIA), who would improve irrespective of any 

treatment. 

 Patients with big lesions should be considered as victims of insufficient or 

no help by thrombolysis. Those with the surviving high density sign on the MCA 

are most suspicious of such an insufficient recanalization. 

 

The results from the CT scans showed that in our faculty hospital even after 

administration of the thrombolysis a lesion was still present in the patient 24 hours 

later which was seen on the CT scan. The results from the SITS-MOST showed 

that Alteplase when used in clinical practice had a safety profile as good as that of 

randomized trial and was effective when used within 3hours of a stroke onset 

(Nils Wahlgren MD, Niaz Ahmed MD, Prof Antoni Davalos et al 2007) however 

in the small number of patients that we have analyzed this was shown not to be 

the case.   

 

Picture 3 shows the CT scan of one of our patient who did not suffer any lesions 

after treatment with thrombolysis. Picture 4 shows one of our patients who had 

suffered a lesion despite treatment with thrombolysis. 
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CT scan number 1, no lesion present  
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Second CT 24 hours later no development of any lesions. 

Picture 3. No development of any lesions after Alteplase treatment. 
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CT scans 1 no lesion seen after the onset of stroke. 

 

       
 

CT scan 2 lesion seen after 24 hours. 

Picture 4. Development of lesion after Alteplase treatment. 
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