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Preface

The details of the case are important: their analysis distinguishes the expert from the
journeyman. CM Fisher [1]

Learning through case analysis is a technique that centuries old and used in almost
all disciplines. This ‘storytelling’ method of teaching adds layers of richness and a
depth that can not be found in the linear structure of a standard textbook. The value
of this — and the reason why we have chosen it for this book — is that it allows the
reader the ability to view the thought processes involved in clinical decision-making.
These ‘grey cases’ are often referred upward through the hierarchies of a specialty
and can end up in tertiary centres where the diagnostic processes may be inexplicit.
The aim of the book is to allow insight into the process of diagnosis and provide the
tools to cut through the complexity inherent in neurovascular medicine to formulate
a diagnosis and treatment plan. These are real cases, and it is important to recognise
that despite the considerable experience of the physician it is possible that a alterna-
tive direction or treatment is followed before an answer is found. The discussion that
follows each case describes the reasoning behind case management and highlights
how an element of becoming a better physician means being open to exploring alter-
native possibilities. These cases also demonstrate how collaborative analysis of
cases with other specialists increases the odds of good decision-making and that this
is a vital skill to foster, in addition to being one of the most enjoyable aspects of
clinical practice.

We hope that reading this book will add to your general clinical education as well
as increase your depth of knowledge and understanding of neurovascular medicine.
We have chosen cases that you are likely to come across as stroke physicians of the
future and hope to leave you better equipped to problem-solve. In addition we hope
this will inspire you to talk about your cases with your colleagues to explore clinical
conundrums and enable you to resolve questions which often have no single right
answer.
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viii Preface

The structure of each chapter means that you are ‘talked through’ the case pre-
sentation and investigations. This is then followed by a thorough analysis with key
learning points to highlight underlying principles. Imaging is included to illustrate
the cases and we have also included radiological learning points. This book is a
suitable companion for anyone from medical students through to experienced phy-
sicians to develop their knowledge and understanding of neurovascular medicine.

London, UK Sumanjit K. Gill, BSc.hons, MBBS, MRCP
London, UK Martin M. Brown, MA, MD, FRCP
London, UK Fergus Robertson, MA, MD, MRCP, FRCR
London, UK Nicholas Losseff, MD, FRCP
Reference
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Chapter 1
A Rapidly Progressive Dementia

Andreas Charidimou and David J. Werring

Clinical History

A 76-year old man presented following a brief episode of collapse whilst on the
train. He remembered feeling unwell, and then waking up on the train surrounded
by people, having briefly lost consciousness. He reported no chest pain, nor any
markers of seizure activity. Prior to this event he had suffered progressive cognitive
decline over at least 6 months, with difficulties with memory, concentration and
sustained attention. During his inpatient stay, the patient became more confused
with worsening cognitive impairment, frequent disorientation in time and place,
inappropriate behaviour and wandering.

He had a past medical history of hypertension, a right frontal intracerebral haem-
orrhage (ICH) associated with a fall 2 years before current presentation, and a previ-
ous ischaemic stroke causing left hemianopia.

Examination

The cranial nerves were normal apart from longstanding left homonymous hemi-
anopia. Reflexes were symmetrical with flexor plantar responses and there was no
limb weakness or sensory deficits. Neuropsychological assessment demonstrated
impaired recognition memory, executive function, cognitive speed, attention, and
nominal skills.

A. Charidimou, MD, MSc (<) ¢ D.J. Werring, BSc, MBBS, PhD, FRCP (1<)

Stroke Research Group, Department of Brain Repair and Rehabilitation, UCL Institute
of Neurology and National Hospital for Neurology and Neurosurgery, London, UK
e-mail: a.charidimou@ucl.ac.uk; d.werring@ucl.ac.uk
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Investigations

A non-contrast CT of the brain demonstrated an established right temporal-occipital
infarct and volume loss in the right frontal lobe. CT angiography showed no evi-
dence of an arteriovenous malformation or other vascular abnormality. A brain MRI
scan including T2*-weighted gradient-recalled echo (T2*-GRE) and susceptibility-
weighted imaging (SWI) showed multiple strictly lobar cerebral microbleeds, pre-
dominantly in the occipital and temporal lobes, extensive superficial cortical
haemosiderin staining, and a previous ICH in the right frontal lobe. There were also
severe confluent and patchy white matter hyperintensities (leukoaraiosis) and an
area of encephalomalacia consistent with a mature infarct in the right temporal-
occipital lobe. Representative images are shown in Fig. 1.1.

Routine blood tests including biochemistry, renal, liver, and bone profiles, full
blood count, and CRP were normal; the autoimmune screen was negative. Lumbar
puncture was performed, and analysis revealed clear cerebrospinal fluid (CSF).
Glucose was normal; the protein level was mildly elevated (0.73 g/L; normal range:
0.13-0.40 g/L) without pleocytosis (<1 white cell, <1 red cell; only occasional
small mature lymphocytes and rare macrophages). CSF 14-3-3 protein was nega-
tive. Electroencephalogram (EEG) recording on two occasions showed generalized
slowing of background rhythms but no epileptiform activity.

The patient remained extremely confused, with inappropriate behaviour, while
his cognitive function continued to decline. A diagnosis of severe cerebral amyloid
angiopathy (CAA) was suspected and the patient had a non-dominant (right) frontal
brain biopsy to confirm the diagnosis and exclude any treatable pathology.
Neuropathology confirmed severe CAA in the leptomeninges and cerebral cortex.
Routine haematoxylin and eosin (H&E) stain showed circumferential thickening and

Fig. 1.1 (a) T2*-weighted gradient-recalled echo (72*-GRE) MRI shows numerous lobar cere-
bral microbleeds particularly in posterior brain regions characteristic of cerebral amyloid angiopa-
thy. (b) Susceptibility-weighted imaging (SWI) shows even more numerous cerebral microbleeds
and extensive cortical superficial siderosis involving multiple cerebral sulci (black serpiginous
lines; arrowed). Marked confluent and patchy white matter hyperintensities (leukoaraiosis)
are also evident. (¢) Diffusion weighted imaging (DWI) shows a small hyperintense lesion
(arrowhead) consistent with an acute ischaemic lesion in the left parietal lobe (“microinfarct”)
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amorphous eosinophilic appearance of leptomeningeal, cortical and to lesser extent
white matter blood vessels with conspicuous loss of smooth muscle cells. This was
accompanied, particularly in the leptomeninges, by patchy cracking and “double-
barrelling” of the vessel walls. Immunohistochemistry confirmed widespread
amyloid-p deposition within the leptomeningeal and cortical blood vessels, includ-
ing capillaries. There was no evidence of either prion protein or vasculitis (Fig. 1.2).

The patient was treated with antihypertensives and donepezil (a centrally acting
reversible acetylcholinesterase inhibitor), but his cognition and behaviour continued
to progressively deteriorate.

Discussion

Sporadic CAA is a common age-related cerebral small vessel disease, characterised
by progressive deposition of amyloid-f in the wall of small cortical and leptomen-
ingeal arteries [1]. Population-based autopsy studies show that the prevalence
of CAA is 20-40% in non-demented, and 50-60% in demented elderly populations
[2, 3]. Deposition of amyloid-f causes injury to the vessel wall, which in moderate
to severe disease may rupture, causing cerebral microbleeds, cortical superficial
siderosis or larger symptomatic ICH [4]. Amyloid-p deposits can also narrow or
occlude vessel lumen, potentially causing cerebral ischaemia (cerebral infarction,
“microinfarcts” or leukoaraiosis) [5]. The cause of CAA is not known. Conventional
vascular risk factors do not seem to play a major causal role. Although some genetic
risk factors (especially the apolipoprotein E e4 allele) are robustly associated with
CAA, age remains the most powerful risk factor [4].

Although CAA is most often recognized by the occurrence of spontaneous lobar
ICH in the elderly, it can also cause transient focal neurological deficits, distur-
bances of consciousness, and progressive cognitive decline [4, 6].

Fig. 1.2 (a) Haematoxylin and eosin (H&E) stain showing thickening and amorphous eosino-
philic appearance of leptomeningeal small blood vessels with double barrelling of the vessel walls.
(b) Immunohistochemistry showing severe amyloid-f deposition within a leptomeningeal vessel
(brown), with double barrelling and patchy cracking
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Symptomatic, spontaneous, lobar intracerebral haemorrhage in elderly patients
is the most common clinical manifestation of CAA [4, 6]. The majority of intrace-
rebral haemorrhages (>75%) in the elderly are spontaneous (non-traumatic), attrib-
uted to resulting from rupture of small arteries affected by two main processes:
hypertensive arteriopathy (characterised by lipohyalinosis and fibrinoid necrosis of
small lenticulostriate arterial perforators) or CAA (characterised by vascular
amyloid-p deposits in the cortex and subcortical white matter). CAA accounts for
up to 20% of spontaneous ICH in elderly subjects; CAA-related ICH are typically
lobar, due to the distribution of the arterial pathology, and characterized by fre-
quently early recurrence or synchronous multiple haemorrhages. By contrast, deep
or infratentorial ICH (e.g. basal ganglia, thalamus and pons) are characteristic of
hypertensive arteriopathy haemorrhage. There is also an association between CAA
and anticoagulation or thrombolysis related ICH [7-9].

CAA is also associated with transient focal neurological episodes (sometime
called “amyloid spells”), which can resemble transient ischaemic attacks, migraine
auras or focal seizures [10—12]. Patients often complain of recurrent, brief (min-
utes), stereotyped attacks of paresthesias or numbness (spreading smoothly over
contiguous body parts), visual symptoms (sometimes migraine aura-like), face or
limb weakness or dysphasia. Although these symptoms may clinically suggest tran-
sient ischaemic attacks, increasing data suggest that “amyloid spells” in CAA are
more often associated with intracranial bleeding (especially cortical superficial sid-
erosis or focal convexity subarachnoid haemorrhage on T2*-GRE MRI) and a high
early risk of symptomatic lobar ICH (24.5% [95% CI: 15.8-36.9%] at 8 weeks)
[10]. Thus, antithrombotic drugs should generally be avoided in these patients due
to the risk of serious future ICH [13].

There is increasing evidence that CAA is an important cause of cognitive impair-
ment and dementia, although dissecting its independent impact is confounded by
coexisting Alzheimer’s disease and other age-related cerebrovascular pathologies [3].
Nearly all cases of Alzheimer’s disease show CAA, while patients with CAA usually
have some evidence of parenchymal amyloid. However, by contrast with Alzheimer’s
disease, the dementia associated with CAA typically progresses rapidly, usually with
both large and small areas of haemorrhage and infarction, and prominent white matter
abnormality (leukoaraiosis). Although it is difficult to attribute the rapid cognitive
decline to any particular pathological component, the Religious Orders Study autopsy
series found that moderate-to-severe CAA was associated with lower performance in
specific cognitive domains after adjusting for Alzheimer’s disease pathology and
other potential confounders, notably perceptual speed and episodic memory [14].

A distinctly rare but clinically aggressive form of CAA is that of CAA-related
inflammation (also termed cerebral amyloid angiitis, amyloid-p related angiitis
and cerebral amyloid inflammatory vasculopathy) [15], characterized histopatho-
logically by vascular or perivascular inflammatory infiltrates associated with
amyloid-p laden vessels [16, 17]. CAA-related inflammation typically presents
with acute cognitive decline, behavioural changes, seizures, headache, and focal
neurologic deficits [15]. Neuroimaging typically reveals a potentially reversible
leukoencephalopathy consisting of patchy or confluent, usually asymmetric white
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matter changes, sometimes with mass effect and contrast-enhancement, lobar ICH
and multiple strictly lobar cerebral microbleeds on T2*-GRE MRI sequences
(Fig. 1.1) [15]. The syndrome may respond to corticosteroids or other immuno-
modulatory treatment. CAA-related inflammation is similar to that observed in
patients with Alzheimer’s disease who developed meningo-encephalitis after
immunisation against human amyloid-p (ARIA: Amyloid-Related Imaging
Abnormalities) [16—-19], which may relate to rapid movement of amyloid from
brain parenchyma into blood vessels [20, 21].

The “gold standard” for definitive diagnosis of CAA remains histopathological
analysis, usually from haematoma evacuation or brain biopsy and, less commonly,
brain autopsy [22]. However, the radiological demonstration of haemorrhagic mani-
festations of the disease in the brain (especially using T2*-GRE or SWI MRI) allow
the in vivo clinical-radiological diagnosis of CAA. The diagnosis of CAA currently
relies on the demonstration of multiple haemorrhagic lesions in strictly lobar brain
areas — the “Boston criteria”, including both cerebral micro-bleeds, as well as ICH,
although pathological validation for microbleed-only patients is limited [22-24].
Cerebral microbleeds are small, dark, rounded areas detected on blood-sensitive
MRI sequences that seem to reflect small areas of bleeding from fragile vessels
affected by small vessel disease including CAA [25]. The detection of cortical
superficial siderosis as in our patient, possibly reflecting repeated episodes of bleed-
ing into the subarachnoid space and over the surface of the brain seems to another
characteristic imaging feature of CAA [23].

In summary, our case represents a progressive dementia due to severe CAA, a
common but under-recognized form of cerebral small vessel disease. Our case illus-
trates the characteristic clinical and neuroimaging spectrum of CAA and the impor-
tant role of advanced brain MRI including blood-sensitive sequence for investigation
and in vivo diagnosis. As populations age, CAA is likely to become an increasingly
important cause of disability in stroke medicine. With the prospect of disease-
modifying treatments to reduce vascular amyloid deposition [4], as well as effective
treatment of all known risk factors (including hypertension), making the correct
diagnosis of CAA will become increasingly important.

Key Clinical Learning Points

1. CAA is a common age-related cerebral small vessel disease

2. It is caused by amyloid-f3 deposition in small cortical and leptomeningeal
arteries

3. CAA is commonly associated with lobar intracerebral haemorrhage in
elderly patients

4. CAA can also present with transient focal neurological symptoms or
progressive cognitive impairment and dementia

5. CAA-related inflammation is an uncommon but distinctly aggressive sub-
type of CAA, which typically presents with acute cognitive decline,
behavioural change, seizures, headache, and focal neurologic deficits
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Key Radiological Learning Points

1. CAA diagnosis relies on neuroimaging demonstration of multiple areas
of strictly lobar cerebral haemorrhage (Boston criteria)

2. Characteristic imaging correlates on blood-sensitive MRI sequences
(including T2*-GRE or SWI) include strictly lobar cerebral microbleeds,
ICH and cortical superficial siderosis

3. Other imaging findings in CAA include white matter hyperintensities
(leukoaraiosis) and small or large areas of cerebral infarction, including
apparently clinically silent “microinfarcts”
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Chapter 2
A Headache After Starting the Oral
Contraceptive Pill

Matthew Adams

Clinical History

An 18-year-old right-handed female student collapsed at home and was transferred
to the Accident and Emergency Department of the local hospital by ambulance.
She described a 5-day history of severe, progressively worsening generalised head-
ache and reported that just prior to her collapse she developed left lower limb
weakness. She then noticed that she had blurred vision, worse on lateral gaze, and
a left sided hemisensory disturbance. She gave a past medical history of two spon-
taneous miscarriages and had recently started taking the oral contraceptive pill.

Examination

She was alert and orientated. Her temperature was 37.2 °C, blood pressure
154/70 mmHg and her pulse was regular. There were no rashes or clinical evidence
of meningism. Her pupils were equal and reactive, there was no conjunctival injec-
tion, visual fields were normal to confrontation and eye movements were normal.
Fundoscopy revealed bilateral early papilloedema, worse on the right. She had a
mild left pronator drift, mild weakness of shoulder abduction and hip flexion (MRC
score 4) and an extensor plantar response on the left. Sensory assessment was nor-
mal, as was a general physical examination.
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10 M. Adams
Investigations

Blood samples sent on arrival in casualty showed normal full blood count, renal and
liver profiles. D-Dimer was significantly elevated.

A plain CT brain demonstrated abnormal high attenuation within the straight
sinus, vein of Galen and right internal cerebral vein, all of which were markedly
expanded (Fig. 2.1). Low attenuation was seen throughout the lentiform nucleus,
caudate head, capsular white matter and anterior thalamus on the right with moder-
ate associated swelling. There was no evidence of subarachnoid blood and the ven-
tricles were not enlarged. MRI revealed abnormal signal, swelling and petechial
haemorrhage within the deep grey nuclei, capsular and periventricular frontal white
matter and splenium of the corpus callosum on the right (Fig. 2.2). Occlusive throm-
bus within the straight sinus, vein of Galen and right internal cerebral vein was seen
as abnormally high signal and expansion of the vessels on the T1-weighted imaging
(Fig. 2.3), absence of the normal flow voids on the T2-weighted sequences and
abnormally low signal and exaggeration of vessel calibre on susceptibility weighted
imaging (SWI-blood sensitive sequence with features in common with T2%*-
weighted imaging). MR venography confirmed absent flow.

Ophthalmological assessment showed papilloedema but normal visual acuity
and fields.

Fig. 2.1 CT showing high
attenuation thrombus within
distended internal cerebral
veins and straight sinus
(arrows) and low attenuation
within the right lentiform
nucleus, caudate head and
thalamus on the right
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A diagnosis was made of cerebral venous thrombosis involving the deep
cerebral veins. Anticoagulation with low molecular weight heparin was
commenced. She was discharged from hospital on oral anticoagulation and

Fig. 2.2 T2-weighted axial
image demonstrating
swelling and abnormal signal
throughout the lentiform
nucleus, caudate head,
thalamus, capsular white
matter and genu of the corpus
callosum on the right
extending to the frontal
periventricular white matter

Fig. 2.3 TI1-weighted
sagittal image showing
hyperintense thrombus within
the straight sinus and internal
cerebral vein (arrow)




