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1. INTRODUCTION 

 

1.1. Stroke  

1.1.1. Definition of cerebral stroke 

Stroke is a clinical syndrome, and has been defined by the World Health 

Organization (WHO) as “rapidly developing clinical signs of focal (at times 

global) disturbance of cerebral function, lasting more than 24 hours or leading to 

death with no apparent cause other than that of vascular origin”(1). A stroke is 

caused by the interruption of the blood supply to the brain, causing damage to the 

brain tissue. Transient ischaemic attack (TIA) is traditionally defined as “an 

episode of temporary and focal cerebral dysfunction of vascular origin, rapid in 

onset, which is variable in duration, commonly lasting from 2 to 15 minutes but 

occasionally lasting as long as 24 hours. The attack leaves no persistent 

neurological deficit” (2). The increasing use of diffusion weighted imaging has 

revealed cerebral infarction in patients with transient symptoms (3), and a new 

definition of TIA has been suggested (4). The new definition includes the absence 

of infarction: “a transient episode of neurological dysfunction, caused by focal 

brain, spinal cord or retinal ischemia, without acute infarction”. As a result of this, 

an ischaemic stroke is defined as an infarction of central nervous system tissue (4). 

In this definition, a stroke may be either symptomatic or silent. 

Ischaemic stroke accounts for about 80 % of all stroke cases, whereas primary 

intracerebral haemorrhage (about 15%) and subarachnoid haemorrhage explain the 

rest (5). This thesis will only deal with ischaemic stroke. 

Ischaemic stroke is caused by occlusion of an artery, either by an embolus or a 

thrombus. The reduction of cerebral blood flow leads to an infarct core of 

irreversibly damaged cells with a surrounding penumbra. In the penumbral zone 

there is constrained blood supply with intermittently comprised energy 

metabolism, which leads to dysfunctional neurons (6-8). If reperfusion can be 
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achieved within a short time, the neurological deficits caused by the penumbra 

may be reversed. 

 

1.1.2. Epidemiology 

Stroke is a common disorder, and one of the leading causes of death worldwide 

and disability in the western countries (5, 9, 10). The age-standardised stroke 

incidence rate worldwide in 2010 was 258 per 100 000 person-years, 

corresponding to 16.9 million people with first stroke (11). In the same study, the 

stroke incidence rate was 217 per 100 000 person-years in high-income countries. 

In a study from 2009 (12), the stroke incidence rates in Europe were 141 per 

100 000 in men and 94.6 per 100 000 in women. There were considerable 

variations between the European regions. In Norway, the estimated number of 

strokes per year is about 14500 (13).  

 

Figure 1. Deaths by stroke in Norway (1969-2012) 

Adapted from Statistics Norway (14) 

 

The stroke incidence and mortality rate have decreased the last decades in high-

income countries, probably due to better stroke risk factor control (11, 15). The 
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converse has been shown for low- and middle-income countries. The prevalence of 

stroke is higher in high-income countries compared to low- and middle-income 

countries, due to an inverse association between prevalence of stroke and stroke 

mortality. The incidence rate increases by age, and because of an ageing 

population, the burden of stroke in high-income countries will increase (15). Even 

though the incidence of stroke in high-income countries is decreasing, the overall 

global burden of stroke is increasing (11). 

 

Figure 2. Stroke incidence in Norway (patients 65 years of age or older) 

Adapted from Scenario 2030, Norwegian Board of Health Supervision (June 1999) (16) 

  

1.1.3. Stroke diagnosis 

Stroke is a clinical diagnosis. It is typically characterised by acute onset of focal 

symptoms like hemiparesis, sensory loss, facial paresis and dysarthria. The 
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for diagnosing stroke. The patients should be admitted to a Stroke Unit (SU), and 

undergo standard examination including blood samples, electrocardiogram (ECG) 

records and cerebral computed tomography (CT) at admission. Further 

examination should be performed during the stay to identify the underlying cause 

of stroke (17-19).  

There are several clinical assessments used in monitoring neurological deficits and 

outcome after stroke, but the reliability of these instruments vary (20). National 

Institutes of Health Stroke Scale (NIHSS) (21, 22) and the Scandinavian Stroke 

Scale (SSS) (23) are frequently used in SUs and large clinical trials. NIHSS is 

useful in monitoring acute status, effect of treatment and outcome (24). Bartel 

Index (BI) (25) of activities of daily living and modified Rankin Scale (mRS) (26, 

27) are functional scales, i.e. refer to the capacity to perform a task.  

There is a lack of standardised tools for testing cognitive function after stroke. 

Cognitive assessments in the acute phase of stroke can be used to detect cognitive 

deficits and to evaluate the need for rehabilitation or assistance, but not to diagnose 

dementia. Cognitive tests should be easy to apply and should evaluate different 

cognitive domains, including language, neglect, memory, executive functions and 

attention. Mini Mental State Examination (MMSE) (28, 29) is used for global 

cognitive screening. Trail Making Test (TMT) A and B (30) measure psychomotor 

speed (A) and executive functioning (B). The Clock Drawing Test (31) primarily 

measures visuospatial functions in addition to executive functioning. 

 

1.1.4. Ischaemic stroke classification 

Ischaemic stroke can be classified into different subgroups, based on e.g. aetiology 

or topography. The classifications can help us distinguish between the subgroups 

of ischaemic stroke, and may be helpful in the acute phase when decisions about 

treatment should be done. They can also tell us about prognosis after stroke. In 

1993, the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) (32) 
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developed a system based on diagnostic criteria to classify the subtypes of 

ischaemic strokes according to aetiology:  

 Large vessel atherosclerosis: Clinical and vessel imaging findings of either 

>50% stenosis or occlusion of a major brain artery or branch artery, 

presumably due to atherosclerosis. Clinical findings include those of cortical 

impairment or brain stem or cerebellar dysfunction. CT or MRI findings of 

cortical or cerebellar lesions or subcortical or brain stem lesions greater than 

1.5 cm in diameter. 

 Cardio embolic disease: Arterial occlusions due to an embolus arising in the 

heart. Clinical and brain imaging findings are similar to those described for 

large artery atherosclerosis. 

 Small artery occlusion: The patient should have clinical lacunar syndromes and 

no evidence of cerebral cortical dysfunction. Brain imaging is either normal or 

shows a brain stem or subcortical lesion less than 1.5 cm. Potential cardiac 

sources or large artery atherosclerosis in the ipsilateral artery should be absent. 

 Stroke of unusual aetiology: Patients with rare causes of stroke, such as 

nonatherosclerotic vasculopathies, hypercoagulable states or hematologic 

disorders. 

 Stroke of undetermined aetiology: No potential cause of stroke is found or 

more than one potential cause. 

 

This classification system is based on clinical and paraclinical findings including 

neuroimaging. TOAST is widely used in stroke-related research and clinical 

studies, and has been found to be valid and reliable (33). However, the criticism 

against TOAST, is that aetiological diagnoses are based on presumptions instead 

of pathological findings (34). Jackson and Sudlow (35) referred to the 

“Classification Bias”, the problem that risk factors are included in the definition of 

stroke subtype, and will result in a bias when risk factors are compared between 
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the different subtypes. Emboli from the heart or large vessel stenosis can 

occasionally occlude small, perforating cerebral vessels. It may be difficult to 

ascertain whether cardioembolic or large vessel disease is causal or a manifestation 

of generalised disease. Other classification systems such as Causative 

Classifications System (CCS) and ASCO (A for atherosclerosis, S for small vessel 

disease, C for cardiac source, O for other cause) have been introduced to improve 

the ability to identify the most likely cause where multiple potential mechanisms 

are found (36-38), but they have not been applied in larger studies. 

The Oxfordshire Community Stroke Project (OCSP) classification (39) is based on 

symptoms and signs, and allocate patients into four defined subgroups according to 

the topographic location and size: 

 Lacunar circulation infarcts (LACI): Patients present with a motor, sensory or 

sensorimotor syndrome or ataxic hemiparesis or dysarthria-clumsy-hand 

syndrome. The infarcts are confined to the deep perforating arteries.  

 Total anterior circulation infarcts (TACI): Patients present with symptoms of 

combined cortical deficit and ipsilateral motor and/or sensory deficit in at least 

two areas of the face, arm and leg. The infarcts involve both deep and 

superficial territories of the middle cerebral artery (MCA).  

 Partial anterior circulation infarcts (PACI): Patients present with only two of 

the tree components of the TACI syndrome, with cortical deficit alone or 

sensory and/or motor symptoms in face or one limb. The infarcts are more 

restricted cortical infarcts due to occlusion of the distal MCA. 

 Posterior circulation infarcts (POCI): Patients present with any of the 

following: ipsilateral cranial nerve palsy with contralateral motor and/or 

sensory deficit; bilateral motor and/or sensory deficit, disorder of the conjugate 

eye movement; cerebellar dysfunction without ipsilateral long-tract deficit; or 

isolated homonymous visual field defect. The infarcts are clinically associated 

with the brainstem, cerebellum or occipital lobes. 
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The OCSP classification is easy to apply and has a good interobserver reliability 

(40). However, the accuracy of the OCSP classification has been poor in patients 

with small infarcts (41). Both TOAST and OCSP are widely used in research 

studies and bedside in clinical practice.  

 

1.1.5. Brain imaging 

Brain imaging is mandatory to distinguish between an intracerebral haemorrhage 

and ischaemic stroke, and should be performed in the acute phase. Non-contrast 

cerebral CT is reliable in detecting acute haemorrhage (5), and is most easily 

accessible. Few acute ischaemic lesions can be seen the first hours, but they 

become visible over the first 1-7 days as dark hypodense areas. However, in many 

of ischaemic stroke patients, an infarct never becomes visible on CT (42). The 

proportion is higher in patients with milder strokes, i.e. lacunar infarcts, and the 

proportion visible also depends on timing of scanning. CT perfusion (CTP) can be 

a valuable tool in the diagnosis of ischaemic stroke, even though there are some 

limitations and pitfalls one should be aware of. CTP can be performed rapidly, and 

can distinguish the penumbra from the core infarct (43). CT angiography of 

precerebral and intracranial arteries is used to identify the site of the vessel 

occlusion. 

Magnetic Resonance Imaging (MRI) has similar accuracy as CT in detecting acute 

haemorrhage in patients presenting with stroke symptoms (44). The most sensitive 

method for early detection of cerebral ischemia is diffusion-weighted MRI (DWI) 

(45, 46). DWI measures the net movement of water in tissue due to random 

molecular motion of water. It shows hyperintense ischaemic tissue changes within 

minutes to a few hours after arterial occlusion due to a reduction of the apparent 

diffusion coefficient (ADC) (47).  Decreases in the ADC and increased signal on 

DWI in acute stroke may in many instances represent the ischaemic core. 

Perfusion-weighted MRI (PWI) reveals the perfusion deficit in the tissue 
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surrounding the infarct core. The DWI/PWI mismatch estimates the ischaemic 

penumbra, and can be useful in the selection of patients for reperfusion therapy, 

especially interventional therapy or unknown onset of symptoms. DWI is not 

available in the acute phase for all patients, but is superior to CT for the diagnosis 

of acute ischaemic stroke in patients presenting within 12 hours (47). 

 

1.1.6. Doppler Ultrasonography and further investigations 

Carotid Doppler Ultrasonography (CDU) should be performed during 

hospitalization, to search for the source of an embolus or vessel abnormalities in 

the precerebral arteries. The carotid bifurcation and the proximal part of the 

internal carotid artery are predilection sites for atherosclerotic plaques. The 

sensitivity and specificity of this non-invasive test for detecting a 70-99% stenosis 

in the carotids are high (48), and it has replaced intra-arterial angiography. CDU 

also visualizes the Intima Media Thickness (IMT) and may be used to measure 

different stages of the carotid artery atherosclerotic process.  

Transcranial Doppler Ultrasonography (TCD) is frequently used in patients with 

stroke, and provides information about intracranial hemodynamics and structural 

changes in the large vessels. It is used to detect intracranial stenosis and occlusion, 

and to evaluate revascularization after thrombolysis. In addition, continuous TCD 

monitoring may safely augment thrombolysis-induced arterial recanalization (49). 

Through the transtemporal window the circle of Willis, middle cerebral artery 

(MCA), the anterior cerebral artery (ACA) and posterior cerebral artery (PCA) can 

be visualized. The pulsatility index (PI) is derived from TCD, and was first 

described by Gosling and King (50). PI characterizes the shape of the spectral 

waveform and is independent of probe angle to vessel. It is postulated to reflect the 

vascular resistance in the artery distal of the probe, and has been reported to 

increase in small vessel disease, diabetes mellitus, ageing and dementia (51-55). 

Low-resistance vascular beds have high diastolic flow, whereas higher resistance 
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beds have low diastolic flow, a peaked waveform, and higher PIs. PI can be 

calculated using the formula PI = (peak velocity - end diastolic velocity)/mean 

velocity.  

Embolism from the heart is the cause in about 20% of all cerebral infarctions (5). 

Cardiac monitoring should be conducted routinely after an acute stroke to screen 

for serious cardiac arrhythmias (17). 24-48 hours Holter monitoring is used to look 

for atrial fibrillation in patients with suspected arrhythmias. If there is clinical 

evidence of cardiac disease, it is recommended to perform a transthoracic 

echocardiography (TTE), but transesophageal echocardiography is superior to TTE 

in identifying a cardiac embolic source, e.g. thrombus in the left atrial appendage, 

aortic atheroma and patent foramen ovale (56). 

 

1.1.7. Stroke risk factors 

Stroke prevention is about identifying subjects who are at increased risk for stroke, 

and to modify their risk if possible. Stroke risk factors are often classified as non-

modifiable or modifiable. Non-modifiable risk factors are higher age, male gender, 

ethnicity, heredity and previous stroke or TIA (57). Identification and control of 

modifiable stroke risk factors can result in marked reductions in stroke morbidity 

and mortality (58). Well-documented modifiable stroke risk factors are 

hypertension, diabetes, smoking, atrial fibrillation and certain other cardiac 

conditions, carotid artery stenosis, hypercholesterolemia, sickle cell disease, 

postmenopausal hormone therapy, poor diet, physical inactivity and obesity (57). 

Hypertension, diabetes and smoking are associated with more than half of all 

ischaemic strokes (57). Identification of risk factors in the individual patient is a 

part of the routine evaluation in the Stroke Unit, e.g. 24 h blood pressure (BP) 

measurement to look for hypertension, blood samples to look for coagulation 

disorders, etc. 
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1.1.8. Treatment and prognosis 

In the treatment of hyperacute ischaemic stroke, there are two strategies to follow. 

The first is limitation of the ischaemic stroke by early recanalization and 

reperfusion (thrombolysis or embolectomy). The other is interference with the 

pathophysiological cascade in the penumbral area, which includes monitoring and 

treatment of different factors, i.e. BP, hyperglycaemia, hyperthermia and low 

oxygen saturation. There are guidelines for treatment and rehabilitation of patients 

with acute ischaemic stroke (17-19) which include detailed recommendations 

based on current evidence. The time window for treatment of stroke is narrow, and 

every minute counts. It is important that the management of stroke patients is well 

organised, both outside and inside the hospital. Suspected stroke victims should be 

transported without delay to the nearest medical centre with a SU that can provide 

ultra-early treatment. Treatment in SUs has documented effect on outcome after 

acute stroke (59) and improves survival and functional outcome in the long term 

(60). The characteristics of a SU are systematic and standardised programs for 

diagnosis, monitoring and treatment of stroke by multidisciplinary teams. 

Intravenous thrombolysis with recombinant tissue plasminogen activator (rt-PA) 

within 4.5 hours of stroke onset offers beneficial effect in selected patients with 

acute ischaemic stroke (61). Patients with occlusion of large intracerebral arteries, 

who are not eligible for or do not improve after intravenous rt-PA, may be 

considered for intra-arterial thrombolysis or embolectomy (62). Patients who do 

not undergo interventional treatment, profit from receiving oral aspirin within 48 

hours of stroke onset (15). 

Secondary prevention depends on the underlying cause of stroke. Antiplatelet 

drugs are protective in most types of patients at increased risk of occlusive 

vascular events (63). For patients with cardioembolic disease, anticoagulant 

therapy is superior to antiplatelet drugs (64). New oral anticoagulants (NOACs) 

have documented similar efficacy as warfarin in the prevention of ischaemic 

stroke, and have a lower risk of intracerebral bleeding (65). If the patient has a 
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symptomatic carotid stenosis > 70%, carotid endartherectomy should be 

considered. Further treatment is aimed at the risk factors identified (17), e.g. 

hypertension and hypercholesterolemia. 

 

1.2. Cerebral small vessel disease 

More than a century ago, Otto Binswanger introduced the concept that diffuse 

white matter lesions could be attributed to small vessel disease (SVD), the 

narrowing of small penetrating vessels deep in the brain. These end arteries have 

no collateral supply and their occlusion results in small, discrete regions of 

infarction. SVD accounts for about 25% of all ischaemic strokes (66). SVD in the 

brain is characterised on neuroimaging by small subcortical infarcts, white matter 

hyperintensities, perivascular spaces, microbleeds and lacunes. French neurologists 

and neuropathologists in the early 19
th

 century introduced the term “lacune” on the 

small cavities they found in the brain at autopsy. Lacunes are defined as cavities 

filled with fluid, ranging from approximately 0.3 to 15mm
3
 in size. These lesions 

are typically located in the periventricular, deep subcortical white matter and basal 

ganglia, the same localisation as lacunar infarcts (67). Terminology and definitions 

for imaging the features of SVD vary widely. Wardlaw and colleagues from the 

Centres of Excellence in Neurodegeneration (68) have developed definitions and 

imaging standards for markers and consequences of SVD. 

Extensive white matter lesions in the elderly are generally ischaemic in origin and 

due SVD (69). In the Framington Offspring Study (70), they found that 10.7% of 

the participants with a mean age of 62±9 years had at least one brain infarct on 

MRI in the absence of any clinical evidence of stroke. MRI studies in the general 

population have shown that silent infarcts are present in a quarter or more of those 

aged >70 years, about five times more common than infarcts presenting with 

symptoms (71). The incidence increases significantly with age. The silent infarcts 

have the same risk factor profile as symptomatic infarcts, and are strongly linked 
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to hypertension and diabetes. They are associated with an increased risk of 

vascular events, cognitive decline and dementia, and frequently coexist with white 

matter lesions (71). SVD frequently coexists with neurodegenerative disease, and 

can worsen cognitive deficits, physical disabilities, and other symptoms of 

neurodegeneration (68).  

A number of studies have shown an association between retinal vasculature, renal 

dysfunction and cerebrovascular disease. Studies have reported an association 

between retinopathy and poorer cognitive function (72), and association between 

retinal vascular abnormalities and silent cerebral infarcts (73, 74). Chronic kidney 

disease is associated with white matter lesions and age-related macular disease 

(75-77). Thompson and Hakim (78) hypothesized that SVD is a systemic condition 

of aging that is exacerbated by vascular risk factors, which results from 

dysfunction of arteriolar perfusion. Systemic arteriolar dysfunction affects the 

brain as well as a number of extracranial systems. 

  

1.2.1. Lacunar infarct 

Lacunar infarcts (LIs) are small, subcortical infarcts typically located in the basal 

ganglia, thalamus, internal capsule, corona radiata or brainstem (79, 80). They are 

defined as <15 mm in diameter in the chronic phase, and are caused by occlusion 

of a single perforating end artery deep in the brain. Fischer demonstrated that LIs 

most often are due to lipohyalinosis and microatherosclerosis of the small 

penetrating vessels, and reported a strong association with SVD. He was of the 

opinion that SVD was due to hypertension. Hypertension, smoking and diabetes 

are important, but rather nonspecific risk factors for LI, and do not differ from 

other stroke subtypes (35, 79). Atrial fibrillation and carotid stenosis, however, are 

less common in LI (79, 81).  

Wardlaw et al.(68) have proposed terms and definitions for neuroimaging features 

of SVD. They have removed the word lacunar because of new evidence that not all 
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small subcortical infarcts become lacunes. These are the proposed novel terms for 

LIs: 

 Recent small subcortical infarct: neuroimaging evidence of recent infarction in 

the territory of one perforating arteriole, with imaging features or clinical 

symptoms consistent with a lesion occurring in the previous weeks. 

 Lacune of presumed vascular origin: a round or ovoid, subcortical, fluid-filled 

cavity of between 3mm and about 15mm in diameter, consistent with a 

previous acute small subcortical infarct or haemorrhage in the territory of one 

perforating arteriole. 

 

In my thesis, I have used the term acute lacunar infarct. 

Prognosis for patients with LI during the first years is more favourable in terms of 

survival and disability than for those with other stroke subtypes, probably because 

of the small lesion size. However, in the long term there is an excess risk for death, 

recurrent strokes, and development of cognitive dysfunction (66). Asymptomatic 

progression of SVD is several times more common than new strokes. At 10 years 

after onset of a LI, a third or less of patients are still alive and free of recurrent 

stroke (82), although a 15-20 % of survivors present cognitive impairment or 

vascular type dementia.  

 

1.2.2. Lacunar syndrome 

The clinical symptoms in patients with LIs were described by Fisher more than 30 

years ago (80, 83-85). Fisher correlated clinical features with autopsy findings, and 

described more than 20 different lacunar syndromes following LIs. Face, arm and 

leg involvement without cortical deficits (aphasia, apraxia, agnosia, neglect 

phenomena, loss of consciousness, etc.) or homonymous hemianopia are 

characteristic of the most frequent syndromes. The more restricted a deficit, the 
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more likely it is to arise from an infarct in the cortex, and not from a LI. The 

representations of areas are far more spread out in the cortex than in the 

corticospinal and sensory tracts (80). The most frequent of these clinical 

syndromes are: 

 Pure motor hemiparesis 

 Pure sensory stroke 

 Sensorimotor stroke 

 Dysarthria-clumsy hand syndrome 

 Ataxic hemiparesis 

The pure motor syndrome is typically caused by an acute LI in the internal capsule 

or in the brainstem, whereas the pure sensory syndrome in most cases can be 

explained by an acute infarct in the thalamus. In addition, LIs in the brainstem can 

result in ataxic hemiparesis or the dysarthria-clumsy-hand syndrome. Ischaemic 

lacunar strokes often progress and fluctuate during the first 24-38 hours after onset 

(79), making them the most common cause of “progressing stroke”. 

Traditionally it has been thought that LIs do not cause neuropsychological 

alterations. However, both LIs and SVD are associated with cognitive impairment 

and dementia (86-88). Studies have documented cognitive impairment in the acute 

phase (87, 89, 90) as well as in the long term (81, 86, 91). Impaired executive 

function and working memory have been highlighted as typical cognitive 

dysfunctions after lacunar stroke, but a systematic review by Edwards et al. 

documented that these dysfunctions were less characteristic for lacunar stroke than 

previously thought (92). Cognitive impairment in patients with lacunar stroke may 

be just as frequent and important as motor and sensory sequelae, but may be 

overlooked (93). 
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2. AIMS OF THESIS 

 

With this thesis, we want to elucidate different aspects of the lacunar infarct. In 

order to tailor the treatment to the individual patient with stroke, we need to know 

more about the different subtypes of stroke, clinical symptoms and risk factors. 

The aims of the present thesis are to: 

 Evaluate the diagnostic accuracy of the different lacunar syndromes in 

predicting lacunar infarcts on DWI. 

 Investigate risk factors associated with lacunar infarcts. 

 Compare blood pressure in patients presenting with clinical lacunar syndromes, 

but with different radiological subtypes of ischaemic stroke, in order to explore 

the impact of subtype on blood pressure in the acute phase. 

 Assess the association between cognitive impairment and Pulsatility Index in 

the middle cerebral artery. 
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3. MATERIAL AND METHODS 

 

3.1. Study design and subjects  

We conducted a prospective, observational hospital-based study at the Stroke Unit 

(SU), Department of Neurology, Akershus University Hospital, from February 

2011 to January 2013.  

Consecutive patients presenting with an acute lacunar syndrome who were 

admitted to the SU were recruited. The patients underwent standard examination at 

our SU including blood samples, electrocardiogram records (ECG), cerebral CT at 

admission and colour duplex of precerebral and intracranial arteries. All included 

patients were examined clinically by an experienced stroke neurologist (MA).  

The diagnosis of a lacunar syndrome was based upon the patients’ history and 

neurological examination (findings compatible with a lacunar syndrome). Patients 

who were treated with intravenous thrombolysis were included, even when their 

symptoms lasted less than 24 hours. Exclusion criteria were intracerebral 

haemorrhage and transitory ischaemic attack (TIA, symptoms lasting <24 h and no 

visible infarct on imaging). 

 

3.2. Assessments 

Neurological impairment was assessed by the neurologist on call at admission and 

on day one and at discharge by MA, using an 11-items version of the NIHSS 

(Appendix 1). Global function was evaluated using the mRS (Appendix 2) at 

discharge. Cognitive function was evaluated by MMSE (Appendix 3), Clock 

Drawing Test (Appendix 4) and TMT A and B (Appendix 5, 6), which are the 

standardised battery of cognitive assessments at our SU. These were performed 

between day 2 and day 5 by occupational therapists at the SU. In addition, Barthel 



30 

 

ADL index (Appendix 7) was recorded at discharge. Evaluations and 

investigations are listed in Table 1. 

 

Table 1. Evaluations and investigations  
From Paper I, reprinted with permission from Elsevier. Copyright 2014. 

 

Inclusion criteria     Acute clinical lacunar syndrome 

Exclusion criteria     Intracerebral Haemorrhage, TIA 

Standard examination    Blood tests 

       ECG 

       Pre-/intracerebral colour duplex 

Classifications   NIHSS, OCSP, TOAST, mRS, 

                                                                   Barthel ADL index 

Radiology   CT at admission 

                                                                   MRI after the acute phase 

Risk factors registration   Hypertension 

   Diabetes 

   Hypercholesterolemia 

   Coronary heart disease 

   Atrial fibrillation 

   Previous stroke or TIA 

   Large vessel disease 

       Current smokers 

Abbreviations: ADL, Activity of Daily Living; mRS, modified Rankin Scale; 

NIHSS, National Institutes of Health stroke scale; OCSP, Oxfordshire Community 

Stroke Project; TOAST, Trial of ORG 10172 in Acute Stroke Treatment 

 

We registered risk factors (hypertension, diabetes, hypercholesterolemia, atrial 

fibrillation, coronary heart disease (previous myocardial infarction or angina 

pectoris), mechanical heart valve, smoking and previous stroke/TIA). Prestroke 

hypertension was defined as on-treatment with antihypertensive drugs, elevated BP 

as systolic BP>140 mmHg. Hypercholesterolemia was defined as on-treatment 

with lipid-lowering drugs or total cholesterol >5 mmol/L or low-density 

lipoprotein cholesterol >3 mmol/L.  
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BP registrations were performed immediately after admission and bedside in the 

morning on day three, and were registered prospectively. BP measurements were 

performed according to standardized protocol, with fully automatic arm BP 

monitors with the patient in a supine position. 

Patients were examined with Doppler ultrasonography of precerebral and 

intracranial arteries within three days of admission. The examination was 

performed by one neurologist (M.A.) using GE Vivid 7 Dimension, 4 MHz probe. 

The middle cerebral arteries (MCAs) were insonated through the transtemporal 

window at a depth of 50 to 60 mm. The vascular peak systolic velocity, pulsatility 

index (PI), spectrum shape and direction of blood flow in the proximal MCA (M1) 

were observed and recorded. The PI value was automatically calculated by the 

Doppler machine (according to the formula PI= (systolic flow velocity – diastolic 

flow velocity)/mean flow velocity). A mean MCA PI was calculated by averaging 

the MCA PI from both hemispheres. If the patient only had good temporal window 

on one side, unilateral MCA PI was considered as mean PI. Findings of 

symptomatic carotid or middle cerebral artery stenosis >50 % were registered.  

Patients underwent magnetic resonance imaging (MRI) with diffusion-weighted 

images (DWI) within a week after admission to hospital. The brain imaging was 

done on Philips Achieva 1,5T or 3T MRI scanners employing standard sequences, 

using T1 weighted sagittal, T2 weighted axial, T2/FLAIR weighted coronal and 

diffusion weighted (DWI) axial imaging. Due to capacity problems in the MRI 

scanning, 33 patients underwent only CT scanning. Isolated acute ischaemic 

lesions on DWI or CT were defined as LIs if <15 mm and located subcortically or 

in the brainstem (94), whereas all other acute ischaemic lesions were defined as 

non-lacunar infarcts (NLI).  

Figure 3 shows the patient subgroups included in the three papers in the present 

thesis. 
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Figure 3. Patient subgroups in Paper I-III 

Abbreviations: CT, Computer tomography; DWI, diffusion weighted imaging 
1
 Facial paresis or symptoms in only one limb  

 

 

3.3. Statistics 

Data were analysed using SPSS (SPSS Inc., Chicago IL) version 19 (paper I and 

II) and version 22 (paper III). All significance tests were two-tailed and performed 

at the 5% level. Continuous variables were presented as means and standard 

deviations (SD) or medians and the interval between first (Q1) and third (Q3) 

quartiles. Categorical variables were presented as frequencies and percentages. 

Normality of continuous variables was assessed by inspecting the histograms. 

Between-group differences of the characteristics and stroke risk factors were 

compared using independent samples t-test for normally distributed continuous 

data, Mann-Whitney test for skewed continuous data, and χ
2
-test for categorical 

variables. 

147 patients with clinical lacunar syndrome recruited 

86 patients 

Paper I 

 

113 patients  

Paper II+III 

 

No acute lesion on 

CT or DWI           

n=34 

No DWI 

performed        

n=37 

Monoparesis
1
      

n=24 
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The associations between an outcome and candidate variables were assessed by 

linear regression models for continuous outcomes and logistic regression models 

for dichotomous outcomes. These results were presented as regression coefficients 

or ORs with standard errors and corresponding p-values. 

In paper I, the sensitivity and specificity of the different lacunar syndromes were 

assessed using DWI as reference test (“gold standard”). 

Detailed descriptions of the statistical methods are presented in each paper. 

 

3.4. Ethical considerations 

The study was approved by The Regional Committee for Ethics in Medical 

Research and by the Data Protection Authorities. Oral and written informed 

consent was obtained from all included patients. There was no benefit for patients 

participating in the study, neither any disadvantage for those who did not. All 

patients were managed according to a standard stroke protocol. 
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4. SUMMARY OF RESULTS 

 

4.1. Paper I  

Diagnostic accuracy and risk factors of the different lacunar syndromes 

A total of 86 patients were included. 69 patients (80.2%) had an acute ischaemic 

lesion on DWI, only 6 (8.7%) of these appeared on the initial CT. 56 patients 

(65.1%) had a lacunar lesion, 13 patients (15.1%) had one or more non-lacunar 

lesions. 17 patients had no sign of acute infarct. We used DWI as a gold standard 

for having lacunar infarction, and the positive predictive value (PPV) of the 

lacunar syndrome was 65.1% (56/86). The PPV of the pure motor syndrome was 

75% and of the sensorimotor syndrome was 48%. 41 patients had “biparesis” and 

45 had “triparesis” (symptoms in arm and leg + facial paresis). We calculated the 

sensitivity and PPV for patients presenting with motor syndrome and triparesis, but 

this did not change the values.  

 

Table 3. Sensitivity and specificity of the different lacunar syndromes 
Adapted from paper I, reprinted with permission from Elsevier. Copyright 2014. 

 

 

 

 

 

 

 

There were no significant differences between the groups regarding vascular risk 

factors. In the multivariate logistic regression model, pure motor syndrome [OR 

Clinical presentation Sensitivity Specificity PPV NPV 

Motor syndrome 0.68 0.57 0.75 0.49 

Sensorimotor syndrome 0.23 0.53 0.48 0.27 

Motor syndrome with triparesis 0.67 0.60 0.77 0.47 

Abbreviations: NPV, negative predictive value; PPV, positive predictive value 
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2.66 (1.04-6.80)] and male gender [OR 2.63 (1.01-6.83)] were the only variables 

with significant associations with LI on DWI. 

 

4.2. Paper II 

Blood pressure differences between patients with lacunar and non-lacunar 

infarcts  

In all, 113 patients were included. 85 patients (75.2%) had a LI, 28 patients 

(24.8%) had one or more NLIs. The LIs were localized in the basal ganglia (44%), 

the periventricular white matter (21%), the thalamus (14%) and in the brainstem 

(21%). The NLIs were localized in the cortex or subcortically, but none were due 

to occlusion of a major vessel. None of the NLIs located subcortically were lesions 

consistent with occlusion of a single perforant artery. 

The mean age was 70.1 years (SD=11.5), and 69% were men. The median NIHSS 

score was 3 (IQR 2-4) at admission and 1 (IQR 0-3) at discharge, whereas median 

mRS score was 2 (IQR 1-3) at discharge and median Barthel ADL index (day 2-4) 

was 20 (IQR 16-20). 75.2 % of the patients had systolic BP>140 mmHg at 

admission and 54.9% had used antihypertensive medication before admission 

(prestroke hypertension). There were significantly more patients with systolic 

BP>140 mmHg among patients with LI than NLI at day three (p=0.020). The 

systolic BP at day three was significantly higher in the LI group than the NLI 

group (p=0.002).  

In the linear regression model, there was a significant association between systolic 

BP and LI, both at admission (p=0.042) and at day three (p=0.003). Adjusting for 

covariates (age, gender, smoking, prestroke hypertension, diabetes, 

hypercholesterolemia, large vessel disease and NIHSS), these associations were 

still significant (p=0.047 and p=0.006, respectively). There was also a significant 

association between diastolic BP at day three and LI (unadjusted, p=0.005, 

adjusted, p=0.036). None of the other covariates were significantly related to the 
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BP. BP was not associated with mRS or NIHSS at discharge (p=0.777 and 

p=0.887 respectively). 

 

4.3. Paper III 

Pulsatility index in the middle cerebral artery- associated with cognitive 

impairment in lacunar stroke? 

In all, 113 patients were included. The mean MMSE score was 26.1 (SD=3.6), and 

43% scored ≤26. The mean TMT A time was 72.6 seconds (SD=43.8) and the 

mean TMT B time was 195.1 seconds (SD=107.8). 47% had a TMT B age 

adjusted score ≥2SD (95). 68.1% of the patients had a normal Clock Drawing Test 

score. Adequate Transtemporal window for Doppler data was achieved in 84% of 

the patients. The mean PI was 1.46 (SD=0.33). Characteristics and stroke risk 

factors are presented in Table 2. We found no statistically significant difference in 

PI between patients with lacunar and non-lacunar infarcts. 

There were no statistically significant differences between lacunar and non-lacunar 

infarct groups with respect to the association between PI and the different outcome 

variables. PI was significantly (p<0.05) associated with MMSE, TMT A and TMT 

B in the LI group, even after adjustment for a number of patient characteristics 

(age, sex, prestroke hypertension, smoking, previous stroke and diabetes). The 

Clock Drawing Test was not significantly associated with PI (unadjusted p=0.057, 

adjusted p=0.348).  

 

4.4. Characteristics and vascular risk factors of the population 

A total of 147 patients with a lacunar syndrome were recruited to the study. 

Characteristics and vascular risk factors of the population are presented in Table 2. 
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Characteristics and vascular risk factors 
All patients 

n=147 

Paper I 

n=86 

Paper I+II 

n=113 

Age, mean (SD) 70.3 (11.9) 69.3 (12.1) 70.1 (11.5) 

Males 87 (59) 56 (65) 78 (69) 

Performed only CT 37 (25) 0 18 

Verified infarct 113 (77) 69 (80) 113 (100) 

Verified lacunar infarct 85 (58) 56 (65) 85 (75) 

Monoparesis
1 

28 (19) 0 25 (22) 

Current smokers 50 (34) 32 (37) 39 (35) 

Hypertension 83 (57) 48 (56) 62 (55) 

Diabetes 36 (25) 14 (16) 28 (25) 

Hypercholesterolemia
2 

113 (73) 65 (76) 86 (76) 

Coronary disease
3 

27 (18) 19 (22) 21(19) 

Large vessel disease
4 

19 (13) 15 (17) 17(15) 

Atrial fibrillation 19 (13) 12 (14) 16 (14) 

Previous stroke or TIA 30 (20) 17 (20) 20 (18) 

Blood pressure >140 day 3 92 (63) 50 (58) 85 (75) 

NIHSS at admission, median, (IQR) 3 (2-4) 3 (2-4) 3 (2-4) 

NIHSS at discharge, median, (IQR) 1 (0-3) 1,5 (0-3) 1 (0,5-3) 

Barthel ADL index , median, (IQR) 20 (17-20) 20 (16-20) 20 (16-20) 

mRS at discharge, median, (IQR) 2 (1-3) 2 (1-3) 2 (1-3) 

Treated with iv thrombolysis 15 (10) 9 (11) 10 (9) 

Abbreviations: ADL, Activities of Daily Living; iv, intravenous; IQR, Interquartile range; 

mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; SD, 

Standard deviation. 
1 

Symptoms only in 1 limb or facial paresis 
2
 On-treatment with statins or total cholesterol >5 mmol/L and/or LDL cholesterol >3mmol/L  

3
 Previous myocardial infarction and/or angina pectoris 

4
 >50% stenosis in the internal carotid artery or middle cerebral artery 

Results are n and (%) unless indicated otherwise 

Table 2.Characteristics and vascular risk factors  
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5. GENERAL DISCUSSION 

 

Stroke is a common disorder, and lacunar infarcts account for about 25% of all 

ischaemic strokes (81, 96). LIs can be symptomatic or asymptomatic, and are a 

part of the term SVD. In the short term, the clinical course is characterised by a 

low early mortality and relatively preserved neurological functioning, however, in 

the long term it is characterised by increased risk of death, stroke recurrence and 

dementia. Therefore, LIs should be regarded as a potentially severe condition that 

requires thorough evaluation, management and follow-up.  

 

5.1. Diagnostic accuracy of the lacunar syndromes 

Stroke in the acute phase is a clinical diagnosis. The clinical lacunar syndromes are 

well described, but how well can clinical neurological examination predict a LI? In 

our study, the lacunar syndrome had an overall low positive predictive value of 

65.1% for predicting an acute LI on DWI. This is in accordance with previous 

DW- MRI studies (41, 46). The PPV was particularly low among patients with a 

sensorimotor syndrome (48%), which is no better than by chance. Previous reports 

(97-99), which have shown a high diagnostic accuracy of the lacunar syndrome, 

used only CT or conventional MRI. In these studies, patients with no verified 

infarct on CT/MRI were either excluded or classified as LIs (97, 99, 100), which 

may have resulted in a falsely elevated PPV of the lacunar syndrome. The 

radiological diagnosis of stroke has been largely improved with early diffusion 

weighted imaging (DWI), at present the most sensitive imaging in acute ischaemic 

stroke (46).   

Recent studies using DWI have demonstrated that the OCSP classification has a 

particularly low PPV in predicting infarct location of small infarcts (41, 101). One 

of these studies found a PPV of LACI as low as 39% (41). These results 

demonstrate that the OCSP classification does not permit accurate discrimination 
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between lacunar and small cortical infarcts, which is in accordance with the 

findings in our study. 

In our study, 17 patients had no recent ischaemic lesion on DWI at all. Four of 

these had been given intravenous thrombolytic treatment, which may explain the 

absence of an ischaemic lesion. The remaining 13 patients constitute 15.1% of all 

patients. False-negative DWI cases do occur (47), even though DWI has a high 

sensitivity for detecting acute ischaemic lesions. This is particularly the case for 

small ischaemic lesions, especially lacunar infarcts and infarcts located in the brain 

stem (102). The majority of our patients had minor stroke, and we would expect a 

higher proportion of false negative DWIs. Some of the 13 patients might have had 

a non-ischaemic diagnosis (a stroke mimic) such as migraine, functional paresis 

etc. (103). In clinical practice, these differential diagnoses may be challenging. 

We found no significant differences in risk factors between the groups (LI vs. no 

LI). This has also been described in other studies (97, 104). Hypertension, smoking 

and diabetes are important but rather nonspecific risk factors for LIs, and do not 

differ from other stroke subtypes. When we compared the two groups of patients 

with an acute ischaemic lesion on DWI, lacunar or non-lacunar, the latter were 

older and had a higher frequency of atrial fibrillation at admission and large vessel 

stenosis (not statistically significant). We only included patients with lacunar 

syndrome, and therefore the number of patients with cortical lesions was probably 

too low to reach significant differences. Others have reported significantly higher 

proportion of large vessel disease or atrial fibrillation among patients with cortical 

infarcts (101, 105).  

 

5.2. Blood pressure differences between lacunar and non-lacunar 

infarcts  

Patients with acute LIs had significantly higher BP on day three compared to 

patients with acute NLIs. This applies to both diastolic and systolic BP. The 
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difference was significant regardless of prestroke hypertension. We also found a 

significant association between BP and LI, both at admission and day three. 

Previous studies comparing BP in patients with different subtypes of stroke have 

compared groups with different severity of neurological impairments. In patients 

with major stroke, BP may rise because of large volume effect and high 

intracranial pressure, as a compensatory mechanism. This was most likely not the 

case in our study, as none of the NLIs were due to occlusion of a major vessel. 

Accordingly, there was probably no oedema-effect on the BP in any of the groups.  

Previous studies on the association between different subtypes of stroke and 

different patterns of BP change in acute stroke have shown conflicting results. 

There are publications reporting highest BP levels in patients with lacunar strokes 

(106-108), while others found higher BP levels from day one in patients with non-

lacunar strokes compared to lacunar strokes (109).
 
Vemmos et al. found no 

significant difference in BP levels between the different aetiological subtypes of 

stroke (110). In that study, the spontaneous BP variation in acute stroke differed 

according to subtypes, with a milder drop in cardio embolic strokes compared to 

end artery small vessel and large vessel atherosclerotic strokes. BP was 

proportional to the clinical severity of stroke at presentation, which can be 

explained by the fact that cerebral ischemia might trigger a physiological response, 

resulting in higher BP. In the study of Vemmos, there was probably a large 

oedema effect on the BP in the groups with high clinical severity.
 

Other studies (106, 107) have reported findings of higher BP in patients with LIs 

than in NLIs, which corresponds to the findings in our study. Semplicini et al. also 

found that the outcome of stroke was highly associated with subtype of stroke and 

initial BP (106), as lacunar stroke and patients with the highest BP on admission 

had the best prognosis. In our study of patients with lacunar syndromes, the 

patients had the same severity regardless of subtype of stroke. Both groups had a 

good clinical outcome with low NIHSS and mRS scores at discharge. There was 

no association between BP and outcome. Many studies have looked at the 
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association between admission BP and outcome, and have shown inconsistent 

results (13, 25-27).
 
Two studies found that high BP is associated with poor 

outcome (111, 112). They did not look at differences between subtypes of stroke. 

Kvistad et al. found an inverse association between BP and stroke severity on 

admission, where elevated BP was associated with mild stroke, and lack of 

elevated BP was associated with severe stroke (113). They assumed that there 

might be a protective effect of elevated BP. But maybe the high BP in lacunar 

stroke is a marker of the underlying cause, and not necessarily a protective 

mechanism? In previous studies exploring the association between stroke subtype, 

BP and outcome, the severity differs between the subtypes. As long as studies 

compare groups with different severity of neurological deficits, we will not get the 

answer of whether differences in BP are explained by aetiological subtype or 

severity.  

Fifty percent of the patients in our study used antihypertensive treatment at 

admission, and there were no significant difference regarding prestroke 

hypertension between the two groups. Still, the BP at day three was significant 

higher in the LI group (and there was a trend toward higher systolic BP at 

admission). LIs were independently associated with a higher BP compared to NLIs 

with the same severity of neurological impairments. The sustained high BP in the 

LI group may be an indication of untreated (or suboptimally treated) chronic 

hypertension. Recent data from the SPS3 trial (114) have recommended a lower 

BP target (systolic BP<130 mmHg) for patients with recent LI. Optimal BP control 

may reduce white matter hyperintensity progression and cognitive impairment of 

vascular type (115). 
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5.3. The association between PI and cognitive impairment in lacunar 

stroke 

The TCD PI values were significantly associated with MMSE, TMT A and TMT B 

performances in patients with a LI. Our results correspond to the findings in a 

study of asymptomatic participants between 50-65 years by Lopez-Oloriz et 

al.(116). In a study of cerebrovascular hemodynamics in patients with Alzheimer’s 

disease and vascular dementia (117), the authors found that PI was significantly 

higher in patients with vascular dementia compared to patients with Alzheimer’s 

disease. Elevated PI may be an indicator of SVD, as it is believed to reflect the 

resistance in the arteries deep in the brain (52). We found no statistically 

significant differences between LI and NLI groups with respect to the association 

between PI and cognitive tests. This may be due to a too small NLI group, and to 

the fact that the NLI group of the present study is a highly selected group in which 

all patients presented with a lacunar syndrome, and none had an occlusion of a 

major vessel. They do not represent a typical NLI group among patients with 

stroke, and SVD may have been prevalent in this particular NLI group. Well 

known risk factors for SVD such as hypertension, diabetes and other 

cerebrovascular risk factors were equally present in both groups.  

MMSE is frequently used for global cognitive screening, but may lack sensitivity 

in patients with stroke (118) . Nevertheless, there is a strong association between 

MMSE and PI values in both groups in our study, even after adjustment for 

multiple relevant variables. An elevated PI predicts a low score on MMSE. In our 

models, we adjusted for previous stroke, age, hypertension and diabetes. Prior 

stroke and age are well recognized predictors of cognitive impairment. TMT A and 

B are also a part of our standard test battery for patients with stroke. TMT A 

measures psychomotor speed, while TMT B measures visual attention information 

processing and executive functioning. Impairment in these functions is often 

associated with LIs and SVD. The association between PI and TMT A remained 

significant in both groups after adjustment. The association between PI and TMTB 
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after adjustment was only present in the LI group. This may suggest a stronger 

association between PI and TMT B in LIs compared to NLIs, but further studies 

with larger samples are needed to confirm this finding. In a quantitative systematic 

review by Edwards and colleagues (92), the authors reported impairment in 

multiple cognitive domains following LI. In addition to the domains of 

attention/working memory and executive functioning, the impairment was also 

reported for memory, language and visuospatial function. The magnitude of 

impairment was actually largest for global cognition and information processing 

speed. They found no evidence for change in domain-specific cognitive function 

over time, and assumed that the longer-term rate of cognitive decline is due to 

stroke recurrence. The Secondary Prevention of Small Subcortical Strokes (SPS3) 

clinical trial (119) examined domain-specific cognitive outcomes in patients with 

symptomatic LIs (93). In this study, they found episodic memory deficits in 

patients in addition to the typical impairment pattern for SVD. Mild cognitive 

impairment was present in almost half of their participants, and was more 

prevalent than physical disability defined by mRS ≥2. This is in accordance with 

the findings in our study, although we did the testing in the acute phase after 

stroke. More than 40 % of the patients in the LI group in our study had a MMS 

score ≤ 26, while 39% had mRS ≥2. Cognitive impairment after lacunar stroke is 

common, and may have a major impact on the patient’s quality of life. 

In the multivariate analyses of the association between PI and MMSE, diabetes 

was also a strong predictor of low MMSE score. Diabetes is an independent risk 

factor for ischaemic stroke, including lacunar infarction (81), and has previously 

been found to be independently associated with a high PI (120). In the SPS3 trial 

(121), they found that patients with diabetes mellitus had more extensive white 

matter disease and were almost twice as likely to have a recurrent stroke compared 

to patients with LI without diabetes. The association between cognitive 

impairments and diabetes may be a result of SVD. In our study, diabetes was 

actually more prevalent in the NLI-group (32 vs. 22%). The difference is not 
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significant, but may support the hypothesis that SVD co-exists in some of the 

patients in the NLI-group as well.  

 

5.4. Methodological considerations 

Akershus University Hospital has a well-defined catchment area, which accounts 

for about 10 % of the Norwegian population. All patients with suspected stroke or 

TIA are admitted to the SU for further examination, but there will always be some 

patients who do not seek medical contact. The patients included were diagnosed 

according to the criteria for a lacunar syndrome, and the median NIHSS was low. 

The study population should represent a general lacunar stroke population. 

Strengths of the study are that all patients were included and examined by one 

person, and all patients consented to the study. 

The prospective design of the study including consecutive patients with a lacunar 

syndrome reflects the real life experience in a SU. The main investigator 

performed the clinical examination and Doppler ultrasound measurements on all 

patients, and the data were recorded prospectively. Because the investigator 

attended various courses as part of the PhD program, there were periods without 

inclusion. However, these periods were spread throughout the year, and were not 

on specific months or days. This should therefore not entail any selection bias. 

A limitation of our study in comparing lacunar and non-lacunar infarcts was the 

small sample size in the NLI group, which may entail too little power to discover 

between-group differences. In the beginning of the study period, the hospital 

experienced capacity problems in MRI scanning, and many patients underwent 

only CT scanning. This led to exclusion of many patients in the first study. 

Another limitation is that we do not have data on the severity of white matter 

disease in our patients. 
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In the first paper, we evaluated the diagnostic accuracy of the different lacunar 

syndromes by calculating the sensitivity, specificity and positive predictive value, 

see table 4. The sensitivity of a test is the proportion of people with a disease that 

will be correctly diagnosed by the test. The specificity is the proportion of people 

without a disease that actually is identified as negative by the test. In a screening 

situation, high sensitivity is important if a false negative error is serious, while a 

high specificity is important to avoid false positive errors. The “optimal test” has 

both high sensitivity and high specificity. In clinical practice, the positive and 

negative values may be more useful. The positive predictive value (PPV) is a 

measure of the probability that a patient with a positive test result really has the 

condition he/she is tested for. The PPV is dependent upon the prevalence of the 

disease, and if the prevalence is low, the PPV will decline. In our study a positive 

predictive value for the lacunar syndrome is the probability that the patient who 

present with a lacunar syndrome actually has a LI on DWI. 

 

Table 4. Sensitivity, specificity and predictive value of the motor syndrome 

 Diffusion weighted 

imaging 

  

  LI No LI Total  

Motor 

syndrome 

Yes 38 13 51 PPV=38/51=75% 

No 18 17 35 NPV=17/35=49% 

 Total 56 30 86  

  Sensitivity= 

38/56=68% 

Specificity= 

17/30=57% 

  

NPV, negative predictive value; PPV, positive predictive value 
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We used the DWI as a gold standard. Although DWI has a high sensitivity, false-

negative DWI cases do occur (47). Baseline DWI volume is considered useful in 

predicting final lesion volume in anterior-circulation stroke syndromes, but DWI-

positive scans in TIA are also common (47). Studies have shown acute ischaemic 

DWI lesions in among 40% of the patients with a clinical diagnosis of TIA, a 

finding that may correlate with symptom duration. Whether a TIA with DWI 

lesions is to be classified as a cerebral infarct is still under debate (122). In our 

study, we included only patients with symptoms lasting more than 24 hours, except 

from the patients who were treated with thrombolysis.  

BP registrations in our study were performed immediately after admission and 

bedside in the morning on day three, and were registered prospectively. BP 

measurements were performed according to a standardized protocol, with fully 

automatic arm BP monitors with the patient in a supine position. Unfortunately, we 

did not have the possibility to use 24 hours BP measurements on our patients. It is 

known that BP is transiently elevated in patients with acute stroke with a 

spontaneous decrease within the following days (123-126).We therefore chose two 

points in time to measure the BP. None of the patients were treated with 

intravenous antihypertensive drugs in order to reduce BP. The median time 

interval from onset of symptoms to admission to hospital was 11 hours, and there 

was no significant difference between the groups according to this. It is known 

from previous studies (127, 128) that stroke severity is related to prehospital delay. 

Patients with a higher NIHSS score arrive faster to hospital than patients with a 

low NIHSS. 

In Paper III we measured the pulsatility index in the middle cerebral artery. The PI 

value was automatically calculated by the Doppler machine using the mean of 5 

cycles, and a mean PI was calculated by averaging the PI from both hemispheres. 

Our mean PI value is higher than in other studies (52). Previous studies have 

shown an elevation in PIs with increasing age, hypertension and SVD (51-55), 

which all are factors prevalent in our highly selected population. We included only 
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patients with lacunar syndromes and verified acute infarcts. The patients were 

examined in the acute phase, which also may have an effect on the PI values. 
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6. CONCLUSIONS 

 

 The present study has demonstrated a low diagnostic accuracy of the clinical 

lacunar syndrome. It is important to be aware of this uncertainty in clinical 

practice. The clinical diagnosis of patients with lacunar syndromes is 

inaccurate, especially among patients with non-motor syndromes. DWI is 

mandatory for obtaining an accurate diagnosis of the lacunar infarct.   

 

 Lacunar infarcts may be independently associated with higher blood pressure 

compared to non-lacunar infarcts with the same severity of neurological 

impairments. Blood pressure differences between different subtypes of stroke 

may not only be related to clinical severity but also to the underlying cause of 

stroke. Hypertension is strongly linked to lacunar infarcts as a risk factor.  

 

 Pulsatility index was associated with the cognitive performance in patients with 

lacunar infarcts. An elevated PI may be related to impairment in several 

cognitive domains. These findings suggest that TCD may be a useful 

supplement to other cognitive investigations in clinical practice.   
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7. FURTHER PERSPECTIVES 

 

We hope that the papers included in this thesis will help draw attention to lacunar 

infarcts. A correct diagnosis is important because it has implications for further 

investigations and treatment. Because of the low diagnostic accuracy of the lacunar 

syndromes, the radiological verification of infarcts in future studies on stroke is 

essential to differentiate between subtypes of stroke.  

Further studies of blood pressure in the different aetiological subtypes of stroke are 

needed in order to differentiate treatment. It is important to use risk-factor-free 

classifications of stroke subtypes when comparing risk factor profiles between 

lacunar and non-lacunar subtypes (35). Better knowledge regarding the impact of 

the risk factors for different subtypes of stroke may give rise to more specific 

approaches to therapy.  

We need further studies on BP lowering in patients with small vessel disease, to 

evaluate how they respond to BP treatment. Maybe more aggressive treatment in 

the long term can stop or even reverse the white matter progression? The SPS3 

trial (114) has already suggested a lower BP target (systolic BP<130 mmHg) for 

patients with recent LI. 

The findings of the association between PI and cognitive performances in patients 

with LIs suggest that TCD may be a useful supplement to other cognitive 

investigations in clinical practice. Further studies will be required to look at the 

association between PI and cognitive impairment in different subtypes of stroke.  
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