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Preface

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

This update of the first edition includes both new and revised chapters to reflect 
the immense changes within stroke medicine which have happened over the last ten 
years. This edition includes cases where clinicians have used advanced imaging 
techniques to both aid diagnosis and select patients for acute intervention. The 
advantages of mechanical thrombectomy, the difficulties of patient selection, and 
the complications of this intervention are also discussed. We have designed the 
publication with the aim of assisting the reader in developing a thorough under-
standing of neurovascular anatomy, stroke localization, and therapeutic 
interventions.

As in the first edition, the histories describe real clinical cases and the clinical 
reasoning behind the diagnosis and treatment is presented with the actual patient 
outcomes—which are not always perfect. The discussion that follows each case 
describes the evidence basis of the management and provides a critical reflection on 
the case management. These cases demonstrate that collaborative working 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.

The structure of each chapter means that the reader is “talked through” the case 
presentation 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 with radiological learning points. This book is a suitable com-
panion for anyone interested in developing their knowledge and understanding of 
neurovascular medicine, including medical students through to experienced 
physicians.
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Chapter 1
Transient Functional Neurological 
Episodes Associated with Cerebral 
Amyloid Angiopathy

Benjamin Sacks and David J. Werring

 Case Presentation

 Clinical History

A 76-year-old right-handed man presented to the Emergency Stroke Unit with a 
three-day history of stereotyped, self-resolving episodes of left sided weakness and 
paraesthesia. The patient reported a spreading sensation of tingling, affecting the 
left side of his face and then progressing down his left arm and into his hand. This 
was followed 5 min later by numbness in the left arm and face. The whole episode 
lasted for 20 min before self-resolving. A second, identical episode recurred 48 h 
later. A third episode of hemisensory disturbance was reported 24 h after the second, 
this time associated with incoordination of his left hand and a spreading weakness 
up his left arm which persisted for 15 min. The patient reported no abnormal move-
ments, loss of consciousness, visual loss or speech disturbance. His past medical 
history included hypothyroidism, hypertension, chronic kidney disease stage 3 
(CKD3) and cerebral amyloid angiopathy (CAA). He was an ex-smoker and did not 
drink alcohol to excess.

B. Sacks (*) · D. J. Werring 
Department of Stroke Medicine, National Hospital for Neurology & Neurosurgery,  
London, UK
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 Examination

He was alert and conversant throughout. Visual fields, limb power, speech, attention 
and coordination were all normal. There was no evidence of limb jerking, tongue 
biting or urinary incontinence. Sensation was intact across all modalities. 
Respiratory, cardiovascular and gastrointestinal systems examinations were 
unremarkable.

 Investigations

At the time of admission, blood tests including a full blood count, clotting screen, 
lipid profile, glucose level, C-reactive protein, liver and thyroid function tests were 
all within normal range. His creatinine was 100 μmol/L and his eGFR was 65. The 
patient was in sinus rhythm with a heart rate of 70 beats per minute. His blood pres-
sure was 138/67 mmHg. A plain computed tomography (CT) scan showed a subtle 
hyperdensity in the right central sulcus. CT angiography identified mild mixed ath-
eroma with no intracranial or extracranial steno-occlusive disease. Magnetic reso-
nance imaging (MRI) identified a tiny focus of low apparent diffusion coefficient 
(ADC) projected over the left internal capsule, consistent with an incidental sub-
acute infarction. Susceptibility weighted imaging showed multiple peripheral 
microbleeds and superficial siderosis, in keeping with a diagnosis of CAA. Of note, 
the right central sulcus contained a new area of superficial haemosiderosis with an 
associated microbleed just lateral to this, adjacent to the hand motor area. There was 
a right marginal sulcus hyperdensity, in keeping with an acute convexity subarach-
noid haemorrhage. The patient was discharged with a diagnosis of transient func-
tional neurological episode (TFNE) secondary to CAA.

 Discussion

 Epidemiology & Pathophysiology

CAA is increasingly recognized as an important cause of intracerebral haemorrhage 
(ICH), accounting for between 20–30% of all ICH presentations in the elderly [1]. 
Moderate—severe CAA pathology is present in 8% of people over the age of 75, 
rising to 12% in those over 85 [2]. The condition is characterized by amyloid-beta 
peptides (principally Aβ40) accumulating in the basement membranes of small to 
medium sized cerebral and leptomeningeal arteries [3]. Aβ deposition results in 
thickening of the tunica adventitia, followed by the tunica media. This results in loss 
of vascular reactivity and dysregulation of cerebral blood flow. Eventually, the toxic 
effects of Aβ cause vascular smooth muscle loss and vessel wall thinning. The 

B. Sacks and D. J. Werring
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resultant thin, friable vessels rupture easily. ICH is the most widely recognized 
complication; however, CAA is better understood as a multifaceted condition which 
can also present with cognitive impairment or, as in the present case, transient focal 
neurological symptoms.

Although the precise mechanisms of Aβ accumulation are not understood, it is 
thought that reduced clearance of Aβ may result from a failure of perivascular drain-
age pathways, resulting in toxic accumulation and local astrocyte driven cytokine 
release. This results in a local inflammatory process, causing apoptosis, vascular 
dysfunction and compromised integrity of the blood brain barrier [4]. There are 
several known autosomal dominant missense mutations in the amyloid precursor 
protein (APP) gene that can result in early onset Alzheimers and CAA with varying 
phenotypes. The mutations most uniquely associated with vascular pathology are 
E693Q (Dutch), E693K (Italian) and L705V (Piedmont) [5].

 Phenotypes

CAA can be divided up into three presenting phenotypes, often with significant 
overlap.

 Transient Functional Neurological Episodes

TFNE, sometimes termed “amyloid spells,” are self-resolving stereotyped, neuro-
logical symptoms that occur in patients with CAA.  They typically present with 
positive symptoms such as spreading paraesthesia, rhythmic limb jerking and visual 
disturbances (photopsia and visual blurring). More recently, negative symptoms 
have been recognized as a feature of TFNE and include aphasia, monocular visual 
loss, sensory loss and limb weakness [6]. These are especially relevant in stroke 
medicine as they present similarly to transient ischaemic attacks (TIAs). It is impor-
tant for the clinician to be aware of TFNE as the differential diagnoses, namely TIA 
and seizure, have drastically different and potentially harmful treatments.

TFNEs are increasingly recognized in association with convexity sub-arachnoid 
haemorrhages (cSAH), a common finding in CAA. cSAH evolves over weeks to 
months and is visible as focal collections of cortical superficial siderosis (cSS) on 
blood sensitive MRI sequences (see Fig. 1.1) [7]. TFNE and cSAH have a positive 
correlation with the overall burden of leptomeningeal CAA and are both indepen-
dently associated with an increased risk of ICH [8]. It is therefore crucial that 
patients presenting with classical TFNE are recognized as such. The core features 
distinguishing TFNE from TIA are migratory symptoms, sensory disturbance and 
the presence of recurrent stereotyped events. Of note, both migratory symptoms 
and sensory disturbances are independently associated with the presence of 
cSAH [9].

1 Transient Functional Neurological Episodes Associated with Cerebral Amyloid…
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Fig. 1.1 Right marginal sulcus shows hyperintensity on FLAIR imaging (left) with new superfi-
cial siderosis and associated microbleed on susceptibility weighted imaging (right). Consistent 
with cSAH

 Intracerebral Haemorrhage

The annual risk of ICH in CAA is between 5–10% [10]. CAA accounts for 75% of 
all spontaneous ICH in the normotensive elderly population [11]. ICH in CAA is 
usually peripherally located, with a characteristic ‘lobar’ distribution and a particu-
lar predilection for posterior regions. This is compared to ICH of hypertensive aeti-
ology, which affects deeper structures in the brainstem and basal ganglia. The 
clinical presentation of ICH is classically headache, nausea, vomiting, focal neuro-
logical deficit, depressed consciousness and seizures. The imaging modality of 
choice is a plain CT scan of the head. An acute ICH will appear as a hyperdense 
locus of blood with surrounding hypodense perihaematomal cerebral oedema and 
mass effect. The ICH may have ‘finger like projections’, a classical feature of CAA 
related ICH. MRI may show peripherally located microbleeds, cortical superficial 
siderosis, enlarged perivascular spaces, white matter hyperintensities and evidence 
or historic ‘silent’ ICH (see Fig. 1.2).

 Cognitive Impairment

The relationship between CAA and dementia is well established. There is a higher 
prevalence of CAA in elderly patients with dementia than those without. There is 
also a significant overlap of AD and CAA, and AD patients with CAA have worse 
cognitive performance than patients with AD alone [12]. CAA patients tend to 
exhibit poor executive dysfunction, slower processing speed and worse episodic 
memory as compared to non-CAA subjects. Language skills are also preferentially 

B. Sacks and D. J. Werring
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Fig. 1.2 Susceptibility weighted imaging shows multiple peripheral cortical microbleeds

impaired [13]. Cognitive impairment in CAA may manifest as a stepwise decline in 
function, associated with identifiable vascular events, however it can also progress 
sub-clinically, in the absence of any ICH or TFNE.

 Management

The age demographic most susceptible to CAA is also the age demographic most 
likely to require antithrombotic or antiplatelet treatment for unrelated comorbidi-
ties. Around 30% of patients with TFNE and cSAH are taking antithrombotic medi-
cations [14]. One study of patients with lobar ICH showed that 20% left hospital 
with an anticoagulant medication prescribed [15]. The data on recurrent ICH risk 
with anticoagulant therapy is inconclusive and there have not been any adequate 
studies looking at CAA specifically. The current consensus is to hold antithrombotic 
medications in the acute setting and for up to 8 weeks following a presentation with 
TFNE [16]. In patients at high risk of thrombosis, direct oral anticoagulants are 
preferable to vitamin K antagonists as they carry a 50% lower risk of ICH [8]. Left 
atrial appendage occlusion devices can be considered in patients with atrial fibrilla-
tion, however they may still require post procedure antithrombosis.

TFNE heralds a 24.5% risk of ICH within 8 weeks of the event, and a 50% risk 
within 14 months. This is higher than the risk of recurrent ICH after a first-time 
ICH presentation in patients with CAA [8]. Most cases of TFNE present once the 
symptoms have abated. However, if a patient does present acutely, anti-convul-
sive medications such as leveteracetam and topiramate may be of symptomatic 
benefit [17]. Due to the potential of cSAH to extend into the parenchyma and 
manifest an ICH, clinicians are advised to control blood pressure (aim 
<140/80  mmHg) in patients presenting within 24  h of a TFNE [16]. Patients 
should be reassured that each TFNE does not necessarily represent new bleeding 
and usually self resolves.

Statins are generally avoided in CAA due to concerns that they may increase the 
risk of haemorrhagic events. There is particular concern that statin therapy increases 

1 Transient Functional Neurological Episodes Associated with Cerebral Amyloid…
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the risk of lobar ICH [18]. In addition to managing blood pressure lifestyle factors 
such as reducing alcohol intake are also recommended.

 Conclusion

CAA is associated with ICH, TFNE and cognitive impairment. TFNE is an increas-
ingly recognized mimic of stroke syndromes. In any patient with episodes of self- 
resolving, stereotyped focal neurology, TFNE and an underlying diagnosis of CAA 
should be considered. In patients presenting to stroke departments with characteris-
tic MRI findings of CAA, specialist opinion should be sought.
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Chapter 2
Cerebral Amyloid Angiopathy Related 
Inflammation

P. Obrocki, Sumanjit K. Gill, Richard Perry, and D. J. Werring

 Clinical History

A 75-year-old right-handed female presented to with a three-day history of worsen-
ing confusion. On further questioning, she reported a 6-month history of new and 
continuous bitemporal headaches as well as intermittent unsteadiness of gait. Her 
family also noted two self-limiting episodes of confusion in the last 3 months, both 
of which completely resolved within 48 h. On this occasion, the patient was found 
collapsed in the bathroom, with progressively worsening confusion over a course 
of 3 days.

Her past medical history was notable for hypertension and hypercholesterolae-
mia with no previous hospital admissions. Patient’s regular prescription included 
amlodipine, however she was poorly compliant with treatment due to side effect of 
ankle oedema. There was a family history of stroke over 60 years old in both her 
parents as well as her brother. She denied regular alcohol use and never smoked.
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 Examination

Cranial nerve examination revealed a left homonymous hemianopia and marked left 
visual neglect (Fig. 2.1) with normal visual acuity and optic disc appearance on 
fundoscopy. There was a normal range of eye movements with frequent saccadic 
intrusions. There was no dysarthria, however there was marked poverty of speech. 
In the upper limbs, there was a left pronator drift with mild pyramidal pattern of 
weakness and hyperreflexia on the same side with left sensory neglect. There was 
no evidence of tremor, dysmetria or dysdiadochokinesia. The lower limb examina-
tion showed generally brisk reflexes with downgoing plantar responses. The pulse 
was regular with normal heart sounds. The rest of the systemic examination was 
normal, beside consistently elevated blood pressure readings of ~180/110 mmHg.

She was admitted to hospital for blood pressure lowering and further 
investigations.

Fig. 2.1 Appearance of 
patient’s dinner plate after 
she believed she had eaten 
it all, she has not attended 
to the left side confirming 
the examination finding of 
visual neglect

P. Obrocki et al.
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 Investigations

Routine blood tests revealed mildly raised C-reactive protein (CRP) of 15 (normal 
range 0–5) with normal white cell and neutrophil count. Renal and liver function 
were also within normal limits. Extended blood test panel, including erythrocyte 
sedimentation rate, thyroid function tests, vitamin B12, folate, as well as infection 
and autoimmune screen, were all normal.

Computerised tomography (CT) performed on the day of the admission revealed 
extensive low-density change involving the white matter in both frontal, parietal and 
right temporal lobes with associated sulcal effacement. CT angiogram of the carotid 
and intracranial vessels showed mild atherosclerosis in the internal carotid artery 
with no other areas of stenosis. Subsequent MRI brain with contrast undertaken dif-
fuse and confluent white matter abnormalities involving both frontal, temporal, 
parietal and occipital lobes seen on T2 and FLAIR imaging (Fig. 2.2). There were 
multiple associated areas of peripheral microbleeds on susceptibility weighted 
imaging (SWI), which co-localised to the areas of white matter signal change. There 
was no evidence of leptomeningeal enhancement.Lumbar puncture undertaken on 
this admission showed mildly raised protein (0.54 g/L, normal range 0.15–0.45 g/L), 
18 red cells (normal range < 1) and < 1 white cell (normal range < 1), with normal 
CSF/serum glucose ratio. CSF gram stain, bacterial culture as well as viral PCR 
including HSV and VZV, were negative.

2 Cerebral Amyloid Angiopathy Related Inflammation
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a b

c d

e f

Fig. 2.2 MRI imaging performed on the hospital admission, with T2 (a, b) and FLAIR imaging 
(c, d) showing widespread subcortical white matter signal hyperintensity in the frontal, occipital 
and right temporal lobes, with multiple cortical microhaemorrhages seen on SWI imaging (e, f)

P. Obrocki et al.
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 Discussion

In summary, the patient presented with a 6-month history of bitemporal headache, 
unsteadiness and multiple self-limiting episodes of encephalopathy, with recent 
unwitnessed collapse suggestive of possible seizure activity. Clinical examination 
revealed multifocal and widespread deficits pointing to diffuse frontal lobe dysfunc-
tion with pyramidal tract involvement as well as parietal lobe involvement with 
marked visual and sensory neglect. There was moderate hypertension on admission 
with mild elevation of CRP as well as CSF protein. MRI brain confirmed wide-
spread asymmetrical white matter involvement in frontal, occipital, parietal and 
temporal lobes associated with multiple areas of cortical microbleeds with sparing 
of the deeper structures, including basal ganglia and the brainstem.

A wide differential diagnosis was considered on admission. An ischaemic aetiol-
ogy was felt to be unlikely in view of a subacute presentation and the widespread 
white matter change seen on CT and MRI that were not restricted to a particular 
vascular territory. Posterior reversible encephalopathy syndrome (PRES) was con-
sidered a possibility, especially as there was evidence of untreated hypertension and 
symmetrical occipital and frontal lobe white matter involvement on imaging. 
However, relapsing course, prominent involvement of temporal lobe with wide-
spread cortical microhaemorrhages were not consistent with the diagnosis [1]. 
Similarly, clinical history was not suggestive of autoimmune encephalitis, with no 
preceding symptoms suggestive of psychosis, pyrexia, autonomic disturbance or 
movement disorder seen in NMDA-R or LGI encephalitis, with subsequent negative 
serum antibody results. A possibility of CNS vasculopathy secondary to VZV infec-
tion was explored however there was no history of rash suggestive of shingles or 
other systemic symptoms of viral infection, with subsequent normal CSF white cell 
count, CSF VZV PCR and vessel imaging, which is abnormal in vast majority of 
patients with this condition [2]. Lastly, rare inflammatory conditions restricted to 
CNS with no systemic manifestations were considered, including primary angiitis 
of the CNS (PACNS). PACNS usually follows progressive and stepwise clinical 
course, with prominent symptoms of headache, cognitive impairment and focal 
neurological deficits that fits well with patient’s clinical course. Typical imaging 
findings include multiple T2/FLAIR areas parenchymal change with leptomenin-
geal enhancement. Vessel imaging, including MRA or black blood MRI is abnormal 
in majority of patients with this condition, with areas of stenosis, occlusion, or wall 
enhancement [3]. However, evidence of multiple peripheral microbleeds would be 
atypical for this condition and strongly pointed to a related CNS inflammatory con-
dition, cerebral amyloid angiopathy-related inflammation (CAAri), a rare subtype 
cerebral amyloid angiopathy (CAA) [4, 5]. CAAri usually presents with an acute 
encephalopathy with focal neurological deficits and typical brain abnormalities 
consisting of multiple confluent white matter hyperintensities coupled with areas of 
microhaemorrhage restricted to cerebral white matter which fits well with this 
patients’ presentation. The diagnosis of probable CAAri in our patient was reached 
using clinicoradiological criteria [6] and treatment with a 3-day course of IV meth-
ylprednisolone was commenced after exclusion of an infectious cause, which was 
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followed by high-dose daily steroid regime [6]. There was a rapid improvement in 
symptoms within days of introduction of steroid treatment, including marked 
improvement of confusion, sensory and visual neglect and left-sided weakness. She 
was discharged home with a tapering dose of oral steroid therapy and remains well, 
with no further clinical relapses 3 months after initial hospital admission.

Cerebral amyloid angiopathy (CAA) is a cerebrovascular disorder primarily 
affecting the elderly population and characterised by abnormal deposition of amy-
loid β (Aβ) in tunica media and adventitia of small to medium sized cerebral arteries 
and leptomeninges. As a result, the affected vessel walls undergo fibrinoid necrosis 
and microaneurysm formation, which in turn predisposes to microhaemorrhages, 
leukoencephalopathy and large lobar haemorrhages [7]. CAAri is a rare and increas-
ingly recognised subtype of CAA characterised by marked inflammation and vaso-
genic oedema accompanying the Aβ deposition, often leading a much more 
aggressive clinical course [5]. Patients with CAAri most commonly present with an 
acute or subacute encephalopathy and focal neurological deficits, with prominent 
symptoms of headache and seizures. Rarely, the clinical course can be protracted or 
consist of series of self-limiting episodes, similarly to our case. Clinical examina-
tion is usually notable for multifocal neurological deficits that anatomically corre-
spond to areas of subcortical inflammation seen on brain imaging.

Approximately half of patients with CAAri have mildly elevated CRP and ESR 
at presentation [8]. CSF examination is abnormal in majority of patients, most com-
monly showing lymphocytic pleocytosis and mild-to-moderate protein elevation 
[9]. Marked elevation of opening CSF pressure has also been reported [8].

MRI is abnormal in vast majority of patients and is often key to reaching the 
diagnosis, with T2 and FLAIR sequences showing extensive and asymmetrical 
white matter lesions corresponding to marked vasogenic oedema. The white matter 
changes can be multilobar and are associated with multiple microhaemorrhages 
present in cortical and subcortical areas, mirroring the Aβ deposition in small and 
medium-sized vessels. The brainstem, basal ganglia and deep white matter, which 
are the most common site for hypertensive microhaemorrhages, are usually spared 
[10]. Leptomeningeal enhancement is present in approximately half of all cases. 
The volume of T2/FLAIR hyperintensities has been shown to correlate with disease 
severity and can be used for monitoring of treatment response or clinical relapse 
[11]. Interestingly, the associated radiological changes associated with CAAri 
closely resemble amyloid-related imaging abnormalities (ARIA) seen in subset of 
patients who developed meningoencephalitis after treatment with monoclonal anti-
bodies targeting Aβ in experimental Alzheimer’s disease trials, suggesting a possi-
ble common autoimmune basis for both disorders. This is further supported by 
finding of CSF antibodies against Aβ that can be detected in patients with acute 
presentation of CAAri, with subsequent decline in titres after introduction of immu-
nosuppression [12].

Tissue biopsy of affected cerebral and leptomeningeal vessels remains gold stan-
dard for the diagnosis of CAAri, usually showing vascular Aβ deposition with evi-
dence of perivascular, transmural and intramural inflammation. However, in view of 
significant morbidity associated with brain biopsy and with increased recognition of 
typical MRI appearances of the disease on T2, FLAIR and SWI/GRE imaging, a set 
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of pathologically-validated clinicoradiological criteria was created to allow a diag-
nosis of ‘probable’ and ‘possible’ CAAri with good sensitivity and specificity, 
which is now widely used in clinical practice [6]. Prompt and accurate diagnosis is 
crucial since patients with CAAri respond to appropriate immunosuppressive ther-
apy, as demonstrated in a recent prospective study which recruited 113 participants 
with the disease [13]. Majority of patients in this study received 5 days of 1 g IV 
methylprednisolone course followed by high-dose oral steroid taper resulting in 
clinical recovery in 84% of patients, with similar rate of radiological improvement. 
Importantly, disease recurrence was much more likely if steroid treatment was 
stopped after IV course, favouring a longer course of immunosuppression. Wide 
range of other treatments have been trialled in patients with CAAri who either did 
not respond to steroid therapy or developed further clinical relapses, including 
cyclophosphamide, azathioprine and intravenous immunoglobulin (IVIG) [4].

Key Clinical Learning Points
• CAAri is a rare and increasingly recognised subtype of CAA, presenting as 

acute or subacute onset encephalopathy, headache, seizures and focal neu-
rological signs.

• Brain biopsy remains gold standard for the diagnosis of CAAri, showing 
Aβ deposition in small and medium sized vessels accompanied by perivas-
cular, intramural and transmural inflammation.

• Validated clinicoradiological criteria can be used in clinical practice to 
diagnose probable and possible CAAri, removing the need for brain biopsy 
in a subset of patients.

• The mainstay of treatment is immunosuppression with high-dose IV ste-
roid therapy followed by slow oral taper, with clinical response to therapy 
expected first few weeks of therapy. Second line treatment options in cases 
of inadequate clinical response or relapse include cyclophosphamide, 
mycophenolate mofetil, azathioprine or IVIG.

Key Radiological Learning Points
• Typical T2/FLAIR MRI findings in patients with CAAri include extensive 

and asymmetrical white matter hyperintensities extending into the subcor-
tical areas, coupled with multiple cerebral subcortical microbleeds and 
cortical superficial siderosis seen on GRE/SWI imaging

• Leptomeningeal contrast enhancement can also be seen in a subset of 
patients

• Serial MRI imaging can be used for monitoring of disease activity, with 
clinical relapses often being associated with recurrence of T2/FLAIR 
white matter hyperintensities seen during the initial presentation.

2 Cerebral Amyloid Angiopathy Related Inflammation
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Chapter 3
Running out of Steam

Edgar Chan and Richard Perry

 Clinical History

A 53-year-old female executive secretary walked into A&E with her work colleague 
who reported that she had become confused. She is an avid runner and each morn-
ing before work she runs 5 miles around her neighbourhood. On the previous day, 
she had gone on her usual morning run and had returned home with a graze on her 
left cheek. When she was questioned by her partner, she could not remember what 
had happened or how she had sustained the injury. However, she was wearing a GPS 
fitness tracker at the time which tracked her route and heart rate (Fig.  3.1). The 
tracker showed that there was a sudden change in pace after about 4½ miles. Her 
partner reported that she appeared disorientated and confused for a few hours but 
she tried to carry on with her day nonetheless. She attempted to go to a Christmas 
party but lost her way travelling up and down the train line and could not reach her 
destination. She returned home and carried on with her usual activities. The next 
day she overslept, which is uncharacteristic, but she managed to get into work. Her 
colleagues noticed that she did not seem herself and suggested that she should go to 
hospital.
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Fig. 3.1 Route of patient’s 
run shown on GPS fitness 
tracker. The map shows the 
route that she took. Speed 
is colour-coded with green 
as the fastest pace and red 
as the slowest, on an 
arbitrary scale. A plot of 
speed and heart rate (bpm) 
against time is shown 
superimposed onto the 
lower part of the figure

 Examination

On examination, there was a minor abrasion and swelling over the left cheek. Her 
Glasgow Coma Score (GCS) was 15/15, her blood pressure was 121/79 mmHg, and 
her heart rate was 52 bpm. She mobilised independently and had full limb power. 
There were no focal neurological signs. Her cardiovascular, respiratory and abdom-
inal examinations were all normal. She was able to give a reasonable account of her 
history apart from the fact that she was not able to remember what had happened 
during her run the previous morning. She has no family history of ischaemic heart 
disease or stroke. She has never smoked or taken recreational drugs and she only 
drinks occasionally.

E. Chan and R. Perry
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 Investigations

An MRI of her head showed restricted diffusion on DWI in lenticulostriate regions 
bilaterally, likely extending into the body of the caudate nucleus particularly on the 
left (Fig.  3.2). There was also haemorrhagic transformation inferiorly involving 
both basal ganglia, again more extensive on the left.

Her blood results were unremarkable including normal lipids and HbA1c and a 
negative screen for antiphospholipid syndrome. Cardiac investigation revealed 
moderate mitral regurgitation, a patent foramen ovale with a very small shunt and 
Lambl’s excrescences on her aortic valve. Rhythm monitoring by an implantable 
loop recorder was normal with no evidence of paroxysmal atrial fibrillation.

Functionally, her Barthel score was 20/20 indicating no loss of any basic func-
tions. An initial assessment identified no requirement for physiotherapy or speech 
and language therapy. On a cognitive screening tool, the Montreal Cognitive 
Assessment (MoCA), she scored just below the normal range (22/30, normal 
range ≥ 26). The Occupational Therapist conducted a Multiple Errands Task and 
found evidence of poor navigation, poor organization skills and decreased 
processing speed. She also appeared apathetic and had limited insight into her 
cognitive difficulties. This observation was corroborated by the patient’s daughter 

a b c

Fig. 3.2 MRI brain. (a) Axial DWI, (b) Axial ADC map, (c) Axial SWI. Images show, for two slices 
through the brain, areas of restricted diffusion (representing acute infarction) in the upper slice and 
areas of susceptibility artifact (representing haemorrhage) more prominent in the lower slice 
(shown in the lower row of images)

3 Running out of Steam



20

who commented that there had been a significant change in her mother’s behaviour 
and personality; before this event she used to be highly motivated and a driven indi-
vidual but now she seemed to be mainly nonchalant.

She was referred for a comprehensive neuropsychological assessment 6  days 
into her admission. A summary of her assessment scores are presented in Table 3.1. 

Table 3.1 Summary of the 
neuropsychological 
assessment findings by 
cognitive domain with raw 
scores (percentile)

Premorbid functioning
NART 102 (Average)
General intelligence
WAIS-VIQ 85 (Low Average)
WAIS-PIQ 83 (Low Average)
Verbal Memory
RMT-W 37/50 (<5)
AMIPB Story Immediate 23/56 (10–25)
AMIPB Story Delayed 16/56 (<10)
Visual Memory
RMT-F 43/50 (25–50)
AMIPB Figure Immediate 59/80 (50)
AMIPB Figure Delayed 49/80 (25–50)
Naming
GNT 21/30 (50–75)
Visuo-perceptual functions
VOSP-OD 17/20 (>5)
VOSP-PD 20/20 (>5)
Frontal Executive functions
CETA 11 (<5)
BADS Zoo Map Poor
BADS Key Search Intact
Stroop 109 (72)
Fluency S 15 (34)
Speed of processing
SDMT 47 (51)
Mood
HADS—Anxiety 0 (normal)
HADS—Depression 2 (normal)
Apathy
Lille Apathy Rating Scale
Self-report −8 (severe apathy)
Partner rating +10 (severe apathy)

NART National Adult Reading Test, WAIS Wechsler Adult 
Intelligence Test, VIQ Verbal Intelligence Quotient, PIQ Performance 
Intelligence Quotient, RMT Recognition Memory Test, W Words, F 
Faces, AMIPB Adult Memory and Information Processing Battery, 
GNT Graded Naming Test, VOSP Visual Object and Space 
Perception, OD Object Decision, PD Position Discrimination, CET 
A Cognitive Estimation Test Form A, BADS Behavioural Assessment 
of the Dysexecutive Syndrome, SDMT Symbol Digit Modalities 
Test, HADS Hospital Anxiety and Depression Scale
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Assessment revealed significant decline in her general intellect which was in the 
low average range. Examination of separate cognitive domains revealed difficulties 
with verbal recall and recognition memory, poor complex reasoning and problem 
solving. In contrast, visual memory, language abilities, visuo-perceptual functions 
and processing speed were all broadly intact. She denied any low mood or anxiety 
concerns. Notably however, scores on the Lille Apathy Rating Scale from her own 
self-report and her partner’s observations were both in the severely apathetic range 
(−8 and +10 respectively; score range [−36 (no apathy) to +36 (extreme apathy)]). 
Her partner scored her 18 points higher suggesting some degree of reduced insight 
into her own behavioural changes.

 Clinical Progress

When she was discharged home, formal therapies assessments of her needs sug-
gested that she did not require any carer support, yet even a month after discharge 
her partner reported significant concerns. She continued to behave in a child-like 
manner, spending much of her time watching television, going out for runs without 
informing anyone, laughing problems away and not taking things seriously. Given 
her cognitive and behavioural changes, she was referred to a tertiary Vocational 
Rehabilitation team to support her return to work. She was prescribed a dopamine 
agonist for treatment of apathy, she was started on aspirin 75 mg daily after clopi-
dogrel caused itching and she remains under cardiological follow-up.

 Discussion

Traditionally, stroke affecting the basal ganglia is associated with changes to motor 
function. However, basal ganglia strokes can also lead to significant cognitive and 
behavioural changes that can have a profound impact on recovery and outcomes.

The basal ganglia (BG) are a set of deep grey matter nuclei consisting of the 
striatum (caudate nucleus, putamen, nucleus accumbens and olfactory tubercle), the 
globus pallidus, the ventral pallidum, the subthalamic nucleus, and the substantia 
nigra. The basal ganglia receive inputs from all cortical regions and are a part of a 
complex network of parallel pathways to motor and non-motor areas of the cerebral 
cortex [1, 2].There are five defined frontal-subcortical circuits that link the frontal 
cortex to the basal ganglia and thalamus [3, 4]. In addition, these circuits receive and 
integrate input from temporal, parietal and limbic brain regions. Damage to the 
basal ganglia can therefore lead to a host of cognitive and behavioural changes fol-
lowing disruption to these circuits. In this patient’s case, lesions to the basal ganglia 
bilaterally led to a significant decline in general intellect, verbal memory impair-
ment, executive dysfunction and apathy.
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Cognitive impairment is common after basal ganglia strokes. Compared to neu-
rologically intact participants, patients with basal ganglia stroke have been found to 
perform more poorly across most neuropsychological domains [5]. Although corti-
cal strokes are often thought to lead to greater impairment than subcortical strokes, 
this may be an artefact, in that cortical strokes usually involve larger vascular terri-
tories. Once lesion volume is taken into account, cognitive performance between 
those with cortical or subcortical strokes is relatively comparable across cognitive 
domains [6]. Damage to the right basal ganglia tend to result in greater executive 
and visuo-spatial impairments [7, 8], while damage to left basal ganglia result in 
greater language and memory impairments [7, 9].Our patient had lesions to the 
basal ganglia bilaterally, but more extensive in the left hemisphere which likely led 
to greater damage to left-lateralised circuits. This might help explain our patient’s 
selective memory impairment for verbal but not visual material, as material-specific 
memory processes are known to be lateralized based on the hemisphere of language 
dominance [10].

In addition to cognitive changes, lesions in the basal ganglia can also lead to 
apathy. Prevalence of apathy in stroke is around one third [11], with studies report-
ing ranges from 19% up to 55% [12]. Apathy can co-occur with depression, but is 
dissociable in terms of the neurobiology, symptomatology and time-course. Apathy 
is defined clinically as a quantitative reduction of goal-directed activity in compari-
son to previous level of functioning [13]. The reduction can be in behaviour and/or 
cognition, spontaneous or reactive emotions, or social interactions. It has been 
recently proposed that apathy might be best understood in the context of a three-part 
model of motivated/goal-directed behaviour [14] consisting of a valuation system 
that computes the subjective value of a task, a mediating system that integrates rein-
forcers with motor systems to act on a goal and lastly a motor system that actions 
the goal/behaviour.

Apathy can result from stroke damage across many different brain regions 
because goal-directed activity is supported by a large-scale brain network [15]. 
While lesions to peripheral nodes of the network such as premotor or parietal 
regions may result in apathy through indirect processes of diaschisis and transneu-
ronal degeneration, focal lesions in critical nodes such as the basal ganglia, anterior 
cingulate or orbitofrontal regions lead to immediate network failure and apathy. 
Damage to the basal ganglia directly disrupts the frontal-subcortical and limbic- 
subcortical circuits involved in goal-directed behaviour leading to apathy [16]. 
Apathy is more common after bilateral basal ganglia strokes but has also been found 
following unilateral strokes [e.g. 17]. In keeping with this, a study that compared the 
regional cerebral blood flow of stroke patients with and without apathy, those with 
apathy demonstrated significantly worse perfusion to the basal ganglia bilaterally 
[18]. Furthermore, lesions only to the left basal ganglia were also found to be asso-
ciated with bilateral basal ganglia hypo-perfusion and apathy.

Post-stroke apathy is associated with worse patient outcomes. Mayo and col-
leagues [12] looked at the extent to which apathy changes over the first year after 
stroke and its impact on recovery. Of a group of first-ever stroke patients (n = 408), 
50% had no apathy while 33% had mild and 3% had severe apathy. Results showed 
that even mild apathy had a strong negative association with recovery, with poor 
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physical function, physical health, participation and perceived health outcomes. A 
meta-review of studies examining post-stroke apathy found that apathy was associ-
ated with worse cognitive functioning, increased disability and poorer rehabilitation 
outcomes [11]. Pharmacological treatment for apathy following stroke still lacks 
sufficient high-quality evidence, but medications targeting dopamine receptors such 
as ropinirole, a selective D2/D3 agonists, seem to show strong promise [19].

In summary, stroke affecting the basal ganglia can lead to cognitive difficulties 
and behavioural changes. Impaired cognition after stroke can have a significant 
impact on recovery and increase the level of functional dependence of the patient 
[20, 21]. Accurate assessment of cognitive functions can help to predict length of 
stay and functional outcome, leading to better rehabilitation planning [22–24]. Even 
in patients without evidence of physical disability or any obvious functional defi-
cits, clinicians should carefully consider and examine for more subtle cognitive and/
or behavioural changes following stroke. Simple cognitive screening measures such 
as the MoCA are quick to administer and may provide some information about pos-
sible underlying deficits. However, intact performance on cognitive screening tools 
might not always be a valid marker of intact cognition. Screens such as the MoCA 
often underestimate impairment as they do not cover all the relevant cognitive 
domains that might be affected after stroke and they often do not adequately tap into 
right hemisphere deficits [25, 26]. In these cases, a comprehensive neuropsycho-
logical assessment by a clinical neuropsychologist is often most useful to help dis-
cern any cognitive or behavioural changes following stroke and provide a useful 
formulation from which rehabilitation and recovery can be planned.
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Key Clinical Learning Points
• Stroke in the basal ganglia can have no motor consequences but lead to 

significant cognitive and behavioural impairments.
• Cognitive impairment can occur in any domain, but executive difficulties 

are most common.
• Apathy is also common and is defined as a reduction in goal-directed activ-

ity (behaviour, emotion or social).
• Cognitive and behavioural impairments are primarily due to disruption of 
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• Cognitive screening and neuropsychological assessment is prudent 
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Chapter 4
Cerebral Cavernous Malformations

Anna Sadnicka and Sumanjit K. Gill

 Clinical History

A 77 year old retired man presented with chest pain to accident and emergency. The 
chest pain was of sudden onset, central, sharp and radiated to the back between the 
shoulder blades. He had a previously history of ischaemic heart disease with coro-
nary artery bypass grafting performed 20 years ago. Three years prior to the current 
presentation non ST elevation myocardial infarction required intervention to both 
native vessels and his vein graft. Shortly after a permanent pacemaker was inserted 
due to atrial fibrillation and complete heart block. He had little chest discomfort on 
exertion, a reasonable exercise tolerance and mild left ventricular impairment. He 
was on secondary prevention with both Clopidogrel 75  mg od and Rivoraxaban 
20 mg od. Other medications included Bisoprolol 5 mg od, Ramipril 5 mg od and 
Rosuvastatin 10 mg od.
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 Examination

He was hypertensive with a blood pressure of 220/110  mmHg with an irregular 
heart rate 72 beats per minute. A systemic examination was otherwise normal.

 Investigations and Clinical Progress

His 12 L ECG and troponin results did not support the diagnosis of an ischaemic 
acute coronary syndrome. CT angiogram of the aortic arch did not reveal any evi-
dence of dissection. In view of his uncontrolled high blood pressure a CT head was 
also performed. The CT head revealed multiple subcortical foci throughout the 
brain including the cerebellar hemispheres, right frontal and temporal lobes 
(Fig. 4.1). It was commented that these were suspicious for metastases yet the cystic 
component within the right cerebellar lesion was atypical. In view of his blood pres-
sure and the abnormal scan findings the anticoagulation and anti platelets were 
stopped. His blood pressure was reduced with oral agents over the next 3 days and 
his chest pain resolved completely. An MRI Brain with contrast revealed multiple 
supra- and infra-tentorial lesions of variable size were seen. On susceptibility 
weighted imaging these lesions had the appearance of multiple cerebral cavernous 
malformations (CCMs) (Fig.  4.2). There was no evidence of leak from any of 
lesions. Once his blood pressure was maintained at <135/85 mmHg both this anti 
platelet and oral anticoagulant were restarted after discussion of risks and benefits 
with the patients. He was referred for genetic counselling and was found to be het-
erozygous for the CCM2 gene.

Figs. 4.1 Axial non contrast CT Head images showing cystic lesion in right cerebellar lesion (left 
hand image) and hyperdense lesion in left cerebellar hemisphere (right hand image)
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Fig. 4.2 Axial MRI images showing infra- and supra-tentorial lesions on susceptibility weighted 
imaging and diffusion weighted imaging

 Discussion

CCMs have been reported to be the second most common vascular malformation of 
the central nervous system after developmental venous anomalies [1]. Disease prev-
alence is estimated at 0.15% to 0.5% [1]. The majority of CCM cases comprises a 
single lesion and are called sporadic CCMs and are often asymptomatic and nonhe-
reditary. Approximately 20% of cases present with multiple CCMs, and many of 
these have a positive family history consistent with autosomal dominant 
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inheritance. The diagnosis of familial CCM can be confirmed by genetic testing for 
mutations in three genes: CCM1 (KRIT1), CCM2 (MGC4607), or CCM3 (PDCD10) 
[2]. Research suggests that each of these genes are part of a greater signalling path-
way that regulates cell proliferation, network formation, and growth in the endothe-
lial layer and have a common direct interaction with a heterotrimeric adaptor 
complex (CCM complex) [2]. Microscopically CCMs are made up of multiple 
mulberry-like distended caverns of dilated thin-walled capillaries without the nor-
mal intervening brain parenchymal architecture. Often, individual cavernomas are 
surrounded by hemosiderin representing remote oozing due to the abnormal capil-
laries [1]. CCM is also referred to in the literature as cavernous angioma, heman-
gioma, or cavernoma. They most often present with headaches or seizures and less 
frequently with ‘leak’.

 Anticoagulation in Patients with Cavernomas

In this case, CCMs were clinical silent with no history of focal neurological deficits, 
no seizures and no history of symptomatic intracranial haemorrhage. However, the 
CCMs raised an interesting clinical debate surrounding his anticoagulation. His 
relative risk of future stroke was high due to his ongoing atrial fibrillation, age, 
hypertension and prior cardiac vascular disease. Indeed, approximately a quarter of 
patients with CCMs have an indication for antithrombotic (anticoagulant or anti-
platelet) therapy for the prevention of occlusive vascular disease. Yet, in the past 
decisions have been made based on common sense that anticoagulation should be 
withheld for fear of increasing the risk of intracranial haemorrhage in adults 
with CCMs.

A recent systematic reappraisal of evidence has forced a major rethink of such 
caution. The evidence for whether anticoagulation can be safely given in CCMs has 
been reviewed and a population based cohort study published within the same report 
[3]. Interestingly, antithrombotic therapy was associated with a lower risk of intra-
cranial haemorrhage in a meta-analysis of six comparative cohort studies of patients 
with CCMs with no inconsistency between their findings (Fig. 4.3) [3]. In the popu-
lation based cohort study, antithrombotic therapy use in patients with CCMs was 
similarly associated with a lower risk of intracranial haemorrhage (Fig. 4.4) and a 
lower risk of focal neurological deficit due to any cause [3]. These findings were 
also consistent with previous studies that examined antiplatelet therapy for patients 
with CCMs. These findings therefore provided reassurance about safety for clinical 
practice and the authors suggested that their findings require further investigation in 
a randomised controlled trial [3].

The association between antithrombotic therapy and a lower risk of intracranial 
haemorrhage from a CCM is consistent with the hypothesis that these events might 
be triggered by thrombus formation in the dilated caverns of CCMs in which blood 
flow is slow, or thrombus in an associated venous malformation [3]. A similar 
pathophysiological mechanism underlies haemorrhagic infarcts in patients with 
cerebral venous thrombosis which is treated with anticoagulation to improve 
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Fig. 4.3 Meta-analysis of the association between antithrombotic therapy use and the risk of intra-
cranial haemorrhage from cerebral cavernous malformations in cohort studies. SAIVMS=Scottish 
Audit of Intracranial Vascular Malformations. Reproduced from Zuurbier et al. [3]
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Fig. 4.4 Kaplan-Meier plot. Risk of first intracranial haemorrhage or persistent or progressive 
focal neurological deficit due to cerebral cavernous malformations according to antithrombotic 
therapy use during 15  years of follow-up in the Scottish Audit of Intracranial Vascular 
Malformations. Reproduced from Zuurbier et al. [3] under Creative Commons CC-BY License

outcome and reduce the risk of recurrence, regardless of the presence of haemor-
rhagic infarction [3]. This is the reasoning that was used to restart his anticoagula-
tion, after a discussion of risks and benefits with the patient and strong advice to 
monitor his blood pressure frequently.
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Key Radiological Learning Points
• CCM can be difficult to see on CT. If large, they usually appear as regions 

of hyper-density resembling blood products and speckles of calcification. 
If there has been a recent bleed then the lesion will be conspicuous and 
may be surrounded by oedema.

• MRI is the imaging modality of choice and lesions often demonstrate a 
characteristic popcorn or berry appearance with a rim of signal loss due to 
hemosiderin.

• Gradient echo or susceptibility sequences may reveal smaller CCMs not 
visible on conventional MRI sequences, particularly in association with 
familial CCM.

• The radiological differential is numerous and includes cerebral amyloid 
angiopathy, chronic hypertensive encephalopathy (more common in the 
basal ganglia) and haemorrhagic metastasis. Calcified lesions such as old 
neurocystericercosis or other infections (e.g. tuberculoma) should also be 
considered.

• CCMs are angiographically occult and do not demonstrate arteriovenous 
shunting

Key Clinical Learning Points
• CCM is also referred to in the literature as cavernous angioma, hemangi-

oma, or cavernoma
• A single or multiple cavernomas can present with seizures or headaches in 

addition to an intracerebral haemorrhage
• Around a quarter of patients with CCMs have an indication for antithrom-

botic (anticoagulant or antiplatelet) therapy for the prevention of occlusive 
vascular disease [3].

• The addition of anticoagulation therapy needs to be considered on a case 
by case basis.

• Multiple CCM can be familial with mutations in a number of genes includ-
ing KRIT1, MGC4607 and PDCD10 [2]
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Chapter 5
Migrainous Stroke: When Headache 
Presents with Persistent Visual Symptoms

FIzzah Ali and Sumanjit K. Gill

 Clinical History

A 40 year old right-handed animal trainer presented to the emergency department 
after waking with a moderately severe, pressure-like headache affecting the left 
orbit and forehead. The initial headache lasted 20 min, it was exacerbated over the 
next 2 days by coughing and movement of the head. Her symptoms were not associ-
ated with nausea, vomiting, photophobia, photophobia or osmophobia.

She had a background of migraines affecting different locations of her head, and 
these had been triggered by stressful circumstances such as exams. These had not 
been associated with visual symptoms. On this occasion, as she had prepared her 
son for his school day, she noticed parts of her mobile phone screen to be missing. 
There was no headache this time or any of her other migranous features such as 
nausea or photophobia.

Two days later her visual symptom had shown significant resolution, with per-
sisting blurring in the right eye between ‘12 and 3 o’clock’.

She continued to make an excellent recovery and 1 month later had a small resid-
ual homonymous right upper quadrantanopia.
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 Examination

Cranial nerve examination revealed a persisting right upper quadrantanopia. The 
rest of her neurological examination was normal.

 Investigations

Factor VIII was raised with a mildly elevated d-dimer and fibrinogen at the time of 
presentation. Total cholesterol was also slightly raised. ECG was normal. Following 
the initial CT imaging, MRI brain showed restricted diffusion consistent with acute 
infarction in the medial aspect of the left occipital lobe (Fig. 5.1), with correspond-
ing FLAIR hyperintensity (Fig. 5.2).

A full stroke workup was requested with a bubble echocardiogram and 72 h tape 
(these were all normal).

Fig. 5.1 A matched defect seen on B1000 and ADC map showing an acute infarct in the medial 
occipital lobe
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Fig. 5.2 FLAIR image 
showing infarct which was 
initially seen on DWI

 Discussion

Migraine and stroke vary in aspects of their clinical presentation, for example age at 
onset and gender preponderance, as well as clinical management. Yet, recent years 
have seen an expansion in the literature supporting an association between migraine 
and stroke that is not yet clearly understood [1]. Headache without migranous fea-
tures is also associated with stroke and can be at onset or persisting [2]. An underly-
ing vascular disease may cause both the migraine with aura and ischaemic stroke or 
it might be that ischaemic stroke itself triggers a migraine with aura. The distinction 
between the two maybe due to differences in aetiology.

A number of studies have demonstrated an association between migraine with 
aura and an up to two fold increased risk of stroke [3–7]. This is particularly empha-
sised in the case of migraine with aura, where the relative risk of ischaemic stroke 
is twice compared to those without migraine. This association between migraine 
and stroke is stronger for women particularly thoseunder the age of 45 years old [3]. 
Smoking and oral contraceptive use also add additive risk for ischaemic stroke. The 
risk is increased in those individuals with a higher frequency of migraine [8, 9] and 
those with active rather than a history of migraine [10] In addition to be more com-
plex than initially understood, the association between migraine and stroke risk is 
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bi-directional. Cerebrovascular events, including ischaemic stroke, can precipitate a 
migraine-like episode that may or may not be accompanied by aura. This presents 
an additional diagnostic challenge, and in this instance a stroke may be interpreted 
to be migraine with prolonged or persisting aura symptoms [11]. A more wide-
spread use of MRI imaging in stroke and TIA patients will hopefully lead to some 
clarity about the distinction between the migranous episodes which are associated 
with ischaemic stroke and those which are not.

The aetiological link between migraine and stroke is not clearly delineated, and 
a number of pathophysiological mechanisms have been cited. Cortical spreading 
depression can be considered as a ripple of sustained depolarisation that advances 
over the cerebral cortex which then completely recovers, and it is believed to be a 
key mechanism in the pathophysiology of migraine [12]. This activation of neu-
rones is associated with a state of short-lasting hyperperfusion, the subsequent neu-
ronal suppression brings a more sustained period of hypoperfusion which is well 
above the critical blood flow thresholds which cause ischaemia [13] It might be that 
in the genetic syndromes which lead to migranous stroke i.e. CADASIL the epi-
sodes of hypoperfusion do enter into the critical range to cause ischaemia.

Other factors which have been posed as potential aetiological links relate to alter-
ations in endothelial and arterial function, although the underlying evidence for this 
is inconsistent [1]. A shared genetic susceptibility may also play a role in the occur-
rence of migraine and ischaemic stroke. This genetic overlap is evidenced though 
genome-wide analysis studies, [14] as well as a host of rare neurological conditions 
which typically display both migraine and stroke as characteristic features. These 
include cerebral autosomal dominant arteriopathy with subcortical infarcts and leu-
koencephalopathy (CADASIL), as well as mitochondrial encephalomyopathy, lac-
tic acidoses and stroke-like episodes (MELAS).

The International Classification of Headache Disorders version 3 (ICHD-3) 
diagnostic criteria outlines migranous infarction as a condition occurring in an indi-
vidual with migraine with aura. The sufferer will experience their typical attack 
with one or more aura symptoms being prolonged over 60  minutes. This corre-
sponds with cerebral ischaemia in the relevant area and can be seen on neuro- 
imaging [15]. In keeping with this case presentation, migrainous infarction is most 
commonly noted in the territory of the posterior circulation. Moreover, the reduc-
tion in cerebral blood flow that is associated with visual aura is most commonly 
noted in the posterior circulation [16, 17]. Migrainous infarction is rare, with the 
incidence being 0.2–0.5% of all cerebral ischaemia causes, [17, 18] and it carries a 
favourable prognosis in terms of neurological recovery [19].

Diagnostically, there are a number of key indicators which should generate sus-
picion and therefore further investigation of a cerebral infarction in a patient seem-
ingly presenting with migraine. These include the presence of:

• Prolonged aura (greater than 1 h), as described in the International Classification 
of Headache Disorders version 3 (ICHD-3) diagnostic criteria

• Negative symptoms, such as a scotoma or field loss, as in the illustrating case, 
rather than photopsia
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• Fixed, non-evolving features otherwise typical of migraine aura
• Significant increase in aura frequency or significant change in aura type
• First occurrence of migraine aura at an older age (for example, greater than 

50 years old)

The management of migraine with aura includes the use of acute treatments such 
as non-steroidal anti-inflammatory drugs. Despite the historical reluctance to use 
triptans in migraine with aura, there does not appear to be an association with triptan 
use in those with migraine with aura, and stroke [20] Conversely, considering the 
prevention of stroke in patients with migraine with aura, modifiable risk factors 
such as smoking cessation and avoidance of the combined oral contraceptive pill is 
advised. The use of anti-platelets in patients with migraine with aura should be 
employed in the presence of established vascular disease, also employing statins 
and anti-hypertensives to manage vascular risk factors where necessary.

Key Clinical Learning Points
• The risk of ischaemic stroke in people with migraine with aura is twice 

compared to people without migraine.
• Migranous infarction is a recognized vascular event and is included in the 

International Classification of Headache Disorders. A significant increase 
in aura frequency or type, or first episode of migraine aura at an older age 
should all be considered red flags for migranous infarction.

• Genetic syndromes which causes both cerebral ischaemia and migraine are 
sometimes encountered in clinical practice CADASIL, CARASIL being 
more frequently seen than MELAS

Key Radiological Learning Points
• White matter hyper-intensities found in the deep or peri-ventricular white 

matter are noted in patients with migraine. These are not known to be a risk 
factor for ischaemic stroke [21, 22].

• Migrainous infarction is most commonly noted in the territory of the pos-
terior circulation.
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Chapter 6
A Case of Primary Post-Stroke Fatigue: 
Origins in Abnormal Sensorimotor Neural 
Network Activity

William De Doncker and Annapoorna Kuppuswamy

 Clinical History

A 60-year-old, right-handed, female was admitted to University College London 
Hospital on the 22/07/2016 at the age of 54. She presented with mild left- sided 
upper motor neuron facial weakness. She had difficulties finding the right words 
despite no problem with speech production.

 Examination

On admission, she had a Glasgow Coma Scale (GCS) of 15/15, normal visual fields, 
and muscle power of 5/5 throughout. Her pulse was 80 beats per minute, with a 
blood pressure of 158/96 mmHg and a temperature of 36.8 °C. Her fasting glucose 
was 5.5 mmol/l with a known vascular risk factor for stroke, raised cholesterol. She 
scored a 2 on the National Institute of Health Stroke Scale (NIHSS), which is indic-
ative of a minor stroke. CT was unremarkable. MRI revealed a focus of restricted 
diffusion in the right external capsule just superior to the insular cortex, consistent 
with an acute focal infarct. Minor findings included mild chronic small vessel dis-
ease, indicated by minor background deep white matter and periventricular high 
signal on T2/FLAIR. There was no acute haemorrhage or hydrocephalus, and the 
ventricles were of normal size and configuration.

Upon discharge from University College London Hospital on the 24/07/2016 she 
was eating and drinking normally and was fully ambulant and walking unaided. She 
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was prescribed conventional blood thinners and high dose statins (Clopidogrel 
75 mg once a day and Atorvastatin 40 mg once a day). She was then followed up in 
an outpatient clinic on the 17/10/2016 where her examination was normal, and was 
subsequently discharged.

 Investigations

Our patient was identified as someone who suffered from post-stroke fatigue by the 
Effort Lab research team on the 16/05/2019. As there was no immediately obvious 
reason for her fatigue, she was selected for further investigations to investigate the 
cause of her fatigue.

Post-stroke fatigue that persists longer than / develops after 3 months post-stroke 
is not uncommon with a prevalence rate of up to 85% [1]. There are no established 
causes of chronic post-stroke fatigue. In the Effort Lab, to identify potential causes, 
we first perform a basic test battery of motor, cognitive and mood related tests to 
identify if fatigue is a primary or secondary manifestation.

 Motor Tests

To ensure minimal physical impairment, she performed a grip strength test, the Nine 
Hole Peg Test (NHPT) and the Action Research Arm Test (ARAT), testing grip 
strength, manual dexterity, and gross upper limb function respectively [2, 3]. Her 
scores for each of the test are found in Table 6.1.

 Cognitive Tests

To ensure minimal cognitive impairment, AO performed the Symbol Digits 
Modalities Test (SDMT), a primary measure of information processing speed, but 
also tests attention and memory [4]. In the coding section of the test, AO completed 
63 symbols in 90  s, while in the copying section of the test, she completed 117 

Table 6.1 Motor function and impairment scores of AO

Test Affected hand Unaffected hand

Affected Hand

Unaffected Hand
×100

Grip Strength 13.16 kg 13.90 kg 94.72%
NHPT 11.75 seconds 11.17 s 95.06%
ARAT 57 57 100%

W. De Doncker and A. Kuppuswamy
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symbols in 60 s. Her overall SDMT score (number of correct responses per second 
for coding/ number of correct responses per second for copying) was 0.915, where 
anything below 2 is considered not excessively delayed.

 Questionnaires for Mood and Fatigue

Depression and anxiety were assessed using the Hospital Anxiety and Depression 
Scale (HADS), a 14-item questionnaire with a depression and anxiety subscale were 
participants are asked to rate the degree to which the agree with a statement ranging 
from 0 (strongly disagree) to 3 (strongly agree). The total score for each subscale is 
calculated by adding up the score across the items. Our patient scored 6/21 for the 
Anxiety subscale and 8/21 for the Depression subscale.

Two measures of trait fatigue were used to quantify post-stroke fatigue. The 
Fatigue Severity Scale-7 (FSS-7), a 7-item instrument where each item is scored on 
a scale from 1 to 7, with 1 being strong disagreement and 7 being highest agreement 
[5]. The average score of the 7 statement scores represents the total fatigue score. It 
is generally agreed that anyone who scores greater than 4 suffers from fatigue and 
those greater than 5 present with severe fatigue [6]. She scored 5.14/7. The second 
measure of fatigue was the Neurological Fatigue Index—Stroke: a stroke specific 
fatigue 12 item inventory covering both physical and cognitive aspects of fatigue 
[7], with each item having a minimum score of 0 and a maximum score of 3. AO 
scored on average 1.83/3.

The motor, cognitive and questionnaire scores at the point of entry into the Effort 
Lab suggested that AO suffered from severe fatigue, despite good, symmetrical 
motor function, normal cognitive function and in the absence of anxiety and depres-
sion. Therefore, we concluded that AO presented with primary fatigue, and her 
fatigue was not secondary to motor, cognitive or mood related disorder. Although 
we did not test for other possible causes of fatigue such as metabolic disorders, or 
any other undiagnosed non-neurological disease, there were no other presenting 
symptoms to suspect any known aetiology of fatigue.

 Detailed Examination of Sensorimotor Networks

Fatigue in the chronic phase of stroke has been proposed to be a disorder of network 
level dysfunction, specifically the sensorimotor networks [8–10]. Our patient per-
formed a number of tests to understand if there has been any alterations in how 
sensory information (proprioceptive and visual) is being processed, whether such 
altered processing might affect how sensory input is perceived (greater effort per-
ception in relation to physical and cognitive tasks) and whether temporary modula-
tion of sensorimotor networks reduce fatigue?

6 A Case of Primary Post-Stroke Fatigue: Origins in Abnormal Sensorimotor Neural…
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AO visited the Effort Lab on several occasions over 2.5 years since her first refer-
ral, for various tests. In every visit, the FSS-7 measure was performed to check the 
fluctuation of fatigue over time (Fig. 6.1).

 Resting Motor Thresholds

Despite good motor function, a stroke results in changes within sensorimotor net-
works [11]. A measure of motor network function, is the excitability of the motor 
cortex at rest often measured using non-invasive brain stimulation techniques such 
as Transcranial Magnetic Stimulation [12]. We measured the resting motor thresh-
old (RMT), a measure of motor cortex excitability, in both hemispheres. RMT on 
the right (affected) hemisphere was 80% of maximum stimulator output (MSO) and 
RMT on the left (unaffected) hemisphere was 72% MSO. We recently showed that 
higher RMTs (lower motor cortex excitability) is associated with greater post-stroke 
fatigue [13]. Although there are no normative values for RMT in the healthy popula-
tion, on average, 45%-55% MSO is considered a normal threshold range for motor 
cortex excitability in healthy humans [14]. Our patient presented with higher than 
normal threshold, specifically on her affected hemisphere, suggesting a possible 
reconfiguration of sensorimotor networks as the basis of her high levels of fatigue.

Fig. 6.1 In the x-axis the time points at which FSS-7 was administered is shown in days, with 0 
being the day of admission to Effort Lab on the 16th of May 2019. The y-axis is the FSS-7 scale 
score. The dotted horizontal line shows the average fatigue over 865 days
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 Effort Perception

A significant feature of post-stroke fatigue is the report of excessive effort needed to 
complete simple daily activities, such as brushing teeth, taking a shower, preparing 
a meal etc. Some patients attribute this to greater concentration required to perform 
activities, and others attribute it to the physical effort needed to complete the tasks. 
Physical effort perception is heightened in post-stroke fatigue, specifically in rela-
tion to low force muscle contractions. We tested effort perception in a hand-grip 
task at 3 different force levels, 20% of maximal voluntary force (MVF), 40% MVF 
and 60% MVF. Figure 6.2 shows our patient’s effort perception scores in the grip 
force task. We show that in the low force condition (20% MVF) there is an effect of 
fatigue on effort perception, however, in medium and high forces (40% and 60% 
MVF) there was no significant relationship [15].

 Processing of Distractors

Stroke survivors with fatigue often report being overwhelmed by sensory stimuli, 
such as, finding lights being overly bright, or sounds being overly loud, and inability 
to filter out irrelevant conversations in a crowded space such as a pub. A selective 

Fig. 6.2 The x-axis shows the FSS-7 scores of individual participants and y-axis shows the per-
ceived effort rating on a VAS scale of 1-10. This plot shows data from a cohort of 57 stroke survi-
vors with varying levels of fatigue and their associated effort levels for 20% MVF (blue dots), 40% 
MVF (green dots) and 60% MVF (red dots). AO’s scores in the three effort levels is shown in large 
filled diamonds

6 A Case of Primary Post-Stroke Fatigue: Origins in Abnormal Sensorimotor Neural…
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attention visual task with and without distractors, and simultaneous EEG, was used 
to investigate if, in our patient, there was a greater processing of distractors as sug-
gested by self-report. The task involved responding to a target stimulus within a 
stream of consecutively presented target and non-target stimuli. The attentional load 
of the task was increased by increasing the visual features of the target. For exam-
ple, in the low load condition, she had to press a button every time she saw a red 
cross, whereas in the high load condition, she had to press a button not just based on 
the colour of the target but also the orientation of the target, such as, a red cross but 
only when it is inverted and not straight. The distractor was a flickering (10 Hz) 
checkerboard that surrounded the stimulus stream. The oscillating frequency of the 
distractor induces a 10 Hz power in the visual cortex of the EEG recording and is a 
measure of distractor processing. Normally, with increasing load, the distractors are 
processed less as the task at hand requires greater attention (perceptual load theory 
[16]) and the expectation was that, in those with high fatigue increasing load does 
not have an effect on distractor processing (no change in induced 10 Hz power with 
increasing load). Behaviourally, both reaction time and accuracy was expected to be 
modulated by fatigue. In Fig. 6.3, we show her responses to the visual selective 
attention task. AO showed a significant reduction in accuracy and response time of 
responses in the high load condition with distractors. In the EEG results, the induced 
10 Hz power in the high load condition did not reduce in line with increasing load. 
This suggests that the distractor was being processed at the expense of the target 
stimuli. Other high fatigue patients also showed a similar profile unlike those with 
low fatigue.

 Effect of Anodal Transcranial Direct Current Stimulation 
(tDCS) on Post-Stroke Fatigue

Reduced motor cortex excitability and greater effort perception in a hand grip task, 
were both indicators that the motor cortex was significantly involved in fatigue that 
our patient reported. She was enrolled into an experimental interventional study 
where we used anodal tDCS, an established non-invasive technique to modulate 
cortical excitability, with the aim of reducing fatigue severity. In the random alloca-
tion of participant to the real or the sham treatment, our patient received real anodal 
tDCS at 2 mA for 40 min in two sessions in a single day. The electrode configura-
tion was a bilateral M1 configuration with extra-chephalic cathode placement. For 
further details of the study please see De Doncker et al., 2021 [17]. After having 
received anodal tDCS the FSS-7 score dropped from 5.71/7 to 4.14/7 one week after 
the stimulation session. A month later, FSS-7 remained reduced at 4.71/7. The rest-
ing motor thresholds on the affected side dropped from 80% MSO to 76% MSO, 
while there was no change immediately after stimulation of the RMT on the unaf-
fected side. At one-week post-stimulation, RMT of the affected side went back up 
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Fig. 6.3 (a) The response accuracy (proportion correct—y-axis) is shown for all three load condi-
tions (x-axis) in the presence (ochre) or absence (grey) of a flickering distractor. Proportion correct 
was significantly lower with increasing load, with no effect of flicker. (b) Response Time (y-axis) 
is shown to increase significantly with increase in fatigue levels (FSS-7, x-axis) in the flicker ON 
condition. (c) The decrease in 10 Hz power (Δ10Hz power) from medium to low (green) and high 
to low (red) load is correlated to fatigue levels (FSS-7), the higher the fatigue, the smaller is the 
decrease in distractor related power as load increases whether from low to medium or from low to 
high. Our patient’s scores in all panels are shown as large, filled diamonds

to 80% MSO while the RMT of the unaffected side dropped to 68% MSO. A month 
later, RMT of the unaffected side dropped further to 66% MSO, and RMT of the 
affected side climbed up to 84% MSO. Perceived effort also showed a drop at the 
week time point, with the effect wearing out by the month time point (Fig. 6.4).

6 A Case of Primary Post-Stroke Fatigue: Origins in Abnormal Sensorimotor Neural…
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Fig. 6.4 Changes in trait fatigue (a), explicit perceived effort (b), resting motor threshold of the 
affected and unaffected hemisphere (c, d) compared to baseline (pre stimulation time point) across 
the different time points for both the real (red) and sham (blue) stimulation group. Error bars rep-
resent standard error of the means. Significance levels are indicated by * (p < 0.05). AO’s scores in 
all panels are indicated by the turquoise line

 Discussion

In our case, a 60-year-old female with minimal physical and cognitive impairment, 
and no signs of anxiety or depression presented with severe post-stroke fatigue 
3 years after her stroke. Our investigation of the sensorimotor network shows that 
fatigue might be driven by altered motor control that was reflected in changes in 
biomarkers of motor function i.e. motor cortex excitability and motor perception 
(increase in perception of effort for a motor task). We also showed that an interven-
tion aimed at increasing motor cortex excitability resulted in a significant drop in 
fatigue levels a week post-intervention which was maintained at a month post-inter-
vention. We suggest that in stroke survivors who present with high levels of post-
stroke fatigue, where there is no obvious cause, altered sensorimotor network 
function could explain high levels of fatigue. A possible effective intervention is 
non-invasive brain stimulation. We also propose that reduced excitability may 
reflect a reduced capacity to attenuate incoming sensory information from contrac-
tion muscles (poor sensory attenuation) which might then explain why a low force 
muscle contraction is experienced as being more effortful, which is reflected in the 
perceived exertion score. For a more detailed discussion of the sensory attenuation 
hypothesis of pathological fatigue please refer to Kuppuswamy, 2017 and 2021 [8, 9].
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Key Clinical Learning Points
• Post-stroke fatigue (PSF) occurs in young strokes (<60 years).
• Stroke survivors with PSF often have good motor and cognitive function.
• Stroke survivors with PSF do not always suffer from anxiety or depression
• PSF can persists for more than 5 years in some stroke survivors
• PSF is relatively stable over time, especially in the chronic phase (>1 year)

Key Behavioural and Neurophysiological Learning Points
• Stroke survivors with PSF perceive a given muscle contraction to be more 

effortful than someone without PSF.
• Stroke survivors with PSF exhibit slowed reaction times.
• Stroke survivors with PSF have low motor cortical excitability.
• With greater PSF, there is higher processing of task-irrelevant sensory 

stimuli.
• Increasing motor cortex excitability can significantly reduce fatigue levels.
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Chapter 7
Stroke and Endocarditis

Talal Al-Mayhani, Robert Simister, and Sumanjit K. Gill

A 39-year-old right-handed woman complained of lethargy, chest pain and dys-
pnoea, for 1 week. She was then found unconscious in the street by her partner, with 
signs of cocaine and buprenorphine overdose, and was brought to the hospital. Her 
past medical history included alcohol dependence, intravenous substance abuse, 
hepatitis C, multiple DVTs, iron deficiency anaemia, recurrent folliculitis and 
staphylococcal groin abscesses.

 Examination and Localization

On arrival to the emergency department, she was pyrexic at 37.9 °C with a reduced 
level of consciousness—Glasgow coma score of 11/15. Chest auscultation revealed 
notable diastolic murmur. Showing no signs of improvement after administration of 
Naloxone, she became combative, and new symptoms developed with reduced 
movements in the right hemibody. The neurological assessment revealed weakness 
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Fig. 7.1 widespread skin lesions. (a) Osler nodes in the left finger tips. (b) subungual splinter 
hemorrhages in the right hand. (c) Janeway lesions on the sole of the foot (d) erythema nodosum 
on shins

in the right side of the face, sparing the forehead, possible neglect to the right and 
no spontaneous movements in the right upper or lower limb. There were widespread 
skin lesions (Fig. 7.1).

 Investigations and Management

The blood tests were deranged with haemoglobin 72  g/L, white cell count 
25 × 10 * 9/L (predominantly neutrophils), c-reactive protein 191 mg/L, urea 17 mg/
dL. The 12 L ECG showed sinus tachycardia with ST segment elevation. The patient 
was commenced on empirical antibiotics (Vancomycin, Rifampicin and Linezolid) 
for suspected endocarditis after blood cultures were taken.

The plain CT head scan showed bilateral multifocal areas of low attenuation in 
both hemispheres, raising suspicion of acute infarcts (Fig. 7.2a). Bedside echocar-
diogram showed significant tricuspid and aortic valvular disease: thickened tricus-
pid valve with moderate tricuspid regurgitation, a thickened aortic valve with mobile 
structures attached to it and torrential aortic regurgitation.

She underwent emergency tissue aortic valve replacement with aortic root patch 
repair. During the operation pyo-pericardium was detected and drained and a left 
ventricular thrombus was found.

She was commenced on anticoagulation with low molecular weight heparin 
(LMWH) that was switched later to Warfarin, given the left ventricular thrombus 
and the high risk of further thrombotic events.

MRI head with contrast 10 days later showed multifocal infarcts, haemorrhages 
and ring enhancing lesions, indicating abscesses forming within the embolic infarcts 
(Fig. 7.2b–f).

The CT chest, abdomen and pelvis revealed intra-abdominal and splenic 
abscesses, and the CT angiogram revealed multiple mycotic aneurysms in the 
splenic, renal and intracranial arteries.
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Fig. 7.2 (a) axial CT head with no contrast showing multifocal parenchymal hypodensities and 
raising suspicion of ischemic lesions. (b, c) axial MRI head DWI and ADC sequences showing foci 
of restricted diffusion in the right frontal lobe, and to less extent in the left centrum semiovale, 
indicating ischaemic lesions. (d) axial MRI head T2-weighted image showing high intensity areas. 
(e, f) axial MRI head T1-weighted images with contrast showing multifocal ring enhancing lesions, 
some of the them are inside the lesions with restricted diffusion, indicating septic infarcts

The patient admission was complicated by seizures, and Levetiracetam was 
started with complete seizure cessation.

She responded well to antibiotics with resolution of abscesses. Her level of func-
tion continued to improve and she was discharged after a period of rehabilitation. At 
the point of discharge she was able to communicate and swallow normally and 
mobilise indoors using a frame, outdoors with a wheelchair. She achieved complete 
cessation of drug and alcohol use.

 Discussion

Classically, endocarditis presents with fever, new cardiac murmur and raised inflam-
matory markers. The presentation can be insidious and a high index of suspicion 
should be exercised in immunocompromised or patients considered at higher risk of 
developing infective endocarditis [1]. The higher risk group includes patients with 
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exogenous implants i.e. intravenous catheters, cardiac implantable devices, valvular 
heart disease, prosthetic valves and cardiomyopathies, noting that rheumatic fever 
is still one of the leading risk factors of endocarditis in the developing countries. 
Intravenous substance abuse, as in the case presented here is a major risk factor in 
the developed world.

The vast majority of cases are caused by bacteria staphylococcus aureus (70% of 
cases), streptococcus and enterococcus are among the most common pathogens. 
Less common bacterial causes can also be encountered in the appropriate context, 
such as brucella and the HACEK complex (haemophilus, aggregiatibacter, cardio-
bacterium, eikinella, kingella). Fungi (candida and aspergillus) and rickettsia (coxi-
ella burnetti) should also be suspected in blood culture negative endocarditis.

Importantly, non-infective, endocarditis may develop in context of rheumato-
logical and autoimmune diseases (as in anti-phospholipids syndrome, and lupus’ 
Libman-Sacks endocarditis), inflammatory conditions (Loeffler eosinophilia) or 
malignancy (marantic endocarditis). This still promotes a thrombogenic state [1].

As illustrated in the case above, infective endocarditis is a well-reported compli-
cation of intravenous substance abuse, due to combination of non-hygienic para-
phernalia, use of dirty needles and contaminated injected materials.

When endocarditis occurs as a complication of intravenous substance abuse, the 
neurological involvement is over-represented [2]. It is therefore recommended to 
perform neuroimaging in all patients with endocarditis, regardless of the presence 
or absence of the neurological symptoms or signs.

The neurological manifestations of endocarditis have usually septic embolic 
basis, leading to direct occlusion of the small arteries, or infection of the wall of 
blood vessels (by damaging the vasa vasorum rather than the endothelia) with sub-
sequent formation of mycotic aneurysm, rupture and haemorrhage or direct inva-
sion of the parenchyma. Cerebral microbleeds are found in 60% of patients and in 
those with a subacute onset can be a useful clue [3]. In addition to septic emboli, 
endocarditis in patients with substance abuse may also develop neurological com-
plications due to the type of the drug (vasculitis and, sympathomimetics resulting in 
vasospasm and intracranial bleeding), or the filler substances (starch and talc may 
cause direct arterial occlusions).

Clinically, the cerebral involvement by multifocal septic emboli may be subtle 
with headache, change in mentation and clouded consciousness, and encephalo-
pathic or neuropsychiatric features without focal deficits. These symptoms can also 
be multifactorial in context of pyrexia and cardiac failure leading to delirium or 
hypotension and hypoperfusion.

Endocarditis symptoms may also include seizures, infarction of the spinal cord, 
neuropathies (cranial and peripheral), discitis, spondylitis and epidural collec-
tions [4, 5].

Ischaemic events due to the septic emboli is perhaps the most common neuro-
logical complication encountered in endocarditis patients, and the middle cerebral 
artery territory is the most commonly involved. Higher rate of haemorrhagic trans-
formation has been noted. Septic infarcts can also be seen when abscesses develop 
within the site of ischaemic stroke [1].
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Subarachnoid and, more commonly, intracerebral haemorrhages, can be encoun-
tered due to the haematological disturbance associated with systemic illness (such 
as thrombocytopenia and DIC), but more directly to rupture of necrotic intracranial 
vessels, haemorrhagic transformation of infarcts or mycotic aneurysms leak or rup-
ture [1].

The incidence of clinically detectable mycotic aneurysms (or more accurately 
infectious aneurysms) is reported around 2–9% of infective endocarditis cases [6], 
although the rate is much higher in postmortem studies. In those cases where aneu-
rysm is identified they are multiple in 20% [6].

In 2015, the American Heart Association and American College of Cardiology 
(AHA/ACC) published a statement that summarized the treatment guidelines [7]. 
The ongoing risk of septic emboli causing spongy necrotic ischaemic lesions with a 
propensity to bleed in association with intracerebral haemorrhage and aneurysms 
vulnerable to rupture mean that this group of patients must be carefully managed. 
Antibiotics remains the mainstay of treatment, as the risk of new septic emboli is 
reduced to 15% and 4%, in the first and second week after initiating the antibiotics, 
respectively [4]. Thrombectomy can be offered in case of ischaemic stroke but 
thrombolytic therapy cannot—the risk of intracranial bleed is too high. Emergency 
cardiothoracic surgery is indicated in case of severe cardiac dysfunction, significant 
vegetations and high risk of septic emboli such decisions are usually taken after 
careful MDT discussion taking into account their degree of neurological deficit.

However, anticoagulation can be offered on case-by-case basis, for instance, to 
patients with prosthetic valves, or high thrombotic risk due to cardiac pathologies 
such as large intraventricular thrombus (as in our case).

About a third of the mycotic aneurysms regress completely with antibiotics [7], 
others remain unchanged, while a small proportion may form or even rupture years 
after full recovery from endocarditis. Serial angiography is therefore recommended, 
although there are no clear guidelines regarding the long-term follow up. Rarely, 
radiological intravascular intervention or surgical clipping would be offered in 
selected cases of mycotic aneurysms so all must be discussed with neurosurgery.

The prognosis remains guarded in general. Although it varies between studies, 
the mortality is significant with estimated overall figure of 20–40% [8]. Having 
neurological complications double the mortality rate in endocarditis patients. 
Notably, the rate is even much higher in patients with substance abuse, partly due to 
the higher incidence of neurological involvement, and partly due to the generally 
poor health baseline, alcohol dependence, malnutrition and HIV status [9].

Key Clinical Learning Points
• Careful history should be taken in all stroke patients to identify any known 

risk factors such as cardiac or dental procedures and substance misuse.
• All patients who present with stroke should have their temperature checked 

and a full examination for vasculitic stigmata (Janeway lesions, Roth spots 
and Oslers nodes)
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• The management of endocarditis requires a multidisciplinary input by 
infectious disease, microbiology, neurology/stroke medicine, neurosur-
gery, cardiology, cardiothoracic surgery, psychiatry and rehabilitation 
teams, communication is key

• The risk of intracerebral haemorrhage is high and thrombolysis is contra-
indicated and anti platelets or anti coagulation are used with caution.

Key Radiological Learning Points
• Imaging of organs other than the heart and brain (CT chest, abdomen and 

pelvis with contrast) is necessary to look for septic emboli or seeded infec-
tion in the form of abscess.

• CTA or MRA of the intra and extracranial vessels will demonstrate any 
mycotic aneurysms which will contribute to the risk of haemorrhage.

• MRI with blood sensitive sequences i.e. susceptibility weighted imaging 
will demonstrate microbleeds/larger areas of haemorrhages.
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Chapter 8
Sudden Onset Focal Neurology: A Cardiac 
Cause

Benjamin Sacks, Sanjay Budhdeo, Timothy Prossor, Vishal Vyas, 
and Salman Haider

 Clinical History

An 86 year old woman was referred to the Emergency Stroke Unit with aphasia, 
anisocoria and dizziness. Her husband reported that for the past few days she had 
been more withdrawn and verbalising less than usual. The patient did not report any 
sensory disturbance or visual impairment. She had a past medical history of type 2 
diabetes mellitus, hypertension, hypercholesterolaemia, cholecystectomy and pre-
vious breast cancer, for which she had received a mastectomy 12 years prior. She 
was a non-smoker and did not drink alcohol. She lived with her husband and was 
normally independent in all activities of daily living.
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 Examination

On initial assessment by the paramedics she was noted to be tachypnoeic, diapho-
retic and found to be in atrial fibrillation on her electrocardiogram (ECG) with a 
ventricular rate of 76  bpm. Examination revealed a left-sided facial droop and 
anisocoria . On arrival in the emergency stroke unit she was found to have a dense 
right-sided weakness, expressive aphasia and significant anisocoria. She scored 15 
on the National Institute of Health Stroke Scale. Her neurological symptoms were 
fluctuant, with intermittent episodes of aphasia, anisocoria and hemiplegia.

 Investigations

At the time of admission, routine blood tests including C-reactive protein, renal 
function, liver function and ammonia levels were all within normal range. Her white 
cell count was raised at 14 × 109 (neutrophilia) and her lactate was 2.6 mmol/L on a 
venous blood gas. Her capillary blood glucose was 15.3 mmol/L. Computed tomog-
raphy (CT) of her head demonstrated no acute intracranial pathology. CT angiogra-
phy of her intracranial vessels was performed and did not identify any proximal 
arterial occlusion or background steno-occlusive disease. As she was only 3 h from 
symptom onset and the diagnosis remained unclear, she had an MRI scan with 
abbreviated sequences to assess her suitability for thrombolysis. This demonstrated 
no matched diffusion weighted imaging (DWI) and apparent diffusion coefficient 
(ADC) changes, essentially ruling out acute stroke.

 Clinical Narrative

Shortly after presentation, the patient had a progressive, rapid decline in conscious-
ness. Within minutes, she had a GCS of 3 with agonal breathing, pallor and no 
detectable peripheral or central puse. On commencing chest compressions her con-
sciousness returned within 1 min; cardiac monitoring subsequently demonstrated 
atrial fibrillation that spontaneously terminated before treatment could be adminis-
tered. She went on to have further episodes of loss of consciousness lasting 2–3 min, 
followed by short-lasting atrial fibrillation, which spontaneously reverted to sinus 
rhythm. In between episodes, she was in sinus rhythm.

Her neurology continued to fluctuate with variable pupil size and reactivity, 
improvement in aphasia and near-complete resolution of her right sided weakness. 
She was reacting to threat bilaterally, had full range of eye movements, intact and 
equal facial sensation to pinprick, intact and equal facial movements, normal power 
of sternocleidomastoid and trapezius, with a central position of her tongue and 
uvula. Her left and right upper and lower limb power was 4/5 between episodes of 
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dense right sided weakness. She had symmetrical and equal reflexes throughout the 
upper and lower limbs, along with downgoing plantars bilaterally. She was trans-
ferred to the intensive care unit for cardiac monitoring.

She had serial ECGs, initially demonstrating borderline first degree heart block 
with a PR interval of 200 ms and prolonged QTc at 494 ms (Fig. 8.1). During sub-
sequent episodes of loss of consciousness, her ECGs demonstrated recurrent third 
degree atrioventricular (AV) block with ventricular standstill as evidenced by P 
waves without any corresponding QRS complexes (Fig. 8.2), followed by a short 
period of sinus tachycardia transitioning into complete heart block with a narrow 
complex ventricular escape rhythm (Fig. 8.3).

Fig. 8.1 Baseline ECG demonstrating sinus rhythm with first degree atrioventricular block and 
prolonged QTc

Fig. 8.2 ECG during an episode of loss of consciousness. Third degree atrioventricular block. P 
waves are visible with no evidence of ventricular conduction
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Fig. 8.3 ECG following episode of loss of consciousness. Sinus tachycardia transitions into third 
degree atrioventricular block with narrow complex ventricular escape

In view of the complete heart block with ventricular standstill, she was immedi-
ately discussed with the local cardiology unit at St Bartholomew’s Hospital for 
emergency transfer. An isoprenaline infusion was commenced and transfer was 
arranged for emergency pacing. She went on to have a dual-chamber pacemaker 
inserted at the St Bartholomew’s Hospital cardiac electrophysiology unit and was 
discharged without complication the following day.

Her neurological presentation was felt to be secondary to transient cerebral isch-
aemia secondary to short episodes of ventricular standstill associated with her third 
degree AV block leading to loss of sufficient cardiac output.

 Case Discussion

 Stroke Mimics

Ischaemic strokes are a common cause of severe mortality and morbidity. Due to the 
time-dependent nature of the available recanalisation options, the rapid assessment 
of stroke syndromes is paramount. However, due to the variable nature of stroke 
syndromes and the potential for stroke mimics, misdiagnosis remains common. 
Stroke assessment tools are designed to prevent missed strokes and therefore have a 
higher sensitivity than specificity, compounding the problem of stroke mimicry [1]. 
Around 26% of patients presenting with a suspected stroke are subsequently found 
to have a stroke mimic [2]. In a retrospective review of nearly 78,000 stroke patients 
across the United States, 3.5% of patients that received intravenous thrombolysis 
ended up with a non-stroke diagnosis. Patients with stroke mimics have a lower risk 
of symptomatic intracranial haemorrhage than stroke patients [3].
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 Stroke Mimic Aetiologies

The most common differential diagnoses of suspected stroke are seizures, syncope, 
sepsis, space occupying lesions, metabolic disturbance, migraine and functional 
disorders (see Fig. 8.4) [2]. Neurological conditions comprise the bulk of stroke 
mimics, the commonest being seizures, migraine and middle ear conditions, in 
descending order of incidence. Cardiovascular pathology is implicated in 11% of 
SMs and psychiatric conditions in 10%. It is worth noting that nearly one third of 
SM cases remain without a formal diagnosis [3].

 Management of Conduction Block

Bradyarrhythmias are the most likely dysrhythmia to present with focal neurology. 
Third degree AV block is the most severe form of bradyarrhythmia and, with ven-
tricular standstill, is a class I indication for emergency pacing. Prompt recognition 
of this potentially fatal but treatable condition is vital [4]. The acute management 
involves positive chronotropes, such as isoprenaline, to increase the heart rate and 
restore blood pressure. Of note, intermittent tachyarrhythmias are a recognized 
phenomenon and are usually reactive. Restoration of normal heart rate should pre-
vent reactive tachyarrhythmias and they are not a contraindication to cautious iso-
prenaline administration. If there is no response to pharmacological therapy then 
emergency transcutaneous pacing is indicated, however this is only an interim mea-
sure to aid the transfer of patients to a cardiac centre with capability for emergency 
permanent pacemaker (PPM) insertion. Third degree AV block, even without ven-
tricular standstill, still requires close cardiac monitoring and urgent PPM 
implantation.

Stroke mimics

Neurological

Seizure Vertigo

Hypertension Aortic dissection

Ventricular standstill

Migraine

Cardiovascular Functional

Intracranial infection Sepsis

Vestibular neuronitis

Hypoglycaemia Hepatic
encephalopathy

Drug & alcohol intoxication

Infectious Metabolic Other

Fig. 8.4 Common differential diagnoses for suspected strokes
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The most common cause of advanced AV block in the elderly is degenerative 
changes of the cardiac conduction system, and this is likely the aetiology in the case 
described above. Aside from ischaemia-related AV block, in younger patients, infil-
trative conditions such as sarcoidosis and amyloidosis or cardiomyopathies such as 
hypertrophic cardiomyopathy and arrhythmogenic right ventricular cardiomyopa-
thy should be considered [5]. Structural imaging of the heart with cardiac magnetic 
resonance imaging and echocardiography can assist in this diagnosis. In an other-
wise well young person with no evidence of pre-existing structural heart disease, 
those with a history of tick bites, erythema migrans or symptoms of neuroborrelio-
sis, borrelia serology [6] should be sent and antibiotic treatment commenced.

 Conduction Block with Focal Neurology

During periods of systemic hypotension, focal neurology is a previously described 
but frequently overlooked phenomenon [7]. We hypothesise that the focal neuro-
logical deficits in this case were due to transient cerebral hypoperfusion secondary 
to ventricular pauses in the context of intermittent, third degree AV conduction 
block. Third degree AV block with ventricular standstill is more commonly associ-
ated with symptoms of global cerebral hypoperfusion such as dizziness, syncope 
and visual loss, however it may present with focal neurology [8, 9]. In a review of 
290 patients with cardiac arrhythmias requiring pacemaker insertion, 81% reported 
general neurological symptoms such as syncope, pre-syncope, dizziness and sei-
zures; 1% had focal neurological symptoms, including three cases of fluctuant dys-
phasia with hemiparesis, as in the case described above [10]. Focal neurological 
symptoms have also been observed in the context of pacemaker malfunctions [11]. 
In all of these cases, as in ours, treatment of the underlying bradyarrhythmia led to 
resolution of the neurology.

In patients with underlying cerebrovascular disease, systemic hypotension is 
thought to preferentially affect the cerebral tissue supplied by stenotic vessels, 
resulting in focal neurological deficits. This case serves as a reminder that, in the 
absence of steno-occlusive disease, focal neurology can still be a presenting symp-
tom of cardiac arrhythmia. The heterogeneous, fluctuant neurological deficits that 
we observed are likely due to a lack of territory-specific regions of vulnerability.

The described association should be borne in mind whenever assessing a patient 
with sudden onset focal neurology, normal intracranial vessels and an abnormal 
ECG. This is especially relevant given the high incidence of cardiovascular comor-
bidities in the stroke patient population. In a patient with known structural heart 
disease, intermittent unexplained focal neurology should prompt consideration of 
transient cardiac output loss. If a patient has a pacemaker in-situ and develops acute, 
unexplained neurology, pacemaker dysfunction should be considered.
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Key Learning Points
• Focal neurology may be a presenting symptom in patients with cardiac 

conduction block.
• A broad differential diagnosis should always be considered, taking into 

account stroke mimic syndromes.
• Patients with pacemakers and new onset focal neurology require investiga-

tion for pacemaker dysfunction.
• Conduction block with ventricular standstill is an indication for emer-

gency pacing.
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Chapter 9
An Unusual Case of Paradoxical Embolus

Sandeep Singh, Sumanjit K. Gill, and Nicholas Losseff

 Clinical History

A 62-year-old gentleman was electively admitted for laparoscopic robotic prosta-
tectomy, to treat localized prostate carcinoma. He had no other past medical history. 
His pre-operative assessment was unremarkable and the only investigations per-
formed were a routine set of blood tests, which were normal, and a 12-lead ECG 
which showed him to be in sinus rhythm with left axis deviation but no hypertrophy. 
The surgery (during which he was in lithotomy in the Trendelenberg position i.e. 
lying supine with his feet 30 degrees higher than the head) was uneventful. He was 
transferred back to the ward but around 8 h later was noted to be still drowsy, a state 
originally ascribed to the general anesthetic, which had been administered earlier.

 Examination

He was drowsy but opened his eyes to pain. He was not vocalising. He had a gaze 
preference towards the right side. He had left hemiparesis and neglect. There was an 
extensor plantar response on the left side, the right plantar response was flexor. His 
blood pressure was 150/70 mmHg and his pulse was regular.
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 Investigations and Clinical Progress

CT (Fig. 9.1) confirmed the clinical suspicion of a right middle cerebral artery ter-
ritory infarct. There was a visible thrombus in the right middle cerebral artery but he 
was out of the time window for either thrombolysis or endovascular treatment, and 
of course, he had also just undergone major surgery. A subsequent MRI is shown in 
Fig. 9.2. Further investigation for possible causes of his stroke included a 24 hours 
tape that showed occasional ventricular ectopics but no arrhythmia. MRA of the 
neck and intracranial vessels was normal. His fasting glucose was normal and his 
total cholesterol 4.4 mmol/L. A bubble echocardiogram showed a patent foramen 
ovale (PFO) on Valsalva and there was a highly mobile intra-arterial septum.

He recovered rapidly despite the radiological appearances of a large infarct. 
When discharged a week later he was independently mobile and his cognition was 
intact. There was some persisting upper limb weakness for which he continued to 
have physiotherapy in the community.

Fig. 9.1 Unenhanced CT 
scan—hyper-dense clot is 
visible in the right middle 
cerebral artery
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Fig. 9.2 Axial diffusion weighted imaging: B1000 DWI (left) and ADC map (right) show matched 
defect in the right middle cerebral artery territory indicating an acute infarct

 Discussion

Mechanisms for stroke in those with PFO include paradoxical embolus from the 
deep veins, thrombus generated by cardiac arrhythmia or local formation of throm-
bus within the PFO, which is a tunnel rather than a hole between the atria. Paradoxical 
embolus is also associated with atrial septal defects, ventricular septal defects and 
pulmonary arteriovenous fistulae. In the adult population, PFO prevalence has been 
noted to be around 20–25% and nearly 40–50% of patients with cryptogenic stroke 
have a PFO [1, 2]. This overlap means that PFO can be incidental finding and a care-
ful case analysis has to be performed in order to clarify the aetiology. A RoPE score 
is helpful in discussions about the aetiology of cryptogenic stroke in the presence of 
PFO as it has been found to correlate with the probability that the stroke is causally 
related to PFO [3].

The presence of PFO has been linked to the increased risk of recurrent stroke. A 
study by Mas et al. showed patients with PFO alone had a recurrent stroke risk of 
2.3% (95% CI 0.3%–4.3%) whereas 15.2% (95% CI 1.8%–28.6%) among patients 
with both PFO and atrial septal aneurysm [3]. The presence of PFO and atrial septal 
aneurysm together was significantly associated with recurrent stroke, whereas iso-
lated PFO was not [4]. Therefore, closure of a PFO percutaneously to reduce the 
risk of recurrent stroke, owing to paradoxical embolism, has been considered a pos-
sible treatment option.

Possible treatment strategies are that of closure (either open or percutaneous), 
antiplatelet therapy or anticoagulation. A meta-analysis comprising of 10,327 
patients from 48 observational studies compared the rate of recurrent neurological 
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events among patient with cryptogenic stroke or transient ischemic attack (TIA) and 
concomitant PFO [5]. They found 6.3 times increased rate of neurological events in 
patients with medical management group compared to the ones who underwent 
transcatheter closure. Despite this cases are considered on a case by case basis by a 
multidisciplinary group of radiologists, cardiologists and stroke physicians as there 
is the potential for complications in addition to uncertainty about stroke causation.

 Anticoagulant Vs Antiplatelet Therapy

In those who are not suitable for PFO closure it is still worth exploring the relative 
of benefits of anticoagulation vs anti platelets. A meta-analysis of five randomized 
controlled trials included 1565 patients [5] to compare the risk/benefits of antico-
agulation over antiplatelet in patients with PFO associated stroke. They found there 
was no net benefit associated with anticoagulation (OR = 0.66, 95% CI 0.41–1.07, 
p heterogeneity = 0.46) compared to antiplatelet in recurrent stroke prevention in 
patients with PFO. In addition, a non-significant increased risk of major bleeding 
(OR = 1.64, 95% CI 0.79–3.43, p heterogeneity = 0.57) in anticoagulation arm was 
reported compared to the antiplatelet group. However, a significant reduction 
(OR = 0.22, 95% CI 0.06–0.8, p heterogeneity = 0.88) in recurrent stroke risk with 
anticoagulation was noticed in patients with high RoPE score raising the question 
of whether this could be an alternative in those not suitable for closure [6]. This is 
not accepted clinical practice where the focus remains on managing modifiable vas-
cular risk factors.

 PFO Closure

Early RCTs failed to show any significant benefit of percutaneous closure of PFO in 
secondary prevention of cryptogenic stroke. However, the CLOSE trial [7], 
REDUCE trial [8] and long term data from the RESPECT trial [9] were more posi-
tive. PFO closure is not overall a win-win situation, complications include pericar-
dial effusion, air embolism and device embolus. A major concern with closure of 
PFO is the induction of atrial fibrillation (AF) episodes which in turn increases risk 
of recurrent stroke. A Bayesian Network Meta-analysis (NMA) of six RCTs esti-
mated the risk-effectiveness balance [10]. This meta-analysis showed PFO closure 
was associated with increased AF episodes compared to medical treatment but the 
number of strokes saved was still in favour of PFO closure providing some 
reassurance.

There is also debate about how the outcome of PFO closure is influenced by the 
type of device used. The answer to this question comes from a meta analysis which 
favours PFO closure in preventing subsequent neurological events over medical 
treatment but shows that no one device is better than another in secondary stroke 
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Table 9.1 RoPE score to 
calculate probability of 
causality of PFO and stroke. 
A RoPE of more than 6 is 
considered highly likely to be 
associated with stroke due 
to PFO [3]

RoPE score calculator
Characteristic Points RoPE score

No history of hypertension 1
No history of diabetes 1
No history of stroke/tia 1
Non smoker 1
Cortical infarct 1
Age (years)

18–29 5
30–39 4
40–49 3
50–59 2
60–69 1
≥70 0
Total Score

Key Clinical Learning Points
• PFO can be an incidental finding in cryptogenic stroke and the RoPE helps 

to establish likelihood of causality of stroke
• Presence of Atrial septal abnormality (septal aneurysm) is associated with 

a higher risk of recurrent stroke
• Data from RCTs favours percutaneous PFO closure over medical manage-

ment for secondary stroke prevention in selected patients where there is 
certainty about causation

Key Radiological Learning Points
• Cardioembolic infarcts are usually cortical infarcts, they can affect multi-

ple arterial territories and be bilateral
• A hyperdense middle cerebral artery can be seen on plain CT and is indica-

tive of clot of significant size lodged in the artery

prevention [11]. In terms of cost effectiveness [12] it was found that PFO closure 
was associated with an improved quality of life and is cost-effective compared to 
medical treatment.

In clinical practice, each case is considered by a multidisciplinary team including 
both stroke physicians and cardiologists with decision-making based upon consid-

ering all other risk factors for stroke and imaging review. The RoPE score [3] is used 
to grade the likelihood of causality (Table 9.1).
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Chapter 10
Stroke Associated with an Atrial Myxoma

Adnan Hammad and Sumanjit K. Gill

 Clinical History

A 49-year-old gentleman presented to the emergency department with a 4 day his-
tory of worsening headache and binocular blurred vision. The headache was right 
sided, temporal, and sudden in onset. There was no photophobia, neck stiffness, 
vomiting or preceding head injury. Vision gradually deteriorated bilaterally, and he 
became unable to read and was having difficulty recognising people’s faces. There 
was no associated ocular pain. He had no limb weakness nor any peripheral sensory 
disturbances.

His past medical history included Type II diabetes mellitus, hypercholesterolae-
mia, and depression. He had smoked 20 cigarettes a day for the preceding 11 years, 
and was binge drinking up to 15 pints of beer at weekends.

He was initially thought to have giant cell arteritis (GCA) and was referred to 
ophthalmology. However, after a thorough ophthalmological assessment, it was sus-
pected that he may have suffered a stroke and he was referred back to the emergency 
department for further assessment.
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 Examination

The patient’s vital signs were all normal. General examination was unremarkable. 
His Glasgow Coma Scale (GCS) score was 15. The temporal arteries were non- 
tender and pulsatile bilaterally. Visual acuity was 3/9 unmasked bilaterally. Visual 
fields were grossly intact bilaterally. There was full range of movement in both eyes 
with no evidence of nystagmus. Pupils were equal and reactive to light and accom-
modation. The other cranial nerves were intact. Tone, reflexes, power and coordina-
tion were normal in all four limbs. Sensory examination did not reveal any 
abnormalities in any of the patient’s limbs.

 Investigations

Routine bloods were unremarkable, except for a slightly raised C-reactive protein 
(CRP) of 7. An ECG demonstrated sinus rhythm. An urgent CT head was per-
formed, which identified a subacute infarct in the right occipital lobe (Fig. 10.1). An 
MRI head performed the following day confirmed this, in addition to revealing a 
further smaller area of signal alteration with restricted diffusion in the left posterior 
frontal lobe and white matter lesions in the deep white matter of the right periven-
tricular posterior parietal lobe. In view of the different vascular territories impli-
cated, the aetiology was thought to be most likely embolic.

a b

Fig. 10.1 Diffusion weighted images confirming an acute infarct in the right occipital lobe—high 
signal on B1000 images (a) matched by restricted diffusion on ADC map (b)
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Fig. 10.2 High magnification micrograph of an atrial myxoma . Features: Hypocellular myxoid 
polypoid mass with cells that are: perivascular, finely vacuolated with eosinophilic cytoplasm, 
elongated in shape, can be mononuclear or multinucleated. May contain macrophages, other 
inflammatory cells. May be covered with endothelium. (Wikipedia 2023)

He subsequently had an ultrasound (US) doppler of his carotids, which did not 
demonstrate any significant stenoses within the common, internal or external carot-
ids. A transthoracic echocardiogram (TTE) showed a large multilobular mobile 
mass in the left atrium (LA), which occupied >50% of the LA cavity. In view of this, 
the patient was transferred to another centre for further characterisation and man-
agement of this mass. The mass was finally identified as an atrial myxoma, which 
was successfully resected, its benign nature confirmed on histopathology (Fig. 10.2).

 Discussion

Cardioembolic stroke accounts for 14–30% of all ischaemic strokes, and is associ-
ated with both early and late recurrence [1]. Major aetiologies predisposing to cere-
bral emboli include atrial fibrillation (AF), infective endocarditis, valvular heart 
disease, myocardial infarction (MI) and atrial myxoma [2]. AF is the most common 
underlying cause of cerebral emboli, accounting for approximately 45% of cardio-
genic cerebral emboli [3]. These strokes can be recognised clinically by a step wise 
neurological deterioration (as ischaemic lesions accrue) and strokes of varying ages 
in differing vascular territories seen on imaging.

Cardiac myxoma is the most prevalent primary cardiac tumour, but is a rare 
though important cause of cardiogenic cerebral emboli, particularly in younger 
patient [4]. It is a benign tumour of mesenchymal origin, which is histologically 
made up of scattered cells embedded in a mucopolysaccharide stroma [5]. Cardiac 
myxomas have a female preponderance (2:1 female to male ratio) and most 
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commonly present between the ages of 30 and 60 [6]. The majority of cardiac myx-
omas are seen in the atria, with around 75% being found in the left atrium [6]. Atrial 
myxomas are mostly sporadic (around 90%) [7], with the remaining 10% or so of 
cases occurring in the context of Carney complex, an autosomal dominant disease, 
caused by mutations in the PRKAR1α gene, and characterised by a number of 
benign tumours, also affecting the endocrine system, as well as spotty skin pigmen-
tation [8].

Atrial myxomas are classically said to present with at least one of a triad of 
symptoms: obstructive, constitutional and embolic, the most common of which are 
constitutional symptoms [7]. Routine bloods often reveal non-specific abnormali-
ties, which may include anaemia, thrombocytopaenia, raised inflammatory markers 
(such as CRP and ESR), and elevated immunoglobulin levels [5, 9]. Unfortunately, 
a diagnosis of atrial myxoma can often be elusive, especially in the presence of non- 
specific systemic symptoms [10]. The delay in diagnosis from the onset of symp-
toms has been reported to range from 1 to 126 months [11]. A delayed diagnosis 
may result in stroke progression, with the eventual development of multi-infarct 
dementia [12], in addition to the occurrence of peripheral embolic events. Therefore, 
recognition of the clinical features of cardioembolic stroke secondary to atrial myx-
oma is vital.

Transoesophageal echocardiography (TOE) is the gold standard for diagnosing 
atrial myxomas, and has been reported to have a 100% sensitivity for the detection 
of atrial myxomas [13]. Further information that may be required for subsequent 
surgical resection may be obtained by cardiac MRI, which can delineate the size, 
degree of mobility and attachment of the tumour [14].

Once a diagnosis of atrial myxoma has been made, immediate resection should 
be undertaken [15]. Surgical resection has been shown to have excellent outcomes 
in patients with benign cardiac tumours, including atrial myxomas [16]. Recurrence 
rate is around 1–3%, usually secondary to incomplete resection [7].

Key Clinical Learning Points
• Cardioembolic stroke aetiologies should be considered in patients who 

present with a step wise neurological deterioration.
• While AF, MI and valvular heart disease are more common underlying 

causes of cardioembolic stroke, atrial myxoma should be considered in 
younger patients presenting with features of cardioembolic stroke.

• Atrial myxoma can be challenging to diagnose, however it tends to present 
with at least one of three categories of phenomena: obstructive, constitu-
tional and embolic.

• Once identified the myxoma should be resected as soon as possible.
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Key Radiological Learning Points
• If atrial myxoma is suspected, the patient should undergo echocardiogra-

phy, with TOE being preferred to TTE. Cardiac MRI may further charac-
terise the lesion, which may be useful for subsequent surgery.

• Cardioembolic strokes cause strokes which are seen in multiple vascular 
territories in both hemispheres on imaging

• MRI imaging is useful to identify ischaemic lesions as cardioembolic 
strokes can often be small and cortical and not visible on CT imaging
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Chapter 11
Antiphospholipid Syndrome and Stroke: 
Diagnosis and Management

Prabal Mittal, Maria Efthymiou, Zara Sayar, and Hannah Cohen

Abbreviations

aCL Anticardiolipin antibodies
AIS Acute ischaemic stroke
aPL Antiphospholipid antibodies
APS Antiphospholipid syndrome
aß2GP1 Anti-beta2 glycoprotein 1 antibodies
DOAC Direct oral anticoagulant
INR International Normalised Ratio
LA Lupus anticoagulant
TIA Transient ischaemic attack
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 Case Presentation

A 40-year-old right-handed man woke with headache, dysphasia and right-hand 
weakness. He had no past medical history or regular medications. He was a non- 
smoker, did not drink alcohol or use recreational drugs. There was no family history 
of venous thromboembolic events (VTE), premature myocardial infarction or 
stroke. At presentation, he was hypertensive (BP 185/105  mmHg) and in sinus 
rhythm. Body mass index was 35. Neurological assessment showed right arm pro-
nator drift and markedly reduced power, along with dysphasia. The rest of the exam-
ination was unremarkable.

Magnetic resonance imaging (MRI) of the head revealed acute left middle cere-
bral artery (MCA) territory infarcts. CT angiogram (CTA) of brain and neck vessels 
showed no evidence of atherosclerotic stenosis, thrombus or dissection. Initial blood 
work-up revealed mild thrombocytopenia: platelet count 84–108  ×  109/L (NR: 
150–400 × 109/L), total cholesterol 4.1 mmol/L (NR: 2.5–5.0 mmol/L), with LDL 
2.5 mmol/L (NR: 0–3.5 mmol/L).

Initial treatment was aspirin 300 mg once daily (OD) for 2 weeks, followed by 
clopidogrel 75 mg OD. Amlodipine and atorvastatin were also commenced. One 
month after the initial stroke, he re-presented with acute left upper limb weakness 
and mild dysarthria. A repeat MRI head revealed multiple acute infarcts in the right 
hemisphere and multiple FLAIR hyperintensities within the deep white matter, con-
sidered of likely ischaemic origin (Fig.  11.1). Antiphospholipid antibody (aPL) 
screening revealed triple aPL-positivity: positive lupus anticoagulant (LA), high 
titre IgG anticardiolipin (aCL) (>100 GPLU/mL; NR: 0–12  GPLU/mL) and 

Fig. 11.1 MRI head 
image; FLAIR sequence 
showing bilateral MCA 
infarcts and white matter 
hyperintensities consistent 
with small vessel disease. 
MRI magnetic resonance 
imaging, MCA middle 
cerebral artery, FLAIR 
fluid attenuated inversion 
recovery
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anti-beta2 glycoprotein 1 (aß2GP1) (>100 GPLU/mL; NR: 0–10 U/mL) antibodies. 
This suggested an underlying diagnosis of thrombotic antiphospholipid syndrome 
(APS) and prompted a transition of antithrombotic therapy from clopidogrel to 
high-intensity warfarin (International Normalised Ratio [INR] target 3.5, range 
3.0–4.0). His aPL profile remained triple-positive after a 12-week interval and 
beyond, confirming a diagnosis of thrombotic APS.

There were no further arterial thrombotic events. However, at 21–26 months fol-
low-up, he suffered a series of unprovoked VTE, comprising three right lower limb 
deep venous thromboses (DVTs) and one segmental pulmonary embolism (PE), 
despite anticoagulation. These events prompted sequential modifications to antico-
agulation management, including transitions to low-molecular-weight heparin (stan-
dard therapeutic dose, followed by 20% dose increase) and subsequently therapeutic 
dose fondaparinux. As his APS was following an aggressive anticoagulant- refractory 
course, immunosuppression with rituximab was added. No further large vessel 
thrombotic events occurred over several years follow-up, however, interval MRI 
imaging suggested an increasing burden of ischaemic brain lesions.

 Discussion

APS is a systemic autoimmune disease, characterised by vascular thrombosis and/
or obstetric morbidity, in the setting of persistent antiphospholipid antibodies (aPL) 
[1]. Obstetric manifestations comprise recurrent early miscarriage, late pregnancy 
loss, stillbirth and placental insufficiency. Thrombotic disease may involve any vas-
cular territory—arterial, venous or microvascular—and is further complicated by an 
increased risk of recurrent events, including breakthrough events on antithrombotic 
therapy. With the relatively young age of affected individuals (mean age at diagno-
sis of around 50 years [2]), the potential for long-term morbidity and adverse impact 
on quality-of-life is considerable. APS may occur in conjunction with other autoim-
mune diseases, most often systemic lupus erythematosus (SLE), where it may exac-
erbate disease severity [3].

 APS-Associated Cerebrovascular Ischaemic Disorders

Acute ischaemic stroke (AIS) or transient ischaemic attack (TlA) are the most fre-
quent arterial manifestations of APS, with approximately 20% of patients with APS 
suffering a stroke over 10 years [4]. In individuals aged below 50 years, a systematic 
review suggested that 17% of strokes and 12% of TIA are associated with aPL [5].

The most common mechanism of APS-associated stroke is thought to be in-situ 
thrombosis, whilst embolism from valvular heart lesions (Liebman-Sacks endocar-
ditis) and extracranial carotid artery lesions is also described [6]. A range of infarct 
sizes—large, small and lacunar—are seen [6], and the middle cerebral artery region 
appears to be frequently involved [7]. Catastrophic antiphospholipid syndrome 
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(CAPS), a rare life-threatening manifestation characterized by fulminant multifocal 
thrombosis, is frequently associated with brain involvement including AIS [8].

Outside of acute cerebrovascular events, a spectrum of chronic brain lesions, 
including white matter hyperintensities (WMH), cortical atrophy and silent infarcts, 
are found in patients with APS and may have important neurocognitive sequalae [6, 
9]. Cognitive impairment appears to be common in APS patients and is associated 
with WMH and cerebral infarcts [9].

 Diagnostic Evaluation

International consensus classification criteria for APS [1], although developed 
mainly for research purposes, form the basis of current diagnostic guidance. The 
key to diagnosis is coexistence of an appropriate clinical event with evidence of 
persistent antiphospholipid antibodies (aPL), detected on two or more consecutive 
occasions, at least 12 weeks apart. Clinical and laboratory data require expert evalu-
ation, ideally within a multidisciplinary team setting.

 Antiphospholipid Antibody Laboratory Testing

The relationship between age and aPL frequency and clinical significance is not 
fully defined. The prevalence of incidental autoantibodies including aPL increases 
with age, as does the constitutional risk of thrombosis [2]. Nonetheless, late-onset 
APS may occur and could be associated with a higher rate of arterial thrombosis 
[10]. As a pragmatic approach, current guidance recommends routine screening for 
aPL in younger patients (<50 years) with stroke [11, 12]. In older patients, aPL test-
ing may be considered on a case-by-case basis, considering factors such as a history 
of autoimmune disease, venous thromboembolism or obstetric morbidity, and the 
presence or not of an alternative stroke aetiology.

All three criteria aPL—LA, and IgG and IgM anticardiolipin (aCL) and anti-beta 
2 glycoprotein 1 (aß2GP1) antibodies—should be included in diagnostic aPL test-
ing [11]. Establishing persistence of aPL positivity beyond 12 weeks is essential to 
optimise diagnostic specificity, given the potential for confounders and sources of 
interference. Transient aPL can develop in association with other processes, notably 
viral and bacterial infections (e.g. hepatitis B/C; syphilis), and in this context are 
more likely epiphenomenal than pathogenic.

LA detection, based on in vitro prolongation of phospholipid-dependent clotting 
assays, is susceptible to interference from anticoagulant therapy. It is important to 
provide the laboratory with information about anticoagulant therapy, as this will 
influence assay methodology. Acute phase reactants can also disrupt LA assessment 
(e.g. raised factor VIII may cause false negatives; raised C-reactive protein may 
cause false positives) [11], and may therefore affect the reliability of testing in situ-
ations such as the early post-thrombotic period, pregnancy and intercurrent illness.
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Moderate-to-high titre aCL and aß2GP1 antibodies, defined by a cut-off of 
>40 units/mL or > 99th centile of a normal reference population, are viewed as 
clinically relevant for thrombosis [1]. Low titre aPL may be associated with obstet-
ric morbidity [13]. In contrast to IgG aPL, the diagnostic value of IgM aPL in 
thrombotic APS is uncertain, owing to limited clinical data.

The optimal timing of aPL testing after a thrombotic event is undefined. Although 
LA testing may be less reliable in the early post-thrombotic phase, a triple-positive 
aPL profile, as in our patient, is likely to be persistent and thus clinically meaningful 
[14]. It is unknown whether early anticoagulation (prior to demonstrating aPL per-
sistence beyond 12 weeks) influences disease outcomes, but as exemplified in this 
case, early testing provides a useful opportunity to identify APS patients.

 Risk Stratification

This patient exhibited several established biomarkers for the prediction of higher 
thrombotic risk associated with APS. Triple aPL-positivity is associated with the 
highest risk of thrombosis, both for first events in asymptomatic carriers (cumula-
tive 10-year incidence 37% in a prospective study [15]) and recurrent events in 
established APS patients [16]. Thrombocytopenia occurs in 16–53% of APS 
patients, typically at a mild-to-moderate level (50–150 platelets/L), and is associ-
ated with a two- to four-fold increase in thrombosis risk [17]. Conventional cardio-
vascular risk factors likely potentiate risk in arterial APS patients; the adjusted 
Global Antiphospholipid Syndrome Score (aGAPSS), combining aPL phenotype 
with arterial hypertension and hyperlipidaemia, may help to predict risk of recurrent 
arterial thrombosis [18].

 Management

A multidisciplinary team approach, including neurology, haematology, and rheuma-
tology input, can aid optimal management.

 Antithrombotic Treatment

The mainstay of APS-associated AIS/TIA treatment is anticoagulation with warfa-
rin or other VKA. Recommended antithrombotic options for the treatment of initial 
ischaemic stroke in patients with APS include a VKA at target INR range 2.0–3.0, 
with or without LDA, or target INR range of 3.0–4.0, taking into account bleeding 
risk factors [19–21]. Surveillance brain MRI could be considered to guide ongoing 
treatment. In a retrospective study, serial MRI showed new brain lesions, mainly 
ischaemic, in approximately 45% of patients, despite antithrombotic treatment. 
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Patients treated with high-intensity warfarin appeared less likely to develop isch-
aemic lesions [22].

The role of dual antiplatelet therapy (DAPT) and combined anticoagulant- 
antiplatelet therapy in APS-associated arterial thrombosis is of interest, with a meta- 
analysis suggesting potential benefit (DAPT vs single antiplatelet therapy, and 
combined VKA-antiplatelet vs VKA alone), albeit from evidence of limited quality 
[23]. An ISTH (International Society of Haemostasis and Thrombosis) Registry for 
arterial APS patients treated with these regimens is ongoing (https://www.isth.org/
news/567340/SSC- Subcommittee- Share- New- Registry- on- Treatment- Regimens- 
for- Patients- With- Arterial- APS.htm).

Current guidance [19, 20, 24] recommend against using DOACs in arterial APS 
patients, based on unfavourable trial data. A meta-analysis [25] of four RCTs con-
cluded that DOAC treatment was associated with an increased risk of subsequent 
arterial thrombosis compared to warfarin, particularly in patients with triple-aPL 
positivity and/or previous arterial thrombosis, though subsequent VTE risk was not 
significantly higher. The RISAPS (Rivaroxaban in Stroke Patients with APS) trial 
aims to assess the efficacy of high-intensity rivaroxaban 15 mg twice-daily (rather 
than the standard 20 mg daily dose), to match our current approach of high-intensity 
warfarin, target INR 3.5 (range 3.0–4.0) in patients with APS and previous isch-
aemic stroke or other ischaemic brain injury (ClinicalTrials.gov Identifier: 
NCT03684564).

Supportive Management Conventional cardiovascular risk factors require close 
monitoring and optimization. Specialist heamatology input should be sought to 
negotiate situations of increased thrombotic risk, such as surgery and pregnancy. 
Oestrogen-containing hormonal preparations should be avoided [26]. Adjunctive 
treatments include vitamin D, hydroxychloroquine and statins [26, 27].

Anticoagulant-refractory APS Management of breakthrough thrombosis in APS 
patients on standard-intensity warfarin is largely empirical. Options include escalat-
ing to high-intensity warfarin, addition of an antiplatelet agent, or changing antico-
agulation to low-molecular-weight heparin or fondaparinux [27]. Immunomodulatory 
treatments such as rituximab and IVIg have also been used [27].

Clinical Learning Points
• Testing for aPL should be considered in individuals with AIS/TIA, particu-

larly those under the age of 50, and/or with a history of autoimmune dis-
ease, venous thromboembolism or obstetric morbidity.

• aPL testing should include all three criteria aPL: LA, IgG and IgM aCL 
and aß2GP1, with repeat testing after at least 12  weeks to establish 
persistence.
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• For LA testing, it is important to provide the laboratory with information 
about anticoagulant therapy, as this will influence assay methodology.

• A multidisciplinary team approach, including neurology, haematology, 
and rheumatology input, can aid optimal management.

• Recommended options for the treatment of initial APS-associated isch-
aemic stroke include a vitamin K antagonist at target INR range 2.0–3.0, 
with or without low dose aspirin, or target INR range of 3.0–4.0. DOAC 
use should be confined to clinical studies.

• Specialist heamatology input should be sought to negotiate situations of 
increased thrombotic risk, such as surgery and pregnancy.

Key Radiological Learning Points
• AIS caused by APS in not a radiological diagnosis and can cause a range 

of sizes of infarct in single or multiple territories
• APS is more frequently associated with AIS in the in middle cerebral artery 

territory
• CAPS can cause multifocal acute ischaemic stroke in multiple territories
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ischaemic stroke
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Chapter 12
A Progressive Headache

Fiona Humphries and Matthew Adams

 History

A 34-year-old right-handed female presented to the Accident and Emergency 
Department with a five-day history of a headache. The headache began at her right 
temple and spread to involve the whole right side of her head and was associated 
with nausea, vomiting and dizziness. The pain radiated down to the right side of her 
neck but there was no neck stiffness or photophobia. Neurological examination was 
normal as were full blood count, renal profile and a plain CT head. The headache 
improved with simple analgesics and she was discharged with a diagnosis of likely 
migraine. Three days later she represented with new photophobia and a significantly 
worsening headache with cough and sneeze induced vomiting suggestive of raised 
intracranial pressure. She gave a past medical history of having started the com-
bined oral contraceptive pill a few months prior to the headache, and previous 
cholecystitis.
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 Examination

She was slightly drowsy with a GCS of 14/15 but orientated. Her temperature was 
36.2 °C, blood pressure 130/86 mmHg and her pulse was 57 beats per minute and 
regular. There were no rashes but there was photophobia and neck stiffness sugges-
tive of meningism. Her pupils were equal and reactive, there was no conjunctival 
injection, and the cranial nerves were intact. Strength, sensation and reflexes were 
normal throughout upper and lower limbs bilaterally and plantar responses were 
flexor. Fundoscopy was normal, as was the general examination.

 Investigations

Blood samples sent on arrival in the emergency department showed white blood 
cells 15.0 × 10^9/L, CRP 23.4 mg/L, and normal renal and liver profiles. A lumbar 
puncture was performed with normal CSF protein, glucose, white blood cell count, 
and gram stain and CSF culture were both negative. No significant red blood cell 
pigments were detected in the CSF and bilirubin and oxyhaemoglobin were not 
increased. Repeat CT head which was 5  days after her first scan demonstrated 
hyperattenuation of the transverse sinus (Fig. 12.1), the straight sinus (Fig. 12.2), 

Fig. 12.1 CT showing 
high attenuation thrombus 
within the transverse sinus 
(white arrow)
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Fig. 12.2 CT showing 
hyperattenuation in the 
straight and superior 
sagittal sinuses (white 
arrows)

the superior sagittal sinus and numerous cortical veins (Fig. 12.3) with widespread 
effacement of the sulci and evidence of cerebral swelling (Figs. 12.1 and 12.2). CT 
venogram (CTV) confirmed extensive thrombus throughout the cerebral venous 
system involving superior sagittal sinus, the straight sinus, the transverse sinuses 
and the right sigmoid sinus (Figs. 12.4 and 12.5).

A diagnosis of extensive cerebral venous thrombosis was made and she was 
anticoagulated with treatment dose low molecular weight heparin. The oral contra-
ceptive pill was stopped and subsequent thrombophilia screen was negative. She 
made a full recovery with no significant neurology, although serial CT venography 
demonstrated venous sinus stenosis so she is being treated with long term 
anticoagulation.
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Fig. 12.3 CT showing 
thrombus in superior 
sagittal sinus and 
hyperattenuation of 
cortical veins

Fig. 12.4 CTV 
demonstrating reduced 
contrast opacification in 
the transverse sinus
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Fig. 12.5 CTV 
demonstrating reduced 
contrast opacification in 
the straight and superior 
sagittal sinuses

 Discussion

Cerebral venous sinus thrombosis (CVT) is an uncommon disorder with an annual 
incidence of 2–7 cases per million [1] and accounts for 0.5–1% of strokes. It more 
commonly affects younger patients, with over 75% occurring in those under 
50 years of age [2]. With prompt diagnosis and appropriate therapy, the majority of 
patients make a good recovery, with poor neurological outcome seen in 7–20% of 
cases largely due to a delay to diagnosis but sometimes due to aggressive clotting 
dependent on the underlying cause [3].

CVT typically presents with symptoms related to raised intracranial pressure 
and/ or the more focal effects of venous ischaemia or haemorrhage. Headache is the 
most common presenting symptom and is typically diffuse and progressively wors-
ens but is occasionally thunderclap. CVT is an important cause of isolated intracra-
nial hypertension (“benign” intracranial hypertension). However, in the context of 
patients presenting with stroke, the region of brain affected by venous ischaemia or 
haemorrhage determines the focal clinical manifestations and is influenced by loca-
tion of the thrombosis, which frequently involves multiple sites. With cortical 
involvement, as may occur in superior sagittal, transverse sinus or cortical vein 
thrombosis, there may be seizures, motor deficits, or aphasia. The classical clinical 
triad of headache, seizures and focal motor deficit should prompt early consider-
ation of the diagnosis. Bilateral signs and gradually deteriorating symptoms are also 
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relatively common features and may help to discriminate venous from arterial isch-
aemia. With thrombosis of the deep venous system (internal cerebral veins, basal 
vein of Rosenthal and vein of Galen), the archetypal presentation is depressed con-
sciousness and diencephalic dysfunction; however, partial syndromes with pre-
served consciousness and focal symptoms, including hemiparesis and visual field 
defects are well recognised [4].

Although 15–20% of cases are unprovoked, numerous acquired and genetic fac-
tors have been shown to predispose to CVT, often a precipitating factor such as 
dehydration acting simultaneously with a predisposing factor. Prothrombotic states, 
especially thrombophilia caused by inherited deficiencies of proteins C and S or 
mutations of the genes encoding factor V Leiden and prothrombin G20210A are all 
well recognised risk factors, and there is also an association with antiphospholipid 
antibodies. The incidence of CVT increases during pregnancy due to a transient 
prothrombotic state that persists for 1–2 months postpartum and may be exacer-
bated at the time of delivery by dehydration. Oral contraceptives are also a predis-
posing factor as in this case, with the risk being greater in those women with 
hereditary prothrombotic conditions. The presence of cancer, particularly myelo-
proliferative neoplasia, is also associated with increased risk. Less common causes 
include sinus trauma, parameningeal infections (especially otitis media and mas-
toiditis), particularly in the paediatric population, and systemic diseases, including 
inflammatory bowel disease and Behcet’s disease [2].

The investigation of suspected CVT should include full blood count and assess-
ment of prothrombin time and activated partial thromboplastin time. D-Dimer levels 
are usually abnormally high in CVT but false negatives are well recognised, particu-
larly in subacute or chronic presentations, and a normal assay should not discourage 
further investigation if clinical suspicion is high.

Both CT and MRI are useful non-invasive imaging modalities but routine struc-
tural imaging has a limited sensitivity in isolation and should be combined with CT 
or MR venography when clinical suspicion of CVT is high. The parenchymal 
changes of venous ischaemia appear as low attenuation regions on plain CT and are 
frequently haemorrhagic. They may be bilateral, particularly if the superior sagittal 
sinus or deep venous system is involved. The finding of ischaemia or infarction that 
does not respect a typical arterial territory is very suggestive of the diagnosis of 
CVT (Fig. 12.5). Patchy haemorrhage within an infarct suggesting haemorrhagic 
transformation seen early in the disease course within a few hours of onset on the 
first CT or MRI is also indicative of venous thrombosis. Another clue may be that 
the patient does not have as extensive a focal deficit as one would expect from the 
apparent extent of the abnormality on parenchymal imaging. The secondary paren-
chymal changes of venous infarction are better demonstrated by MRI than CT. T2* 
(‘gradient echo’) and susceptibility weighted imaging (SWI) sequences are very 
sensitive in detecting associated parenchymal and subarachnoid haemorrhage. The 
parenchymal appearances on diffusion-weighted imaging are variable and can 
reflect either vasogenic oedema, cytotoxic oedema or a combination of the two. 
Lesions with increased diffusion are more likely to resolve without parenchymal 
sequelae than areas of restricted diffusion, but even the latter may be reversible once 
the CVT has resolved [5].
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The principle role of subsequent venographic imaging is to demonstrate the 
venous thrombosis itself and any secondary effects on the brain parenchyma. Non- 
contrast CT is positive in approximately one third of cases [2]. In the early stages, 
thrombosed dural sinuses or veins appear hyperdense but the intensity on CT 
reduces as the clot matures and attenuation values decrease. CT venography 
improves sensitivity by highlighting clot as luminal filling defects or showing iso-
lated enhancement of the dural wall when the sinus is completely occluded. Clot 
within the superior sagittal sinus, the most common site of CVT, gives rise to the 
so-called ‘delta sign’ due its triangular profile on non-contrast CT and the inverse 
‘empty delta sign’ on venography due to enhancement of its dural margins.

Detection of venous thrombus on MRI is complicated by the fact that signal 
characteristics of clot fluctuate over time and because normal venous structures also 
have a variable signal due to the effects of flowing blood. The signal intensity of 
venous thrombus varies according to the interval between formation and imaging, 
principally reflecting the decomposition of haemoglobin. In the acute stage 
(0–5 days), deoxyhaemoglobin results in isointense and hypointense signal on T1 
and T2-weighted imaging respectively and may mimic normal flow states, making 
detection of the clot particularly challenging. In the subacute stage (6–15 days), 
methaemoglobin results in high signal on both T1 and T2-weighted images and is 
the most straightforward to detect. The signal from chronic thrombus is variable but 
usually isointense on T1-weighted and isointense or hyperintense on T2-weighted 
images [1]. Chronic thrombus may also enhance and be difficult to distinguish from 
the luminal enhancement of a normal patent sinus. Sequences such as T2* and SWI 
are very sensitive to the presence of paramagnetic blood components and can be 
used as an adjunct to the standard T1 and T2-weighted sequences. Intense signal 
loss with a ‘blooming’ effect often results in thrombosed vessels appearing more 
expanded than on other sequences and may be particularly useful in identifying 
cortical or deep vein thrombosis [6]. As with CTV, contrast enhanced MRI can be 
used to highlight luminal filling defects. MR venography can be used to show lack 
of flow in the occluded vessels and is particularly important in discriminating acute 
thrombus from normal flow states.

After confirmed cases of CVT screening for genetic and acquired thrombophilia is 
required but levels of antithrombin III, protein C and S should only be tested after ces-
sation of anticoagulation. Positive antiphospholipid antibodies require confirmatory 
repeat assays taken at least 12 weeks apart and specialist haematology assessment is 
necessitated as false positives due to transiently high titres are relatively common. 
Investigation for mutations of the JAK2 gene, a specific marker of myeloproliferative 
neoplasia, should also be considered. Examination and follow up by an ophthalmolo-
gist is required for patients with papilloedema or visual symptoms [2]. If vision dete-
riorates despite medical treatment of CVT, optic nerve decompression may be required.

The mainstay of CVT treatment is low molecular weight heparin followed by 
oral vitamin K antagonists, although there is some evidence that a direct oral antico-
agulant may be a safe alternative for patients without coma, major trauma, central 
nervous system infections, or active cancer [7]. This has been shown to be safe and 
probably effective in the adult population [2, 3, 8] and is not contraindicated by 
venous infarction, parenchymal haemorrhage or subarachnoid haemorrhage [2, 3]. 

12 A Progressive Headache



92

Due to the lack of adequate trial data the optimum duration of oral anticoagulation 
is not known. However, where a transient risk factor is identified it is reasonable to 
limit treatment to 3–6 months; if the CVT is unprovoked or there is mild thrombo-
philia treatment is usually continued for 6–12 months, guided by repeat venography. 
Indefinite anticoagulation should be considered in severe thrombophilia, malig-
nancy or recurrent thrombosis [2, 3]. Long-term anticoagulation should also be con-
sidered if follow up imaging shows persistent stenosis of the affected venous sinus. 
In the acute phase endovascular clot disruption or thrombolysis may have a role if a 
patient deteriorates despite anticoagulation but the evidence is limited. Acetazolamide 
is a reasonable adjunct in patients presenting with intracranial hypertension and 
interventions such as therapeutic lumbar puncture, CSF shunting and optic nerve 
sheath fenestration may be considered in those with progressive visual failure [2].

Key Radiological Learning Points
• Imaging is used to detect the venous thrombosis itself, resultant venous 

ischaemia and complications such as haemorrhage and hydrocephalus
• Non resolving clot with worsening hydrocephalus may be amenable to 

thrombectomy, serial imaging in the acute phase may be necessary and 
cases should be discussed with an interventional radiologist

• Plain CT and MR should be supplemented by CT or MR venography when 
clinical suspicion is high

• The MRI signal of venous thrombus evolves over time and distinguishing 
from flowing blood may be difficult, particularly in the first few days after 
clot formation and in the chronic stages

• Venous infarcts are frequently haemorrhagic, bilateral and do not conform 
to arterial territories

Key Clinical Learning Points
• CVT typically presents with findings related to raised intracranial pressure 

and/or the more focal effects of venous ischaemia or haemorrhage
• A progressively worsening headache with features of raised intracranial 

pressure should make the assessor consider CVT
• Bilateral signs, seizures and gradually deteriorating symptoms are com-

mon features and may help discriminate from arterial ischaemia
• Deep cerebral venous thrombosis often presents with depressed conscious-

ness and diencephalic dysfunction but the clinical course may be much 
milder with symptoms such as hemiparesis

• Investigations should include screening for the numerous inherited and 
acquired thrombophilic states associated with CVT

• Anticoagulation with heparin followed by oral vitamin K antagonist is rec-
ommended and is not contraindicated by haemorrhagic venous infarct at 
the time of presentation
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Chapter 13
An Alternative Solution to a Difficult 
Problem

Kelvin Kuan Huei Ng

 Clinical History

A 64-year-old gentleman was found by his wife slumped to the right side, unable to 
speak with ongoing epistaxis at about 6 o’clock in the morning. He was last seen 
well before going to bed just before midnight the previous day. He was accompa-
nied by his wife to the emergency room. She reported he had intermittent epistaxis 
for the past week and had to stop taking aspirin prescribed for remote post-operative 
paroxysmal atrial fibrillation. He had a diagnosis of hereditary haemorrhagic telan-
giectasia and usually required iron supplementation and regular blood transfusion 
for recurrent epistaxis despite embolization and surgical ligation of his nasal ves-
sels. He had hypertension and a stable type B thoracic aorta dissection and an 
abdominal aortic aneurysm under routine surveillance. He was not noted to have 
any other significant vascular malformations elsewhere. He did not smoke or drink 
alcohol. He had previously had an uncomplicated resection of a left adrenal tumour 
around 7 years ago.

His medications included pantoprazole, irbesartan, hydrochlorothiazide, atorv-
astatin and metoprolol. He had been prescribed aspirin 81 mg once daily but took it 
only intermittently due to his recurrent epistaxis.
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 Examination

On arrival to the emergency room, he was alert and cooperative. He had right sided 
facial weakness sparing the forehead and dense right sided hemiplegia. He had pre-
dominantly expressive dysphasia but no neglect. Sensation was intact.

Cardiovascular examination demonstrated a soft ejection systolic murmur loud-
est over the precordium. Respiratory and abdominal examination were unremark-
able apart from a well healed surgical scar.

 Investigations and Clinical Progress

Routine blood work on admission was within normal range apart from a normocytic 
anaemia (haemoglobin of 87 g/L). ECG showed no obvious abnormality and he was 
in sinus rhythm.

 CT Scan of Head on Admission Is Shown (Fig. 13.1)

Carotid Doppler ultrasound showed no evidence of significant stenosis in the extra-
cranial segment of both internal carotid arteries. Extended inpatient telemetry and 
twenty-four-hour Holter ECG monitor showed sinus rhythm with frequent short 
runs of atrial tachycardia but no sustained atrial fibrillation.

Both the transthoracic and transoesophageal echocardiogram demonstrated the 
old type B aortic dissection in the descending aorta distal to the left subclavian 
artery. There was severe biatrial enlargement but no significant valve disease with 
preserved left ventricular function and importantly no evidence of right-left shunt-
ing with contrast.

After completing the investigations for the underlying aetiology of the stroke, he 
was diagnosed with likely cardioembolic stroke secondary to paroxysmal atrial 
fibrillation. His CHA 2 DS 2 -VaSc was 4. He recovered from his initial stroke with 
minimal residual weakness in his right arm and leg. He continued to have residual 
mild expressive dysphasia.

Taking into account his propensity to bleed, he was restarted on aspirin but con-
tinued to have further nose bleeds requiring inpatient blood transfusions. Ear, nose 
and throat (ENT) specialists were consulted but the mucocutaneous telangiectasia 
was not remediable to surgical intervention. As he was intolerant of antithrombotic 
agents, he was referred to the cardiologists and later the cardiothoracic surgeons for 
consideration of left atrial excision for stroke prophylaxis. He was deemed to be at 
low surgical risk of complications. Following a lengthy discussion with the patient 
and his family, he went on to have an open surgical excision of his left atrial append-
age for secondary stroke prevention.

K. K. H. Ng
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Fig. 13.1 There is 
significant hypodensity in 
the left frontal region 
encompassing most of the 
insular ribbon and external 
capsule with mild 
effacement and mass 
effect. There is a small 
amount of petechial 
haemorrhage within the 
infarct zone. This cortically 
based infarct was thought 
to be due to a proximal 
embolic source. In the 
absence of significant 
cervical carotid artery 
disease, a cardiogenic 
embolus from paroxysmal 
atrial fibrillation was 
suspected

He had a further period of rehabilitation post-operatively and was eventually 
discharged home without antiplatelets or anticoagulants.

 Discussion

Hereditary haemorrhagic telangiectasia is a rare disorder composed of a triad of 
mucocutaneous telangiectasia, recurrent epistaxis or gastrointestinal haemorrhage 
and a family history of the disorder. The condition is inherited in a Mendelian domi-
nant manner. In the central nervous system, vascular anomalies include telangiecta-
sia, arteriovenous malformations, aneurysms and rarely, carotid-cavernous fistulae.

Pulmonary venous fistulae can be responsible for paradoxical embolism result-
ing in stroke or transient ischaemic attack. Hypoxia due to significant right to left 
shunting can result in mental obtundation and polycythaemia. Rarely, air embolism 
or portosystemic encephalopathy can occur. Whilst arteriovenous malformations in 
hereditary haemorrhagic telangiectasia can be associated with stroke, patients can 
also have ‘classical’ risk factors for stroke. Unfortunately, the patients’ propensity 
to bleed may pose therapeutic challenges [1].

In this case, the patient could have been considered to have had an embolic stroke 
of uncertain source (ESUS) as his history of paroxysmal atrial fibrillation could not 
be validated. Prior to the results of the NAVIGATE ESUS [2] and RE-SPECT ESUS 
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[3] trials, there was community equipoise regarding anticoagulation for this patient 
population. Our suspicions of underlying paroxysmal atrial fibrillation as the cause 
for his stroke was affirmed following extensive cardiac investigations with no evi-
dence of right-left shunting. Additionally, atrial cardiopathy is recognised as an 
independent risk factor for strokes outside of atrial fibrillation [4] and the left atrial 
appendage is well recognised as the source of thromboembolism.

Pharmacological therapy with oral anticoagulants and antithrombotics are effec-
tive at reducing the risk of stroke in patients with atrial fibrillation but the benefit of 
antithrombotics are attenuated with increasing age [5]. The novel selective oral anti-
coagulants such as dabigatran, rivaroxaban, apixaban and edoxaban are at least as 
effective as warfarin but appear safer with lower rates of intracranial haemorrhage. 
Based on the AVERROES trial, the risk of bleeding on apixaban is similar to 
aspirin [6].

If long-term antiplatelet agents or oral anticoagulation is not tolerated, percuta-
neous left atrial appendage occlusion can be considered. The WATCHMAN 
implanted percutaneous device (WATCHMAN; Aritech Inc., Plymouth, Minnesota) 
is approved by the FDA for this indication. In the combined PROTECT-AF trial and 
PREVAIL trial [7], the WATCHMAN device is at least as effective as long term 
warfarin therapy for preventing stroke in selected populations. However, in both 
trials, patients were on warfarin for at least 45 days after device implantation before 
going on to dual antiplatelet agents for 6 months and finally aspirin monotherapy 
thereafter. Neither trials compared the WATCHMAN device against patients deemed 
unsuitable for long-term warfarin, a population which best describes our patient. In 
addition, our patient did not tolerate long-term aspirin and was at high risk of fur-
ther events.

Open surgical left atrial amputation or occlusion can be considered for secondary 
stroke prevention in the context of atrial fibrillation. The LAAOS III trial comparing 
left atrial amputation with aspirin against long term anticoagulation for warfarin 
following open heart surgery demonstrated a significant but attenuated risk reduc-
tion in ischemic stroke or systemic embolism [8].

Even though anticoagulation for patients with ESUS is no longer routinely rec-
ommended following the results of recent trials in this population [2, 3] and oral 
anticoagulation for atrial cardiopathy alone is the subject of ongoing study in the 
ARCADIA trial [4], this patient was thought to have had a stroke secondary to par-
oxysmal atrial fibrillation. Patients with atrial fibrillation should be offered oral 
anticoagulation for stroke prophylaxis. Whilst direct-acting oral anticoagulants are 
safer than warfarin, certain groups of patients may not tolerate any pharmacological 
anticoagulant or antithrombotic medications. Percutaneous and open surgical 
options for stroke prophylaxis can be considered but conclusive evidence from ran-
domised controlled trials in this select population is limited.

K. K. H. Ng
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Key Clinical Learning Points
• Routine anticoagulation for patients with embolic stroke of uncertain 

source is not recommended.
• Atrial fibrillation is a common and preventable cause for stroke that is 

managed with direct-acting oral anticoagulation in the majority of patients 
due to its favourable safety profile.

• Hereditary haemorrhagic telangiectasia is a rare, inherited vascular disor-
der that may preclude oral anticoagulants and antithrombotics.

• Selected patients may benefit from percutaneous or open surgical left atrial 
occlusion for stroke prevention if oral anticoagulants or antithrombotics 
are contraindicated.
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Chapter 14
Lower Urinary Tract Dysfunction 
Following Stroke

Howell T. Jones and Jalesh N. Panicker

 Clinical History

A 28-year-old female presented initially 17 years ago with a reduced level of con-
sciousness and was diagnosed with a left frontal intracerebral haemorrhage, which 
was managed with a left posterior-frontal hemicraniectomy and haematoma evacu-
ation. She had a protracted recovery period during which she had an indwelling 
urethral catheter for managing incontinence. During her prolonged admission, she 
was diagnosed with a right below-knee deep vein thrombosis and an inferior vena 
cava (IVC) filter was inserted. Subsequently, she commenced anticoagulation with 
Warfarin. She made a partial recovery following a period of rehabilitation, however 
had residual right hemiparesis with limited movement in the arm and right food 
drop, expressive dysphasia and higher-level cognitive dysfunction, as well as blad-
der and bowel symptoms.

Ten years ago, whilst leaning over to pick something up she developed acute 
lower back pain followed by rapidly progressive left lower limb weakness and 
numbness which spread to include the saddle area. She presented to the Emergency 
Department and underwent hyperacute imaging that demonstrated an epidural hae-
matoma at the level of T8/9. The international normalized ratio (INR) was high 
(4.7). She underwent a T8/9 laminectomy and haematoma evacuation. Following a 
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period of rehabilitation, she regained some functions, though was left with new mild 
weakness in the left leg and persistent sensory loss.

Since the initial Stroke she was experiencing significant overactive bladder 
symptoms and voiding difficulties. She was incontinent of urine around three times 
a day, and this was associated with urinary urgency. She would visit the toilet around 
ten times in the daytime and occasionally overnight. She also reported occasional 
stress incontinence. She underwent bladder scans and was found to be retaining 
urine in her bladder consistently, around 300 mL, after voiding. She initially required 
the insertion of an indwelling urethral catheter (IDC) though this was later removed, 
and she was started on the anti-muscarinic agent Oxybutynin which she took for 
nearly 2 years.

Seven years ago, she was reviewed and underwent a urodynamics study that 
revealed a small capacity bladder of around 195 mL. There was clear evidence for 
detrusor overactivity and the detrusor pressures rose to a maximum of 122 cm of 
water, which coincided with a sensation of urinary urgency and was associated with 
incontinence. Voiding functions could not be adequately assessed because of the 
incontinence. However, her post-void residual volume after the test was only 
30 mL. She was reluctant to pursue the option of intermittent self-catheterisation 
(ISC) and different options were discussed: oral agents (anti-muscarinic agents, β3- 
adrenoceptor agonist), tibial nerve stimulation and botulinum toxin injections into 
the bladder wall. She opted to trial the anti-muscarinic agent Solifenacin at a low- 
dose of 5 mg once a day.

On review a year later, Solifenacin was found to be ineffective. The dosage was 
increased to 10 mg and the β3-adrenoceptor agonist Mirabegron was also added. 
The addition of Mirabegron resulted in urinary retention requiring the insertion of 
an IDC. Urinary retention persisted for some time and she failed several trials with-
out catheters. Eventually the catheter was successfully removed, and her overactive 
bladder symptoms became apparent once again. She declined botulinum toxin 
injection into the bladder due to the potential risk of urinary retention necessitating 
the need to perform ISC. The patient enquired about the use of a long-term urethral 
IDC; however, it was felt that due to her age and the risk for infection that other 
options should be explored first. She therefore opted for the insertion of a suprapu-
bic catheter (SPC) and underwent botulinum toxin injection to the bladder wall. In 
view of the need for repeating botulinum toxin injections periodically, she opted for 
sacral neuromodulation. After the implant, her lower urinary tract (LUT) symptoms 
and quality of life improved considerably and she has been able to return to work, 
live independently and enter a relationship.

 Discussion

This case highlights several areas of complexity in regards to LUT dysfunction fol-
lowing a Stroke. We will explore the neural control of the LUT in health, dysfunc-
tion following neurological disorders such as Stroke, treatment options and 
prognosis.

H. T. Jones and J. N. Panicker
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 Lower Urinary Tract Dysfunction Post Stroke

Central or peripheral damage to the nervous system can result in LUT dysfunction. 
Lesions of the suprapontine or spinal pathways affecting the storage phase, result-
ing in reduced bladder capacity and detrusor overactivity, which is expressed as 
spontaneous involuntary contractions of the detrusor [1]. Patients may report vary-
ing degrees of urinary urgency, frequency, nocturia, and incontinence (collectively 
known as overactive bladder symptoms) [1]. Incontinence is most commonly caused 
by detrusor overactivity where the sensation of urinary urgency is experienced as 
the detrusor begins to contract, and if the pressure rise continues, the patient senses 
impending micturition [1]. Damage to the suprapontine neural circuitry results in 
removal of the tonic inhibition of the PMC so that spontaneous involuntary detrusor 
contractions occur [1].

Therefore, incontinence is not a normal and harmless consequence of Stroke and 
is frequently overlooked. More than half of all patients will experience urinary 
incontinence during the acute phase of Stroke with those with multimorbidity or 
advanced age being at most risk [1, 2]. This number remains high at 1 year, with 
approximately a quarter of survivors experiencing incontinence [3].

Storage symptoms are more common than voiding symptoms and Sakakibara 
et  al. (1996) noted that nocturia was the most commonly experienced symptom 
(36%), followed by urge incontinence (29%), voiding difficulty (25%) and urinary 
retention (6%) [2]. They also observed that on urodynamics that detrusor overactiv-
ity was the most common (68%) finding, followed by detrusor-sphincter dyssyner-
gia (14%) [2]. Ischemic Strokes are more commonly associated with detrusor 
overactivity whilst haemorrhagic Strokes tend to lead to detrusor underactivity, 
though both can be associated with urinary retention [4].

Patients with large lesions, or those involving the anteromedial frontal lobe, 
paraventricular white matter, and putamen are more likely to experience inconti-
nence [1]. Detrusor-sphincter dyssynergia has been reported following basal gan-
glia lesions, whereas retention may occur following lesions involving the cerebellum 
[1]. Incontinence following Stroke is however multidimensional. Disruptions to the 
neural pathways controlling the LUT can lead to LUT dysfunction. The pathophysi-
ology of bladder overactivity in Stroke is likely due to reduced suprapontine inhibi-
tion leading to detrusor overactivity. A rat cerebral infarction model demonstrated 
that bladder overactivity was contributed by NMDA receptor mediated glutamater-
gic and D2 receptor mediated excitatory activity [5, 6]. Alteration in dopaminergic-
glutamatergic activity results in up-regulation of excitatory pathways and 
down-regulation of tonic inhibitory pathways leading to bladder overactivity [5, 6]. 
However, disabilities arising from Stroke can also contribute to incontinence and 
other problems with the bladder. For example, immobility, visual inattention and 
proprioceptive loss lead to difficulties in using a toilet challenging, whereas speech 
disturbance such as aphasia or dysarthria affect the ability to communicate toilet 
needs with others [1].

14 Lower Urinary Tract Dysfunction Following Stroke
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Small-vessel disease of the white matter, or leukoaraiosis, is also associated with 
LUT dysfunction, particularly urgency incontinence and is now recognised as an 
important cause of incontinence in functionally independent older people [2, 7–9]. 
Evidence suggests that white matter changes affecting the anterior thalamic radia-
tion and superior longitudinal fasciculus in particular are most associated with 
incontinence [7].

Incontinence has been shown to be a poor prognostic marker in the context of 
acute Stroke with its persistence 7 days after Stroke has been shown to correlate 
with poor survival, increased severity of neurological disability and increased likeli-
hood to require discharge to a long-term care facility [10]. Continuing to experience 
incontinence at 1 year post Stroke has been shown to be associated with a four times 
greater risk for mortality [11].

 Neurological Control of Lower Urinary Tract Functions

Prior to considering management of incontinence post-Stroke, one must first under-
stand the neurological control of LUT functions in health. Typically, the coordi-
nated activity of the LUT results in low pressure filling and periodic voluntary 
emptying controlled by a neural network of parasympathetic, sympathetic, and 
somatic pathways [1]. The bladder remains in the storage phase for more than 99% 
of the time, switching to the voiding phase for only a few minutes per day [12, 13]. 
Voiding is typically initiated by a conscious decision and it is this voluntary control 
that distinguishes the LUT from other autonomically innervated structures [13].

Storage and voiding both require intact connections between the pons and the 
sacral spinal cord as well as peripheral innervation that originates from the caudal 
segments of the cord [1]. The cerebral cortex is involved in the perception of sensa-
tions of bladder fullness and timing of micturition, the brainstem for coordination of 
reflexes, the spinal cord for amplification of these reflexes and the peripheral nerves 
for relaying signals to the bladder [14]. During bladder filling, sympathetic and 
pudendal nerves mediate contraction of the internal smooth and external striated 
muscles of the urethral sphincter, respectively, whereas sympathetic-mediated inhi-
bition of the detrusor prevents contractions and ensures a low pressure, thereby 
maintaining continence [1, 13]. When voiding is to be initiated, the pontine micturi-
tion centre (PMC) or ‘Barrington’s nucleus’ is released from the tonic inhibition of 
cortical and subcortical centres of the brain, and the reciprocal activation–inhibition 
of the sphincter–detrusor is reversed [15–18]. Detrusor contraction in response to 
parasympathetic stimulation, accompanied by relaxation of the pelvic floor and 
external and internal urethral sphincters, results in effective bladder emptying [1].

H. T. Jones and J. N. Panicker
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 Clinical Assessment of Incontinence

We now outline the approach on how to assess incontinence. Assessment of conti-
nence requires appreciation of multiple systems and a thorough history and 
examination.

 History

As in the rest of medicine, history taking provides most of the crucial information 
to make the correct diagnosis. In patients who are able, the use of a bladder diary is 
recommended as this provides a real-time objective patient-reported measure of 
symptoms, which might not be obtained through history taking [19]. A bladder 
diary consists of information charted by time, as to how much fluid a patient drinks, 
how frequently they micturate and the volume (this can be subjective or objective 
[19]. It also documents the timing and amount of urinary leakage and urgency 
symptoms [19].

Initial focus should be on differentiating between storage and voiding dysfunc-
tion [20]. Storage symptoms include frequency, urgency, leaking of urine during 
physical activity and/or nocturia [20]. Voiding symptoms consist of hesitancy, inter-
mittent stream, incomplete bladder emptying, double voiding and post micturition 
dribbling [20]. Abdominal pain, fever, dysuria, and haematuria should be specifi-
cally enquired about to exclude alternative causes such as infection or malig-
nancy [12].

Next, congenital and neurological abnormalities, previous urogenital complica-
tions and treatments, and urinary tract, sexual, bowel, obstetric, gynaecological, and 
neurological function should be explored [20, 21]. Systemic symptoms and those 
symptoms that could be associated with diseases that predispose a patient to urinary 
incontinence as well as the presence of co-morbidities should be reviewed [20].

Exploring functional status is crucial as many patients post Stroke report becom-
ing incontinent because of inability to reach the toilet in a timely manner due to their 
neurological deficits or to poor toilet accessibility, and this is termed functional 
incontinence [1, 20].

Detailed medication review is essential as many drugs can exacerbate urinary 
incontinence [20, 21]. Common culprits include opioids use to treat pain following 
Stroke, α-adrenoceptor agonists, and medications with anticholinergic properties 
such as antidepressants to treat post Stroke depression, respiratory drugs to manage 
secretions or antipsychotic drugs [1, 22].

Finally, evaluation of lifestyle factors such as smoking, alcohol, or recreational 
drugs as well as the impact of symptoms on quality of life important [1].

14 Lower Urinary Tract Dysfunction Following Stroke
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 Physical Examination

Focussed examination consists of examining the abdomen, loins, pelvic and genital 
organs urogenital sensations and sacral cord mediated reflexes (bulbocavernosus 
reflex and anal reflex) when appropriate [1].

A general examination should be performed looking for signs of vascular dis-
ease, assessment of cognition and consideration of a digital rectal examination to 
assess anal tone, presence of constipation or rectal masses and in those with a pros-
tate it’s the size, symmetry and texture [20].

 Investigations

There are several specialist investigations useful when assessing incontinence. 
Urinalysis and measurement of the postvoid residual form part of the core neuro- 
urological assessment [1, 21], and we outline the more specialist investiga-
tions below:

 Urinalysis

In patients presenting with new LUT dysfunction it is prudent to exclude infection 
[1]. Urinalysis is helpful for excluding infection in younger patients as the cause of 
new incontinence and though it has a high sensitivity the specificity is limited [23]. 
In all cases where urinary tract infection is considered possible the gold standard 
test remains bacterial culture [24].

Most Strokes occur in older people but the accuracy of dipstick testing in adults 
aged over 65 is poor when compared to younger people [25–28]. In people over 
65  years asymptomatic bacteriuria is common but not associated with increased 
morbidity [27]. Treating asymptomatic bacteriuria unnecessarily with antibiotics is 
associated with a significant increase in adverse events however with no clinical 
benefit [27, 29]. Therefore other clinical characteristics should also be considered 
when diagnosing urinary tract infections in older people such as vital signs and 
clinical assessment to ensure appropriate management and avoid unnecessary use of 
antibiotics [27].

Urinalysis is not an effective method for detecting urinary tract infections in 
patient with an IDC as its sheer presence can induce pyuria, with no relationship 
between the level of pyuria and the incidence of infection [30–32]. Evidence sug-
gests that as many as 2–7% of patients with an IDC develop bacteriuria each day 
despite good catheter care [33]. Meanwhile in those who have an IDC long-term 
almost all patients are bacteriuric often with two or more organisms [34, 35]. To 
ensure that urinary tract infections are diagnosed accurately and to avoid false 
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positive results, urinalysis should not be performed with focus again being on vital 
signs, clinical assessment and results of bacterial culture [23, 24, 30–32].

 Biochemistry

All patients presenting with new LUT dysfunction should undergo blood tests to 
assess renal function; urea, creatinine and estimated glomerular filtration rate 
(eGFR) [21].

In situations such as renal impairment, older people and people with extremes of 
muscle mass the eGFR result can be inaccurate with the advice to calculate the cre-
atinine clearance (Cockcroft-Gault Formula) to provide a more accurate assessment 
[36]. This has replaced 24-h urine collection to estimate creatinine excretion as 
despite it being more accurate it is cumbersome and incomplete collection can result 
in an underestimation [1, 37]. The GFR is most accurately measured using renal 
scintigraphy, which is recommended when renal function is poor, in individuals 
with reduced muscle mass, if function for each renal unit has to be assessed sepa-
rately and in high-risk patients [21].

 Measuring the Post-Void Residual

The postvoid residual (PVR) is the volume of urine remaining in the bladder after 
micturition or ISC and can be measured either by bedside ultrasound known as a 
‘bladder scan’ or by inserting an IDC to drain the bladder, colloquially known as 
‘in–out catheterisation’ [1, 38, 39]. Measuring the PVR is useful as voiding dys-
function may not always be forthcoming from the history and incomplete bladder 
emptying is an important cause for urinary storage symptoms as well as predispos-
ing to urinary tract infections [1, 24, 38, 39]. A single reading is useful to assess for 
significant retention, however if an elevated PVR volume is found this should be 
repeated ideally at different times and in different circumstances to confirm a pat-
tern [21, 40]. A PVR volume confirms voiding dysfunction, however the cause- 
whether due to obstructed voiding or poor detrusor contractility- can be established 
by urodynamics [1].

 Ultrasonography

Formal ultrasonography of the kidneys, ureters and bladder is useful to exclude 
urological pathology such as hydronephrosis, renal or bladder calculi, tumours, 
prostate size if applicable, or congenital anomalies in those with a relevant history, 
and to measure the PVR [1, 41–43].
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 Urodynamics

Urodynamics testing is valuable to understand the nature of LUT dysfunction, 
assess the risk for developing upper urinary tract damage, provide guidance for 
appropriate treatment and to monitor response particularly when initial symptom- 
based therapy has failed [1]. Uroflowmetry non-invasively assesses voiding func-
tions and the finding of abnormally poor flow provides an indicator for voiding 
dysfunction [1]. However, cystometry, with or without simultaneous fluoroscopic 
monitoring (video-urodynamics), would be required to assess whether voiding dys-
function is due to detrusor underactivity or bladder outlet obstruction in the pressure- 
flow study [1]. Filling cystometry provides information about detrusor pressure and 
compliance [1].

 Principles of Management

The purpose of managing LUT dysfunction post Stroke is to maintain independence 
and quality of life, preserve renal function and prevent infection [21]. Specific man-
agement is dependent on whether the problem is related to storage or voiding 
dysfunction.

 Management of Storage Dysfunction

The management of storage dysfunction ranges from conservative to invasive which 
will be outlined below.

 Physical Treatments

Behavioural interventions are an important part of managing storage symptoms [1]. 
Behavioural interventions are useful post Stroke using strategies such as person-
alised toileting scheduled with timed voiding based around a person’s natural void-
ing pattern [1]. These techniques however have a limited evidence base and often 
require not only patient engagement but also that of caregivers or care professionals 
to be successful [44–46]. Pelvic floor muscle training can enhance the inhibitory 
effect of pelvic floor contraction on the detrusor with evidence that this results in an 
improvement in urinary frequency and the number of daily incontinence episodes, 
whilst also increasing the mean cystometric capacity [47].
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 Antimuscarinic Agents

Antimuscarinic agents competitively antagonise muscarinic acetylcholine receptor 
of which the M2 receptor is the most relevant subtype in the bladder, whilst it is the 
M3 receptor that is found in the detrusor, urothelium, and suburothelium [1]. 
Blocking of these receptors results in detrusor relaxation, lower intravesical pres-
sures and reduced storage symptoms [1]. Oxybutynin has been available for several 
years, and several new agents are now available such as Solifenacin, Darifenacin 
and Tolterodine [48–52].

Antimuscarinic agents have a range of adverse effects due to their non-specific 
anticholinergic action such as dry mouth, blurred vision and constipation [1]. 
Antimuscarinic drugs have also been found to have a significant effect on cognition 
and a study in healthy volunteers demonstrated that using Oxybutynin resulted in a 
significant decline in alpha activity on electroencephalography (EEG) [53]. The 
effect is magnified in older people, with evidence that the degree in memory dete-
rioration is comparable to 10 years of brain ageing [54]. The effects of antimusca-
rinic medications are cumulative so reviewing the total acetylcholine burden of a 
patient’s medications is essential prior to commencing treatment for overactive 
bladder [55]. This can be done using the anticholinergic burden (ACB) scale [56, 
57]. If it is felt the benefit outweighs the risk then choosing a medication that does 
not cross the blood–brain barrier (such as trospium chloride) or has a relatively high 
affinity for the muscarinic receptors of the bladder (such as darifenacin) is prefera-
ble as theoretically they have less effect on cognition, though patients should still be 
counselled on the potential impact on cognition [58–61].

Measurement of the PVR volume should be performed prior to commencing 
antimuscarinic medications and this should be repeated to exclude incomplete blad-
der emptying if the patient’s symptoms fail to improve or paradoxically deteriorate, 
or if the patient begins to experience urinary tract infections [40]. In many circum-
stances the combination of antimuscarinic medication with ISC provides the most 
effective management of LUT symptoms [1].

 Desmopressin

Desmopressin is a synthetic analogue of arginine vasopressin that temporarily 
reduces urine production and volume-determined detrusor overactivity, by promot-
ing water reabsorption at the distal and collecting tubules of the kidney [1, 62]. It is 
most useful in managing nocturnal polyuria, however should be avoided in older 
adults, or those with heart failure due to the risk of hyponatremia and fluid over-
load [1].
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 β3-Adrenoceptor Agonists

The oral β3-adrenoceptor agonist Mirabegron is licensed for overactive bladder 
[21]. A study has reported a significant subjective improvement in overactive blad-
der symptoms in neuro-urological patients using Mirabegron without any negative 
effects on voiding function [63]. However, other studies have not demonstrated any 
substantial effect on detrusor pressure or cystometric capacity, despite reported 
improvement in symptoms [64, 65]. Mirabegron is not associated with the side 
effects of antimuscarinic drugs, however instead affecting the cardiovascular system 
and may be associated with side effects such as palpitations, raised blood pressure 
and rarely atrial fibrillation [66].

 Botulinum Toxin

Botulinum toxin injections were first injected into the detrusor muscle in 2000, and 
has been used for the management of neurogenic detrusor overactivity and shown to 
be highly effective, safe, and well tolerated [67–72]. There are seven subtypes but it 
is type A that is used in the context of urological disorders, with onabotulinumtox-
inA being the only formulation licensed for treatment of detrusor overactivity [73, 
74]. The procedure can be performed under local anaesthesia through either rigid or 
flexible cystoscopy with thirty injections made into the bladder wall. Evidence sug-
gests that injections are efficacious with results lasting from 9 to 13 months, as well 
as being cost-effective when compared to best supportive care [21, 75–78]. There is 
however a risk of developing detrusor underactivity necessitating the need for ISC 
in up to 42% of patients so pre-procedural counselling is vital [73, 74].

 Neuromodulation

Electrical stimulation of peripheral nerves such as the sacral nerve roots, tibial 
nerve, pudendal nerve, and dorsal genital nerves has been shown to improve symp-
toms of overactive bladder [79].

Percutaneous tibial nerve stimulation (PTNS) has been shown to improve over-
active bladder symptoms and urodynamic parameters and is a safe and effective 
treatment for urgency incontinence caused by detrusor overactivity [80–82]. A typi-
cal course consists of once weekly 30-min treatments over 8 to 12 weeks where the 
tibial nerve is stimulated via a fine gauge needle using a fixed electrical signal [1]. 
Transcutaneous tibial nerve stimulation (TTNS) is an effective alternative that can 
be performed at home [83, 84]. Both are minimally invasive with few adverse 
effects, and is a treatment for the overactive bladder than does not cause an increase 
in PVR volume. However the results can be short lived [85].
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Sacral neuromodulation (SNM) is an effective treatment for both LUT and bowel 
dysfunction and unlike botulinum toxin, does not increase the PVR volume [86–88]. 
SNM involves modulation of spinal cord reflexes and brain networks by peripheral 
afferents rather than direct stimulation of the motor response of the detrusor or ure-
thral sphincter (or anal sphincter) and presumably mediates an inhibitory effect 
[89–94]. Patients post Stroke can be good candidates for SNM as they have had a 
discrete neurological event as opposed to a progressive neurological disorder, how-
ever it is important to note insertion of a SNM system involves the insertion of 
metallic implants potentially complicating future investigations such as magnetic 
resonance imaging (MRI) [1, 87, 88].

 Management of Voiding Dysfunction

The decision to commence treatment for voiding dysfunction is based on the PVR 
volume and risk for developing renal damage [1]. Patients with neurogenic LUT 
dysfunction often have reduced bladder capacity and so a PVR volume of more than 
100 mL in a symptomatic patient is often considered an indication for treatment [40].

 Intermittent Self-Catheterisation

Intermittent self-catheterisation (ISC) is often used as an adjunct to other treatment 
options as incomplete bladder emptying can exacerbate overactive bladder symp-
toms and render treatments such as antimuscarinic drugs or botulinum toxin less 
effective [1]. ISC can be challenging for patients following a Stroke if lesions have 
resulted in poor manual dexterity, weakness, spasticity, impaired visual acuity or 
cognitive impairment [95]. Patients should be referred to a local continence service 
to facilitate ongoing education and support [1]. Current recommendations are to 
perform ISC between four and six times a day for individuals with complete reten-
tion and one and three times for those with incomplete bladder emptying [1]. 
Individual strategies will be based upon bladder volume, fluid intake, PVR volume 
and results from urodynamics [1]. The risk for developing urinary tract infections is 
generally low if performed regularly [40].

 Other Treatments

The use ofα-Adrenoceptor blockers to relax the internal urethral sphincter in men 
could be considered if there is concomitant bladder outlet obstruction caused by a 
nonrelaxing bladder neck or benign prostate enlargement [40].
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 Surgical Treatment

Surgical interventions can be considered in cases where conservative measures have 
been unsuccessful and include external sphincter/bladder neck incision, transure-
thral resection of prostate or continent/incontinent urinary diversion [1]. These are 
less likely to be pursued post Stroke due to the increasing availability of non- 
invasive options and the fact that post Stroke, patients may not be suitable surgical 
candidates [1].

 Conclusion

LUT dysfunction is common post Stroke and has a poor prognosis. When reviewing 
Stroke patients, a regular review of continence should be performed. The availabil-
ity of multiple non-invasive treatments means that patients do not need to experi-
ence these symptoms long-term and should be referred to a multi-speciality service 
including Stroke Physicians or Neurologists, Urologists, specialist continence 
nurses and if relevant Uro-Gynaecologists for assessment and formulation of an 
individualised care plan.
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Chapter 15
Stroke Presenting as Hemiballismus

Heather Angus-Leppan

 Clinical History

A 73-year-old man with a past history of diabetes Type II and hypertension awoke 
with sudden flinging movements of his right arm, involving the whole arm, which 
were irregular, high velocity and large amplitude. During the movements, his arm 
hit objects, and he sustained extensive bruising. Occasionally he had irregular, large 
amplitude leg movements. His face was unaffected. He had no control of these 
movements which were continuous while awake, and interfered with attempts at 
purposeful movements. He felt otherwise well, but alarmed by the uncontrolled 
movements.

His medications were metformin, atorvostatin and amlodipine. He was a non- 
smoker, drunk no alcohol and was usually independent in all his activities.

The patient continued to have spontaneous movements for 3 days which gradu-
ally reduced and then disappeared. Acute treatment with haloperidol 0.5 mg twice 
daily was given, and weaned after 3 days. Aspirin 300 mg stat was given and con-
tinued daily at 75 mg, and amlodipine and atorvastatin increased. At 3 and 12 months, 
the patient remained well with no further spontaneous movements and no residual 
weakness or impairment in daily functions.
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 Examination

On arrival in the emergency department, he was alert with a Glasgow coma scale of 
15/15, orientated in time place and person and his speech was normal in terms of 
comprehension and expression. Vital signs were normal apart from blood pressure 
of 154/93, reducing to 145/86 over the next 4 h. He had a mild right sided drift of 
his outstretched arm, and purposeful arm movements were disrupted by the invol-
untary movements. Attempted ambulation was disrupted by spontaneous involun-
tary movements which pushed him off balance, and he required assistance to walk. 
Cranial nerve examination was normal, upper limb examination revealed mild 
weakness of extensors (4+/5), lower limb examination was normal for tone, power, 
reflexes were present and symmetrical apart from reduced ankle jerks, and plantar 
responses were flexor, sensation was normal apart from absent vibration at both toes.

 Investigations

Baseline blood tests revealed an elevated HbA1c of 48mmol/mol, blood glucose 
level was 6.3 mmol/L, creatinine was 123 μmol/L, reminder of blood tests unre-
markable including normal full blood count, normal electrolytes with a sodium of 
140  mmol/L, normal liver function tests and cholesterol was 
4.3 mmol/L. Electrocardiogram showed sinus rhythm, and no acute changes.

Acute CT head scan showed age-related changes, acute MRI on day 1 was 
degraded by movement and did not show any acute lesions. MRI scan at 1 week was 
reported as showing mild-moderate involutional changes. Carotid Dopplers did not 
reveal any significant stenosis.

 Discussion

Involuntary movement disorders are a rare presentation of stroke, occurring in <4% 
of patients in the largest series of 1500 consecutive patients with immediate, or 
delayed onset [1]. Chorea was the most commonly described, sometimes associated 
with hemiballismus; followed by tremor, dystonia and parkinsonism. Movement 
disorders were more commonly associated with deeper lesions, either ischaemic or 
haemorrhagic.

Hemiballismus is a rare movement disorder characterised by unilateral, irregular, 
involuntary large amplitude violent flinging movement of the limbs, estimated to 
occur in 1/500,000 people [2], and comprising <1% of all movement disorders in a 
large tertiary centre series [3]. It involves proximal arm, and/or leg; and in 50% of 
cases there may be facial involvement [4]. Movements occur, or are worsened with 
attempted activity, reduce with rest and disappear with sleep (as for most movement 
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disorders with the exceptions of sleep related parasomnias and myoclonus). 
Hemiballismus must be differentiated from chorea (Fig. 15.1), which is proximal. 
Some authors describe combinations of chorea-hemiballismus [1, 4]. Tics may also 
be a mimic, clearly differentiated by age of onset, nature and setting. Other move-
ment disorders such as tremor, dystonia and parkinsonism are readily distinguished 
from hemiballismus by clinical features [3].

Stroke is the most commonly reported aetiology for hemiballismus, but it can 
also occur with structural lesions (neoplastic or infective), metabolic derangement 
(especially non-ketotic hyperglycaemia), demyelination or connective tissue dis-
ease (systemic vasculitis, systemic lupus erythematosis) and complications of HIV 
such as toxoplasmosis [4, 5] (Fig. 15.2).

Early reports postulated the pathophysiology of hemiballismus as a lesion in the 
contralateral subthalamic nucleus causing excitation on the internal segment of the 
globus pallidus. One suggestion is that damage to the contralateral subthalamic 
nucleus reduces the inhibitory g-aminobutyric acid (GABA) input to the external 
globus pallidus, resulting in increased activity. Through feedback loops, this in turn 
reduces globus pallidus interna inhibition of the motor thalamus and a release phe-
nomenon on motor activity [6]. Given the complexity of this circuitry, it is 

 Hemiballismus Chorea Tic 

Age of onset Usually elderly  Variable  Childhood 

Duration  Usually self-limited, days 

to weeks 

Variable, determined by 

aetiology 

Usually disappear or  

reduces in 

adulthood   

Aetiology Stroke most common 

(see Figure 3) 

Multiple  

Genetic, post infectious 

Usually unknown  

May be post-

infectious 

Muscles involved Proximal limb muscles Distal limb muscles Any 

Site Unilateral  bilateral Any, often changing 

Nature Hyperkinetic 

Irregular, high amplitude 

Hyperkinetic  

Irregular, dance-like 

Hyperkinetic  

 

Explosive, variable 

Vocal utterances  Nil  Nil Frequent 

Suppressible No No, may be converted 

to apparently 

purposeful movement 

Yes 

Fig. 15.1 Differentiating hemiballismus from chorea and tic
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Aetiology  Subtypes Clinical features 

Stroke Ischaemic  

Haemorrhagic 

Most common cause 

May occur in isolation 

Mild associated pyramidal 

weakness in some 

Various sites reported 

Structural Vascular malformations  

Neoplasia 

Deep lesions  

 

Metabolic / toxic Nonketotic hyperglycemia 

Hypoglycaemia/ anoxia 

Drug toxicity eg phenytoin 

Gradual worsening over hours 

or days 

May be associated with 

encephalopathy 

Neuroinflammatory Demyelination 

Systemic lupus erythematosis 

Young age of onset 

Associated clinical features of 

the cause will be present  

Degenerative / destructive Amyotrophic lateral sclerosis 

Traumatic brain injury 

Clinical features of the aetiology 

will establish diagnosis 

Infection  

 

 Tuberculomas 

HIV infection – eg toxoplasmosis 

Can be due to structural effect 

of infection, toxic or diffuse 

effect 

Fig. 15.2 Aetiology of hemiballismus

unsurprising that there may be a number of sites, or multiple sites, of disruption, 
both through GABA and dopaminergic imbalance [4, 5].

Although some reported cases involve strokes in the subthalamic nucleus, pure 
subthalamic strokes are rare, occurring in only 1/25  in a series of patients with 
hemiballismus [5]. Simultaneous lesions of the subthalamic nucleus and other parts 
of the basal ganglia, pons, or midbrain are more common. There are also reports of 
hemiballismus after strokes in the parietal lobe and bilateral frontal cortex [5, 7], but 
cortical lesions are a much rarer cause than deep basal ganglia lesions [1]. Other 
stroke localisations found in of hemiballismus include the thalamus, pons, posterior 
limb of the internal capsule, external capsule and corona radiata [4]. In two-thirds 
of patients developing hemiballismus due to stroke, the pathophysiology is small 
vessel disease with lacunar infarction. This is the likely mechanism in our patient. 
Haemorrhage, and large and vessel atherothrombosis (or cardioembolism), account 
for the remainder, with a case report also of middle cerebral artery dissection in a 
young woman [8]. The most common vascular territories affected are the middle 
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cerebral artery (M1, M2, and lateral lenticulostriate arteries), posterior cerebral 
artery (thalamogeniculate, thalamoperforating, and choroidal arteries), and occa-
sionally the anterior cerebral artery (recurrent artery of Huebner and leptomenin-
geal arteries) [5, 7]. Most importantly, in more than 25% of cases, the exact site of 
the stroke is unclear, as in this case [5]. The likely reasons for this are that small 
perforating vessel events may be below resolution of MRI scanning, there is com-
monly background microvascular disease, making it difficult to pick out new lacu-
nar lesions, and because initial scanning may be obscured by movement artefacts, 
even with sedation [6].

Most strokes affecting the basal ganglia do not produce hemiballismus, and pre-
disposing factors for this are uncertain. It seems likely that risk factors for small 
vessel disease are important, particularly diabetes, suggesting unique predisposing 
factors for this rare clinical phenotype.

Management of hemiballismus involves establishment a definitive diagnosis and 
excluding infection, structural lesions, toxins and metabolic or inflammatory causes. 
Imaging should be acute, and will often require sedation with a small dose of ben-
zodiazepine, where this can be done safely. Prevention of injury is paramount as the 
movements are distressing and can cause injury. Counselling of the patient of this is 
a treatable and usually temporary phenomena with a good prognosis [9] in almost 
all cases is important. The usual stroke work-up is essential, and treatment as per 
stroke guidelines should be followed.

Stroke-associated hemiballismus may not require specific treatment because the 
disorder may be rapidly self-limited [6, 9]. Early reports of the prognosis of hemi-
ballismus suggested a poor outlook, but more recent series suggest a good immedi-
ate outcome, usually with resolution of stroke related hemiballismus [1, 5]. The 
patient’s overall prognosis will depend on their specific vascular risk factor profile, 
and previous vascular events, particularly cardiovascular events.

If pharmacological treatment is necessary, antidopaminergic drugs (antipsychot-
ics such as haloperidol, or dopamine blockade with tetrabenazine) may be used, 
although evidence is based on small case reports and series [5, 10, 11]. Our patient 
was treated with haloperidol, and hemiballismus settled within 3 days, and did not 
recur on weaning the haloperidol. It is very possible that the patient would have 
improved without this treatment. Other treatments that have been used include ben-
zodiazepines, anticonvulsants (most recently reported is topiramate) [10]. In rare 
refractory cases, botulinum toxin, intrathecal baclofen, and occasionally functional 
neurosurgery have been used [11]. Invasive treatments will almost never be required 
for stroke-related hemiballismus.

There is no evidence about whether thrombolytic therapy should be used for 
treatment of hemiballismus, with a few case reports of good outcome with use [6]. 
As this is a rare stroke presentation, it may present late, meaning that often the deci-
sion does not come into play, as the window of potential therapy with thrombolysis 
is past before Neurology or Stroke services are alerted. Given the usually good 
outcome of stroke-related hemiballismus, it is difficult to evaluate whether throm-
bolysis is helpful, or necessary.
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Chapter 16
Balloon to Brain Bubbles

Rawan Matar, Mamoun Saeed, Soma Banerjee, Zoe Brown, 
and Joseph Kwan

 Introduction

Ischemic stroke during air travel is rare with a reported incidence of one stroke per 
35,000 flights in a prospective study, none of which attributed to cerebral air embo-
lism [1]. Notably, pulmonary bulla causing air embolism during air travel affecting 
other body parts have been reported including that to the skin, manifesting as livedo 
reticularis of the upper limbs and thorax [2]. However, pulmonary bulla causing 
cerebral air embolism during air travel is extremely rare with the first reported case 
dating to 1985 [3]. We report a case of a pulmonary bulla causing cerebral air embo-
lism during air travel, where a bronchogenic connection to the systemic circulation 
was radiologically established.

 Case

A 67-year-old right-handed Caucasian lady was touring in the United Kingdom 
with her partner. She was at her normal state of health upon departure from Newark 
International Airport to London. However, during her return flight from London to 
the United States, she became acutely unwell 1 h into the flight. It was presumed to 
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be symptoms of hypoglycemia due to her history of diabetes. However, this was 
immediately followed by a short period of loss of consciousness which resulted in 
an emergency landing in Ireland. On arrival to the nearest local hospital, she fully 
regained consciousness and the examination was unremarkable. Blood work-up and 
electrocardiogram were normal. She was discharged the following day with a diag-
nosis of “possible syncope” and was deemed fit to fly back to the United States 
through London.

One day after discharge, she boarded a flight from Ireland to London and again 
became acutely unwell 20 min after take-off. She lost consciousness and had uri-
nary incontinence, resulting in an emergency landing in London. Upon arrival to 
London, she was taken to our hospital where she remained unconscious, hence intu-
bated, ventilated, and admitted to the intensive care unit (ICU).

Her medical background includes diet-controlled diabetes and a gastric bypass 
surgery in 2005, which was complicated by an incidental left lung bulla on imaging. 
She was advised against air ballooning and scuba diving, but she continued air 
travel without any incidents for more than 17 years.

Admission non-contrast computed tomography (CT) of the brain showed multi-
ple air locules in both cerebral hemispheres, in keeping with cerebral air embolism 
(Fig. 16.1a, b). Magnetic Resonance Imaging (MRI) of the brain performed on day 
four into her admission revealed bilateral multiple small subacute embolic infarcts 
across multiple supratentorial territories on the diffusion-weighted images, as well 
as diffuse white matter T2 hyperintensity (Fig. 16.1c, d). No hemorrhage was dem-
onstrated. Chest x-ray showed a pulmonary bulla occupying the left lower lobe 
(Fig. 16.2a). CT of the thorax confirmed an 88 mm air-containing bulla in the left 
lung with large pulmonary vessels leading directly to the edge of the bulla, indica-
tive of a direct communication between the bulla and the pulmonary circulation. 
(Fig. 16.2b).

When she was extubated on day six, she was found to be dysphagic, dysarthric 
and quadriplegic. Neurologic examination revealed left UMN facial weakness, 
flickering movements with an MRC grading of 1/5 of the left thumb, right hip flex-
ion and toe movements bilaterally. She was then stepped down from ICU to the 
Hyperacute Stroke Unit where she received ongoing acute stroke management and 
neurorehabilitation. After extensive discussions with respiratory and cardiothoracic 
surgery teams, the consensus decision was to continue conservative management 
without surgery until she was repatriated back to the United States.

During the first 4 weeks, she remained quadriplegic with a man-in-a-barrel pat-
tern of weakness consistent with bilateral watershed infarcts. Her bulbar function 
continued to improve. This was evident by regaining swallowing function. After 
6 weeks, she fully regained her muscle power in the upper and lower extremities as 
well as truncal strength. The aim of the neurorehabilitation was to help her become 
medically fit to travel back to the United States by a cruise ferry. 10 weeks later, she 
arrived back to New York.
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a b

c d

Fig. 16.1 (a and b) Brain CT non contrast Axial imaging showing multiple small gas locules 
involving the subcortical white matter of the right frontal and parietal lobes. (c) Brain MRI diffu-
sion weighted images revealing multiple area of acute infarction of bilateral cerebral hemispheres. 
(d) Brain MRI FLAIR images demonstrating bilateral white matter signal abnormality most con-
spicuous in the juxtacortical and subcortical white matter of the MCA border zones
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a b

Fig. 16.2 (a) CXR demonstrates a large bulla projected over the left lower lung zone. (b) CT 
Thorax enhanced images demonstrating a bulla measuring 88 mm within the left lingula with a 
number of large pulmonary vessels (arrow) running to the edge of the cavity

 Discussion

Pulmonary bulla causing cerebral air embolism is extremely rare. It presents clini-
cally with a variable presentation ranging from minor motor weakness, headache, 
seizures, loss of consciousness and coma [4, 5]. Cerebral air embolism manifesting 
with loss of consciousness shortly after take-off, as in our patient, has previously 
been reported [2–4, 6–14]. The loss of consciousness in most could be attributed to 
the massive cerebral oedema, bi-hemispheric infarcts, thalamic or brainstem 
involvement, for which most suffered a fatal outcome [2–4, 7–11, 13, 14]. Despite 
presenting unconscious, our patient made a surprisingly good outcome which could 
possibly be explained by the absence of cerebral oedema, thalamic and brainstem 
involvement [6, 14]. CT/MR mismatch in our patient can be explained by the time 
interval between the two imaging and the dynamic nature of the air embolism itself. 
These together would result in discrepancy between the two modalities.

Cerebral air embolism in individuals with a pre-existing lung pathology is likely 
related to decompression during ascent [11]. The pathophysiology of arterial gas 
embolism in relation to a pulmonary bulla during air travel is poorly understood and 
is presumed to be secondary to the bulla expansion due to changes in atmospheric 
pressure encountered on plane ascent [2–16]. Identification of the bronchial connec-
tion is always challenging, and determination of its anatomical location is usually 
not possible [2]. None of the previous reported cases demonstrated a communica-
tion between the bulla and the pulmonary circulation [2–15]. In our case, CT of the 
thorax enabled us to identify a connection between the bulla and the pulmonary vein 
as a mechanistic explanation of air embolization to the systemic circulation hence 
the brain.

Optimal treatment of cerebral air embolism remains to be elucidated, as there is 
no high-quality research evidence available. However, hyperbaric oxygen therapy is 
currently considered a first line treatment of cerebral air embolism by limiting 
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cerebral oedema and reducing the size of air bubbles by depleting intravascular 
nitrogen [17]. Ultimately, the risk of further air embolism by air travel can be elimi-
nated by surgical resection of the pulmonary bulla prior to air travel [5].
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Chapter 17
Ischaemic Stroke Presenting with Isolated 
Dysarthria

Talal Al-Mayhani

A 51-year-old right-handed man, with background of hypertension, Type II Diabetes 
Mellitus, bipolar disorder and active cigarette smoking, presented to the Emergency 
Stroke Unit (ESU). He had a 1-day history of left sided neck pain, 2-h history of 
ache around the left eye and left temple, followed by sudden onset slurred speech 
that persisted while the pain resolved. There was no history of trauma, cough or 
sneezing, alcohol consumption or substance abuse.

 Examination and Localization

He was brought by the ambulance services and walked into ESU with no need for 
assistance. He was alert, fully oriented and engaged. There was severe dysarthria, 
with no evidence of expressive or receptive aphasia. He had a longstanding anisoco-
ria with the left pupil smaller than the right. The remaining cranial nerves were 
normal. The vital signs on admission were within normal range.

 Investigations and Management

The routine blood tests were unremarkable. The 12 L ECG showed sinus rhythm. 
The plain CT head was normal, and the CT angiogram of head and neck excluded 
large vessel occlusion. MRI head, however, showed evidence of acute stroke in the 
crus cerebri in left side of the midbrain (Fig. 17.1).
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a b

Fig. 17.1 (a and b) axial MRI head DWI and ADC sequences showing a small area of restricted 
diffusion in the left crus cerebri in the midbrain, indicating acute ischaemic lesion

Further blood tests for young stroke screen were normal or negative. Although 
inpatient investigations did not reveal evidence of dysrhythmia or structural or val-
vular heart disease, the normal angiogram studies, and the relatively young age, 
raised the unconfirmed possibility of cardioembolic etiology. The patient was 
treated initially with dual antiplatelets (Aspirin and Clopidogrel) for 3 weeks, then 
with lifelong Clopidogrel.

 Discussion

Defined as a disorder of articulation, dysarthria is a symptom and/or sign of poor 
localizing value [1]. It may result from structural neurological lesions in the central 
or peripheral nervous system, along with array of non-neurological pathologies. 
Dysarthria should be distinguished from dysphasia, a disorder of language, and can 
overlap with dysphonia, a disorder of vocalization.

Classically, dysarthria is classified into different types depending on the distur-
bance of speech quality, and the presumed site of lesion, as follows:

• Ataxic dysarthria: the speech is slow, scanning and/or explosive and has a stac-
cato quality, with discoordination between the speech and breathing. It is part of 
the cerebellar syndrome with wide range of underlying vascular, demyelination 
and structural pathologies.

• Flaccid dysarthria: the speech has a nasal quality, and fasciculation and wasting 
may develop in the tongue. It is usually due to lesion in the lower motor neuron 
(progressive bulbar palsy), nerves (facial diplegia in Guillain-Barré syndrome) 
or neuromuscular junction disorders (myasthenia gravis).
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• Spastic dysarthria: the speech is effortful and slow, and can be associated with 
prominent jaw reflex, and emotional lability (pseudobulbar affect). Since the 
lower cranial nerves receive inputs from both hemispheres, this type of dysar-
thria results usually from bilateral lesions in the corticobulbar tracts disrupting 
the upper motor neuron projections.

• More profound and persistent forms of spastic dysarthria can be encountered in 
pseudobulbar palsy or amyotrophic lateral sclerosis forms of the motor neuron 
disease, or in bilateral vascular damage in the classical anterior opercular syn-
drome of Foix-Chavany-Marie. Notably, patients with left hemiparesis due to 
right subcortical stroke tend to present with particularly severe dysarthria, 
although it tends to improve with time [2].

• Hypokinetic dysarthria: the speech is expressed rapidly and can usually be hypo-
phonic and monotonous. It can be seen in extrapyramidal lesions resulting in 
parkinsonism syndrome.

• Hyperkinetic: the speech is usually loud with inappropriate stresses, pauses, and 
intonation. There can be associated involuntary hyperkinetic movements of the 
underlying disorder. This type of dysarthria can be seen in from extrapyramidal 
lesions resulting in dystonia, tremor, myoclonus or chorea.

Most cases of acute dysarthria can be attributed to systemic conditions with tran-
sient impact on neurological function such as alcohol intoxication, delirium, medi-
cations side effects and encephalopathic states. Careful history taking usually helps 
in clarifying the clinical picture. Similarly, chronic neurological conditions or 
mature stroke, known to be associated in the past with dysarthria, may present with 
acute decompensation or recrudescence in context of acute systemic upset.

As mentioned in spastic dysarthria above, acute presentation of dysarthria is also 
known to accompany acute stroke [3], however, it is usually part of a wider clinical 
syndrome due to lesions in the corticospinal or corticobulbar tracts.

Very rarely, isolated dysarthria, with no other focal neurological deficits, can be 
the only feature of acute stroke [4], as demonstrated in this case report. Again, the 
clinical history is a key, as careful questioning helps in elucidating the sudden onset 
of the presentation, exploring the cardiovascular risk factors and excluding other 
possibilities, for instance, alcohol intoxication, medications (narcotics, anti- 
epileptics and neuroleptics), of masked old stroke, stress and fatigue (as the motor 
system is affect sensitive).

The author came across two additional cases in a 64-year-old man and a 73-year- 
old man, both with similar presentation of sudden onset, isolated and persistent 
dysarthria. The work up did show ischaemic stroke in the left corona radiata of 
undetermined etiology in one patient (Fig. 17.2a, b), while in the other patient there 
was a small ischaemic lesion in the right side of basis pontis, likely due to small 
vessel disease (Fig. 17.2c, d).

A few case series studied the presentation of dysarthria in stroke patients. In one 
report, isolated dysarthria was found only in 2.9% of patients presenting with dys-
arthria due to stroke, and the vast majority of cases dysarthria was associated with 
other symptoms such as lingual paresis, facial paresis, clumsy hand syndrome, pure 
motor hemiparesis or hemi-ataxia [5].
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a b

c d

Fig. 17.2 (a and b): axial MRI head DWI and ADC sequences showing a small area of restricted 
diffusion in the left corona radiata, indicating acute ischaemic lesion. (c and d): axial MRI head 
DWI and ADC sequences showing a small area of restricted diffusion in the right anterior basis 
pontis, indicating acute ischaemic lesion

Such unusual presentation with isolated dysarthria can easily be missed, and 
high index of suspicion in patients with clear history, and relevant cardiovascular 
risk factors, should warrant stroke work up to guide optimum management and 
secondary prevention, and to reduce the risk of future stroke that may result in more 
profound disability. It is unclear, however, whether the stroke presenting with such 
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isolated dysarthria indicates a successful compensating mechanism in a brain of 
good functional reserve, or whether it is a harbinger of impeding and evolving more 
severe events. Further questions about the long-term prognosis of such isolated pre-
sentation, and the risk of future strokes, remain to be elucidated.
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Key Clinical Learning Points
• Isolated dysarthria may be a presenting feature of stroke or occur as a part 

of stroke syndrome for example dysarthria -clumsy hand syndrome (one of 
five lacunar syndromes)

• Clinical history is key: a sudden onset dysarthria which occurs in the con-
text of vascular risk factors warrants further investigation with brain imaging

• Causes of dysarthria associated with systemic disease should be excluded 
e.g. encephalopathy, delirium, medications

Key Radiological Learning Points
• Isolated dysarthria should prompt a search on imaging for an ischaemic 

lesion in the pons, internal capsule or as in this case the midbrain
• MRI with diffusion weighted imaging can clarify smaller lesions in the 

brainstem which may not be evident of CT head
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Chapter 18
Hole in One: Golf-Associated Dissection

Oishik Raha and Paul Bentley

 Clinical History

A 46  year-old right-handed man, AB, was brought to the local Emergency 
Department by his wife after he collapsed at home. There was a witnessed transient 
loss of consciousness followed by inability to speak, and left hemiparesis. He had 
been playing golf several hours earlier. There were no other triggering activities 
identified; and he had been feeling well according to the family. Past medical his-
tory consisted of: hypertension treated with perindopril, type 1 diabetes mellitus and 
asthma. He was compliant with medications, and blood pressure had been controlled.

 Examination

AB was drowsy and unable to verbalise or sit up, but able to communicate non- 
verbally with simple gestures of the right-hand. Left arm and left leg were both 
graded as no better than 3/5 power throughout; and all limbs were ataxic. He was 
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Table 18.1 National Institute 
for Health Stroke 
Score (NIHSS)

Domain Score

1a—Level of consciousness 1
1b—Orientation 0
1c—Commands 0
2—Gaze paresis 0
3—Visual field defect 0
4—Facial paresis 0
5a—Left arm motor 2
5b—Right arm motor 0
6a—Left leg motor 2
6b—Right leg motor 0
7—Limb ataxia 2
8—Sensation 0
9—Language 3
10—Dysarthria 2
11—Extinction/inattention 0
Total: 12

drooling, and had pooled secretions in the oropharynx requiring suctioning. Palatal 
elevation and gag reflex were impaired. A nasopharyngeal airway was inserted. The 
following were recorded as intact: visual acuity; visual fields; eye movements; 
facial power; sensation. There was no visuo-spatial neglect or sensory inattention. 
Admission NIHSS was 12 (breakdown shown in Table 18.1):

 Investigations

An urgent non-contrast CT (NCCT) (Fig. 18.1) showed hyperdensity in the mid 
basilar artery indicating acute thrombosis, although brain parenchyma was normal. 
Tissue plasminogen activator was administered as onset time was ~4 h.

A CT angiogram (CTA) of intracranial and aortic arch regions confirmed occlu-
sion of the basilar artery and the right dominant vertebral artery shortly after the 
ostium (Fig. 18.2).
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a b c

Fig. 18.1 Posterior circulation vessels highlighted with red outline in a series of slices in this 
NCCT. (a) demonstrates the dominant right vertebral artery with density equivalent to surrounding 
brain parenchyma. (b) demonstrates the proximal basilar artery with density equivalent to sur-
rounding brain parenchyma. (c) demonstrates the middle to distal basilar artery with hyperdensity 
concerning for basilar artery occlusion

a b c

Fig. 18.2 CT angiogram imaging performed at PSC. (a) Abrupt cessation of contrast flow distal 
to vertebral artery ostium. (b) In comparison to the contralateral vertebral artery, the right vertebral 
demonstrates patchy flow. (c) Intracranially, there is contrast in the right vertebral and bilateral 
posterior cerebral artery and superior cerebellar arteries but no flow in where the basilar artery runs 
indicative of basilar artery occlusion

 Treatment & Course

The patient was intubated, because of drowsiness, poor swallowing, vomiting, oxy-
gen desaturation, and for transfer to a tertiary centre for thrombectomy. Intravenous 
antibiotics were started for suspected aspiration pneumonitis. At thrombectomy, a 
vertebral artery occlusion was identified within the intraforaminal (V2) segment, 
with evidence of a dissection and associated free floating thrombus (FFT). This was 
crossed to gain access to the intracranial circulation where the middle and distal 
basilar artery was occluded with soft thrombus. Using a thromboaspiration tech-
nique the basilar artery was recanalised after two passes. The FFT in the vertebral 
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artery was also aspirated as it increased the risk of basilar artery re-occlusion. The 
dissection was not actively treated during the endovascular procedure. The post- 
procedure TICI score (Thrombolysis in Cerebral Infarction) was 3 indicating com-
plete recanalisation of the target vessel and its distal branches (Fig. 18.3). A residual 
70% stenosis of the vertebral artery remained at the dissection. To mitigate for the 
risk of basilar artery re-occlusion, high dose single antiplatelet regime of Aspirin 
300 mg was administered. A flat detector CT scan excluded haemorrhagic transfor-
mation (Fig. 18.4a).

The day after thrombectomy, an MRI scan revealed extensive infarction of the 
posterior circulation (Fig. 18.4b). In the next 24 h, an episode of asystole occurred 

a b c d

Fig. 18.3 (a) Abrupt cessation of contrast flow distal to vertebral artery ostium. The angiographic 
run demonstrates crossing the occlusion with a microwire and microcatheter. (b) Intracranial angi-
ographic run demonstrates basilar artery occlusion with no distal run-off = TICI 0. (c) After throm-
boaspiration, the basilar artery and its distal branches are fully recanalised = TICI 3. (d) Residual 
70% stenosis at the point of vertebral artery dissection

a b c

Fig. 18.4 (a) Post-thrombectomy NCCT demonstrates no evidence of haemorrhagic transforma-
tion in the posterior fossa. The slight hyperdense area in the right cerebellum is an area of “luxury 
perfusion”. Following recanalisation, blood flow to the area is in excess of the local metabolic 
demands of the infarcted brain tissue. (b) T2 FLAIR sequences from an MRI head scan shows 
extensive hyperintense areas of both cerebellar hemispheres with effacement of the fourth ventri-
cle. (c) NCCT demonstrates extensive cerebellar infarction with effacement of the fourth ventricle 
and early dilatation of the temporal horns of the lateral ventricles, a sign of early hydrocephalus 
and malignant cerebellar syndrome
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and a repeat NCCT scan confirmed the presence of malignant cerebellar syndrome 
(Fig. 18.4c). A multi-disciplinary team meeting was conducted involving the neuro-
surgical, intensive care and stroke teams. Due to the extent of brainstem infarction 
with an associated poor prognosis for recovery, a decision was made in conjunction 
with the family to not perform a suboccipital decompressive craniectomy and to opt 
for palliation. There was no neurological recovery once anaesthetic and sedative 
drugs were held. Ventilation was withdrawn and he died shortly afterwards.

 Discussion

The case highlights, firstly, challenges in the management of acute ischaemic stroke 
secondary to Basilar Artery Occlusion (BAO); and secondly, how vertebral artery 
dissection can be triggered by seemingly innocuous activities such as golf playing.

The posterior circulation is affected in only one-fifth of acute ischaemic strokes, 
but its associated morbidity and mortality is proportionately higher than anterior 
circulation strokes. After BAO, one-third are left with severe disability (modified 
Rankin Score of 4 or 5), and a further one-third die [1]. Posterior circulation strokes 
present ~1 h later than anterior circulation strokes [2], resulting in less effective 
treatment. This delay arises partly because posterior circulation ischaemia often 
present with non-specific symptoms such as nausea, vomiting, headache, dizziness, 
vertigo, fainting, or imbalance. The standard stroke disability metric NIHSS 
(National Institute of Health Stroke Scale), under-represents disability due to poste-
rior circulation stroke, which risks undertreatment [3]. To correct for this, a 
posterior- circulation disability correction can be applied (Posterior—NIHSS) [3]. 
Additional points are attributed for gait or truncal ataxia, dysphagia and an abnor-
mal cough—all of which were present in our case. In addition to triggering the need 
for mechanical thrombectomy, the POST-NIHSS prompts early assessment of air-
way function. Early endotracheal intubation can prevent complications of aspiration 
pneumonitis, including hypoxia, septicaemia, and hypotension, that may exacerbate 
brainstem ischaemia.

The radiological assessment of posterior circulation strokes also differs from 
anterior circulation strokes. The presence of hyperdense basilar sign (Fig. 18.1) is a 
key early ischaemic finding. Artefact from the bony skull base in NCCT makes 
identification of early ischaemic change in the posterior fossa challenging. 
Appropriate windowing of CT angiogram source imaging can provide adequate 
assessment of the posterior fossa using either the posterior-circulation Acute Stroke 
Prognosis Early CT Score (pc-ASPECTS, Fig. 18.5) or the Pons-Midbrain Index 
[4]. Whilst pc-ASPECTS helps to prognosticate for severity, the Pons-Midbrain 
Index has been shown to predict mortality outcomes in comatose patients with basi-
lar stroke [5].

The BAOCHE and ATTENTION randomised clinical trials provide Level 1 evi-
dence in support of endovascular therapy for BAO [6, 7]. A meta-analysis of four 
basilar RCTs demonstrated a positive treatment effect with endovascular therapy 
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a b c

Fig. 18.5 pc-ASPECTS score assigns points to each of the territories of the posterior circulation 
(1 for each cerebellar hemisphere, 1 for each occipital lobe, 1 for each thalamus, 2 for pons and 2 
for midbrain). Evidence of infarction in each territory subtracts points from a total score of 10. In 
our case (a–c) demonstrates slices from diffusion-weighted imaging on MRI head with a pc- 
ASPECTS score of 3 (pontine, bilateral cerebellar, bilateral thalamic, right occipital involvement).

compared to best medical therapy. There were improved rates of good functional 
outcome as defined by modified Rankin Scale score of 0–3 (Relative Risk 1.54) 
with significant lower mortality rates in the intervention arm (Relative Risk 0.76) [8].

In the current case, the BAO occurred in conjunction with a separate vertebral 
artery occlusion (so called “tandem” lesion). In general, it is preferable to treat the 
BAO first, either by entering the unaffected vertebral artery (if wide enough); or, as 
in this case, passing a wire through the vertebral occlusion first. Subsequently the 
vertebral occlusion is removed, and if narrowing is still present then balloon dilata-
tion or stent may be deployed [9]. Registry data from carotid tandem occlusion 
favours targeting the intracranial occlusion first, to achieve quicker flow restoration 
and better functional outcomes [10]. Active intervention of the vertebral tandem 
lesion is demonstrably safe [11], but it is unknown if mechanical treatment of vessel 
dissection, and/or high-intensity anti-platelet or anticoagulation therapy, post- 
thrombectomy, leads to improved outcomes.

Basilar artery occlusions arise from three main mechanisms: (a) embolism with-
out vertebral artery steno-occlusive disease; (b) embolism secondary to vertebral 
artery steno-occlusive disease; (c) in-situ atherosclerotic thrombosis [11]. In our 
case, an embolism originated from a likely acute vertebral artery dissection, with 
accompanying free floating thrombus. The cause of the dissection cannot be known 
with absolute certainty, but the close temporal association of clinical presentation 
with participation in a game of golf; absence of other reported triggers; and a recog-
nised association of golf with vertebral artery dissection [12–14], make this a likely 
cause in the current case.

Dissection refers to the abrupt tearing of the inner layer (intima) of an arterial 
wall. The resultant blood pooling in the false lumen, with secondary stenosis and 
turbulence within the true lumen, combined with an intimal tear, create the condi-
tions for thrombosis formation. Cervical arterial dissection is associated with prior 
manoeuvres that exert mechanical shear forces across the vessel wall. One observa-
tional case-control study of ~1000 cervical artery dissections recorded that prior 
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minor cervical trauma (e.g. extreme neck movements or heavy lifting) was identi-
fied in ~40% of cases, including 6% that were sports associated [15]. By compari-
son, minor cervical trauma was recorded in only 10–20% of non-dissection stroke, 
or matched healthy subjects, over an equivalent time window. However, in this 
study, the delay between traumatic event and dissection presentation was as long as 
1 month. This long delay range, together with the risk of recall bias makes it plau-
sible that many reported neck injuries are coincidental rather than causal. On the 
other hand, if only a trivial mechanical trigger is required to inflict a dissection, then 
many such events may go unrecognised by patients.

Alternative non-traumatic triggers for arterial dissection include sympathetic 
overactivity [16], blood pressure surges [17]; or reflexes such as sneezing, coughing 
or Valsalva manoeuvres [18]. Whilst an external or internal, mechanical shearing 
force may be necessary to trigger arterial dissection, it is unlikely to be sufficient, 
given the far higher number of incidences of people playing golf etc. who do not 
incur dissection. Thus affected subjects are likely to be predisposed to dissection, 
for example due to defects in vascular collagen, elastin or extracellular matrix. This 
may be caused by a combination of genetic mutation (e.g. Marfan’s or Ehlers Danlos 
syndromes; hyperhomocystinaemia [19, 20]; and comorbidities, such as migraine 
[21], hypertension (also present in our patient) [22]; and, curiously low cholesterol, 
and low body weight [23].

In the case of vertebral artery dissection, the commonest sites are V2 (intrafo-
raminal segments of C2-C7 vertebrae) or V3 (axial-occipital, C2-dura, loop), 
accounting for ~35% cases each. In healthy subjects, active neck rotation is coupled 
to lateral spinal flexion in the direction of rotation, stretching the contralateral ver-
tebral artery, and reducing its blood flow (which if extreme can cause so-called 
“bow-hunter’s stroke”). In certain healthy subjects, dynamic occlusion of the verte-
bral artery within C2 foramen occurs during contralateral rotation due to anatomical 
variation: namely, a small arterial loop or excessive C1-C2 rotation [24]. Transient 
occlusion may redirect arterial pulsatility into adjacent parts of the vertebral artery 
wall, causing stretching, and ultimately a tear [25].

Key Clinical Learning Points
 1. Posterior circulation stroke can present with non-specific symptoms, and 

worsen progressively or fluctuate. Such atypical stroke presentations result 
in delayed presentation and reduced treatment effectiveness.

 2. Basilar artery occlusions result in a significantly higher disability and mor-
tality than other types of ischaemic stroke.

 3. A focused history can help to identify minor mechanical triggers, includ-
ing sports, that may be associated preferentially with either carotid or ver-
tebral arterial dissections.

 4. The Posterior-NIHSS appropriately weights disability due to posterior cir-
culation stroke; and highlights the need to assess airway compromise.

 5. Mechanical thrombectomy is a highly effective treatment for basilar artery 
occlusions.
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Chapter 19
Chemotherapy Emboli as an Iatrogenic 
Cause of Ischaemic Stroke Arising 
from a Misplaced Central Venous Access 
Line

Natalie Marzouqa, Geoffrey Chow, and Daryll M. Baker

 Introduction

Central venous catheters are widely used in chronically ill patients in need of long- 
term treatments. Oncology patients in particular benefit from the ease such lines 
offer for chemotherapy delivery and long-term administration of fluids, blood prod-
ucts, medications, parenteral nutrition and regular blood sampling [1, 2]. We present 
a case of recurrent ischemic strokes caused by emboli from a “Port-A-Cath” central 
venous access line incorrectly positioned in the ascending aorta occurring during 
chemotherapy.

 Clinical History

A 73-year-old male was admitted to the oncology department to receive chemo-
therapy via a “port-a-cath” central venous catheter for gastro-oesophageal junction 
adenocarcinoma (HER2 negative) with lung nodules and mediastinal lymph nodes, 
and metastatic bowel cancer in the mediastinum (normal MMR gene, RAS/RAF 
wild type). He was not in atrial fibrillation and did not have a history of cardiac 
disease. There was no history of a previous stroke or other neurological problem. 
There was no history of thromboembolic disease.
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The day following his first chemotherapy, he experienced an episode of unre-
sponsiveness with lip smacking movements for two minutes, confusion and expres-
sive dysphasia. He had two further episodes during the same day, with persistent 
expressive dysphasia. MRI demonstrated acute infarcts in the left posterior insula, 
supramarginal gyrus and deep white matter (Fig.  19.1). It was thought that the 
infarcts could be secondary to viral vasculitis/encephalitis and he was commenced 
on IV acyclovir, as well as IV methylprednisolone given his background of vasculi-
tis. EEG did not show any evidence of epileptiform activity.

Around 3 weeks after this event, the patient developed aphasia, a right arm drift 
with reduced power in his right upper and lower limbs. CT head demonstrated a new 
hyperdensity within the distal M1/proximal M2 segments of the left Middle cere-
bral artery suggestive of an acute thrombus, which was subsequently confirmed on 
CT angiogram. Additionally, when compared with previous studies, imaging 
showed multiple bilateral infarcts of varying ages, with overall appearances sug-
gesting an embolic source (Figs. 19.2 and 19.3). IV thrombolysis (alteplase) was 
administered and the patient was transferred to the Hyperacute Stroke Unit at 
UCLH. He was started on antiplatelet therapy.

The stroke physicians conducted multiple investigations in an attempt to identify 
a possible embolic source. Carotid artery Doppler ultrasound was normal, identify-
ing no carotid artery stenosis. An echocardiogram showed no evidence of intracar-
diac thrombus, with a normal left ventricle. The aortic valve was calcified (sclerotic), 
but there was no significant stenosis. Repeated ECGs were normal and identified no 
cardiac arrhythmias. Testing for a hypercoagulable state, abnormal lipid profile, 
metabolic abnormalities (lactate, pyruvate, urine organic acids, serum amino acids), 
inflammatory conditions (erythrocyte sedimentation rate, antinuclear antibody) 
were either not altered.

< 9... < 1...

R R

P P

Fig. 19.1 MRI brain Diffusion weighted images and ADC images demonstrating left insular and 
deep white matter infarcts soon after the patient had clinically suffered a stroke following miss 
insertion of a venous access catheter
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Fig. 19.2 Follow up MRI brain showing diffusion weighted images and ADC images demonstrat-
ing further infarcts right cingulum after the patient had clinically suffered further strokes following 
further chemotherapy through a miss-inserted central venous access catheter

< 3... < 4...
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Fig. 19.3 Follow up MRI brain showing diffusion weighted images and ADC images demonstrat-
ing further infarcts this time in the right cerebellum after the patient had clinically suffered further 
strokes following further chemotherapy through a miss-inserted central venous access catheter

The “Embolic Stroke of Undetermined Source” was assumed due to hyperco-
agulability related to the underlying tumours and their treatment and anticoagula-
tion was considered. However, a PET scan to assess disease status during 
chemotherapy showed the port-a-catheter tip in the ascending aorta (Fig. 19.4). The 
Port-A-Cath appeared to traverse the right internal jugular vein before entering the 
right common carotid artery thus identifying the embolic source.

The “port-a-cath” was removed and a covered stent placed across the arterial 
puncture site.

19 Chemotherapy Emboli as an Iatrogenic Cause of Ischaemic Stroke Arising…
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Fig. 19.4 CTC+ CorMIP 
(contrast enhanced 
aortogram version)—
highlighting the position of 
the central venous in the 
right common carotid, 
brachiocephalic and 
ultimately the aorta

The patient had no further ischaemic episodes, however, following his prolonged 
3 month hospital admission, he was globally deconditioned and required assistance 
of one to mobilise around his room.

 Discussion

This case reports the inadvertent insertion of a central venous catheter into the aortic 
arch that was not immediately identified. Recurrent ischaemic embolic strokes 
developed as a result of intra-arterial chemotherapy medication delivery. No new 
stokes developed once the line was removed.

Direct arterial injury complicates less than one percent of attempted central 
venous cannulation. This is usually identified straight away during insertion as a 
high flow arterial blood pulses from the catheter [3–7]. There are a few similar cases 
in the literature reporting stroke following inadvertent intra-arterial central venous 
line insertion (Table 19.1). In most cases the stroke occurred very soon after line 
insertion and occasionally after its use. In over 50% of cases the subclavian artery 
was punctured inadvertently and in 30% the carotid artery was punctured. In 60% 
the consequence of this was either death or a residual neurological deficit.

This present case report demonstrates the difficulty sometimes experienced in 
identifying the embolic source of an ischaemic stroke. Embolic Stroke of 
Undetermined Source (ESUS) involves approximately 17% of all ischemic stroke 
patients and has an annual rate of stroke recurrence of 4–5% [15]. As such all efforts 
to determine the embolic source need to be undertaken so recurrent stroke 
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preventative treatment can be targeted. Usually, a battery of tests are performed to 
identify the most common causes of embolic stroke. These include cardiac echo, 
ECG and 72 h heart monitor, carotid duplex scan, CT angiogram and MRI, as well 
as blood samples to exclude infective, inflammatory or thrombogenic causes. If 
these tests do not initially reveal the embolic source, the stroke(s) are usually even-
tually found, or assumed, to be due to a cardiac origin (atrial cardiopathy, covert 
atrial fibrillation, left ventricular disease, cardiac valvular disease or patent foramen 
ovale). Other aetiologies are assumed to be atherosclerotic plaque rupture or cancer 
induced thrombogenesis [15]. An iatrogenic cause, as occurred in this case, is rare. 
Depending on the assumed aetiology (altered blood flow or atherosclerotic plaque 
rupture) patients are usually either formally anticoagulated with a DOAC or man-
aged with an antiplatelet medication. Neither would have been successful in this 
particular case.

This case, although an unusual cause for ischaemic stroke, emphasises that there 
are many aetiologies and in complex cases a careful history, examination and review 
of ALL the imaging is needed to determine the embolic source of the isch-
aemic stroke.
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Chapter 20
Recurrent Thunderclap Headache

Nicholas F. Brown

 History

A 22-year-old female right-handed investment banker presented with a three-week 
history of recurrent thunderclap occipital headaches. Headaches were initially fron-
tal and left sided, then right sided, and then became occipital. She described the 
headaches as “being hit from behind by a bat” and subsequently “pounding” with 
associated photophobia and hyperacusis. Each headache was precipitated by physi-
cal exertion at the gym. The headaches initially lasted approximately thirty minutes 
but in the week before presentation were lasting nine to ten hours. There were no 
relieving factors.

She had no past medical history and was not on any regular medications. There 
was no family history of note. She did not smoke or drink alcohol, and denied rec-
reational drug use. She had recently started taking diphenhydramine sleeping tab-
lets and unnamed Chinese herbal supplements.

 Examination

She was alert and oriented. Blood pressure was 110/68. Cardiac, respiratory, and 
abdominal examination was unremarkable. Neurological examination of her cranial 
nerves, upper limbs, and lower limbs was normal. Dilated fundoscopy was normal. 
There were no visible rashes or arthralgia.
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 Investigations

Routine blood tests including CRP and ESR were normal. 12 lead ECG displayed 
sinus rhythm.

MRI Brain revealed normal brain parenchyma. MR Angiogram of the intracra-
nial arteries (Fig. 20.1) demonstrated irregular calibre with beading of multiple arte-
rial segments of the circle of Willis bilaterally consistent with a severe vasculopathic 
process. These findings were confirmed on a four-vessel catheter angiogram 
(Fig. 20.1). CT Abdomen with contrast revealed normal extra-cranial blood vessels.

Vasculitis and thrombophilia screens were negative. Cerebrospinal fluid (CSF) 
opening pressure at lumbar puncture was 14 cm water. CSF was acellular with pro-
tein count of 0.5. CSF culture and viral serology was negative.

She was diagnosed with cerebral vasoconstriction syndrome and commenced on 
oral nimodipine. She was discharged home and her headaches gradually subsided. 
Repeat MR Angiogram (Fig. 20.2) of the intracranial vessels five months post pre-
sentation revealed normal intracranial vessels, confirming the diagnosis of revers-
ible cerebral vasoconstriction syndrome (RCVS). Nimodipine was gradually 
withdrawn, and she remains headache free.

Fig. 20.1 Four-vessel catheter cerebral angiogram and MR Angiogram. Irregularity of the basilar 
artery and bilateral irregular calibre with ‘beading’ of multiple arterial segments at the circle 
of Willis
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Fig. 20.2 Interval MR 
Angiogram five months 
post presentation. Normal 
intracranial vessels

 Discussion

Reversible cerebral vasoconstriction syndrome (RCVS) is characterised by tran-
sient dysregulation of cerebral vascular tone leading to prolonged but reversible 
constriction of intracranial arteries, with resolution within three months. Peak inci-
dence is between 20 and 50  years of age, with a female predominance [1–10]. 
Accurate incidence is difficult to define as it is underdiagnosed, particularly in pure 
cephalgic cases.

The most common clinical presentation is with severe acute headache (typically 
thunderclap), with or without additional neurological symptoms including focal 
neurology (9–64%) and seizures (0–21%) [4–6]. The acute headache is typically 
bilateral, with posterior onset and associated nausea, vomiting, and photophobia. In 
contrast to aneurysm-rupture, the severe headache of RCVS is short lived. Most 
patients (>90%) will present with recurrent thunderclap headaches, recurring on 
average seven days apart, with a milder background headache between attacks [2, 
3, 6, 7].
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The pathophysiology of RCVS is not fully understood. Brain biopsies have not 
revealed abnormalities, and have not demonstrated vascular inflammation [8]. The 
prevailing hypothesis is that it is secondary to transient and reversible disturbance in 
the control of cerebral vascular tone, with subsequent multifocal and segmental 
arterial constriction and dilatation [5, 9]. Since intracranial vascular tone and calibre 
is dependent on both vascular receptor activity and sensitivity, a central vascular 
discharge (either spontaneous or evoked) with a multifactorial trigger may deter-
mine the relapsing and reversible nature of RCVS [4]. The temporal clinical pro-
gression suggests that the underlying disturbance first involves small distal arteries, 
potentially causing haemorrhage or a clinical syndrome identical to the posterior 
reversible encephalopathy syndrome (PRES), and then progresses to involve 
medium and large calibre vessels, with subsequent ischaemia and potential infarc-
tion [2].

The syndrome may be spontaneous (idiopathic), or may occur secondary to a 
precipitant (25–60%) [5]. Precipitants have been implicated due to a temporal rela-
tionship with RCVS which may occur several months after precipitant use [4, 5]. 
Reported precipitants include vasoactive substances, pregnancy/puer-partum, 
catecholamine- secreting tumours, and immunosuppressants or blood products 
(Fig. 20.3). The most commonly reported precipitants are serotonin selective re- 
uptake inhibitors, cannabis, and over-the-counter nasal decongestants [2]. A trigger 
immediately prior to the onset of headache is recounted by 80% of patients, includ-
ing sexual intercourse, straining, physical exertion, urination, high emotional state, 
showering, and head movements [5].

Complications of RCVS include seizures, PRES, subarachnoid haemorrhage 
(SAH), and intracerebral haemorrhage during the first seven days after headache- 
onset when small calibre vessels are affected, followed by ischaemic infarcts during 
the second week when medium and larger calibre arteries are affected [5]. 
Subarachnoid haemorrhage is of small volume and tends to be localised, overlying 
the cortical surface with limited spread over one to three sulci [1, 5, 6]. Infarction is 
due to ischaemia distal to affected vessels, typically within arterial “watershed” 
regions, and occurs in 7–50% of cases [1, 4–6].

CT/MR Brain imaging at presentation is frequently normal. Angiography, either 
transfemoral or indirect (MRA/CTA) shows multifocal segmental narrowing and 
dilatation, in a “string of beads” pattern. Transcranial doppler can be used both for 
diagnosis and serial monitoring of vasoconstriction [10, 11]. Typically the anterior 

Pregnancy & Puerperum 
Vasoactive substances: Cocaine, Cannabis, Amphetamines, SSRIs, Nasal decongestants, 

ergotamine, methergine, bromocriptine, triptans, nicotine patches, ginseng 
Catecholamine secreting tumours 
Immunosuppressants or blood products: tacrolimus, cyclophosphamide, interferon-alpha, 

erythropoietin, intravenous immunoglobulin, packed red cells 
Head trauma 

Fig. 20.3 Precipitants attributed to RCVS. (Adapted from [5])
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and posterior cerebral circulations are bilaterally and diffusely affected, with poten-
tial involvement of the carotid artery and basilar siphon [5]. If performed in the first 
few days after presentation, angiography may appear normal, due to the poor sensi-
tivity of angiography to small vessel involvement. Follow-up cerebral imaging is 
abnormal in three quarters of cases, including infarcts (39%), subarachnoid haemor-
rhage (34%), intracerebral haemorrhage (20%), and oedema (20%) [6]. Serial angi-
ography has found peak involvement of arterial segments 16 days after headache 
onset, with unsynchronised progression and regression of vasoconstricted arterial 
segments [1]. Complete reversal of angiographic abnormalities is apparent between 
one and three months after presentation, and is required to confirm the diagnosis of 
RCVS [3].

Cerebrospinal fluid at presentation is frequently abnormal, and may show mild 
elevation in protein and white cell count [5]. Serum inflammatory markers may 
show a modest elevation [5].

The differential diagnosis for a single thunderclap headache includes aneurysmal 
subarachnoid haemorrhage, intracranial haemorrhage, cervical or intracranial dis-
section, hypertensive encephalopathy, post-partum vasculopathy, venous thrombo-
sis, giant cell arteritis, and pituitary apoplexy. Recurrent thunderclap headaches are 
much more likely to be RCVS. Appropriate imaging and serum inflammatory mark-
ers should differentiate the above presentations. RCVS-SAH with vasospasm is dis-
tinguished from aneurysmal-SAH on imaging with typical appearances of a small 
volume bleed overlying the superior or lateral cortical surface, with multifocal ves-
sel abnormalities remote from the site of bleeding, and no evidence of aneurysm 
rupture [5, 6, 12]. The differential diagnosis for the imaging appearances of RCVS 
is primary CNS angiitis but the clinical presentation of the two syndromes is very 
different. CNS angiitis rarely presents with thunderclap headache, progresses over 
more than 4 weeks, and has marked cerebrospinal fluid and serum abnormalities [8]. 
In patients found to have intracranial arteriopathy, the RCVS2 score (Fig.  20.4) 
combines clinical and radiographic features to differentiate RCVS from other 
causes, with a sensitivity of 94% and specificity of 86% in those with a score ≥ 5 [13].

Criterion Value 
Sex 
     Female 1 
     Male 0 
Thunderclap headache 
     Present 5 
     Absent 0 
Vasoconstrictive trigger 
     Present 3 
     Absent 0 
Subarachnoid haemorrhage 
     Present 1 
     Absent 0 
Intracranial carotid artery narrowing 
     Affected –2 
     Not affected 0 

Fig. 20.4 The RCVS2 
score to distinguish RCVS 
from other intracranial 
arteriopathies [13]
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The following diagnostic criteria for RCVS have been proposed [4]:

 1. Acute severe headache with or without neurological signs or symptoms
 2. Multifocal segmental vasoconstriction of cerebral arteries demonstrated by 

angiography
 3. No evidence for aneurysmal subarachnoid haemorrhage
 4. Normal or near-normal cerebrospinal fluid analysis (protein <1 g/l, white cells 

<15 mm3, glucose normal)
 5. Reversibility of angiographic abnormalities within 12 weeks after onset

Initial management includes cessation of potential precipitants, analgesia, blood 
pressure control, and medical management of seizures. There have been no clinical 
trials evaluating pharmacotherapy in RCVS and open studies have not identified any 
significant clinical benefit with calcium channel blockers or glucocorticoids. 
Patients with RCVS are often given glucocorticoids at presentation due to diagnos-
tic uncertainty of primary CNS angiitis and evidence of benefit in aneurysmal sub-
arachnoid haemorrhage in animal studies [8]. However, there is no clear clinical 
indication for glucocorticoids in RCVS, and their use has demonstrated a trend 
towards poor outcomes [6]. Calcium channel blockers (particularly nimodipine) are 
frequently used as vasodilators, but care must be taken to avoid hypotension and 
subsequent watershed infarction in areas perfused by the constricted artery [4, 6]. 
The optimum treatment duration is unclear, but they are generally stopped after 
resolution of symptoms and angiographic abnormalities. Hypertension should be 
managed as per acute stroke guidelines, but with caution given the increased the risk 
watershed infarction with hypotension [3]. Simple analgesics are usually sufficient 
for headache, with triptans and ergot derivatives contraindicated due to their vaso-
activity. Intra-arterial administration of vasodilators and balloon angioplasty have a 
controversial role in RCVS, with variable success and a risk of reperfusion injury 
[3, 14–16].

The prognosis in RCVS in favourable, with excellent recovery in uncomplicated 
cases. One series reported modified Rankin of 0 to 1 in 78% of patients, 2–3 in 11%, 
and 4–5 in 9% [6]. Cerebral infarction (but not haemorrhage) is associated with a 
poor outcome [6]. Deaths have rarely been reported. Relapse is very uncommon.

Key Learning Points
• RCVS is a transient disturbance in cerebral vascular tone with subsequent 

multifocal segmental intracerebral arterial constriction and dilatation.
• RCVS should be considered in all presentations with cryptogenic strokes 

or thunderclap headache, particularly if recurrent.
• Differentiation from primary CNS angiitis can be made clinically, and 

from aneurysmal subarachnoid haemorrhage radiologically.
• Management includes enquiring about and discontinuing potential precipi-

tants. Calcium channel blocker initiation may be beneficial.
• Prognosis is favourable, but dependent on the extent of cerebral infarction.
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Key Radiology Learning Points
• All patients with recurrent thunderclap headaches with or without cerebral 

haemorrhage should have intracranial angiography.
• Multifocal segmental narrowing and dilatation with a “string of beads” 

pattern on angiography (transfemoral or indirect), with normalisation 
within three months is diagnostic of RCVS.

• Angiography at presentation may be normal, and repeat angiography may 
be required to demonstrate vascular abnormalities.
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Chapter 21
Cerebral Venous Thrombosis 
Due to Vaccine-Induced Thrombotic 
Thrombocytopenia

Talal Al-Mayhani and Richard Perry

A 22-year-old right-handed man, previously fit and well, was brought by his family 
to a local hospital, before being transferred to our institute for further investigation 
and management. Twelve days prior, he had received the first dose of ChAdOx1- 
nCoV- 19 (Oxford-AstraZeneca) vaccine. For 4  days before admission, he com-
plained of gradual onset but progressive headache with no nausea, vomiting or other 
migrainous features. For 1  day before his admission, he became confused and 
developed right arm weakness.

 Examination and Localization

On arrival in hospital, he was initially awake, but disorientated and unable to pro-
vide history or follow commands with GCS 13/15 (E4, V3, M6). There was bilateral 
disc swelling on fundoscopy, weakness of 2/5 and 3/5 in the right upper and lower 
limbs respectively, and brisk reflexes throughout. The focal neurological findings in 
the right hemibody localized to the left cortical/subcortical hemisphere, but the 
presence of disc swelling and encephalopathy raised also the likelihood of diffuse 
or multifocal intracranial pathological process.
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 Investigations and Management

The vital signs were within normal range. The blood tests showed haemoglobin 
109 g/dL, platelets 24 × 109/L, monocytes elevated, potassium 3.2 mmol/L, calcium 
2.15 mmol/L, folate <2 ng/mL, C-reactive protein 36.7 mg/L, extractable nuclear 
antigen positive (with equivocal anti-Ro), hepatitis A antibody (positive), hepatitis 
B anti-surface AB (positive), hepatitis E antibody (positive), D-dimer 25580 (H), 
heparin-induced platelet factor 4 (PF4) antibodies positive (optical density 1.823, 
Asserachrom HPIA IgG assay).

CT/CT venogram and MRI head revealed extensive dural venous sinus thrombo-
sis with venous infarctions and haemorrhage (Fig.  21.1), and systemic imaging 
detected segmental pulmonary embolism, and right portal vein thrombosis.

He was diagnosed with vaccine-induced immune thrombotic thrombocytopenia 
and he underwent daily plasma exchange for total of four sessions, and received 
steroids (methylprednisolone IV, then prednisolone PO) and intravenous 

a b c
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Fig. 21.1 (a): axial CT head with no contrast showing global cerebral oedema, parenchymal 
hyperdensity in the left hemisphere and hyperdense area in the superior sagittal sinus. (b and c): 
axial CT venogram showing filling defects in the superior sagittal sinus with delta sign in demon-
strated b, indicating CVT. (d and e): axial MRI head DWI and ADC sequences showing areas of 
restricted diffusion in the left hemisphere, indicating venous infarct, and inside the superior sagittal 
sinus, indicating acute thrombus. (f): axial MRI head SWI image showing bilateral blooming, 
indicating haemorrhagic lesions associated with CVT
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immunoglobulin (IVIG, a total of 2 g/kg over 4 days). He was also commenced on 
argatroban which was subsequently changed to fondaparinux.

His admission was complicated by seizures resulting in low Glasgow coma scale 
and respiratory compromise that required short intensive care unit (ICU) admission. 
Levetiracetam was introduced to control the seizures. While in ICU he developed 
hospital-acquired pneumonia for which he received the appropriate course of 
antibiotics.

He was extubated on day 8, stepped down to ward on day 10 and discharged 
home on day 14 of admission.

On follow up he subjectively reported being back to his baseline, and the exami-
nation revealed objective improvement, residual papilloedema and no other focal 
deficits.

 Final Diagnosis

ChAdOx1-nCoV-19 vaccine-induced thrombotic thrombocytopenia (VITT) with 
cerebral and multisystem venous thrombosis.

 Discussion

This case demonstrated some of the classical features of extensive cerebral dural 
venous sinus thrombosis, in addition to systemic thrombosis, in context of VITT, a 
rare complication of ChAdOx1-nCoV-19 vaccine.

The cerebral venous system consists of three interconnected components; dural 
venous sinuses, cortical veins and deep cerebral veins. They drain into the internal 
jugular veins, and to less extent into the external jugular veins and vertebral venous 
plexus. However, as demonstrated in 1972 by Browder and Kaplan [1], there is also 
extensive, complex and highly variable tuberculation, arachnoid granulation and 
villi, venous anastomotic plexi and lacuna and emissary veins that connect intracra-
nial, diploical and extracranial venous structures whose neuro-anatomical details 
are beyond the scope of this chapter [2].

Pathologically, cerebral venous thrombosis (CVT) can result in various combi-
nations of venous congestion, oedema, infarctions and haemorrhage.

The location of CVT produces differing clinical syndromes and are important to 
highlight so they can be recognised in clinical practice:

• cerebral dural venous sinus thrombosis constitutes most CVT presentations, with 
70% involving the superior sagittal sinus and/or the transverse sinus [3]. The 
typical clinical syndrome presents with headache, vomiting, papilloedema and 
seizures, and the focal neurological deficits can be absent or subtle as back- 
pressure builds in the venous system. Cavernous sinus thrombosis forms 5% of 
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total cases of CVT, and results in distinct clinical syndrome that variably present 
with painful ophthalmoplegia, with or without chemosis and proptosis.

• Occlusion of a cortical vein, especially the superior anastomotic vein (of Trolard) 
or the inferior anastomotic vein (of Labbé), tend to present with seizures or focal 
neurological deficits and can be complicated locally by subarachnoid haemor-
rhage. While the classical description of the thrombosis of vein of Trolard 
includes proximal weakness of the contralesional arm and leg, that of vein of 
Labbé includes weakness of contralesional face and arm, with speech distur-
bance. Anatomical variations make the symptomatology highly inconsistent in 
clinical practice [4].

• The deep cerebral veins form a complex drainage system from the deep brain 
structures (mainly the basal ganglia and thalami) and the choroid plexi of the 
ventricles. A pair of internal cerebral veins joins the two basal veins of Rosenthal 
to form the great vein of Galen, which in turn joins the inferior sagittal sinus to 
form the straight sinus. Thrombosis of deep cerebral veins can be encountered in 
up to 10% of CVT cases [5], tending to present with change in mentation leading 
to coma, that heralds generally worse prognosis.

It is estimated that CVT forms less than 1–2% of total stroke cases [3]; the exact 
incidence remains largely unknown. Similarly, autopsy studies provided conflicting 
data regarding the CVT prevalence with various figures between 1% and 9%, rais-
ing the concept of latent and clinically silent venous sinus thrombosis [6]. The true 
incidence is likely to be higher, given the protean symptoms of CVT presentation, 
and the possibility of under-diagnosis.

The prospective International Study on Cerebral Vein and Dural Venous 
Thrombosis (ISCVT) followed 684 patients across 21 countries, and provided valu-
able insight on this condition [7]. CVT has a 3:1 female preponderance, and average 
age of 37 years [8]. About 50% of the cases are due to hypercoagulable states of 
hormonal factors or haematological pathologies. The hormonal factors include 
pregnancy, peri-partum period and puerperium. Combined oral contraceptives use is 
a factor in 10% of CVT cases, although 35% of these cases were found to have 
underlying thrombophilia [8]. The haematological pathologies include the genetic 
prothrombotic disorders (thrombophilia) such as factor V Leiden mutation, or the 
acquired disorders such as polycythaemia, thrombocytosis, severe anaemia and 
nephrotic syndrome. Infectious causes have become less common in developed 
countries, but facial and dental infections, sinusitis, otitis, mastoiditis and meningi-
tis should always be considered. Neoplasia can result in CVT, either by direct com-
pression or infiltration by metastatic or primary lesions or, more commonly, by 
malignancy-associated prothrombotic state.

The management of CVT focuses, in the acute stage, on dissipating the throm-
bus. The priority is to commence the patient on anticoagulation (low molecular 
weight heparin, LMWH and then warfarin) even in presence of haemorrhagic 
lesions [9]. In selected cases, endovascular thrombectomy can be offered, especially 
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in patients with expanding thrombus or declining consciousness in spite of antico-
agulation, although the only randomized-controlled trial of this intervention did not 
show benefit [10]. Decompressive hemicraniectomy, a lifesaving procedure, should 
be considered in certain cases complicated by severe mass effect from swollen 
venous infarction. The management should also address the predisposing factors 
and the potential complications e.g. systemic vasculitis or neoplasia, seizures.

In the era of the COVID-19 pandemic, the prothrombotic state and endotheliopa-
thy associated with SARS-CoV-2 infection have resulted in an increase in the 
thrombotic events in the venous system [11]. Similarly, there have been reports of 
cases of CVT after receiving COVID-19 vaccines, as illustrated in this case of 
VITT. This recently described condition shares many features of heparin-induced 
thrombocytopenia (HIT) [12], a complication of heparin use which has been recog-
nized since the last 1950s.

In HIT, antibodies are formed against the platelet factor-4 (anti-PF4 antibodies) 
usually within 2 weeks of commencing the treatment in heparin-naïve patients, with 
an estimated incidence of 0.2–3% of patients started on heparin [13]. Use of unfrac-
tionated heparin, especially of bovine source, appears to confer a higher risk 
than LMWH.

VITT has an estimated incidence of approximately 1 per 100,000 of individuals 
receiving their first dose of ChAdOx1-nCoV-19 vaccination [14]. The diagnosis can 
be made by history of recent vaccine, the distinct biochemical profile (significant 
thrombocytopenia, raised D-dimer and positive anti-PF4 antibodies) and the clinical 
presentation including venous thrombosis as in this case or, more rarely, arterial 
stroke [15]. The D-dimer tends to be extremely high in VITT, although a normal 
D-dimer value does not exclude the diagnosis. In all types of CVT (including VITT), 
an MRI head with MR venogram is the preferred imaging modality, as MRI has a 
higher sensitivity for picking up parenchymal lesions than CT. In practice, though, 
in an emergency setting the first imaging is often done using CT.

By contrast with the conventional management of CVT without VITT, heparins 
(including LMWH) are currently considered to be contraindicated in VITT, and the 
mainstay of includes non-heparin anticoagulants, such as fondaparinux, along with 
steroids, plasma exchange and/or IVIG [16].

Data regarding the long-term prognosis of CVT in general are limited and vary 
depending on the complications such as disability due to infarcts and bleedings, 
seizures, intracranial hypertension and dural venous fistulas. The International 
Study on Cerebral Vein and Dural Sinus Thrombosis (ISCVT) [7] reported mortal-
ity rate of 3.4% within 30 days of onset, recurrence rate at around 2% and throm-
botic events in other organs in 4% of cases. CVT in the context of VITT appears to 
have a much worse outcome, with an in-hospital mortality rate of 30–40% [16, 17], 
although patients who survive hospital admission appear to do well at subsequent 
follow-up [17].
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Chapter 22
Between a Clot and a Hard Place: 
Ischaemic Stroke and COVID-19

R. Beyrouti, A. Chandratheva, and D. J. Werring

A 65-year-old right-handed gentleman presented on the 28th of March 2020 with a 
10-day history of fever, cough, shortness of breath, myalgia and anorexia. On exam-
ination, he was dyspnoeic with bilateral basal crackles on chest auscultation and his 
oxygen saturation was 94% on 10 L O2. His chest x-ray showed bilateral pulmonary 
infiltrates and his laboratory tests showed lymphopenia at 0.50 × 10^9/L with raised 
inflammatory markers as follow CRP 287 mg/L, ferritin 4927 μg/L, LDH 654 μg/L, 
fibrinogen 9.5 μg/L and D-dimer 2390 μg/L. He tested positive for Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) on nasopharyngeal 
RT-PCR swab.

Over the three following days, he had increasing oxygen requirement and was 
transferred to intensive care unit on the 31st of March 2020 and started on continu-
ous positive airway pressure (CPAP) therapy.

On the 01st of April 2020, he developed dense left sided weakness, paraesthesia 
and difficulty swallowing which completely resolved after 20  min. A CT acute 
stroke showed no acute intracranial pathology, but an occluded left vertebral artery. 
He was diagnosed with transient ischaemic attack and started on dual antiplatelets. 
He was successfully weaned of CPAP and step down to the ward on the 04th of 
April 2020.
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In the context of persistent oxygen requirement with repeat D-dimer of 
>80,000 μg/L, a CT pulmonary angiogram was performed on the 05th of April 2020 
and demonstrated bilateral pulmonary emboli within the right segmental middle 
lobe and the left subsegmental lower lobe arteries with no radiographic evidence of 
right heart strain. It also showed multifocal bilateral subpleural confluent ground- 
glass changes and consolidation in keeping with classic severe covid-19 infection. 
A lower limb doppler ultrasound also showed an occlusive deep venous thrombosis 
in the left posterior tibial vein and the left peroneal vein. He was started on split 
dose Enoxaparin 60 mg BD and dual antiplatelets were stopped.

He had an MRI head on the 06th of April 2020 (Fig. 22.1) which showed left 
cerebellar subacute infarct with haemorrhagic transformation and left vertebral 
artery thrombus with intradural propagation. His neurological examination at the 
time showed very mild left arm drift and dysmetria. Given the extensive arterial and 
venous thromboembolic disease, the benefit of continuing low molecular weight 
heparin (LMWH) outweighed the risk of further cerebellar bleeding. He was then 
continued on Enoxaparin with close monitoring.

On the 08th of April 2020, 22 days after COVID-19 onset, he developed acute 
confusion with abbreviated mental test score (AMTS) 5/10 and word finding diffi-
culties. On examination, he was dysphasic, confused with GCS 14/15. He had mild 
right hemiparesis, bilateral incoordination and right homonymous hemianopia. A 
CT head showed an acute left posterior cerebral artery (PCA) infarct involving the 
left lingual gyrus with no evidence of intracerebral haemorrhage. A note was made 
of well-established left PICA territorial infarct within the posterior fossa. CT angio-
gram showed an occlusion of the P2 segment of the left PCA with no basilar artery 
thrombus. MRI head performed 1 day later showed extensive acute left PCA terri-
tory infarct involving the thalamus, occipital lobe and posteromedial temporal lobe 
(Fig. 22.2). Patchy acute infarcts were also shown within the right occipital lobe. 
Given further multifocal infarcts on full dose anticoagulation, with evidence of a 
hypercoagulable state, the decision was made to increase Enoxaparin from 60 mg 
bd to 80 mg bd (2 mg/kg) after discussion with haematology team.

Fig. 22.1 Diffusion- 
weighted MRI showed 
acute left posterior-inferior 
cerebellar artery territory 
infarction
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Fig. 22.2 Diffusion- 
weighted MRI showed 
bilateral acute posterior 
cerebral artery territory 
infarcts despite therapeutic 
anticoagulation

An MRI dissection protocol showed no evidence of vertebral artery dissection. 
The echocardiogram was normal with no intracardiac thrombus; a bubble study was 
negative and cardiac monitoring showed sinus rhythm. Thrombophilia testing 
showed a positive lupus anticoagulant with medium titre IgM anticardiolipin anti-
bodies, negative IgG anticardiolipin antibodies and low titre IgM and IgG anti-β2- 
glycoprotein-1 antibodies.

He was previously fit and well with no history of arterial or venous thrombosis. 
He was a regular scuba diver, swimming outdoors and cycling most days and going 
to the Gym 3–4 times weekly.

During the course of the following week, he made a good recovery from his 
COVID-19 pneumonitis and he was discharged to neuro-rehabilitation unit where 
he made remarkable progress in therapy. Three months after his stoke, his gait and 
coordination were back to normal. His power was 5/5 throughout. He had residual 
incomplete right homonymous hemianopia, hemianopic alexia and mildly impaired 
verbal memory and executive functions. On repeat antiphospholipid test, he had a 
positive lupus anticoagulant with medium titre IgM anticardiolipin antibodies, neg-
ative IgG anticardiolipin antibodies and negative IgM and IgG anti-β2-glycoprotein-1 
antibodies. He was switch to Warfarin with an INR target 3–4 under review with 
Haematology.
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 Discussion

Coronavirus disease (COVID-19), due to the Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2), emerged in late December 2019 and resulted in a 
rapidly spreading acute respiratory disease epidemic originating in Wuhan, China. 
On March 11th, 2020, the World Health Organization (WHO) declared COVID-19 
a global pandemic due to the constantly increasing number of cases outside China.

 Clinical and Radiological Characteristics

As the coronavirus pandemic progressed, it quickly became clear that acute isch-
aemic stroke (AIS) is the most frequently reported neurological complication of 
COVID-19. The incidence of AIS among COVID-19 patients varies from 0.9% to 
2.7% [1]. Compared with influenza, a known stroke factor, patients with COVID-19 
were more likely to have an AIS (odds ratio [OR], 8.1; 95% CI, 2.5–26.6) [2].

AIS associated with COVID-19 appears to have distinct characteristics. A sys-
tematic review found that compared to individuals who experienced a stroke with-
out COVID-19, patients with COVID-19 and stroke were younger with a higher 
frequency of large vessel occlusion [3], while a UK-wide case-control study found 
that AIS associated with COVID-19 is more often due to large vessel occlusion 
(LVO) in multiple vascular territories (17.9% vs 8.1%, p < 0.03) [4].

 Severity and Outcome

The median duration of AIS from onset of COVID-19 symptoms is 6 days (IQR 0 to 
14) [4]. However, clinicians should be wary that thrombotic complication such as 
AIS may be seen in both early and late phases of the infection. AIS has been associ-
ated with coronavirus disease severity with a 2.5-fold increased disease severity in 
patients with COVID-19 [5]. The severity of the infective disease also consistently 
emerged as an important risk factor for stroke across different studies [6, 7]. In a 
recent Dutch study, there was a 31% incidence of thrombotic complications in 
patients with COVID-19 admitted to ICU, mainly consisting of acute pulmonary 
embolism, deep vein thrombosis and ischemic stroke [8]. In a case-control study 
from New York, it was observed that patients with concomitant COVID-19 suffered 
more severe strokes with higher NIHSS score (median NIHSS score 19 vs 8, 
p < 0.007) and higher in-hospital mortality (63.6% vs 9.3%, p < 0.001) [9]. In a UK 
multicentre case-control study, the proportion of ischaemic strokes resulting in 
death during admission was significantly higher in COVID-19 patients (19.8% vs 
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6.9%, p < 0.00003) with higher median mRS on discharge (4 vs 3, p < 0.00003) [4]. 
In previous systematic reviews, the pooled mortality of COVID-19 patients with 
AIS varies from 31% to 38% [1, 3].

 Pathogenesis

The pathogenesis of cerebrovascular complications in COVID-19 is probably com-
plex. SARS-CoV-2 infection is caused by binding of the viral surface spike protein 
to the human angiotensin-converting enzyme 2 (ACE2) receptor after activation of 
the spike protein by transmembrane protease serine 2 [10]. ACE2 is expressed in the 
lung (principally type II alveolar cells) which appears to be the predominant portal 
of entry. ACE2 is also highly expressed in myocardium, vascular endothelium, and 
arterial smooth muscle [11]. Three distinct mechanisms have been proposed to 
account for the link between Coronavirus infection and acute ischaemic stroke.

Firstly, endothelial damage caused by SARS-CoV-2 binding to the ACE2 recep-
tors largely present in the brain vessels may be responsible of local direct endothe-
lial injury and thrombogenesis [12]. In fact, endothelial cell infection and diffuse 
endotheliitis have been demonstrated in COVID-19 via histological identification of 
viral elements within endothelial cells and an accumulation of inflammatory cells 
and apoptosis [12, 13]. This increases the risk of microthrombosis of small penetrat-
ing arteries and large artery occlusion. In addition, disruption of the renin- angiotensin 
system due to down regulation of endothelial ACE2 receptors and accumulation of 
angiotensin II promotes oxidative stress and vasoconstriction and aggravates endo-
thelial dysfunction [13, 14].

Secondly, SARS-CoV-2 myocardial invasion via ACE2 receptors is responsible 
of arrhythmogenic cardiomyopathy and cardiac embolism which may also have a 
contributory role in COVID-19-related stroke [15]. In an observational study of 138 
hospitalized patients with COVID-19, acute cardiac injury was present in 7.2%, and 
arrhythmia in 16.7% [16]. More recently, another observational study of 191 
patients in China showed that 23% were complicated with heart failure and 17% 
with acute cardiac injury. All of which are factors potentially predisposing patients 
to AIS [17].

Finally, COVID-19 has been widely associated with coagulopathy with life- 
threatening thromboembolic events including ischaemic stroke [18]. In fact, SARS- 
CoV- 2 appears to be responsible of a hyperinflammatory state, or cytokine storm 
associated with the excessive release of pro-inflammatory cytokines, such as TNF- 
α, IL-1, IL-6, which can cause severe coagulation disorders. Pro-inflammatory cyto-
kines induce endothelial and mononuclear cell activation, promote the release of 
ultra-long von Willebrand factor (VWF) multimers and the overexpression of tissue 
factor, and activate the extrinsic coagulation pathway. This leads to increased throm-
bin generation and hypercoagulable state with increased D-dimers [19]. Additionally, 
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there have been multiple reports of positive antiphospholipid autoantibodies in 
patients with COVID-19 which may contribute to thrombotic disorders [20, 21]. 
The real prevalence of these autoantibodies in patients with SARS-CoV-2 remains 
unclear. The available data seem to indicate that while the percentage of Lupus 
anticoagulant positivity range is approximately 50–80% of the patients, the positiv-
ity for antiphospholipid antibodies is instead significantly lower and higher for anti-
cardiolipin antibodies than anti-β2-glycoprotein-1 antibodies [22].

 Treatment

Early prophylactic or therapeutic anticoagulation with LMWH often guided by 
D-dimer levels could be beneficial to reduce thromboembolism in patients with 
COVID-19, including those with ischaemic stroke but must be balanced against the 
risk of haemorrhagic transformation [13]. In a recent randomized controlled trial, an 
initial strategy of therapeutic-dose anticoagulation with heparin in noncritically ill 
patients with Covid-19, increased the probability of survival to hospital discharge 
with reduced use of cardiovascular or respiratory organ support as compared with 
usual-care thromboprophylaxis. Major bleeding occurred more frequently in the 
anticoagulation group (1.9% vs. 0.9%) [23]. In contrast to the benefit found in non-
critically ill patients, a parallel analysis from the same multiplatform trial showed 
that empirical therapeutic-dose anticoagulation was not beneficial in critically ill 
patients (i.e., those receiving ICU-level care at enrollment) [24].

 Conclusion

Our case highlights distinct characteristics of ischaemic stroke associated with 
COVID-19 which occurs in the context of highly prothrombotic state with predomi-
nance of large vessel occlusion and multiple vascular territories involvement.

Key Points
• COVID-19 can be associated with a severe coagulopathy which is some-

times associated with life-threatening thromboembolic events including AIS
• The incidence of AIS among COVID-19 patients varies from 0.9% to 2.7%
• AIS associated with COVID-19 is more often due to large vessel occlusion 

(LVO) affecting multiple vascular territories than non-COVID-19 asso-
ciated AIS

• The median duration of AIS from onset of COVID-19 symptoms is 6 days 
(IQR 0 to 14)

• Patients with COVID-19 suffer more severe strokes with higher NIHSS 
score and higher in-hospital mortality
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Chapter 23
Lying in Wait—Stroke and a Blistering 
Rash

Shane Lyons, Aine Merwick, Lucy Blair, Lionel Ginsberg, 
and Robert Simister

Abbreviations

CSF Cerebral spinal fluid
CT Computerised tomography
CTA Computerised tomography angiography
HZO Herpes zoster ophthalmicus
MCA Middle cerebral artery
MRI Magnetic resonance imaging
VZV Varicella Zoster Virus

 Clinical History

A 31 year old right handed man presents with left hand and left forearm sensory loss 
and right sided headache.
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Over the preceding week he has experienced a flickering ‘chequerboard’ appear-
ance in both eyes, lasting 1–2 min. The visual disturbance is binocular and is char-
acterised by discrete gaps in his vision. The disturbance is intermittent and on each 
occasion lasts a number of minutes and then resolves. As it resolves he experiences 
a headache over the right side of the head. The disturbance occurs 2 or 3 times a day. 
Around this same time period he also experiences separately an auditory experience 
in which he hears an echo of his voice that is as real to him as if he had repeated the 
sentence. This does not occur when others speak to him.

He has a background of herpes zoster ophthalmicus (shingles) in the right tri-
geminal V1 division, which had been treated with steroids and acyclovir, 7 months 
previously. The symptoms at the time were characterised as a severe pain around 
and behind the right eye, with a blistering rash over the right temple. He was treated 
with aciclovir approximately 2 days after onset of the symptoms. He had some tran-
sient visual disturbance at time of the acute infection and subsequently developed a 
suspected secondary skin infection. As a consequence of this he was referred to see 
ophthalmology service where he was prescribed a sustained course of topical ste-
roid eye drops and topical antiviral eye drops.

He has no family history of vascular disease and no previous history of throm-
botic events, joint problems, smoking, recreational drug use or immunosuppressive 
illness. He has no history of hypertension, diabetes mellitus or 
hypercholesterolaemia.

 Examination

On examination blood pressure at presentation is 161/100 mmHg, his temperature 
is 37.4 °C, and heart rate is regular at 97 beats per minute with normal heart sounds, 
no audible murmur and a regular pulse. There are no skin lesions detected. Fundi are 
normal and eye movements are full, with no double vision. Visual fields are full to 
confrontation on bedside testing and the remainder of cranial nerve examination 
is normal.

Power in the upper and lower limbs is normal: MRC power grade 5/5 throughout. 
Deep tendon reflexes are symmetrically present. The plantar response is downgo-
ing. There are no sensory deficits. National Institute of Health Stroke Score (NIHSS) 
is 0 [1].

He scores 28/30 on a Montreal Cognitive Assessment tool cognitive evaluation 
losing points for delayed recall and attention, as well as having mildly reduced ver-
bal fluency [2].
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 Investigations

A CT brain is performed, after the left upper limb sensory symptoms have devel-
oped and shows an acute/subacute cortical infarct involving the right temporal lobe 
including the temporal operculum, with further smaller infarcts in the posterior right 
temporal lobe. CTA shows a high-grade stenosis of the proximal right M1 middle 
cerebral artery MCA and supraclinoid right internal carotid artery (ICA) stenosis, 
but with no intracranial occlusion. Aortic arch, subclavian arteries, and vertebral 
arteries are normal.

MRI shows multiple cortical infarcts within the right MCA territory, involving 
the temporal lobe, the parieto-occipital junction, and mature cortical damage within 
the right inferior parietal lobule with some haemosiderin deposition, in keeping 
with a mature MCA infarct, suggestive of a prior ischaemic event in the same vas-
cular territory (Fig. 23.1).

MRA shows flow attenuation and contrast enhancement in the supraclinoid right 
internal carotid artery (ICA) extending into proximal right M1 middle cerebral 
artery (Fig. 23.2).

Fig. 23.1 MRI shows 
multiple cortical infarcts 
within the right MCA 
territory, involving the 
temporal lobe, the 
parieto-occipital junction
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Fig. 23.2 MRA shows 
flow attenuation in the 
supraclinoid right internal 
carotid artery (ICA) 
extending into proximal 
right M1 middle cerebral 
artery

His total cholesterol is 5.8 mmol/litre, HDL1.1 mmol/litre, LDL 4.0 mmol/litre, 
glucose 5.2 mmol/litre, erythrocyte sedimentation rate (ESR) 8.

Electrocardiograph (ECG) shows sinus rhythm, and cardiac monitoring is also 
normal. Echocardiography (ECHO) shows normal left ventricular dimensions with 
good global systolic function and an estimated left ventricular ejection fraction of 
69%. No valvular abnormalities, shunt or patent foramen ovale are detected.

Serological tests for thrombophilia, inflammatory markers and autoimmune pro-
files are negative. HIV, hepatitis B and hepatitis C testing are also negative.

Cerebrospinal fluid (CSF) shows WCC  =  0/microliter, protein 0.54  g/L, CSF 
VZV PCR negative, with a normal opening pressure. CSF VZV IgG is negative. 
Serum VZV IgG is positive and VZV IgM is negative; suggestive of previous 
infection.

He is treated acutely with intravenous acyclovir, followed by oral valciclovir, to 
complete a 21 day course of anti-viral therapy, along with a tapering course of oral 
steroids starting at 90 mg/kg, reducing by 5 mg. He is also commenced on an anti- 
platelet agent (clopidogrel 75 mg) and statin (atorvastatin 40 mg).

MRI and MRA 2 months later shows persistent right ICA wall thickening and 
signal change extending into the right MCA with vessel enhancement and flow 
attenuation. Positron emission tomography (PET) CT scan performed 3  months 
after the stroke presentation did not show any enhancement. No stroke recurrence 
occurs over a period of 18 months follow up and he makes an excellent functional 
recovery.
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 Discussion

This case demonstrates some key features of stroke related to VZV vasculopathy. 
Alternative causes of large vessel vasculopathy including inflammation, connective 
tissue diseases, other infectious agents, dissection, and premature atherosclerosis 
were considered. The preceding history of herpes zoster in the ipsilateral trigeminal 
nerve and carotid artery distribution was considered to be clinically relevant. The 
presence of infarcts of different ages suggested that there may have been ischaemic 
events around the time of the initial episode of herpes zoster ophthalmicus with 
subsequent ischemia prompting hospital attendance.

Primary infection with varicella zoster virus (VZV) results in chickenpox and 
thereafter the pathogen remains latent in the sensory and autonomic ganglia [3, 4]. 
Latent infection may reactivate, often decades after the initial infection, particularly 
if the host is immunocompromised due to medication, disease, or senescence result-
ing in the blistering dermatomal rash of herpes zoster (HZ). Approximately 50% of 
people infected with VZV will experience reactivation before 85 years of age [5]. 
When the trigeminal nucleus is involved a rash of the ipsilateral face is produced 
giving the classic appearance of herpes zoster ophthalmicus (HZO). VZV is associ-
ated with a range of neurological complications including post-herpetic neuralgia, 
cranial nerve palsies, meningoencephalitis, cerebellitis, myelopathy, multiple ocu-
lar disorders, and vasculopathy [6]. Since 1896, when a case of HZO with contralat-
eral hemiplegia was described by Baudouin, VZV has been associated with 
cerebrovascular disease [7]. The association between stroke and VZV in children is 
long established. VZV is implicated in 31% of all arterial ischaemic strokes in chil-
dren and 44% of transient cerebral arteriopathy [8, 9]. The role of VZV in stroke in 
adults has come to medical attention more recently. Epidemiological studies from 
Europe, Asia, and the United States have demonstrated an increased risk of stroke 
and MI in patients with a recent history of HZ, with hazard ratios (HR) between 1.3 
and 4.28 [10–12]. The increased risk of stroke is most marked among those less than 
40 years of age [12, 13]. A UK clinical practice research database study showed that 
the stroke risk was increased following HZ compared with baseline unexposed 
period, then gradually reduced over 6 months: weeks 1–4 (age-adjusted incidence 
ratios (IR), 1.63; 95% CI, 1.32–2.02), weeks 5–12 (IR, 1.42; 95% CI, 1.21–1.68), 
and weeks 13–26 (IR, 1.23; 95% CI, 1.07–1.42), with no increase thereafter [14]. 
HZO in particular is associated with a higher risk of stroke, often ipsilateral to the 
rash [13, 15].

Several studies have contributed to our understanding of the mechanisms under-
lying VZV vasculopathy. VZV reactivates in the sensory ganglia and spreads trans-
axonally to the cerebral arteries where the nerves terminate in the vascular adventitia. 
In an autopsy series of patients with VZV vasculopathy VZV DNA, VZV antigen, 
Cowdry A bodies, and herpesvirus particles have been demonstrated within affected 
arteries [16]. This is followed by transmural spread and subsequent disruption of the 
vascular anatomy. Histological studies of affected arteries also demonstrate dis-
rupted internal elastic laminae, thickened intima with cells expressing alpha-smooth 
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muscle actin and smooth muscle myosin heavy chain as well as decreased numbers 
of medical smooth muscle cells [17].

The clinical manifestations of VZV vasculopathy include transient ischaemic 
attack (TIA), ischaemic stroke, intraparenchymal and subarachnoid haemorrhage, 
venous sinus thrombosis, aneurysm, spinal cord infarction, and arterial ectasia. 
Neurological symptoms were preceded by a rash in 63% of cases with a mean time 
from rash to the development of neurological complications was 4.1 months. 97% 
of cases demonstrated abnormalities on brain imaging, generally characterised by 
deep, grey-white matter junction lesions. In half of cases both large and small arter-
ies were involved, while in 37% only small arteries were involved, exclusive large 
artery involvement was relatively rare at 13% [18]. High resolution MRI has enabled 
the visualisation of vessel changes. Gadolinium enhancement may be seen in the 
perforating arteries and stenosis, which may reverse on serial imaging, is demon-
strated in affected vessels [19, 20]. Black blood MRI represents an alternative 
modality to facilitate imaging of vessel wall changed [21].

As we found in our case, CSF pleocytosis is not required to diagnose VZV vas-
culopathy and only approximately 30% of cases have CSF VZV DNA detected. As 
we found in our case CSF pleocytosis is not required to diagnose VZV vasculopathy 
and only approximately 30% of cases have CSF VZV DNA detected. Detection of 
anti-VZV IgG antibodies in CSF has been reported in up to 93% of patients in one 
study of adult patients [18]. In paediatric studies up to 100% of children with stroke 
attributed to primary chicken pox had detectable anti-VZV IgG antibodies in 
CSF [22].

Peri-infectious and post infectious vasculitis and vasculopathy has been reported 
in fungal, bacterial and spirochete as well as viral infections (specifically in Lyme 
disease, tuberculosis, syphilis, and histoplasmosis) [23–26]. An increased peri- 
infection stroke risk has been described in association with other systemic infec-
tions, and infection along with inflammation has been associated with increased 
atherosclerosis risk [23, 27]. Acute infection (odds ratio 5.1 [3.5–7.3]) has been 
identified as an independent risk predictors of stroke amongst TIA patients included 
in the Austrian Stroke registry [29]. A relationship between infection, vasculopathy 
and stroke in other viral infections e.g. HIV and CMV has also been hypothesised 
[23, 28, 29] Increased stroke risk in adult and paediatric patients with HIV has been 
reported, however it may be unclear if HIV directly causes a vasculopathy or if the 
associated immunosuppression facilitates ongoing infections by organisms known 
to cause vasculopathy e.g. herpes zoster or syphilis [28, 30–32]. In the setting of 
suspected VZV vasculopathy, testing for HIV or underlying immunosuppression 
may be prudent. Differentiating between VZV vasculopathy and co-existent HIV is 
challenging in practice, although one small case series has suggested deep-seated 
ischemic infarcts are more frequently seen in VZV vasculopathy than in HIV vascu-
lopathy, amongst patients with HIV [29]. Since the onset of the COVID19 pan-
demic, an association between SARS2-CoV2 and stroke has been hypothesised [33, 
34]. A number of mechanisms have been suggested for the effect of SARS-CoV2 on 
the vascular endothelium including direct viral infection of endothelial cells via the 
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angiotensin converting enzyme 2 receptor or indirect mechanisms such as cytokine 
storm. In young people and adolescents a Kawasaki-like disease has been 
described [35].

The treatment of VZV vasculopathy is challenging as data on optimal treatment 
is limited. It is suggested that immunocompetent patients are treated with intrave-
nous acyclovir (10–15  mg/kg) three times per day continued for 14  days [35]. 
Immunocompromised patients or those with recurrent VZV vasculopathy may need 
a longer course. Given that histologic specimens in VZV vasculopathy demonstrate 
inflammation within the cerebral arteries some experts suggest a 5 day course of 
oral prednisolone (1 mg/kg daily) without a taper [35]. However, it has also been 
hypothesised that steroids may prolong viral infection and there is a lack of robust 
prospective studies to guide intervention.

The role of VZV in other vascular conditions is debated. An immunohistochemi-
cal analysis of temporal artery biopsies in patients with giant cell arteritis (GCA) 
demonstrated the presence of VZV antigen in 74% of biopsies from patients with 
GCA compared to 8% of normal biopsies raising the possibility that VZV may play 
a role in triggering GCA [36]. However, this finding has not been consistently rep-
licated [37].

VZV vasculopathy can present with a wide range of complications including 
ischaemic stroke, haemorrhage, and venous thrombosis. This potentially treatable 
vasculopathy requires vigilance as it may occur several months after infection or 
reactivation. It may also present without in the characteristic rash (zoster sine her-
pete). Primary infection, and hence the risk of VZV vasculopathy may be prevented 
through use of the VZV vaccine.

Key Learning Points
• Acute and subacute stroke risk is increased up to five fold following herpes 

zoster infection.
• CSF features may include pleocytosis, intrathecally-produced VZV- 

specific IgG, or abnormal CSF PCR with detection of VZV DNA.
• Treatment with intravenous aciclovir is recommended for 14 days.
• In patients presenting with VZV vasculopathy underlying immunosup-

pression must be looked for.
• Residual vessel abnormalities may persist or may be first detected months 

after the acute infection/reactivation.

Key Radiology Learning Points
• VZV vasculopathy manifests as a large artery obliterative vasculopathy 

that resembles moyamoya syndrome.
• Vessel wall enhancement may be detected.
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Chapter 24
Stroke in People Living with HIV

Jonathan W. S. Cattrall and Abid Malik

 Clinical History

A 58-year-old woman was brought to the Emergency Department having been 
found on the floor at home. She was last seen well 30 min earlier, but when found 
had significant left sided weakness and an altered conscious level. During transit, 
paramedics noted seizure activity characterised by vacant episodes and left sided 
facial twitching, requiring pharmacological termination. On arrival to the Emergency 
Department, the patient’s conscious level remained low and she required Intensive 
Therapy Unit (ITU) admission due to airway concerns and a requirement for arterial 
line monitoring.

Her past medical history included a right cortical ischaemic infarct, well- 
controlled epilepsy, hypertension, and previous tuberculosis. In addition, she had 
longstanding Human Immunodeficiency Virus (HIV) infection with poor compli-
ance with antiretroviral medication, and had experienced multiple complications 
including HIV encephalopathy, cerebral toxoplasmosis, and HIV related end-stage 
renal failure (ESRF) requiring dialysis.

Empirical treatment with antibiotics and antivirals for a central nervous system 
infection was initiated, due to seizure activity in the context of uncontrolled HIV.
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 Examination

On initial review, her GCS was 9 (E4 V2 M3), limiting the examination. The 
vestibulo- ocular reflex (VOR) was absent, and pupils were 4 mm and unreactive, 
however corneal reflex was intact. Peripheral tone was normal, and there was flex-
ion to pain with relative bilateral limb weakness in both upper and lower limbs on 
examination. Flexor plantar responses were present, reflexes in upper limbs were 
normal, and reflexes in lower limbs were unable to be assessed. Blood pressure on 
arrival was 220/110 mmHg which was treated with labetalol in 10–20 mg boluses to 
little effect, therefore a glyceryl trinitrate (GTN) infusion was commenced. During 
the admission her GCS improved to 14 (E4 V4 M6), however she remained con-
fused and disorientated. On examination later in her inpatient admission, weakness 
remained in both upper and lower limbs, with more pronounced weakness in her 
lower limbs bilaterally. It was also noted that the weakness in her right side was 
more pronounced in comparison to her left, but antigravity power was present in all 
four limbs. She had no facial weakness as was initially identified and a full range of 
eye movements.

 Investigations

CT head imaging demonstrated bilateral parenchymal haemorrhages located in the 
right thalamus and left striatocapsular region (Fig. 24.1). There were two additional 
foci of extra-axial hyperdensity abutting the right cerebellar tentorium. Confluent 
periventricular white matter signal abnormalities were identified, in addition to vol-
ume loss and multiple mature infarcts (Fig. 24.1). CT angiogram showed calcifica-
tion of the left horizontal MCA with a focal distal narrowing, in addition to 
irregularity of the distal right MCA. There was also narrowing of the P1 segment of 
the left posterior cerebral artery. No aneurysmal abnormalities were noted. A later 
MRI scan of the brain with contrast identified the previously noted bleeds. In addi-
tion, diffuse white matter T2/Flair hyperintensity was demonstrated throughout 
both hemispheres, in addition to numerous background mature infarcts within the 
deep grey structures and brainstem. There was also extensive background micro-
haemorrhages predominantly with a central distribution. The findings were consis-
tent with longstanding HIV infection and poorly controlled hypertension (Fig. 24.2).

Blood test results on admission showed a normal full blood count, with no initial 
rise in inflammatory markers, and a renal profile which was indicative of ESRF. A 
raised cholesterol was also identified (total cholesterol 7.8  mmol/L, LDL 
4.42  mmol/L, HDL 2.6  mmol/L, triglycerides 1.72  mmol/L). Initial blood gases 
showed a mixed respiratory and metabolic acidosis which rapidly improved. The 
patient had a low CD4 T-cell count of 21 cells/mm3, and had an HIV viral load of 51 
copies/ml. The most recent CD4 count before this was 6  years prior and was 
249 cells/mm3. Further infection related investigations, the results of which were 
obtained over a number of days during the admission, gradually provided additional 
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Fig. 24.1 CT head without 
contrast demonstrated an 
acute right thalamic 
haemorrhage and acute left 
striatocapsular 
haemorrhage

a b c

Fig. 24.2 (a) Susceptibility-weighted imaging (SWI) shows high burden of microhaemorrhages 
centrally, consistent with hypertensive disease and HIV vasculopathy. (b, c) T2-weighted MRI 
(BLADE, dark fluid) imaging shows white matter abnormalities in both hemispheres, in addition 
to brain atrophy, both associated with a positive HIV status

evidence against an opportunistic infection as the cause of the presentation. Blood 
culture results were negative for bacterial growth, in addition to negative syphilis 
blood serology. A lumbar puncture (LP) produced clear and colourless cerebrospi-
nal fluid (CSF) with a normal glucose (3.7 mmol/L) and protein (0.45 g/L) level, 
and no pleocytosis (<1 white cell per mm3, 5 red cells per mm3). A full CSF viral 
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screen, including an additional screen for JC virus, was negative, as were CSF tests 
for fungal antigens. The CSF HIV viral load was 42 copies/mL indicating no viral 
escape. Bacterial cultures of CSF showed no early growth at 5 days, and none at 
6 weeks for acid-fast bacilli. Two electroencephalograms were conducted during 
admission, both showing continuous diffuse slow activity and lateralised periodic 
discharges (LPDs) with sharp wave morphology over the right temporal and parietal 
regions, frequently associated with spike and polyspike activity.

Although a central nervous system infection was initially suspected due to the 
presentation of seizure activity in the context of marked immunosuppression and 
HIV, there was no convincing evidence of concomitant infection or HIV escape on 
imaging or CSF investigations. The parenchymal haemorrhages were thought to be 
due to a combination of hypertensive disease on a background of chronic HIV 
related vasculopathy. Antimicrobials were therefore stopped and treatment focused 
on blood pressure control and continued monitoring. The patient subsequently 
improved and was discharged from ITU after 9 days of admission. Despite making 
progress on the ward with no further seizures, after 5 days the patient developed a 
pneumonia and rapidly deteriorated. This hospital acquired infection ultimately led 
to the patient’s death.

 Discussion

This case is an example of a haemorrhagic stroke on a background of previous isch-
aemic infarcts, attributed largely to longstanding poorly controlled HIV and hyper-
tensive disease. There is now strong evidence of the association between HIV 
infection and the increased risk of both ischaemic and haemorrhagic stroke [1–3]. 
Multiple mechanisms by which HIV infection can directly or indirectly increase the 
risk of cerebrovascular disease have been described, the majority of which can be 
categorised into secondary infective causes, HIV vasculopathy, cardioembolic 
causes and coagulopathies [2]. The phenomena of immune reconstitution inflamma-
tory syndrome (IRIS) when starting or restarting anti-retroviral therapy (ART) has 
also been established as a likely mechanism for ischaemic stroke [4].

In the acute phase, people living with HIV (PLWH) that present with a stroke, in 
particular those with low CD4 counts and those presenting with seizures, should be 
thoroughly investigated for concomitant infections, as numerous opportunistic 
infections commonly associated with untreated HIV can lead to both ischaemic and 
haemorrhagic stroke. For example, tuberculous meningitis may cause vasculitis and 
in addition can lead to stenosis or degradation of the vessels via proliferative or 
necrotising processes respectively, both with the potential to cause a stroke [5].

In the presented case, HIV vasculopathy and uncontrolled hypertension were 
thought to be the aetiological drivers of the bilateral haemorrhages, which is sup-
ported by the imaging findings presented in Fig. 24.2. HIV vasculopathy encom-
passes atherosclerotic disease, non-atherosclerotic vessel disease, vasculitis and 
small vessel disease [6]—chronic vasculopathic changes, in this case affecting the 
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small vessels bilaterally, has resulted in the rupture of weakened vessel walls, likely 
occurring following a hypertensive episode. Intracranial imaging such as MRI can 
be valuable in diagnosing HIV vasculopathy by highlighting the white matter abnor-
malities or microhaemorrhages typical of the disease, [7] as can neurovascular 
imaging, which may highlight vasculitic changes pointing to an inflammatory cause, 
or vascular abnormalities in the form of fusiform aneurysms [8].

In addition to the direct effects of the HIV virus, PLWH frequently also have 
additional vascular risk factors, such as higher rates of hypertension in those receiv-
ing ART [9] and higher rates of smoking which contribute to the overall risk of 
stroke [6, 10, 11].

The clinical presentation of stroke in PLWH is generally the same to that of HIV 
negative individuals [3]. Likewise, treatment of ischaemic or haemorrhagic stroke 
in patients with HIV will in most part be similar to that of the HIV negative popula-
tion, with consideration of the important nuances in aetiology that may need appro-
priate management. Clinicians should ensure colleagues with expertise in treating 
PLWH are involved early in the clinical course, especially with regards to starting 
or restarting ART therapy and treating infective HIV complications leading to 
stroke. Evidence for thrombolysis in patients with HIV is not available from trials, 
however retrospective studies indicated a similar risk of death in PLWH as in HIV 
negative patients [12, 13]. Evidence for or against endovascular therapy in PLWH 
remains limited [6].

The case demonstrates the multifaceted link between HIV and cerebrovascular 
disease, both directly, through the HIV infection, here causing an HIV vasculopa-
thy, and indirectly, through the impact on other cardiovascular risk factors such as 
hypertension in those receiving ART. Key clinical and radiological considerations 
are summarised below.

Key Clinical Learning Points
• Acute central nervous system infection is a key differential in patients with 

HIV presenting with alterations in conscious level and seizure activity, 
warranting full investigation, however HIV is also known to increase risk 
of ischaemic and haemorrhagic stroke.

• Patients living with HIV are vulnerable to multiple causes of cerebrovas-
cular disease including opportunistic infections, HIV vasculopathies, car-
dioembolic events, coagulopathies and IRIS, in addition to an increased 
risk of traditional risk factors for stroke.

• Effective management of HIV with anti-retroviral therapy is essential to 
reduce the risk of neurological sequalae of the disease including stroke, 
though this is a complex interaction as ART itself may be implicated in the 
pathophysiology of stroke.

• Management of traditional risk factors for stroke may require increased 
attention and alternative strategies in patients with HIV.

• Early input from HIV specialists should be considered both during the 
acute presentation of stroke and at outpatient follow-up.
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Key Radiological Learning Points
• Early plain CT head should not be delayed in patients with HIV presenting 

with clinical features of stroke, regardless of suspicion of infective 
aetiology.

• Intracranial imaging provides valuable evidence to support HIV vasculop-
athy including: MRI with or without contrast, to assess microhaemorrhage 
burden and white matter abnormalities; CT angiography, valuable in iden-
tifying fusiform aneurysms; and advanced imaging techniques such as 
black-blood MRI, which better characterise vasculitic disease.
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Chapter 25
Posterior Circulation Transient Ischaemic 
Attack

Zhengyue Grace Yang and Arvind Chandratheva

 Clinical History

A 70-year-old man attended the emergency department. He had dizziness which he 
described as a sense of the room moving every time he turned. The onset was acute 
whilst sitting eating breakfast. He had vomited twice. There was no deafness, tin-
nitus, headache or speech disturbance. He denied previous episodes of dizziness on 
getting up or turning in bed. He had a preceding episode of transient diplopia lasting 
10 min the day before. He has a background of hypertension, diabetes and hypothy-
roidism for which he was on treatment. He denied any recent medication changes 
and there was no history of falls or head injury.

 Examination

On arrival he was alert, BP 170/99, noted to have mild dysarthria, able to walk inde-
pendently but unsteady tandem gait. He had horizontal nystagmus bilaterally but 
head impulse tested negative. There was no skew deviation and hearing was normal. 
Remainder of examination was normal. His examination improved over 1 h in the 
emergency department.
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 Investigations

A CT head scan was normal and CT angiogram revealed left vertebral atherosclero-
sis with >50% stenosis. MRI head revealed a DWI positive hyperintensity with 
restriction on ADC consistent with acute ischaemia in the left cerebellum. 12 lead 
ECG showed normal sinus rhythm. He was diagnosed with a recurrent posterior 
circulation TIA and commenced on Aspirin and Clopidogrel 75 mg with 300 mg 
loading dose, Atorvastatin 80 mg and antihypertensives increased.

 Discussion

Approximately 20% of all strokes are preceded by transient ischaemic attacks (TIA) 
[1, 2]. 20% of all TIAs occur in the posterior circulation [3]. Diagnosis of TIA is 
based on symptoms obtained from history, risk factors, and corresponding brain 
scans. Posterior circulation TIA can be difficult to diagnose as isolated brainstem 
transient neurological attacks (TNAs) such as vertigo, diplopia, isolated dysarthria 
for which patients may not seek medical attention are more common in posterior 
circulation TIA [4]. Additionally, these symptoms can be the consequence of other 
diseases such as migraine, epilepsy and vestibular disorder [5]. About half of 
patients assessed for suspected TIA will have another diagnosis [1], highest among 
patients presenting without motor and speech symptoms, or with isolated atypical 
transient symptoms (TS) such as unusual cortical visual deficit, dysarthria, diplopia, 
vertigo/unsteadiness and partial sensory deficit [2]. But TIA should still be consid-
ered as 16% of posterior circulation stroke were preceded by TIA of which 92% 
were transient isolated brainstem symptoms (non-consensus TIA) [6, 7]. Moreover 
there was no significant difference in 1-year risk of stroke between isolated atypical 
TS, isolated typical TS and non-isolated TS patients [6]; overall TIA diagnosis will 
increase by about 50% with the designation of non-consensus TIAs as cerebrovas-
cular events [7].

Of those with atypical TS, positive DWI lesion MRI was highest in those with 
dysarthria and partial sensory deficit, however, in general, posterior circulation 
stroke are less likely to present with DWI positive MRI [1, 4]. This may be due to 
lower DWI sensitivity in the brainstem and cerebellum [6].

Positive DWI lesions are associated with an increased 7-day and 3-month risk of 
stroke [8]. Other factors include TIA duration and atrial fibrillation. DWI positive 
TIA is present in approximately 40–50% of TIAs and is dependent on timing of 
imaging and location [4, 8]. Absence of a lesion on DWI does not rule out ischemia. 
Appropriate history of a sudden onset focal neurological event in the context of 
relevant clinical risk factors and identifying a causative underlying aetiology are key.

High risk of recurrence following TIA can be associated with certain clinical 
characteristics e.g. ABCD2 > 4, imaging findings e.g. acute cerebral ischaemia on 
imaging, and identification of high risk underlying aetiology e.g. cardiac embolism, 
small vessel disease and ≥50% symptomatic atherosclerotic stenosis [6, 9]. 
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However, ABCD2, which generates a recurrent stroke risk score using clinical fea-
tures such as age, hypertension, weakness and speech disturbance, duration of 
symptoms, diabetes mellitus, (additional dual-TIA category for ABCD3), are not 
recommended to be used in isolation for triaging TIA patients, as 20% with a score 
below 4 required emergency treatment consideration (≥50% symptomatic intracra-
nial stenosis, cardiac embolism) [10] and 22% of recurrent strokes occurred in 
patients with ABCD2 score below 4 [11]. Adding brain imaging (ABCD2-I and 
ABCD3-I) modestly improves discrimination yet brain imaging is not available in 
general practice or for paramedics, situations when these risk scores could be 
used [8].

Stroke specialist assessment should be on the same day as presentation, and 
treatment started immediately [1]. The EXPRESS study showed that early initiation 
of treatments after TIA (dual antiplatelet agents, statins, blood pressure lowering 
drugs and endarterectomy as required) was associated with 80% relative risk reduc-
tion of early recurrent stroke without increase in intracerebral haemorrhage [12].

Of all strokes that occurred within 30 days after a TIA, 42% were in the first 
24  hours, emphasising the importance of emergency assessment and treatment. 
Hyperacute risk of stroke, at 6-, 12-, and 24-h after first TIA are 1.2%, 2.1% and 
5.1% respectively [13]. Meta-analysis of acute risk of stroke showed stroke risk of 
3.1% and 5.2% at 2- and 7-days respectively, and this figure was lower in patients 
seen in specialist stroke services treated on an emergency basis [2, 9].

The 90 day risk is up to 3 times higher in patients with symptomatic vertebro-
basilar (VB) stenosis [9, 14], with doubled risk for intracranial than extracranial 
stenosis [14] ≥50% arterial VB stenosis is found more commonly in patients with 
non-consensus TIA symptoms than classic TIA symptoms [7]. Unlike anterior cir-
culation TIA where carotid revascularisation is effective for those with ≥50% 
symptomatic carotid artery stenosis [1], current standard care for symptomatic VB 
large artery stenosis is medical therapy [9, 15]. Further work is required to deter-
mine whether stenting may have a role.

Maximal medical treatment includes dual antiplatelet treatment with aspirin and 
clopidogrel. The CHANCE trial compared aspirin and clopidogrel dual-therapy to 
aspirin monotherapy initiated within 24 h for 21 days in patients with high-risk TIA 
or minor stroke showed greater efficacy of dual antiplatelet therapy. A reduction of 
subsequent stroke risk by 32%, with no difference in bleeding or haemorrhagic 
stroke rates [16]. However, patients in the study were highly selected and the epide-
miology of stroke in this trial’s population (Chinese) is different to Western 
European populations; the proportion of patients on antihypertensives, statins and 
diabetes treatments are lower [16], and polymorphisms associated with incomplete 
metabolism of clopidogrel is common in Asian populations [17]. The POINT trial, 
compared clopidogrel and aspirin dual antiplatelet therapy versus aspirin initiated 
within 12 h for 90 days. There was a 25% relative risk reduction of stroke but a 13% 
relative risk increase of major haemorrhage compared to aspirin monotherapy, 
which may be due to the longer duration dual antiplatelet therapy and larger loading 
dose compared to CHANCE [17]. There is also the suggestion that DAPT could 
reduce stroke-related disability [18]. Both trials excluded patients with cardioem-
bolic TIA.  These trials show that clopidogrel and aspirin dual therapy may be 
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beneficial for patients who are at high risk for recurrent ischemia, with a NNT of 40 
for recurrent stroke [19]. However, caution in duration longer than 21 days as high-
lighted in POINT and MATCH due to increase in risk of haemorrhage [20, 21].

In antiplatelet therapy, aspirin and dipyridamole dual-therapy is more beneficial 
than aspirin alone [12], however the ESPRIT study suggest that it has a small abso-
lute benefit cost-effectiveness [22]. In the PRoFESS study, this dual-therapy had 
poorer tolerance and non-significant increase in intracranial haemorrhage compared 
to clopidogrel [20]. Clopidogrel was superior to aspirin when reducing stroke, MI 
and vascular death risk, shown in the CAPRIE trial [20].

In addition to antihypertensives targeting blood pressure <130/80 and diabetic 
control, patients should be started on a statin; SPARCL randomised control trial 
showed that for recent TIA patients without known coronary heart disease, 80 mg of 
atorvastatin per day reduce the 5 years risk of strokes by 16% compared to placebo, 
with a NNT of 45 [23].

Atrial fibrillation is the commonest cardiac arrhythmia increasing risk of isch-
emic stroke [24] hence 12-lead ECG must be performed. In AF patients, thrombus 
is more fibrin-rich than platelet-rich, so anticoagulation therapy with warfarin, or 
direct oral anticoagulants which avoid warfarin associated drug–diet interactions, 
do not require anticoagulation monitoring and have 50% relative risk reduction of 
intracerebral haemorrhage, should be started [24, 25].

Key Clinical Learning Points
• 20% of strokes are preceded by TIA and those presenting in the posterior 

circulation are often atypical transient neurological symptoms e.g. isolated 
dysarthria, vertigo or diplopia

• Posterior circulation TIA with MRI DWI positive are associated with high 
risk of recurrence but MRI is less sensitive in the posterior circulation

• Predictors of recurrent stroke include certain clinical characteristics e.g. 
ABCD2 > 4, imaging findings e.g. DWI positive and identification of cer-
tain underlying aetiology e.g. AF and symptomatic vertebrobasilar >50%

• Short term dual antiplatelet treatment with Aspirin and Clopidogrel after 
loading dose can reduce risk of recurrent stroke

• Treatment strategy should include antihypertensives targeting <130/80 
(unless otherwise contraindicated) and high intensity statin therapy par-
ticularly important for those with large artery atherosclerosis

Key Radiological Learning Points
• Although lower in sensitivity for posterior circulation TIA, DWI positive 

lesion is present in 40–50% of TIAs
• Look for vertebrobasilar stenosis >50% using CT angiography
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Chapter 26
Stroke Mimicking Peripheral Neuropathy 
or Myelopathy: Bilateral Medial 
Medullary Infarct

Aytakin Khalil and Paul Bentley

 Clinical History

A 53 year old man presented with weakness and numbness in all four limbs that 
developed over 12 h. He initially felt shoulder “heaviness” at 2 AM before falling 
asleep. He then awoke at 7.30 AM, with tingling and numbness between the left 
knee and foot, as well as mild weakness in the left leg. After 2 h he developed left 
upper limb numbness, which gradually spread from shoulder to hand. Over the fol-
lowing hour, he developed right lower limb numbness, followed by right arm numb-
ness, which is when he presented to hospital (11 AM). Weakness and numbness 
intensified in all limbs progressively during the course of the day until 7 PM when 
symptoms plateaued. He later also reported back pain, difficulty passing urine, and 
extreme fatigue since the previous day. He had a symptomatic COVID19 infection 
3 weeks earlier, and ongoing fatigue. He was a smoker, but had no other past medi-
cal history, and was not taking medications.
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 Examination

He was alert and orientated. There was flaccid pyramidal-pattern weakness in all 
four limbs, slightly worse on the left side, which progressed over 5 h (initial Medical 
Research Council power grading: 2–4/5; later: 0–1/5). Deep tendon reflexes were 
brisk throughout, and plantar reflexes were extensor bilaterally. Light touch sensa-
tion was reduced to elbows, in upper limbs bilaterally; to knee in the left leg, and 
from foot to T10 level on the right. Pain and joint position sensations were intact, 
but vibration sensation was absent below the anterior iliac spine on the left. Neck 
flexion was slightly weak. Five hours after clinical presentation, (10 h from symp-
tom onset), upbeat nystagmus and slightly dysphonic speech were noted on repeat 
examination. Vital signs were normal and he was apyrexial.

 Investigations

Unenhanced computerized tomography of the head was normal. Computed tomog-
raphy angiogram of intracranial and carotid arteries did not show stenosis or occlu-
sion. Arterial blood gas at 8  PM showed PO2 7.7  kPa (normal 10–13  kPa) and 
PaCO2 6.2 (normal 4.7–6.0 kPa). Magnetic resonance imaging (MRI) of the brain 
and whole spine with post-contrast sequences was arranged. MRI brain diffusion- 
weighted sequence showed a wedge-shaped area of restricted diffusion involving 
the ventral medulla on either side of midline (Fig. 26.1). There was no pathological 
contrast enhancement. Contrast-enhanced MRI whole spine was normal. COVID-19 
PCR test was positive on admission. D-dimer level on Day 4 was 11,028 ng/mL 
Lupus antibody was negative. CT pulmonary angiogram on Day 4, requested due to 
new hypoxia, showed extensive bilateral pulmonary emboli.

Diagnosis of ischemic stroke was confirmed on MRI brain, roughly 10 h from 
onset. Presentation to hospital was in any case beyond 4.5 h from onset, and so 
intravenous thrombolysis would have been inappropriate even if diagnosis had been 
made earlier. Treatment was initially Aspirin 300 mg, that was switched to treatment- 
dose low molecular weight heparin on Day 4 when pulmonary embolism was 
diagnosed.
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a b

c d

Fig. 26.1 Axial diffusion weighted image (a, c) and apparent diffusion coefficient (ADC) map (b, 
d) show “Y” or “heart” shape restricted diffusion in medial medullary region

 Discussion

Medial medullary infarction is rare, accounting for one-quarter of medullary infarc-
tions; which themselves account for only 7% of brainstem ischaemic strokes; while 
brainstem ischaemic strokes as a whole account for 10% of all ischaemic strokes 
[1–3]. The case we present is even more unusual in showing bilateral medial medul-
lary infarction, which occurs in ~15% of medial medullary infarctions [4]. However, 
the importance of this condition lies in the fact that its clinical presentation is atypi-
cal for stroke, and so easily mistaken for alternative neurological diagnoses, leading 
to incorrect or delayed treatments. In our case, presentation was initially mild, then 
progressive over the course of a half-day, before resulting in severe quadriparesis. 
Presentation by the patient, and clinical diagnosis, were both delayed beyond the 
recommended time for thrombolysis administration—that is more often seen in pos-
terior, than anterior, circulation strokes, because clinical features of the former are 
more ambiguous [5, 6]. Yet, disability and mortality caused by brainstem ischaemic 
strokes, especially when bilateral [7, 8], is significantly higher than other ischaemic 
strokes, making it all the more imperative that revascularisation treatments are initi-
ated early. Clinicians need to be cautious though about over-reliance on MRI in the 
acute situation to confirm a diagnosis of stroke, since this may be falsely negative, 
especially for small brainstem lesions [9].
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The medial medullary syndrome was first described by Dejerine as a triad of: (1) 
contralateral hemiparesis sparing the face; (2) contralateral loss of deep (joint posi-
tion and vibration) sensation; and (3) ipsilateral hypoglossal paralysis. This follows 
from the neuroanatomy of the medial medulla, which contains the following struc-
tures, from ventral to dorsal, corresponding to the above three signs: (1) corticospi-
nal tract pyramids; (2) medial lemniscus tract (continuation of the spinal cord dorsal 
columns); and (3) hypoglossal nucleus and nerve.

One of the largest case series of medial medullary infarctions (n = 86) found that 
the classical Dejerine Triad of signs is not typical [5]. While hemiparesis, and hemi-
sensory disturbance do occur in the majority of cases; ipsilateral tongue weakness 
is rare. Instead, tongue movements are more often clumsy, or show deviation in a 
contralesional direction, due to involvement of more rostral, corticobulbar fibres 
within the pyramids, prior to, or at the level of decussation. Furthermore, although 
deep sensation was the commonest type of sensory impairment, many patients also 
show impaired pinprick and temperature sensation that can be attributed to involve-
ment of the spinoreticulothalamic system, that is located medially to the spinotha-
lamic tracts. Other common clinical features of medial medullary infarction are 
dysarthria and vertigo—both found in the majority; as well as ataxia, ipsilesional 
nystagmus (and/or internuclear ophthalmoplegia or skew deviation), and dysphagia 
in 25%. Ataxia and vertigo can be explained by lesioning of midline-crossing 
“climbing fibres” between inferior olives and inferior cerebellar peduncles; and 
given strong inputs from vestibular nuclei into inferior olives.

Additional distinguishing clinical patterns of medial medullary infarction, that 
set it relatively apart from more typical stroke syndromes are:

 1. Gradual onset. In medial medullary ischaemic strokes causing severe weakness, 
progression over several days occurred in two-thirds [5]. This may be explained 
by the commonest pathology of medial medullary infarction being atheroscle-
rotic occlusion of perforators; or small-vessel disease, as opposed to thrombo-
embolism [5].

 2. Upbeat nystagmus is commoner than with strokes in other locations [10, 11], 
due to involvement of the nucleus intercalatus of Staderini, that is adjacent to the 
hypoglossal nucleus in the dorsal medial medulla [12], Vertical nystagmus 
results from dysfunction of the superior vestibular nucleus—ventral tegmental 
tract (VTT) pathway and/or medial longitudinal fasciculus (MLF) [12]; most 
commonly due to strokes in the caudal medulla; and less commonly by lesions 
affecting the ventral pons or the midbrain interstitial nucleus of Cajal [10, 11].

 3. Ipsilesional hemiparesis can occur because of caudal lesions, affecting cortico-
spinal pathways below the pyramidal decussation [13];

 4. Central post-stroke pain is commoner than with other stroke locations [5].

The arterial blood supply to the medial medulla is provided by perforating branches 
of the anterior spinal artery (Fig. 26.2). These branches of the anterior spinal artery 
penetrate into medial portions of the medulla alternating to the right and left. 
Bilateral lesions arise either because of occlusion of the anterior spinal artery, or 
because some penetrating arteries occasionally bifurcate into right and left branches 
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Fig. 26.2 Schematic illustration of medulla structures (on the left), blood supply and medial 
medulla infarct territory (on the right). Structure involved in the current case are pyramids, medial 
lemniscus, and likely MLF, nuclei cuneatus and gracilis (dorsal tracts). Sensory dermatomal rep-
resentation of lower and upper limbs (LL, UL) within medial lemniscus indicated

[5]. Importantly, a vertebral artery occlusion is unlikely to result in medial medul-
lary infarction because of dual blood supply. By contrast, vertebral artery occlusions 
are likely to cause lateral medullary infarction, because the lateral medulla is sup-
plied via only a single artery: namely, posterior inferior cerebellar artery.

A particularly challenging aspect of the described case was that medial medul-
lary infarction occurred bilaterally, resulting in progressive quadriparesis, thus 
mimicking either cervical myelopathy or a neuromuscular disorder such as Guillain 
Barre syndrome or myasthenia gravis. In a systematic review of 37 cases of bilateral 
medial medullary infarction [7], quadriparesis occurred in 65%, while tongue weak-
ness, that is uncommon in unilateral medial medullary infarction, occurred in 40%. 
Respiratory failure occurred in 25%; while long-term outcomes were dependency in 
two-thirds; and death in a quarter. In the current case, quadriparesis (with sensory 
involvement), occurred progressively in a “N-pattern” rising from leg to arm on one 
side, then the other. This resembles a pattern described in 20% of bilateral medial 
medullary infarcts [7], where weakness progressed from hemiparesis to quadripare-
sis within 72 h. The observation that numbness of legs occurred before arm numb-
ness, implies, based on somatotopic brainstem maps (Fig.  26.2), that ischaemia 
affected progressively, ventral, before dorsal, medial lemniscus. Since ventral areas 
are closest to the source of the arterial supply this indicates that more distal areas 
may be relatively protected by collaterals, and affected only with prolonged isch-
aemia. This interpretation is supported by noting that the anatomical extent of 
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medial medullary infarcts consists in >95% of cases of either small ventral lesions, 
or full-thickness ventral and dorsal lesions (i.e. dorsal-only lesions are very rare) [5, 
14, 15]. Moreover, medial medullary infarcts have caused paraparesis, but never 
isolated bi-brachial or isolated bulbar/facial sensorimotor impairment [7].

Having pointed out features of bilateral medial medullary stroke that overlap 
with peripheral neuromuscular disorders, it is worth highlighting the opposite 
conundrum: features of these other disorders that may resemble stroke. Guillain 
Barre syndrome (GBS) typically presents as ascending symmetric, lower-motor 
neuron pattern of weakness over several days or weeks. However, GBS variants 
include those with rapid progression (becoming severe within <24 h) [16]; those 
with asymmetric (including hemiparetic) distributions [17]; upper motor neuron 
pattern of deep-tendon reflexes, or brainstem signs indicative of GBS-associated 
“Bickerstaff’s encephalitis” [18]; and the Miller-Fisher variant, which entails oph-
thalmoplegia, and ataxia, often with facial or bulbar weakness that may be mistaken 
for brainstem stroke. Myasthenia gravis may also present acutely, fluctuate, and 
show asymmetric features, or signs falsely localising to the posterior circulation, 
e.g. ataxia due to proximal leg weakness, or pseudo-internuclear ophthalmoplegia; 
while earlier transient episodes may resemble TIAs [19]. Other disorders to con-
sider with acute brainstem signs are Wernicke’s encephalopathy (that is common, 
and should be treated if there is a history of alcohol excess) and botulism (that is 
rare; but should be thought of if autonomic dysfunction occurs e.g. hypersalivation, 
diarrhoea, pupillary paralysis). Finally, high cervical cord lesions must be consid-
ered in cases of rapid-onset quadriparesis. However, the classical progression of 
weakness with foramen magnum lesions is in a “round the clock” pattern (e.g. leg- 
arm- arm-leg); while high cord lesions typically start either as a hemicord or central 
cord syndromes (causing respectively, dissociated sensory loss; or bibrachial weak-
ness or cape-like sensory impairment). These differ from the “N-pattern” of senso-
rimotor progression described in the current case, and sequential hemiparesis 
described in other medial medullary infarct cases [7, 8]. Sensory examination with 
a cord lesion usually identifies a truncal sensory level; whereas brainstem sensory 
impairment, is generally confined to the extremities (especially distally), reflecting 
the higher sensitivity and larger cortical representation of these body parts [20].

A final observation from our case is that COVID-19 infection related coagulopa-
thy was likely a contributing factor of both ischemic stroke and pulmonary artery 
embolism [21].

Key Clinical Learning Points
• Bilateral medial medullary infarction is rare, and presents atypically for 

stroke, but is potentially treatable if diagnosed sufficiently early.
• Bilateral brainstem strokes can present subacutely, and progress over hours 

or days, mimicking common peripheral neuromuscular emergencies such 
as Guillain Barre syndrome and myasthenia gravis, or high cervical cord 
lesions.
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Chapter 27
Acute Vestibular Syndrome Following 
Anterior Inferior Cerebellar Artery 
(AICA) Occlusion

Eduardo San Pedro Murillo, Nehzat Koohi, and Diego Kaski

 Case Report

 Clinical History

A 69-year-old man presented with sudden collapse caused by multiple simultaneous 
infarcts in the posterior circulation territory. Investigations revealed paroxysmal 
atrial fibrillation and ischemic cardiopathy, without significant stenosis at the supra- 
aortic vessels. Therefore, the stroke was presumably of cardioembolic origin, and 
the patient was thus anticoagulated with rivaroxaban. He recovered partially, his 
clinical sequelae mainly being a complex ophthalmoplegia, an ill-defined gait 
impairment and pseudobulbar syndrome. One year after the event, a brain MRI scan 
demonstrated chronic ischemic lesions affecting the entire left cerebellar hemi-
sphere, right rostral midbrain and caudal pons, and more modest injury at the right 
cerebellar hemisphere and occipital lobe.

Aged 73 he then presented with an abrupt-onset, 2-week history of left-sided 
hearing loss. When specifically questioned, he also acknowledged coinciding dete-
rioration of his gait impairment with tendency to fall toward to the left side to which 
he had not given much importance because of being already impeded in this respect. 
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On further questioning, there were no precipitating factors and no other neurologi-
cal complaints.

 Examination

The bedside neuro-otological examination revealed left sided hearing loss and signs 
of left vestibular hypofunction. The former included: abnormal head-impulse test to 
the left. The nystagmus, although difficult to fully characterise given the existing 
complex ophthalmoplegia, appeared to be essentially a right-beating most marked 
on right gaze, following Alexander’s law, and attenuated with fixation. Otherwise, 
the neurological exam was at patient’s baseline.

 Investigations

 Audio-Vestibular Testing

To assess peripheral and central auditory function, pure-tone audiometry (PTA), 
tympanometry, acoustic reflex thresholds (ART), transient-evoked otoacoustic 
emissions (TEOAEs), and auditory brainstem responses (ABR) were performed. 
PTA revealed age-related mild high-frequency sensorineural hearing loss in the 
right ear and mild to moderate high-frequency sensorineural hearing loss in the left 
ear (Fig.  27.1). Tympanometry measures were within normal limits bilaterally 
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Fig. 27.1 Pure tone audiometry (PTA) of the right (red) and left (blue) ears. Red and blue lines 
represent the less intense tone perceived by the patient for each frequency. Both air (blue X and red 
O) and bone (red ∆ and blue]) conductions are equally involved, sensorineural pattern. High- 
frequencies are bilaterally affected, suggesting an age-related process. However, left ear is clearly 
more impaired
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Fig. 27.2 Video head impulse test (vHIT) A. the mean gain of the left vestibulo-ocular reflex 
(VOR) in the left side (blue X) is clearly below de normal interval (blue lines) while the mean gain 
of the right VOR is within the normal limits. B. In the left side, the VOR (green line) is defective, 
its curve lacking the normal morphology (present on the right side C). It is compensated with cor-
rective saccades (red line B)

Fig. 27.3 Cervical vestibular evoked myogenic potentials (c-VEMPS). The c-VEMP was clearly 
present on the right (red) (note the clear P1 and N1 deflections). However, the c-VEMP was impos-
sible to obtain consistently on the left (no P1 or N1 discernible from background)

confirming no middle ear involvement. ART revealed brainstem pattern of hearing 
impairment. TEOAEs were reduced in the right ear and absent in the left, consistent 
with PTA findings. Ipsi lateral ABR demonstrated absent responses with poor mor-
phology in the left ear, and present responses but delayed interpeak latencies consis-
tent with damage at the pons. Vestibular tests included video head impulse test 
(vHIT) and cervical vestibular evoked myogenic potentials (c-VEMP). vHIT identi-
fied reduced mean vestibulo-ocular reflex gains for the left horizontal canal 
(Fig. 27.2) and cVEMP showed present responses on the right and absent responses 
on the left (Fig. 27.3).

 Neuroimaging

A new MRI did not demonstrate any new ischemic lesions (Fig. 27.4).
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a b c

Fig. 27.4 A new brain MRI did not demonstrate any new ischemic lesions. Three axial T2 slices 
are displayed, demonstrating chronic ischemic changes in concordance with the past known isch-
emic events in A. left cerebellar hemisphere. B. right caudal pons. C. right rostral midbrain.

 Discussion

Acute audio-vestibular symptoms are most commonly associated with a benign 
peripheral (inner ear) pathology [1–4]. Thus, in the absence of additional neurologi-
cal symptoms or signs suggesting central nervous system (CNS) involvement, a 
stroke might not be considered as a possible explanation [3, 4]. Ischemic posterior 
circulation stroke in the territory of the anterior inferior cerebellar artery (AICA) is 
the leading cause of acute audiovestibular loss. Approximately 10% of ischaemic 
strokes in the territory of AICA show audio-vestibular symptoms in isolation and 
patients may have normal brain MRIs on initial presentation. Up to 30% of these 
might be a prodromal event in the previous 10 days [1, 2]. This possibility is com-
monly overlooked, delaying correct management which could prevent further isch-
emic events [3, 4], as was the case with our patient. To make a correct diagnosis, the 
clinical picture is as important as imaging [5, 6]. The different manifestations of the 
ischaemic stroke in the AICA territory with respect to more benign peripheral (inner 
ear) pathology are based on facts of vascular anatomy, which are subsequently 
discussed.

 Blood Supply of the Audio-Vestibular System

Vascular ischemic lesions in the territory of the AICA account for the great majority 
of strokes that develop audio-vestibular symptoms exclusively or in combination [1, 
2]. This is because the vestibulo-cochlear labyrinth vascular supply is dependent on 
the internal auditory artery (IAA), which is in approximately a 90% of cases a ter-
minal branch of the AICA, being in the remaining 10% a branch of the posterior 
inferior cerebellar artery [7–9]. The IAA (Fig. 27.5) gives two main divisions, the 
common cochlear and anterior vestibular arteries (CCA and AVA) [7, 9]. The CCA 
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Fig. 27.5 Vascular anatomy of the internal auditory artery (IAA), a branch of the anterior inferior 
cerebellar artery (AICA), and its branches. These supply the inner ear labyrinth, vestibule and 
cochlea, structures responsible for movement and auditory perception respectively

then branches in the main cochlear and vestibulocochlear arteries (MCA and VCA), 
the latter further subdividing in the cochlear ramus (CR) and the posterior vestibular 
artery (PVA) [7, 9]. Subsequently, the relevance of this anatomical facts with regard 
to the possible manifestations of ischaemic strokes in the AICA territory are 
discussed.

 Hearing Impairment Due to AICA Infarction

The first thing to do when localizing the lesion responsible for the hearing impair-
ment is to determine whether the hearing loss is unilateral or bilateral. Afferent 
fibres, after relying in the cochlear nucleus in the inferolateral pons, project to more 
proximal structures of the auditory pathway in a bilateral way and in equal amount 
[10]. Therefore, unilateral hearing impairment must have its origin in the cochlear 
nucleus or more peripheral to it. All these structures are almost always irrigated by 
the AICA [7–10]. In our case, the patient complaints of unilateral left hearing loss 
pointed towards a peripheral origin. The pure-tone audiometry, otoacoustic emis-
sions and auditory brainstem-evoked responses supported this hypothesis demon-
strating an asymmetrical hearing impairment confirming an involvement of the left 
ear auditory function [5]. The cochlea has a tonotopic organization, with higher-
frequency tones detected at the base and lower-frequency tones toward the apex. 
The MCA supplies the apical three fourths of the cochlea, causing predominantly 
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low-frequency hearing loss. The remaining basal cochlea is irrigated by the CR, 
hence producing the inverse pattern in pure-tone audiometry, with relative preserva-
tions of lower-frequency tones [7, 9, 10] In our patient, the hearing loss across all 
frequencies in the left ear suggested the occlusion of at least both CR and MCA.

 Vestibular Impairment Due to AICA Infarction

When the MCA is affected, as the PVA is a branch of the MCA, vestibular symp-
toms are to be expected in association with auditory ones [7, 9]. In fact, the com-
plete territory of the IAA is involved, therefore auditory and vestibular symptoms 
coexist [2, 7, 9]. This fact allows to differentiate IAA occlusion from inner ear 
dysfunction of viral cause, which tends to present as an isolated vestibular or 
cochlear impairment [2]. Accordingly, our patient showed clear vestibular manifes-
tations in addition to auditory ones, which are subsequently discussed.

The vestibule vascular irrigation is parallel to its innervation [7, 9]. The AVA is 
homologous to the superior division of the vestibular nerve, both supplying the 
utricle, superior part of the saccule, and the ampulae of the superior and horizontal 
semicircular canals [7, 9]. The PVA is homologous to the inferior division of the 
vestibular nerve, both supplying the inferior part of the saccule and the ampulae of 
the inferior semicircular canals [7, 9] . Both the PVA and AVA are usually simulta-
neously affected causing a sudden loss of function in the whole vestibule [6, 7, 9]. 
As a result, two main consequences arise. First, vestibular hyporreflexia, evident as 
a corrective saccade in the head-impulse test toward the side of the lesion. Second, 
an asymmetry in the vestibular afferent tone which arises from both abnormal affer-
ent semicircular canal and otolith signals, and is responsible for vertigo [6, 7, 9]. For 
unclear reasons, the component attributed to the otolith organs is usually subtle, 
consisting solely of a deviation of the subjective vertical visual without skew devia-
tion [6, 7, 9]. We were unable to demonstrate any of them in our patient. More 
pronounced, as was the case with our patient is the component causing vertigo 
derived from the hypofunction of all semicircular canals in combination, which 
accounts for veering toward the affected side and a horizontal-rotatory jerk nystag-
mus beating towards the affected ear in the plane of perceived movement [6, 7, 9].

 Central Nervous System Involvement Due to AICA Infarction

When the ischaemic stroke in the AICA territory is fully stablished, signs of involve-
ment at other levels of the CNS are found [1]. This is because before ending in the 
IAA, the AICA also gives branches that supply the inferolateral portion of the pons 
and anteroinferior cerebellum including the flocculus and dentate nucleus [11, 12]. 
However, during the hyperacute phase, this involvement may be subtle, being easily 
overlooked if not specifically searched for [11, 12]. Thus, in addition to 
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audio- vestibular symptoms, one should explore the presence of cerebellar signs 
including ipsilateral limb dysmetria, and features of pontine involvement, such as 
Horner’s syndrome, ipsilateral facial hypoesthesia, and contralateral thermoalgic 
hypoesthesia, but with involvement of the VII instead of lower cranial nerves [11, 
12]. Less common findings are ipsilateral gaze palsy, dysphagia and contralateral 
hemiparesis [11, 12]. In our patient, there was no evidence, neither clinical nor 
radiological, of involvement of the CNS apart from his long-standing sequela due to 
the earlier stroke some years before.

 Differential Diagnosis and Role of Imaging

As previously stated, 10% of the ischaemic strokes in the territory of AICA show 
audio-vestibular symptoms in isolation, and up to a third of these cases display 
prodromal episodes consisting of isolated audio-vestibular symptoms, preceding 
the ischemic event in up to 10 days [1, 2]. This is attributed to a higher vulnerabil-
ity of the labyrinth with respect to the remaining structures supplied by the AICA, 
due to its high-energy requirements, and the fact that the IAA is a terminal branch 
with scarce collaterals [6–9, 13–15]. Both the TIA-like prodromal episodes and 
the stablished IAA stroke can mimic benign peripheral (inner ear) vestibular dis-
orders such as Ménière’s disease and acute vestibular neuritis [3, 4]. It is of 
utmost importance to distinguish between a benign cause from a sinister episode 
preceding a stroke [3, 4]. With this respect, the presence of vascular risk factors 
is an important diagnostic clue. These account for the a priori probability of suf-
fering a vascular event, and when being present, should raise our index of suspi-
cion of an AICA stroke accounting for acute audio-vestibular symptoms despite 
occurring in isolation [3, 4]. This was the case in our patient, whose past medical 
history indicated a very high probability of suffering a new ischemic event, war-
ranting the need to consider stroke as a likely explanation for his hearing 
impairment.

When the pons or cerebellum are affected, radiological confirmation of AICA 
infarct is often possible. However, MRI in the hyperacute phase (<24 h) might be 
inconclusive, as with the other posterior fossa ischemic lesions, which are normal in 
up to 20% of instances [15]. These can be overcome by repeated imaging, as our 
case exemplifies, when only the IAA is affected, the MRI is not capable of demon-
strating ischemia of this structure [3, 4].

In summary, the diagnosis of ischaemic stroke in the territory of AICA must rely 
on clinical grounds. It is based on the presence of compatible neurological findings 
(i.e. audio-vestibular symptoms in up to a third of cases without involvement of the 
CNS) with a course typical of stroke (abrupt-onset) in a patient with vascular risk 
factors. It must be differentiated from other peripheral causes. Taking all these 
things into consideration when facing a patient who presents with audio-vestibular 
symptoms is essential to minimize the risk of missing an ischaemic stroke in the 
territory of AICA [1–4].
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Key Clinical Learning Points
• Up to one third of AICA strokes present with prodromal episodes consist-

ing of isolated audio-vestibular symptoms, easily mistaken with more 
being peripheral (inner ear) pathol ogy.

• These symptoms are due to IAA involvement (most vulnerable to isch-
emia), which supplies the labyrinth (inner ear). Thus, audio-vestibular 
investigations may show a peripheral origin.

• Stroke imaging is also often unhelpful to make the differential diagnosis, 
which has to be therefore clinical. The following characteristics should 
make us suspect an AICA infarction:

• According to vascular anatomy, either part of the labyrinth can be selec-
tively involved. However, vestibulo-cochlear involvement is the rule, in 
contrast with viral neuritis.

• Signs of involvement of the CNS (ipsilateral: limb dysmetria, Horner’s, 
facial hypoesthesia or palsy; and contralateral: body thermoalgic hypoes-
thesia). These might be absent.

• A course typical of stroke (abrupt-onset), in a patient with high a priori 
vascular risk.

Key Radiological Learning Points
• When involving the CNS, AICA strokes may display ischemia on MRI in 

the inferolateral pons and anteroinferior cerebellum including the floccu-
lus and dentate nucleus.

• Diffusion-weighted MRI of hyper-acute (<24 h) ischemic lesions of the 
posterior fossa, including AICA strokes, are often unrevealing. In this case, 
repeated imaging is advised.

• AICA strokes limited to the territory of the IAA (the most vulnerable to 
ischemia), cannot be demonstrated either by MRI or other imaging tech-
nique. In this cases, diagnosis is clinical.
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Chapter 28
The Difference Between Looking 
and Seeing at 2 am

Murva Asad, Aneliya Takova, and Richard Perry

 Clinical History

A 59-year-old right-handed man had recent diagnoses of cardiomyopathy, valvu-
lar disease, and atrial fibrillation treated with rivaroxaban. He went to bed as nor-
mal at 10.30 pm. When he got up at midnight to go to the bathroom, he immediately 
fell to the floor. His family noted that he was then unable to speak or move his 
left side.

 Examination

On arrival in hospital at 2.03 am he had very severe neglect of his left side, with 
forced gaze deviation to the right, and he also appeared to have a left-sided visual 
field defect. He had no movement against gravity with his left arm or leg, and left 
hemisensory loss. When he tried to speak, he made incomprehensible sounds, even 
when speaking in his native language of Albanian. With an interpreter he could fol-
low basic one-step commands. He appeared to be confused and agitated. His 
National Institutes of Health Stroke Scale score was 20 [1].
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 Investigations and Clinical Progress

His blood glucose was normal (5.8 mmol/L), and ECG confirmed atrial fibrillation. 
His initial CT head did not show any evidence of acute ischaemia or haemorrhage, 
although the right terminal carotid appeared hyperdense, consistent with acute 
thrombosis (Fig. 28.1a). The clinical diagnosis was stroke, but thrombolysis was 
contraindicated because he had taken a dose of rivaroxaban at 6pm the previous 
evening and his anti-Xa level was 337 ng/mL.

A CT angiogram was performed, with a strong suspicion that this would show a 
right middle cerebral artery occlusion. The images showed occlusion of the whole 
right internal carotid artery (ICA) from just above its origin, but there was excellent 
filling of the right middle cerebral artery (MCA) and anterior cerebral artery (ACA), 
due to collateral supply via a substantial anterior communicating artery (ACom), so 
initially there did not seem to be a potential target for mechanical thrombectomy 
(Fig. 28.1b).

The anterior third of the right posterior communicating artery (PCom) did not fill 
with contrast (Fig. 28.1b) but the significance of this observation was not immedi-
ately apparent, in a patient with an occluded right ICA and what appeared clinically 
to be an anterior circulation syndrome (severe left-sided weakness, neglect and a 
language disturbance).

After discussion with an interventional neuroradiologist, he was sent back to 
the Neuroradiology Department for a CT perfusion scan. The images demon-
strated normal perfusion of the right anterior circulation, but a large perfusion 
deficit in the right posterior cerebral artery (PCA) territory (Fig. 28.2). On further 

a b

Fig. 28.1 (a) Non-contrast CT head showing hyperdense thrombus in the right ICA (B) occluding 
the origin of the right PCom (A). (b) CT angiogram of the intracranial vessels showing a patent 
right MCA (C) and a filling defect (D) in the anterior third of a large calibre PCom (E) which is 
primarily supplying the PCA (F) i.e. foetal PCA
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Fig. 28.2 CT perfusion scan demonstrating a relative cerebral blood flow (rCBF) <30% (i.e., core) 
volume of 2 ml in red and a time to peak of the residual function (Tmax) >6 s (i.e., penumbra) vol-
ume of 181 ml in green the right PCA territory. The defects on the contralateral side were felt to be 
related to collateral flow and the ICA terminus occlusion altering haemodynamics

review of the CT angiogram, it was apparent that the P1 segment of the right PCA 
was very slender, indicating the presence of a partial foetal origin to the right 
PCA, i.e., the dominant supply to this vessel was from the anterior circulation via 
the PCom.

We concluded that thrombus from the occluded right ICA had propagated into 
the PCom, and the occlusion of this vessel was the cause of his stroke. The patient 
proceeded to mechanical thrombectomy, and a large thrombus was removed from 
the terminal portion of the right ICA and from the right PCom, using a combination 
of aspiration and deployment of a stent retriever. On waking-up from the procedure, 
the patient was able to move his left side.
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Fig. 28.3 Magnetic 
resonance diffusion- 
weighted imaging showing 
an area of restriction in the 
right medial temporal lobe 
representing the final 
volume of infarct after 
endovascular 
thrombectomy

The patient made a good recovery (Fig. 28.3). By the time of discharge 6 days 
later from the Hyperacute Stroke Unit to the local Acute Stroke Unit, there was no 
evidence of neglect and he had regained full power and normal visual fields. 
Neuropsychological assessment demonstrated deficits in visual recognition mem-
ory and sustained attention, for which cognitive rehabilitation was 
recommended.

 Discussion

The term “foetal” PCA usually refers to both partial foetal PCA (where a hypoplas-
tic P1 segment connects the PCA to the basilar artery) or complete foetal PCA 
(where a P1 segment is not visible). In both cases, the PCA is supplied primarily by 
the PCom derived from the internal carotid artery. It is estimated that around 30% 
of people have unilateral foetal PCA configuration and up to 9% have a bilateral 
configuration [2]. Early in embryonic development the ICAs initially supply the 
PCAs before the vertebrobasilar system develops and the “adult” (most common) 
configuration is formed; the “foetal” PCA is a persistence of that earlier configura-
tion [3].

This case demonstrates an important implication of this common variant: occlu-
sion or significant stenosis of the ipsilateral ICA can cause PCA territory 
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infarction which is otherwise usually a result of vertebrobasilar disease. Our 
patient presented with what was initially thought to be a middle cerebral artery 
syndrome including severe left-sided neglect with gaze deviation to the right, left 
hemiparesis and hemisensory loss and a speech disturbance which appeared to be 
dysphasia. However, the CT angiogram revealed an occluded right ICA but excel-
lent filling of the right MCA via the anterior communicating artery, prompting us 
to reevaluate. CT perfusion scan of the brain subsequently drew attention to the 
right PCA territory, and the significance of our patient’s foetal PCA anatomy 
became apparent, allowing us to proceed to timely mechanical thrombectomy. 
Although the left homonymous hemianopia was a clinical clue to the true location 
of the infarct, this sign is difficult to interpret in the context of severe neglect, 
which can mimic a hemianopia.

Following multiple studies published in 2015 [4–8], mechanical thrombectomy 
of anterior circulation large vessel occlusion is now well recognised to improve 
functional outcomes in stroke and has become standard of care. Fewer data are 
available on mechanical thrombectomy in foetal PCA or PCom occlusions. One 
multicentre retrospective review of 25 cases of foetal PCA or PCom occlusions 
found thrombectomy to be safe and feasible [9].

The DEFUSE-III and DAWN trials have previously demonstrated the influ-
ence of CT perfusion on identifying the penumbra in acute stroke and selecting 
thrombectomy candidates in extended windows, but CT perfusion may also be 
useful in localisation and diagnosis, as in this challenging case where PCA terri-
tory ischaemia mimicked that of the MCA [10, 11]. One study has suggested that 
17.8% of PCA strokes may clinically mimic MCA stroke to varying degrees 
when severe motor deficit, visuospatial neglect, and aphasia (due to thalamic 
involvement) are present [12]. In the hyperacute setting, the non-contrast CT 
brain may be normal or subtle early ischaemic changes in the posterior circula-
tion may be missed if the clinician is focused on the anterior circulation. The CT 
perfusion can be a useful tool in guiding the clinician to the relevant vessel 
occlusion.

Identifying this variant neurovascular anatomy is also important in patients with 
PCA territory infarction in the context of foetal PCA and ipsilateral ICA stenosis, as 
they may benefit from carotid endarterectomy to reduce future stroke risk [13]. ICA 
stenosis in the presence of foetal PCA anatomy may also be considered a cause of 
unilateral “multi-territory” infarcts involving both the ipsilateral MCA and PCA 
territories [14].

This case underscores the clinical significance of foetal posterior cerebral 
artery anatomy in the context of acute stroke, highlighting the importance of rec-
ognising and addressing this common variant for accurate diagnosis and timely 
intervention.
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Chapter 29
Thalamic Infarct and Beyond

Talal Al-Mayhani

A 57-year-old right-handed woman, with background of migraine, hypertension 
and hypercholesterolemia, was brought to the Emergency Stroke Unit (ESU) after 
her family found her confused on waking up in the morning. For 2 days prior to this 
presentation, she had had headache that was similar to her usual migraine, but was 
associated with non-specific numbness in the left hand.

 Examination and Localization

The patient was brought to the ESU by ambulance and walked in without need for 
assistance. She was awake, and following commands, oriented to place, but not to 
time or person. She had word finding difficulty, was perseverating and struggled to 
recall the details of the history, with notable frustration.

There were athetotic movements and on and off dystonic posturing in the fingers 
of the outstretched left hand, along with left hemibody hypoaesthesia affecting the 
face, arm and leg. Right upper quadrantanopia was also detected. The vital signs 
were within normal range.

The examination findings raised the possibility of multifocal lesions: the left 
hemibody sensory loss localizes to the right thalamus and, less commonly, right 
parietal lobe (cortical sensory loss). The right upper quadrantanopia localizes to the 
optic radiation in the left temporal lobe, and the association with the encephalo-
pathic picture of memory deficit further supports such localization.
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Fig. 29.1 (a) Axial CT head with no contrast showing small area of hypodensity in the right thala-
mus. An equivocal hypodensity can also be appreciated in the left occipital lobe. (b, c) Axial MRI 
head DWI and ADC sequences showing area of restricted diffusion in the right thalamus, indicat-
ing acute ischaemic lesion. (d, e) Axial MRI head DWI and ADC sequences showing multifocal 
areas of restricted diffusion in the left medial temporal lobe, and bilateral occipital lobes

 Investigations and Management

The routine blood tests were unremarkable. The ECG showed a new and persistent 
atrial fibrillation. The plain CT head revealed an equivocal hypodensity in the right 
thalamus (Fig.  29.1a), and CT angiogram excluded large vessel occlusion. MRI 
head showed multifocal areas of restricted diffusion in the right thalamus (Fig. 29.1b, 
c) left medial temporal and bilateral occipital lobes (Fig. 29.1d, e). The patient was 
commenced initially on dual anti-platelets while she was an inpatient and then was 
discharged on apixaban.

 Discussion

Historically, the thalamus was considered the seat of senses, while the striatum was 
the seat of motor function. Since Deuchene electrical experiments on the cerebral 
cortex, cortico-centrism has dominated the neuroscience [1]. Nowadays there is 
movement away from the thalamus as a “sensory station” to more central and active 
role in modulating and integrating the motor, sensory and cognitive functions.

Part of the diencephalon, the thalamic complex, in neuroanatomical terms, con-
sists of a number of interlinked structures including the epithalamus, dorsal thala-
mus, metathalamus, ventral thalamus (including subthalamus) and hypothalamus 
[1]. It is important to note that the clinical “thalamus” that the clinicians usually 
refer to is in fact the neuroanatomical “dorsal thalamus”, usually combined with the 
metathalamus (i.e. medial and lateral geniculate bodies). For simplicity and for the 
sake of this discussion, the term “thalamus” will be used in its common and clinical 
sense, rather than its neuroanatomical sense (i.e. dorsal thalamus). Although the 
details of the micro-neuroanatomical nomenclature can be different between differ-
ent authorities, it is generally accepted that the thalamus is formed of complex of 
more than 35 nuclei, classified into 8 main groups (anterior, medial, lateral, etc.), 
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the details of which are beyond the scope of this chapter. The interested reader, 
however, may consult the elegant description provided elsewhere [1, 2].

Clinically, the thalamus can be damaged by various pathologies (neoplastic, 
infective, etc.), including vascular ones: ischaemic stroke forming up to 4% of total 
cases cerebral ischaemic events, haemorrhagic stroke forming up to 3% of total 
cases of intracerebral bleeding, and rarely by cerebral deep venous thrombosis [3].

Briefly, there are 4 main thalamic vascular territories supplied by different arter-
ies as follows [3, 4]:

• Polar artery (AKA. premammillary artery of Foix and Hillemand, tuberthalamic 
of Bogousslawsky): a branch of the posterior communicating artery. It can be 
absent in up to 40% of individuals. Stroke due to lesion in this artery results in 
anterior thalamic syndrome characterized by language and memory disturbance, 
abulia and apathy.

• Paramedian arteries (AKA. perforating, thalamo-subthalamic): a branch of the 
posterior cerebral artery (usually P1), it may co-supply the rostral midbrain and 
cerebellar peduncles. It may also have a unilateral stem in third of cases (artery 
of Percheron). Stroke due to lesion in paramedian arteries results in medial tha-
lamic syndrome characterized by clouded consciousness (even coma), memory 
disturbance, abulia, apathy and vertical gaze palsy [4].

• Thalamogeniculate artery: a branch of the posterior cerebral artery (usually P2). 
Stroke due to lesion in this artery results in lateral thalamic syndrome character-
ized by sensory and motor dysfunction.

• Posterior choroidal artery: a branch of the posterior cerebral artery (usually P2). 
Stroke due to lesion in this artery results in posterior thalamic syndrome charac-
terized by attention, visual and ocular motor dysfunction, speech disturbance, 
dystonia and amnesia.

The artery of Percheron, an anatomical variant, deserves a special discussion; as 
compromise of the blood supply through this artery can account for 4–18% of tha-
lamic infarcts, and 0.1–2% of ischemic stroke [5]. The artery of Percheron isch-
aemic stroke affects usually the bilateral medial thalamic territories, with the 
classical triad of vertical gaze palsy (65% of patients), memory impairment (58% of 
patients) and fluctuating coma (42% of patients) [4].

The clinical presentation of thalamic stroke can be protean, and although it is 
plausible to talk about 4 broad syndromes that correspond to the vascular territories 
described above, the symptoms and signs do overlap and do vary. For instance, in 
the hyperacute stage, secondary vasogenic oedema may result in local dysfunction 
beyond the affected thalamic territory, and beyond the thalamus itself, leading to 
complex combination of clinical features.

Although classical features can raise suspicion of thalamic stroke such as hemi-
hypesthaesia, involuntary movements (la main thalamique), thalamic astasia, anaes-
thaesia dolorosa and/or ophthalmoplegia (sunset sign in upgaze palsy), the clinical 
features may not follow the typical classical textbook description of stroke, mean-
ing that many cases can easily be missed or misdiagnosed.
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Due to the shared blood supply, the association of thalamic stroke with extra- 
thalamic infarcts within the posterior circulation territories is not uncommon.

The thalamus is closely interconnected with the limbic system via the mamillo- 
thalamic tract, and the anterior thalamus forms part of the historical circuit of Papez, 
along with well-established neural circuits connecting the thalami and the medial 
temporal lobes, with major involvement in memory [6]. The vascular supply of the 
medial temporal lobe derives from the posterior cerebral artery, with variable col-
laterals from the anterior circulation. In particular, the hippocampus formation is 
supplied by the anterior and posterior hippocampal arteries [7].

The prognosis of thalamic stroke is considered generally favourable, and many 
patients that present with disordered consciousness show reasonable recover. Some 
patients with thalamic stroke, however, may be left with element of memory dys-
function or ophthalmoplegia. Another notable complication is the development of 
central pain (Dejerine-Roussy syndrome) that can affect 7–25% of patients with 
ischaemic or haemorrhagic thalamic stroke, especially when the lateral territory 
supplied by the thalamogeniculate artery is occluded [1].
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Clinical Key Learning Points
• The presentations of thalamic stroke can be subtle or difficult to recognize
• Thalamic infarcts can present with decreased level of arousal—especially 

when bilateral
• Post stroke pain can be persistent and difficult to manage

Radiology Key Learning Points
• Diffusion weighted MRI imaging with confirm ischaemic stroke when car-

ried out in the 14 days post stroke onset
• There may be areas of ischaemia also seen in other areas of the posterior 

circulation e.g. occipital lobe
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Chapter 30
Beware the Basilar: A Case of Stuttering 
Stroke Symptoms and an Unusual 
Aftermath

Howell T. Jones and Fiona Humphries

 Clinical History

A 60-year-old right-handed male retired computer programmer developed sudden 
onset dysarthria and left sided face, arm and leg weakness at home after a 2 days 
history of feeling less steady while walking and was brought by ambulance to the 
Emergency Stroke Unit at the National Hospital for Neurology and Neurosurgery. 
He had a past medical history of hypertension, hypercholesterolemia and type two 
diabetes mellitus and was previously independent and had normal mobility.

 Examination

On initial assessment he was alert and orientated. His temperature was 37.0 °C, 
blood pressure 180/107 mmHg and his pulse was regular at 80 beats/min. His pupils 
were equal and reactive, eye movements were normal and visual fields full to con-
frontation. There was a left upper motor neurone seventh cranial nerve palsy and 
and he was dysarthric but not aphasic. There was mild weakness the left arm and leg 
with (MRC score 4) in a pyramidal distribution and both of these limbs were also 
ataxic. Deep tendon reflexes were present with reinforcement in all four limbs with 
an extensor plantar response on the left. Sensation was normal as was the remainder 
of the physical examination.
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 Initial Investigations

Blood samples sent on arrival showed a microcytic anaemia with normal renal and 
liver profiles. Serum glucose was 30 mmol/L and subsequent HbA1c 134 mmol/
mol. Electrocardiography illustrated normal sinus rhythm with left axis deviation 
and met the criteria for left ventricular hypertrophy. A plain CT brain demonstrated 
no evidence of acute infarction or haemorrhage. CT angiography showed non- 
significant stenosis of the carotids and a basilar artery that was small in calibre and 
difficult to visualise; this was thought to be constitutional due to bilateral foetal 
origin of the posterior cerebral arteries. His BP then rose to 230/120 mmHg and 
intravenous labetolol was given with the aim of administering tPA, however BP 
control was not achieved within the 4.5 h thrombolysis window. A dose of aspirin 
300 mg was administered rectally and he was commenced on a variable rate insulin 
infusion.

 Progression of the Case

One hour after initial assessment his symptoms progressed and he became anarthric 
with a dense left hemiparesis (MRC grade 1) and new weakness in the right leg 
(MRC grade 3). A repeat CT brain was undertaken which showed an ill-defined 
hypodensity within the brainstem in the region of the right pons. Eight hours later 
there was a further deterioration with dense bilateral facial weakness, anarthria and 
airway compromise with worsened bilateral lower limb weakness (now MRC grade 
0 on the left and MRC grade 2 on the right) and plantar response was now extensor 
bilaterally.

Urgent MRI brain and MR angiogram of the intracranial and extracranial vessels 
demonstrated areas of restricted diffusion bilaterally in the pons in keeping with 
acute infarction (Fig. 30.1). The angiography demonstrated reduced signal at the 
transition of the V3/V4 segments of the left vertebral artery (Fig. 30.2) and the basi-
lar artery demonstrated either reduced or absent flow. The newly diagnosed basilar 
thrombus was discussed with interventional neuroradiology colleagues and the 
decision was made not to proceed with mechanical thrombectomy. Anticoagulation 
with a treatment dose of low molecular weight heparin (Enoxaparin) based on 
weight was commenced and aspirin was stopped. The low molecular weight heparin 
was split into twice daily dosing to reduce risk of bleeding.

During the proceeding 12 h the patient demonstrated markedly worsening bulbar 
weakness signs of aspiration pneumonia. He became hypoxic and was commenced 
on high-flow nasal cannula (HFNC) oxygen and antibiotic therapy. The following 
day he required admission to the intensive care unit (ICU) and was intubated. It was 
felt that his profound bilateral bulbar weakness would prevent successful extubation 
so a percutaneous tracheostomy was inserted on the second day of admission with-
out complication and he was stepped down to the stroke ward four days later.
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Fig. 30.1 DWI axial 
image showing bilateral 
acute pontine infarcts

Fig. 30.2 MRA TOF 
image illustrating reduced 
signal at left V3/V4 
consistent with acute 
thrombus

He underwent repeat CT angiography which showed the ongoing presence of 
clot in the basilar artery so anticoagulation was continued for a total of three weeks 
until serial CT angiography demonstrated recanalization of the vessel. Following 
this he was managed with three weeks of dual antiplatelet therapy with aspirin and 
clopidogrel followed by long term clopidogrel monotherapy.
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 An Unexpected Complication

Soon after stepdown to the stroke ward he began to report abdominal discomfort 
and rectal pain and defaecation and passing flatus. The rectum was empty on digital 
examination and bowel movements were small and infrequent despite a combina-
tion of stimulant and osmotic laxatives. A catheter had been placed in the bladder on 
admission and was then removed but that patient went into acute urinary retention 
so a catheter was reinserted. Following this procedure the patient reported worsen-
ing rectal pain and was treated empirically with antibiotics for a urinary tract infec-
tion. When symptoms did not improve an ultrasound of the abdomen was undertaken 
which showed no evidence of abscess formation or obstruction of the kidneys, ure-
ters or bladder but did show an enlarged prostate (35 cc) and after discussion with 
the urology team a decision was made to commence antibiotics for prostatitis. 
Despite antimicrobials the patient required increasing doses of opioid analgesia to 
manage the pain and underwent MRI which excluded a prostatic abscess but dem-
onstrated a dilated rectum of a maximum 8 cm in the anteroposterior plane compat-
ible with neurogenic megarectum.

He was initiated on a neurogenic bowel management regimen involving oral 
laxatives and rectal suppositions but he developed bilious vomiting. An abdominal 
X-ray (Fig. 30.3) and subsequent CT scan of the abdomen showed marked faecal 
loading in the large bowel and distension of the entire small bowel and a diagnosis 
of acute colonic pseudo-obstruction was made. Advice was sought from the general 
surgeons and he was managed with a total dose of 2 mg neostigmine with good effect.

Fig. 30.3 Abdominal 
X-ray demonstrating signs 
of acute colonic pseudo- 
obstruction with dilated 
bowel loops
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 Discussion

 Basilar Artery Occlusion Syndrome

Strokes affecting the posterior circulation account for 20% of ischaemic strokes 
and basilar artery occlusion (BAO) make up only 1–4% of ischaemic stroke 
cases [1].

 Clinical Presentation

While ischaemic strokes affecting the anterior circulation typically present with an 
acute onset of focal symptoms patients with BAO can present in an acute and sub-
acute fashion and may have a prolonged prodromal phase.

Acute BAO symptoms tend to present as a combination of focal motor weakness 
such as hemiparesis or quadriparesis with altered consciousness [2]. Around half of 
patients have brainstem signs such as truncal or appendicular ataxia, pupillary 
abnormalities, nystagmus, extraocular movement abnormalities, hearing loss or 
pseudobulbar manifestations such as facial palsy, dysphonia, dysarthria, and dys-
phagia [2]. One of the most feared consequences of BAO is that of ‘locked-in syn-
drome’ where bilateral pontine infarction results in a paralysed patient with only 
limited vertical eye movement and a mortality rate of 75% [3].

In contrast to anterior circulation stroke syndromes BAO can present with symp-
toms that evolve over hours to days and can be described as insidious or stuttering 
in nature. Patients with BAO may initially present with an isolated hemiplegia prior 
to developing brainstem signs or a decreased level of consciousness in a syndrome 
that this has been dubbed ‘herald hemiparesis’ [4].

Another important feature of BAO is that many patients report recurrent prodro-
mal symptoms in the days to weeks before their stroke with shortening periods of 
latency as the stroke looms [5, 6]. The most commonly reported prodromal symp-
toms are vertigo and nausea followed by headache and neck pain [7, 8]. Other 
symptoms may include visual loss or diplopia, dysarthria, ataxia, transient limb 
weakness or numbness or even unilateral or bilateral jerking or posturing episodes 
that may be mislabelled as epileptiform in nature [7–9].

 Aetiology

The aetiology of BAO can be atherosclerosis, thromboembolism or vascular dissec-
tion. Atherosclerosis and embolic disease both can affect the vertebrobasilar junc-
tion, the mid portion of the basilar is most commonly affected by atherosclerosis, 
whilst emboli tend to lodge in the distal third particularly at the top of the basilar 
artery [1]. Dissection tends to occur in the extracranial vertebral arteries and rarely 
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affects the intracranial vessels [1]. Rarer causes of BAO may include vasculitides 
such as Behçet’s, infections such as neurospyhillis, and damage to vessels due to 
cervical spine or basal skull fracture or cervical instability [10–13], and a proportion 
of cases remain cryptogenic [1].

 Imaging

Rapid access to neuroimaging is essential in cases of suspected BAO to establish the 
location of the vascular occlusion and to determine whether suitability for hyper-
acute treatments such as tPA and mechanical thrombectomy.

The gold standard imaging to confirm BAO is cerebral catheter angiography but is 
now rarely used as a diagnostic technique due to its invasive nature and improved 
access to non-invasive angiography [1]. CT head (CTH) is the first imaging modality of 
choice and its primary purpose in BAO cases is to exclude haemorrhage as its sensitiv-
ity for detecting ischemia in the posterior fossa is low. In 50–70% of BAO cases CTH 
will demonstrate a hyperdense basilar artery, though the sensitivity and specificity of 
this sign are low [14–16] and if BAO is suspected CT angiography of the intracranial 
and extracranial neck vessels is recommended [17]. Current recommendations state 
that CT angiography should not be delayed to await renal function in patients with no 
history of renal dysfunction as to not delay potential hyperacute treatments [17].

MRI is the best imaging modality for confirming an acute stroke in the posterior 
fossa with diffusion-weighted imaging (DWI) sequencing often demonstrating 
acute ischaemia within seconds of arterial occlusion [18–20]. Nevertheless, it is 
important to note that DWI negative strokes are twice as likely in the posterior cir-
culation compared to the anterior circulation and clinical reasoning should take pre-
cedence in such cases [20]. MR angiography can illustrate the site of vascular 
occlusion non-invasively [18] and cerebral microbleeds seen on gradient recalled 
echo (GRE-T2*) or susceptibility weighted imaging (SWI) MRI sequences may 
point towards an underlying aetiology that affects the small and large vessels con-
currently such as hypertension [18, 19].

Doppler ultrasound of the vertebral arteries can only comment on the presence 
and direction of blood flow and is less sensitive than both CT or MR angiography 
with limted use in BAO [18, 19, 21, 22].

In summary, prompt CT and CT angiography of the head and neck vessels should 
be undertaken in patients with suspected BAO. If inconclusive and the clinical sus-
picion remains high acute MRI and MR angiography should be considered.

 Management

BAO is a potentially life threatening condition and patients should be managed in a 
dedicated stroke centre that includes interventional neuroradiology, neurosurgery 
and neurointensive care. Successful management of BAO requires a 
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multidisciplinary approach with medical, nursing, physiotherapy, occupational 
therapy, speech and language therapy, dietetics and neuropsychology input from the 
start of the patient stroke journey.

Hyperacute treatments include intravenous thrombolysis (IVT), intra-arterial 
thrombolysis (IAT) and mechanical thrombectomy (MT). IVT is recommended in 
BAO within 4.5 h of symptoms and meet the required inclusion/exclusion criteria as 
it increases recanalization rates and reduce morbidity and mortality [17, 23]. IAT 
also improves recanalization and reduces morbidity and mortality although is much 
less commonly administered [17, 24]. MT is recommended for patients with large 
vessel occlusion who present up to 6 h after the onset of symptoms and who meet 
other relevant criteria, but in in BAO MT may be offered up to 24 h after the onset 
of symptoms, although the evidence for MT in BAO is less prominent than in ante-
rior circulation stroke [17, 25, 26]. In patients who do not meet criteria for IVT or 
MT then treatment with high dose antiplatelet therapy such as aspirin or clopidogrel 
should be commenced [17].

The presence of a free floating thrombus (FFT) on CT or MR angiography in the 
context of BAO presents a management challenge. There have been no randomised 
controlled trials comparing standard antiplatelet therapy with anticoagulation, but 
data demonstrate that the latter is often used in both carotid and posterior circulation 
FFT despite the lack of evidence to support this management strategy [17, 27].

Patients with BAO are particularly sensitive to fluctuations in blood pressure and 
generally blood pressure should only be controlled if there is a strong indication 
such as post tPA management, and intravenous fluids or even vasopressors may be 
required should neurological symptoms be blood pressure dependant [1]. After the 
hyperacute phase blood pressure should be optimised slowly over weeks rather than 
days as secondary prevention [17].

Patients with BAO are at risk of airway compromise due to reduced conscious-
ness level or diaphragmatic involvement and may require intubation or tracheos-
tomy insertion to allow for mechanical ventilation [28]. They should also be 
monitored for signs of raised intracranial pressure due to cerebellar or brainstem 
oedema causing compression of the fourth ventricle, which typically peaks at day 
three to five after infarction and may require neurosurgical intervention in selected 
cases [1].

The acute phase of management of BAO mirrors that of other stroke syndromes 
with investigations to determine the aetiology such as bloodwork including full 
blood count, coagulation screen, fasting lipids and glycated haemoglobin A1c 
[17]. Patients should also undergo cardiac investigations such as an electrocardio-
gram to evaluate for atrial fibrillation and if normal to consider either continuous 
cardiac monitoring as well an echocardiogram (+/-bubble study) to assess for car-
diac causes of emboli such as patent foramen ovalve, intraventricular thrombi or 
masses or valvular vegetations [17]. Anticoagulation should be considered at an 
appropriate time should a relevant indication such as atrial fibrillation be identified 
[17]. Other investigations for rarer causes should be tailored on a case by case 
basis. The remainder of focus following BAO is as with any stroke on rehabilita-
tion and patient goal setting with an aim or regaining function and managing 
disability.
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 Prognosis

BAO has a high morbidity and mortality rate with a mortality rate of up to 80% if 
left untreated and 40% even if recanalization is achieved [23, 29]. For those patients 
who survive around two thirds will have persistent severe deficits with only 30% of 
patients who receive hyperacute IVT or IAT regaining a good level of function 
[23, 29].

Complications such as infections particularly aspiration pneumonia, thrombo-
embolic disease, contractures, pressure ulcers, bladder or bowel dysfunction and 
depression are common [30]. The risk of recurrent stroke is between 10% and 
15% [31].

 A Brief Overview of Neurogenic Bowel

Neurogenic bowel refers to loss of the normal sensory and/or motor function of the 
bowel due to either a central or peripheral neurological cause resulting in colonic 
dysfunction [32]. Three forms are recognised depending on the location of the 
neural pathway disruption; reflex neurogenic bowel from an upper motor neuron 
type lesion; areflexic or flaccid from a lower motor neuron type lesion; or mixed 
[32, 33].

Pontine infarcts can disrupt the sympathetic and parasympathetic pathways 
responsible for defaecation causing the reflex or upper motor neuron form of neuro-
genic bowel resulting in impairment of both the co-ordination of peristaltic waves 
and the relaxation of the external sphincter and pelvic floor muscles [33–36].

Neurogenic bowel primarily causes constipation, ranging from simple constipa-
tion to more serious manifestations such as faecal impaction, acute colonic pseudo- 
obstruction or the chronic complication of megacolon/megarectum. Constipation 
can in turn lead to haemorrhoids, anal fissures and tears, rectal prolapse, faecal 
incontinence and [37].

Acute colonic pseudo-obstruction (ACPO) is also known as by its eponymous 
name Ogilvie syndrome after British surgeon William Heneage Ogilvie was first 
described in 1948 [38]. ACPO is a condition where gross dilatation of the colon is 
present in the absence of mechanical obstruction and is typically seen in older peo-
ple following surgery or those with underling neurological, infectious or inflamma-
tory conditions, though its pathophysiology is still unclear [39]. The diagnosis can 
prove difficult and is often based upon clinical and radiological evidence, with early 
recognition required to avoid serious complications such as colonic ischemia or 
perforation [40].

The management for ACPO is broad and ranges from gastric and rectal decom-
pression, intravenous hydration and electrolyte correction and treating any underly-
ing condition, through to medical, endoscopic and surgical interventions [39, 40]. 
One medical therapy is the drug neostigmine.
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 Neostigmine and Its Role in the Management of Acute Colonic 
Pseudo-Obstruction

Neostigmine is a reversible acetylcholinesterase inhibitor that inhibits the hydroly-
sis of acetylcholine whilst also stimulating nicotinic and muscarinic receptors to 
produce contraction in the colonic smooth muscle and increased peristalsis and is 
administered in intravenous form [41]. A recent meta-analysis of four studies (127 
patients) showed that neostigmine was effective in resolving ACPO with only one 
dose in 89.2% of cases compared to 14.65% of controls (P < 0.001, NNT = 1 [95% 
CI 1–2]) [42].

Side effects of neostigmine include bronchospasm, bradycardia and hypotension 
and cardiac monitoring is recommended. It should only be administered where 
immediate medical support is available and note should be taken that atropine can be 
administered if significant bradycardia occurs [39]. Patients who are potentially at 
higher risk of side effects are those with a history of bronchospasm, ischemic heart 
disease, chronic kidney disease or who are on beta blocker therapy [43]. Risks can be 
reduced by opting for an infusion of neostigmine as opposed to an intravenous bolus 
and using lower starting doses in those with the aforementioned risk factors [43].

In summary neostigmine is an approved treatment in patients with ACPO and the 
benefit from one or two doses often outweighs the potential risks and it should be 
considered for patients who develop ACPO following pontine stroke [39].

Key Clinical Learning Points
• Whilst some patients with BAO may present with acute motor and bulbar 

dysfunction patients may present with stuttering symptoms over hours 
to days.

• Patients with BAO may first present with unilateral weakness and then 
progress to include brainstem signs or reduced consciousness. This is 
known as a herald hemiparesis.

• Other prodromal symptoms include neck pain, headache, dizziness, diplo-
pia, dysarthria or ataxia.

• The aetiology of BAO can be atherosclerosis, thromboembolism or vascu-
lar dissection, and the location of the BAO can be helpful in determining 
the most likely mechanism of occlusion

• IVT and IAT have been shown to reduce morbidity and mortality in patients 
with BAO. The evidence for MT in BAO is less strong than for anterior 
circulation large vessel occlusion but it can be considered up to 12–24 h 
after the onset of symptoms due to the significant mortality associated 
with BAO.

• BAO can result in the development of neurogenic bowel due damage to the 
pontine defaecation centre

• For patients who develop acute colonic pseudo-obstruction as a result of 
neurogenic bowel a neostigmine infusion is typically a safe and effective 
treatment.
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Chapter 31
An Unusual PRESentation of Stroke

Kerala L. Adams-Carr, Jon Kennedy, and Robert F. Miller

 History

A 55-year-old woman with a background of essential tremor and HIV, on antiretro-
viral therapy, was admitted from clinic with progressive visual disturbance that had 
started the evening before. She described that she was able to detect someone’s 
presence in front of her but was unable to see them. She could use her phone but 
took some time to identify the correct numbers when dialling. Her partner reported 
that she had been bumping into objects on her left-hand side.

The day prior to her presentation she had been discharged from her local hospital 
where she had been an inpatient for 5 days. She had been admitted with abdominal 
pain and had a generalised tonic-clonic seizure later that day. She had investigations 
including a CT head, lumbar puncture, and an MRI brain, and was treated with 
levetiracetam. During this period she reported a mild occipital headache, and supine 
blood pressure at times was noted to rise to over 200/100. She was started on amlo-
dipine. Her blood pressure readings stabilised and she was discharged home.

Her HIV diagnosis had been made 18 months prior, at which time she had a viral 
load of 167,000 with a CD4 count of 5. She commenced antiretroviral therapy 
(Descovy and dolutegravir, later Truvada and dolutegravir). Abdominal imaging 
detected multifocal retroperitoneal and mesenteric lymphadenopathy. Multidrug 
resistant Mycobacterium kansasii was cultured from her sputum, and Mycobacterium 
avium complex (MAC) from a lymph node biopsy. She was treated for these non- 
tuberculous mycobacterial (NTM) infections with 18 months of antimicrobials. 
Treatment was complicated by recurrent paradoxical reactions (immune 
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reconstitution inflammatory syndrome: IRIS) with fever, abdominal pain, and 
lymph node enlargement. These were managed with tapering courses of predniso-
lone. She stopped steroids 5 weeks prior to admission, and completed NTM treat-
ment 2 weeks prior. She was taking co-trimoxazole prophylaxis.

 Examination

On examination fundoscopy was normal and pupils were equal and reactive to light. 
Visual acuity was reduced to 6/24 on the right and 6/48 on the left. She had a left 
homonymous hemianopia. She also had evidence of oculomotor apraxia, using a 
head thrust to generate horizontal saccades; and optic ataxia, greater on the left than 
the right. On further cognitive testing she was found to have intact object and face 
recognition but neglected objects on the left side. She had difficulty recognising the 
beach scene but was able to describe it in parts, suggestive of simultanagnosia. She 
was unable to do simple subtractions and exhibited left-right disorientation and fin-
ger agnosia. She had dressing apraxia and ideomotor apraxia, worse on the left than 
right. She was able to read single words but not sentences. Upper and lower limb 
examination revealed a bilateral upper limb postural and action tremor and a no-no 
head tremor, in keeping with her longstanding history of essential tremor. Gait was 
unsteady and she struggled to tandem walk. The remainder of her neurological 
examination was normal, with symmetrically present reflexes and downgoing 
plantars.

In summary, she exhibited features of Balint and Gerstmann syndromes, a left 
homonymous hemianopia, left sided neglect, and an ataxic gait.

 Investigations

Blood tests were within normal ranges except for a longstanding lymphopenia and 
mildly deranged liver function. Electrolytes including calcium and magnesium 
were normal. HIV viral load remained undetectable and CD4 count was 58.

CT head (Fig. 31.1) on admission showed bilateral white matter hypoattenuation 
within the parietal and occipital lobes. There was involvement of the cortex in the 
right parietal lobe and both occipital lobes. CT venogram showed no evidence of 
venous sinus thrombosis, and intracranial CT angiogram showed incidental aplasia 
of the right anterior cerebral artery, but no evidence of dissection, thrombus, or focal 
vessel narrowing.

An MRI head (Fig. 31.2) demonstrated high T2 signal in the white matter of the 
parieto- occipital lobes bilaterally with cortical involvement in the right parietal and 
occipital lobes. There was high signal on diffusion weighted imaging (DWI) (Fig. 
31.3) and corresponding low apparent diffusion coefficient (ADC) values within the 
right superior frontal lobe, the right occipital lobe, and the right cerebellar hemi-
sphere suggestive of acute ischaemic infarcts.
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Fig. 31.1 CT head on 
admission demonstrating 
hypoattenuation within 
predominantly white 
matter, but with cortical 
involvement in the right 
occipital region

Fig. 31.2 T2 axial images showing hyperintensity within the white matter of the parietal and 
occipital regions, greater on the right than left. Additional cortical involvement seen in the right 
occipital lobe. Coronal section

A lumbar puncture showed a normal opening pressure of 7, and was acellular 
(wcc < 1) with a normal CSF/serum glucose ratio (3.1/5.3) and protein of 0.46. 
Acid-fast bacilli were not seen. John Cunningham (JC) virus, VZV, HSV-1 and 2, 
CMV, EBV, parechovirus and enterovirus were not detected with PCR testing. 
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Fig. 31.3 DWI axial section on the left, and ADC on the right. Acute infarction demonstrated 
within the right frontal and occipital lobes

Oligoclonal bands were positive in the CSF and negative in the serum. CSF cytol-
ogy was normal.

CT abdomen and pelvis with contrast demonstrated a peripherally enhancing 
collection in the left psoas muscle and low attenuation retroperitoneal lymph nodes. 
These were biopsied under CT guidance and histology demonstrated a reactive 
histiocyte- rich inflammatory process with no Acid-fast bacilli seen and no microor-
ganisms grown on culture. Bacterial 16s and fungal 18s ribosomal RNA PCR were 
negative.

Investigations for secondary hypertension took place including renal Doppler 
and MR angiogram of the renal arteries, which excluded renal artery stenosis. A 
9am cortisol was normal (355), as were thyroid function tests and plasma catechol-
amines. Urinary catecholamines showed an isolated abnormality of a mildly raised 
normetadrenaline level (3.52 micromol/24 h), which was thought not to be signifi-
cant but will be repeated. A transthoracic echocardiogram was normal.

 Clinical Course

A follow up MRI brain scan with contrast 2 weeks later showed improving T2 sig-
nal changes with resolution of DWI restriction. There was gyriform enhancement 
within the right frontal and occipital lobes and bilateral parietal lobes (Fig. 31.4).

Blood pressure stabilised with amlodipine and this was then weaned as propran-
olol was introduced, given it had previously proven an effective treatment for her 
essential tremor.

Clinically she improved during her admission and was discharged after 2 weeks. 
On follow up 1 month later she felt almost back to baseline but was aware of some 
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Fig. 31.4 MRI brain, T1 
post gadolinium contrast, 
coronal view. Gyriform 
enhancement seen within 
the right parietal lobe

difficulties with vision on the left. She had a persistent left homonymous hemiano-
pia on examination.

 Discussion

Posterior reversible encephalopathy syndrome (PRES), or reversible posterior leu-
koencephalopathy syndrome (RPLS), was first comprehensively described in a 
1996 case series [1]. It constitutes a clinical and radiological syndrome of subacute 
onset, most commonly precipitated by hypertension or cytotoxic medications. It 
typically presents with headache, visual changes, altered consciousness and sei-
zures, with MRI features of vasogenic oedema affecting predominantly the white 
matter of the posterior parietal and occipital lobes. Changes can also occur within 
the frontal and temporal lobes, basal ganglia, cerebellum, and brainstem. The origi-
nal case series described a fully reversible syndrome without cerebral infarction. 
However, although rare, it is now understood that PRES can progress to ischaemic 
infarction, as in this case, or haemorrhage. These complications account for much 
of the morbidity associated with the condition.

Hypertension is the most common precipitant of PRES, present in around 80% 
of cases [1, 2]. When blood pressure is acutely raised beyond the limits of cerebral 
autoregulation, it is proposed that hyperperfusion occurs with increased capillary 
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hydrostatic pressure leading to extravasation of fluid and vasogenic oedema [3]. In 
cases such as this, where hypertension appears to follow the onset of symptoms, it 
may occur as a secondary consequence of end organ hypoperfusion in a Cushing- 
like response to increase perfusion pressure [4].

There have been multiple case reports of PRES in patients with HIV, often in 
the presence of other possible precipitants such as raised blood pressure, sepsis 
or renal dysfunction. However, HIV infection may play an independent role in 
the pathogenesis of PRES, a theory supported by two case reports in which HIV 
was the only identified risk factor [5, 6]. It is proposed that altered immune sys-
tem function in HIV may contribute to endothelial dysfunction through activated 
T cells and cytokine release. Although antiretroviral therapy suppresses viral load 
and improves endothelial dysfunction, abnormal levels of cerebrovascular reac-
tivity and systemic inflammation are thought to persist [7]. Interestingly there 
have been at least three other cases reported of patients with HIV and MAC infec-
tion, with or without accompanying IRIS, developing PRES [7–9]. It may be that 
atypical mycobacterial infection and IRIS contribute to the development of endo-
thelial dysfunction and PRES through systemic inflammation and cytokine 
release.

Infarction, though rare, can occur, particularly affecting watershed areas [10] and 
causing predominantly visual and perceptual deficits. MR imaging may show 
hyperintense lesions on DWI due to T2 shine through, but corresponding low ADC 
values indicate true infarction [11, 12].

There are two main hypotheses behind the ischaemia seen in PRES. One is the 
‘neuropeptide theory’ which suggests that the release of inflammatory cytokines 
such as TNF alpha and IL-1 upregulates endothelin-1 and other potent vasoconstric-
tors leading to vasospasm and subsequent ischaemia [3]. This theory is supported by 
studies conducting catheter and MR angiography and MR perfusion imaging which 
show widespread or focal vasoconstriction (similar to that seen in reversible cere-
bral vasoconstriction syndrome, or RCVS) and decreased perfusion [12]. An alter-
nate theory is that extensive vasogenic oedema leads to increased tissue perfusion 
pressure with subsequent impairment of the microcirculation leading to ischaemia 
[11]. This is supported by the time course and localisation of cytotoxic oedema, 
which often occurs following and adjacent to the development of significant vaso-
genic oedema [13].

The management of PRES is supportive and is often focused on blood pressure 
reduction, in cases where it is raised above baseline. The aim is to reduce diastolic 
blood pressure to around 100–110 mmHg, not exceeding a reduction greater than 
20% within the first hour [12]. A more dramatic decrease in blood pressure risks 
cerebral, as well as coronary and renal, ischaemia. Seizures should be treated with 
antiseizure medication, electrolyte abnormalities should be corrected, and any 
precipitating medications withdrawn. Most patients improve over days to weeks 
but a minority are left with more persistent deficits, often as a result of cerebral 
infarction or haemorrhage. Recurrence is rare, occurring in less than 10% of 
patients [14].
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Clinical Learning Points
• PRES typically presents with a rapid onset of headaches, seizures, altered 

consciousness and visual disturbance.
• HIV, even when viral load is suppressed, appears to be a predisposing fac-

tor, likely contributing to the development of PRES through endothelial 
dysfunction.

• Hypertension is commonly seen but is absent in around 20% of cases, or 
may occur after symptom onset as an autoregulatory consequence of end 
organ hypoperfusion.

• Ischaemic infarction is rare but when it occurs clinical deficits may be long 
lasting.

• Management of PRES and ischaemic infarction is supportive and often 
focused on blood pressure control. Overly rapid correction of blood pres-
sure should be avoided to decrease the risk of hypoperfusion and further 
ischaemia.

Radiological Learning Points
• Vasogenic oedema leads to high T2 signal in predominantly the white mat-

ter, but cortical involvement can sometimes be seen.
• Usually the parieto-occipital lobes are affected in PRES, but changes can 

also occur in frontal and temporal lobes, basal ganglia, brainstem, and 
cerebellum.

• High DWI signal is common and can indicate ‘T2 shine through’ from 
vasogenic oedema. This is usually reversible, but when there are corre-
sponding low ADC values this is suggestive of cytotoxic oedema and isch-
aemic infarction.

• MRI should be repeated in 1–2 weeks to ensure changes are resolving, as 
would be expected in PRES.

• CT venogram and intracranial angiogram are usually indicated to exclude 
differential diagnoses such as venous sinus thrombosis, RCVS and CNS 
vasculitis, however keep in mind that areas of arterial narrowing can some-
times be seen in PRES.
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Chapter 32
A Case of Mechanical Thrombectomy 
for Acute Ischaemic Stroke

Sumanjit K. Gill, David Doig, and Robert Simister

An 87 year old right handed male presented to the acute service at 05:46 am with 
left sided face arm and leg weakness with aphasia. There was a clear wake up time 
of 02:00 am, he was well when he went to sleep at 9pm the night prior. He had pre 
morbid Modified Rankin Score (mRS) of 0 and on presentation his NIHSS was 19. 
His medical history was of atrial fibrillation for which he took edoxaban (with the 
last dose taken >24 h prior) and prostate cancer. He reached the CT scanner at 06:10. 
The CT head showed a dense right MCA sign (Fig. 32.1) and no established infarc-
tion. The ASPECTS score was 8. Concurrent CT angiogram (Fig. 32.2) confirmed a 
completely occluded right middle cerebral artery and CT perfusion imaging showed 
mismatch with a relatively large penumbra volume of 91 ml and core volume of 
6 ml (Fig. 32.3). His blood pressure was 121/56 mmHg. He was in atrial fibrillation 
with a controlled heart rate. His INR was 1.1, anti Xa level was 10ng/ml (well below 
the trough range for the lab). He was consented for treatment and given intravenous 
thrombolysis at 06:52 and transferred to the interventional radiology suite. The 
groin puncture time was at 08:31 which was 2.75 h after presentation to hospital. 
The procedure was technically successful with clot aspiration and post procedure 
Thrombolysis in Cerebral Infarction (TICI) score of 3 which represents complete 
restoration of flow. Later that day he had a CT head (Fig. 32.4) as he was persistently 
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Fig. 32.1 Plain CT head with visible right thrombosed middle cerebral artery (arrow)

Fig. 32.2 CT angiogram 
confirmed occluded right 
middle cerebral artery with 
no flow (arrow)
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Fig. 32.3 CT perfusion imaging with penumbra (green) and ischaemic core (red) in the right 
middle cerebral artery territory in the bottom right image. The other images top row show: rCBV 
cerebral blood volume, rCBV cerebral blood flow, Tmax. The remaining images on the bottom row 
left to right are: TTP time to peak, MTT mean transit time

drowsy. This showed an area of haemorrhagic transformation and contrast staining, 
this was more clearly seen as a basal ganglia haematoma the next day and had 
resolved on imaging after an interval (Fig. 32.5). His neurological assessment dem-
onstrated a left sided hemianopia and inattention. He had 5/5 power throughout 
except for his left upper and lower limb which was graded at 1–2/5 throughout.

Mechanical thrombectomy is now established as an important treatment for 
acute ischaemic stroke in the context of large intracranial vessel occlusion. It 
involves aspiration or retrieval of the occluding clot and restoration of flow to blood 
starved brain tissue distal to the occlusion. Meta-analysis of the first positive studies 
exploring the impact of mechanical thrombectomy has identified that the number 
needed to treat significantly reduce the level of disability is 2.3 and that 46% of 
patients treated within 6 hours recover to full independence [1]. More recently, 
national guidance has widened criteria for treatment [2] up to 24 h since onset and 
with higher volumes of established new infarction at presentation but there are 
ongoing areas of uncertainty with respect to patient selection. In particular, further 
evidence is required to help clarify whether there is an upper age cut off, to deter-
mine the minimum ASPECTS score on the CT head at presentation. There is also a 
need to establish the role of CT perfusion imaging in patient selection in the context 
of longer times since onset and higher ischaemic burden with core infarction at 
presentation of more than 50 ml.

32 A Case of Mechanical Thrombectomy for Acute Ischaemic Stroke



258

Fig. 32.4 Post 
thrombectomy plain CT 
showing a right sided area 
of contrast extravasation 
and haemorrhagic 
transformation

Our patient had a smaller core volume but still had a complication of contrast 
extravasation and haemorrhagic transformation—why? The first most obvious rea-
son is his use of edoxaban although he had not taken a dose within 24 h and his anti 
Xa levels were low at 10 ng/ml. Other immediate potential factors are linked to 
blood pressure control during and after the thrombectomy procedure and the impact 
of restoration of blood flow on areas of recent completed infarct. Bleeding risk 
linked to thrombolysis treatment is also higher in very elderly patients. In our patient 
blood pressure was well managed and there were no cerebral microbleeds on subse-
quent MRI imaging, both factors influence the risk of haemorrhage.

The impact of thrombectomy with increasing patient age has not been formally 
studied. We do know that patients over 80 years are in general more likely to have 
moderate severe disability or be dead at one year follow up [3, 4]. This doesn’t 
appear to be linked to their rate of symptomatic intracerebral haemorrhage or other 
procedural complication (arterial dissection, bleed or infection at the puncture site) 
[4] and the guidance remains to assess patients on a case by case basis. In an older 
person this would include evaluation of their pre existing disability, level of frailty, 
co morbidities and health beliefs about living life with disability.

The Alberta Stroke Programme (ASPECTS) is a topographic score which quan-
tifies the amount of ischaemic injury in the middle cerebral artery brain territory 
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Fig. 32.5 Plain CT some 
months later showing 
resolution of oedema and 
midline shift and 
resorption of blood in the 
area of haemorrhagic 
transformation

seen on plain CT imaging and has become useful in aiding clinical decision making 
in selecting patients with middle cerebral artery infarction for the stroke physician. 
The ASPECTS score is a score out of a possible 10 points. A normal brain has a 
score of 10 and 1 point is subtracted from this number for each sub-region of the 
middle cerebral artery territory affected with visible acute stroke injury. The 
ASPECTS score can be calculated by trained clinicians but is increasingly mea-
sured by dedicated medical artificial intelligence systems. Until 2023, typical inclu-
sion criteria for patient selection for treatment with thrombectomy included 
demonstration of a smaller middle cerebral artery territory infarction at presentation 
(recorded as an ASPECTS score on presenting CT > 5) [5] but recent studies have 
indicated that thrombectomy can still offer clinical value with lower ASPECTS 
scores i.e. >2 [2].

CT Perfusion imaging potentially adds further value to patient selection proto-
cols which routinely consists of CT head and CT angiogram of carotids and intra-
cranial vessels. The perfusion sequences can help to indicate the volume of brain 
tissue that has already infarcted (known as the infarct core) and, separately, the 
volume of any tissues that is not yet infarcted but which has reduced blood flow 
(known as the ischaemic penumbra). Perfusion is of particular utility with patient 
selection at longer times since onset and with larger infarct volumes on patient 
arrival.
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A positive CT perfusion produces a picture seen in the imaging above with a core 
ischaemic area with prolonged MTT, Tmax and reduced CBV and CBF. The mis-
match signifies acute ischaemic tissue and a large potentially recoverable penum-
bral area [6]. This gives the physician a visual of the tissue at risk and also a measure 
of the core volume. The degree of progression of penumbral tissue to infarction will 
dependent on time from onset, the presence of collaterals and any spontaneous 
recanalization. The benefit to patients who are identified as having a large ischaemic 
core volume of reperfusion therapy is uncertain, it may be of some benefit to reduce 
oedema [7].

Key Clinical Learning Points
• Patients aged over 80 should be considered as candidates for mechanical 

thrombectomy after a careful evaluation of co-morbidities, frailty, medica-
tions and patient wishes

• Mechanical Thrombectomy is an effective, safe treatment for acute isch-
aemic stroke due to large vessel occlusion with a number needed to treat of 
2.3 to reduce disability.

• Mechanical thrombectomy is a time dependent intervention and patients 
with large vessel occlusion who may be eligible should be transferred to a 
thrombectomy enabled hyperacute stroke unit as rapidly as possible with 
treatment possible up to 24 h after time of onset of acute ischaemic stroke 
for selected cases

Key Radiological Learning Points
• CT head imaging can demonstrate occlusion of intracranial arteries but 

this sign is not reliable without use of concurrent CT arteriography
• CT perfusion imaging is increasingly used to estimate infarct core and 

ischaemic penumbra i.e. the area of irreversibly infarcted tissue vs. poten-
tially salvageable tissue

• Striatocapsular infarction is common after stroke associated with middle 
cerebral artery occlusion even with rapid treatment. This is because the 
clot occludes flow into the lenticulostriate end arteries feeding the capsular 
territory.

• Core ischaemic tissue has a reduced mean transit time with severely 
reduced cerebral blood flow and blood volume

• ASPECTS score is a useful tool to aid clinical decision making with low 
(<7) scores being strongly associated with death and disability
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Chapter 33
A Case of Moya Moya

Sumanjit K. Gill, David Doig, and Robert Simister

A 38 year old man presented to hospital with a left sided face, arm and leg weakness 
with marked inattention to the left hand side. His NIHSS was scored at 13. His 
blood pressure was 112/78 mmHg. He had a history of Moya Moya disease and 
coeliac disease. His Moya Moya had been diagnosed 2 years prior when he pre-
sented with transient ischaemic attack and was found to have imaging appearances 
in keeping with Moya Moya. The attacks were recurrent and began with paraesthe-
sia on the left side with limb jerking and lasted a few minutes. He was a that time 
started on an anti epileptic medication and aspirin. His CT imaging on this occasion 
confirmed a right intraparenchymal haematoma in the region supplied by lenticulo-
striate collaterals (Fig. 33.1) with CTA (Fig. 33.2) showing an obliterative arteriopa-
thy involving the right terminal carotid, right M1 segment of the middle cerebral 
artery and right A1 segment of the anterior cerebral artery. When reviewed in clinic 
several months later he noted to be able to walk without aides and was able to com-
municate normally. There was a discussion with the patient and he was informed of 
the possible need for surgery to stabilise his intracranial circulation. His case was 
discussed in a multidisciplinary meeting between stroke physicians, neurosurgeons 
and neuroradiology and it was decided he should have a formal angiogram to delin-
eate cerebral vasculature and to have an EC-IC bypass procedure. The angiogram 
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Fig. 33.1 An acute intraparenchymal haematoma measuring 5 × 2 × 4 cm with centre being on the 
right lentiform nucleus. There is partial effacement of the right lateral ventricle and midline shift 
indicating raised intracranial pressure in the right hemisphere

Fig. 33.2 A cerebral CT angiogram of the intracranial vessels showing an obliterative arteriopathy 
of the right M1, M2, A1 segment

confirmed occlusion of the right middle cerebral artery and a collateral vascularisa-
tion (Fig. 33.3). The superior temporal artery was of sufficient calibre to be able to 
use for a STA/MCA bypass. CT perfusion imaging confirmed reduced cerebral 
blood flow and blood volume in the right hemisphere.
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Fig. 33.3 Right internal 
carotid injection 
demonstrating proximal 
middle cerebral artery 
occlusion with ‘puff of 
smoke’ appearance of 
circle of willis collaterals

Three ways to proceed were considered and discussed with the patient:

 1. Conservative management–this avoids taking risk with procedure but means 
there is an ongoing risk of both intracerebral haemorrhage and ischaemic stroke.

 2. Direct bypass–this consists of connecting the superficial temporal artery, which 
normally supplies scalp, to the middle cerebral artery in an attempt to restore the 
blood flow in this artery and the brain supplied by it. It can be technically chal-
lenging and does carry significant risks, namely of stroke, failure, bypass occlu-
sion, skin necrosis, epilepsy, bleeding, infection, medical complications, risk of 
general anaesthesia, permanent disability and death. However if all goes well 
this does reduce the risk of further strokes immediately.

 3. Indirect revascularisation–this consists of applying muscle and the superficial 
temporal artery directly on the surface of the brain with the aim of stimulating 
the development of neovascularisation from these tissues to the brain. This is 
technically less challenging but has much more delayed effect, and until the full 
effect is observed, the risk of stroke remains virtually unaltered, which may take 
many months. This can be combined with a direct bypass, or carried out if direct 
bypass fails or is felt to be too high risk.

The patient decided to go ahead with the second option and four years after his 
initial TIA like episode he had his superior temporal artery anastomosed to the M4 
segment of the middle cerebral artery. The surgery was uneventful and he was 
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discharged 3 day later. Follow up at one year with repeat imaging confirmed good 
graft flow and the patient confirmed he had no further events.

Moya Moya disease is a rare cerebrovascular condition causing an obliterative 
vasculopathy which affects the large arteries causing both ischaemic stroke and also 
haemorrhage. It is characterised by obliterative disease of the terminal portion of the 
carotid artery with accompanying collateralisation of vessels giving a ‘puff of 
smoke’ appearance on imaging [1]. It is relentlessly progressive and significantly 
increases risk of both disability and death. It is most prevalent in East Asian coun-
tries and can be familial or sporadic raising a question about a possible gene locus—
so far RNF213 which encodes for E3 ubiquitin ligase has been identified as a 
susceptibility gene [2]. Knockout zebrafish have abnormal growth of blood vessels 
indicating this gene is necessary for normal angiogenesis. This correlates with an 
earlier onset and severity and may be useful in prognosticating. Moya Moya can be 
staged using Suzukis angiographic staging process given in Table 33.1 [3] which 
helps understand how the process of prolonged hypoperfusion induces angiogenesis 
and compensates for reduced flow through affected vessels.

Treatment options are limited and are given in the case above—either conserva-
tive approach which confers an increasing risk of stroke or surgical procedures 
which also carry risk. The most common surgical procedure is of external carotid—
internal carotid bypass [4]. One possible surgical complication not given in the case 
above is of post operative cerebral hyperperfusion—a sudden marked increase in 
cerebral blood flow causing reperfusion injury. One study of revascularisation sur-
gery of the type our patient underwent had favourable long term outcome but a high 
incidence of cerebral hyperperfusion—18% which was associated with transient 
neurological events [5]. These did not appear to be of any long term significance in 
this instance but there is the potential for haemorrhagic stroke physicians should be 
aware of this possibility.

Table 33.1 Suzuki’s staging process—a study detailing progression in 20 paediatric cases of 
Moyamoya disease

Stage 1: ‘Narrowing of carotid fork’. On the angiographic exam, only the terminal portion of 
the internal carotid artery is stenosed
Stage 2: ‘Initiation and appearance of basal moyamoya’. On the angiographic exam, stenosis of 
all the terminal branches of ICA (ACA and/or MCA) and deep moyamoya vessels are seen
Stage 3: ‘Intensification of basal moyamoya’. On the angiographic exam, deep moyamoya 
vessels are intensified. MRA taken during this stage shows a “puff of smoke” appearance. The 
deflection of the anterior cerebral artery (ACA) and middle cerebral arteries (MCA) is noted
Stage 4: ‘Minimization of basal moyamoya’. On the angiographic exam, deep moyamoya 
vessels begin to regress while transdural collaterals begin to appear. The deflection of the 
posterior cerebral artery (PCA) is noted
Stage 5: ‘Reduction of moyamoya’. On the angiographic exam, continued regression of deep 
moyamoya vessels and progression of transdural collateral vessels are noted
Stage 6: ‘Disappearance of moyamoya’. On the angiographic exam, deep moyamoya vessels 
have vanished and there is complete occlusion of the ICA. Blood supply to ACA and MCA 
areas is derived mainly from the external carotid artery
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Medical treatment is also focussed on reducing the risk of recurrent ischaemic 
and haemorrhagic stroke. There are no randomised control trials and data is limited 
to retrospective studies so practice does vary. Antiplatelets in the form of aspirin and 
clopidogrel can be prescribed after a consideration of the balance of risk. Cilostazol 
is also sometimes used as it is unique for its vasodilatory properties. One prospec-
tive study of cilostazol was positive with ischemic stroke recurrence of 6% at 5 
years with improved blood flow [6]. This is not strong enough evidence for a strong 
recommendation but may be considered as an alternative to surgery or in those with 
early disease.
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Key Clinical Learning Points
• Moya Moya disease is a cause of recurrent intracerebral haemorrhage and 

ischaemic stroke and has a poor long term prognosis
• It can be familial or sporadic, paediatric or adult onset and is more preva-

lent in the East Asian population
• Multidisciplinary management of the condition is necessary with stroke 

physician working with neurosurgeon, neuroradiologist, neurovascular 
specialist nurse for proper case management—treatment options come 
with risk and should be carefully communicated with patients with addi-
tional time given for ‘options talk’

Key Radiological Learning Points
• Moyamoya disease most often starts with obliterative disease of the termi-

nal portion of the internal carotid artery
• Collateralisation of the arteries becomes prominent as the disease pro-

gresses and can give a ‘puff of smoke appearance’
• Multiple imaging methods are required for clinical decision making and 

including MR angiogram, CT/MR perfusion imaging, digital subtraction 
angiogram, transcranial doppler
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Chapter 34
A Case of Giant Cell Arteritis and Stroke

Sumanjit K. Gill, David Doig, and Robert Simister

A 76 year old was diagnosed with giant cell arteritis (GCA) and started on high dose 
steroids after left eye visual loss with optic nerve inflammation. His USS temporal 
arteries showed bilateral halo sign supporting a diagnosis of GCA. Six days later 
whilst out walking with a friend he had a sudden onset of confusion and when 
assessed by video triage with the ambulance service he was found to have full 
strength in his limbs despite being non compliant with a neurological examination. 
He was directed to accident and emergency and a few hours later when assessed he 
was found to have anew left lower limb weakness. He was then transferred to his 
local stroke service for assessment. He was complaining of a bilateral visual loss but 
it was impossible to clarify further due to his confusion. There was a lack of a pupil-
lary reflex in the left eye. He had a plain CT (Fig. 34.1) which showed an area of 
hypodensity in the left occipital lobe and CT perfusion which conformed prolonged 
mean transit time in the same area. When reviewed by a neuroradiologist it was felt 
that despite the lack of mismatch on CT perfusion there was probable bilateral pos-
terior circulation infarction. The CT angiogram showed a complete occlusion of the 
left vertebral artery (Fig. 34.2). He was now clearly outside of the thrombolysis time 
window and he was given high dose aspirin and admitted to the stroke unit.
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Fig. 34.1 Plain CT showing subtle occipital cortical hypoattenuation and parenchymal swelling

Fig. 34.2 CT angiogram showing lack of contrast opacification of the left vertebral artery

His MRI showed haemorrhagic transformation of bilateral occipital lobe infarcts 
with possible new thrombus in the right internal carotid artery and bilateral infarcts 
in multiple territories (Fig. 34.3). The vessel wall imaging was planned after a one 
week interval. He was reviewed by neuro ophthalmology and was found to have a 
bilateral ischaemic optic neuropathy. A CT of his chest, abdomen and pelvis was 

S. K. Gill et al.



271

a b c

Fig. 34.3 Left to Right: (a) Susceptibility weighted sequences showing blood in bilateral poste-
rior circulation territories. (b) B1000 image showing bilateral posterior circulation hyperintensity 
and bilateral multiple territory hyperintensities which are matched by areas of signal drop out 
shown in (c). ADC map

Fig. 34.4 Vessel wall MRI (fat-saturated black-blood T1-weighted post-contrast) showing patho-
logical enhancement round the right superficial temporal artery

normal except for a right renal pole soft tissue mass. A decision was made to start a 
half treatment dose once a day low molecular weight heparin injection in view of 
the cardioembolic stroke appearances on imaging with new thrombus in the internal 
carotid artery. The cautious dosing was due to the bilateral transformation in the two 
larger infarcts which did worsen over the first two sets of CT imaging. Lupus anti-
coagulant was positive with anti cardiolipin antibodies negative. A temporal artery 
biopsy showed a transmural non-necrotising inflammation with mainly lympho-
cytes and histiocytes. Occasional giant cells are noted. Vessel wall imaging (Fig. 
34.4) was initially reported as normal with no evidence of arterial inflammation.
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Fig. 34.5 Diffusely 
increased FDG uptake of 
the thoracic aorta, 
subclavian, axillary, 
internal mammary and 
femoral arteries (arrow)

Rheumatology made a decision to treat the vasculitis and start tocilizumab with 
infusion and weekly injection in conjunction with high dose steroids. PET scan 
showed diffusely increased FDG uptake of the thoracic aorta, subclavian, axillary, 
internal mammary and femoral arteries (Fig. 34.5). There was additional diffusely 
increased uptake of the vertebral arteries. To find such avid enhancement after 2 
weeks of high dose steroids was recognised as unusual and the decision was made 
to repeat PET imaging after a week and consider adding further immunosuppres-
sion in the form of cyclophosphamide. It was concluded that the progressive accrual 
of ischaemic lesions with new thrombus seen in the carotid was more probably a 
consequence of the aggressive nature of his inflammatory disease rather than car-
dioembolism and there was no increase in his dose of low molecular weight heparin. 
The repeat PET confirmed on going active vasculitis and he was transferred to a 
stroke rehab unit after the addition of cyclophosphamide.

Giant cell arteritis has a known association with ischaemic stroke although 
remains relatively rare for it to present in this way [1]. A more common way to pres-
ent is with manifestations of external carotid inflammation with headache, scalp 
tenderness or as in our case jaw claudication which was an element of history elic-
ited from the patient later during his hospital stay. The literature contains small case 
series from which we have built our knowledge of the natural history and response 
to treatment. A case review of 47 cases [2] shows at that the mortality is relatively 
high at 53% (varying lengths of follow up) with 22% achieving full neurological 
recovery. A higher mortality was seen in those with extradural involvement and did 
not appear to be associated with prednisolone use at time of stroke onset. There was 
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a tendency to affect the vertebrobasilar circulation as opposed to the anterior circu-
lation. An attempt to correlate clinical and pathological findings was made earlier in 
1972 [3] in an autopsy study which confirmed that vertebral arteries were more 
frequently affected and more severely with all three layers of the arterial wall 
inflamed. This corresponded to a higher number of brainstem or occipital lobe 
strokes. This was also the conclusion of a larger series in Dijon [4].

One atypical feature of our case was the absence of vessel wall enhancement on 
vessel wall imaging. Vessel Imaging has a high sensitivity of 88.4% and in a patient 
with such aggressive disease this initial negative report. It has been shown that after 
5 days of corticosteroids imaging is less sensitive so this was thought to be the rea-
son [5]. However review of imaging after discharge revealed some subtle change 
which was in keeping with pathological enhancement of the temporal artery. This 
was consistent with the aggressive disease seen on PET imaging. Another unex-
pected negative finding was the initially normal CT perfusion but this may be as CT 
perfusion varies in performance in differing anatomical locations [6]. The tendency 
is for it to be less sensitive for posterior circulation ischaemia.

Key Clinical Learning Points
• Giant cell arteritis is a cause of stroke which is relatively high mortality
• Giant cell arteritis is associated with strokes which happen more often in 

the posterior circulation as it causes inflammation with a predilection for 
the vertebral arteries

• Bilateral multi territory strokes can happen in strokes caused by systemic 
disease and are not always due to cardioembolism

Key Radiological Learning Points
• The sensitivity of CT perfusion imaging varies by anatomical location and 

is lower in the posterior circulation
• Halo sign on US temporal arteries is pathognomonic of giant cell arteritis
• Vessel wall imaging is highly sensitive and specific for visualising the 

inflammatory changes caused by giant cell arteritis. If imaging is initially 
normal—get the images reviewed again! Interpretation requires time and 
expertise and in the pressure of the moment the neuroradiologist may not 
be able to identify subtle change.
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Chapter 35
Treat the Child, Not the Number

Anoushka Alwis and Vijeya Ganesan

 Clinical History

An 8-year-old boy with type 1 diabetes (T1D) had a raised systolic blood pressure 
(SBP) of 120 mmHg and frequent headache. MRI brain scan showed mature right 
frontal and left parietotemporal junction infarcts (Fig. 35.1). There was no concor-
dant ictus, however parents recounted recent cognitive decline, less clear speech and 
reports of blurred vision. Daily amlodipine for ambulatory SBPs of 120–151 mmHg 
(>99th centile) was commenced after discussion with nephrologists. Subsequent 
brain MRA demonstrated bilateral arteriopathy and cerebral catheter angiography 
(CA) confirmed severe moyamoya (Fig.  35.2). Following neurovascular review, 
bilateral revascularisation surgery was offered, and amlodipine discontinued to pro-
mote brain perfusion. Within days he developed severe headache and visual distur-
bance responsive to intravenous fluids and high dose aspirin (5 mg/kg), with acute 
right temporoparietal infarction on brain MRI.  Five weeks later he re-presented 
with left lower limb weakness.
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a b

Fig. 35.1 Presenting MRI brain axial T2—weighted images showing mature infarction of (a) 
right frontal lobe (arrow) and (b) left parietooccipital region (arrow)

a b

Fig. 35.2 Cerebral catheter angiogram right (a) and left (b) internal carotid artery injections in 
coronal projection. These show significant bilateral terminal ICA plus proximal MCA and ACA 
steno-occlusive disease (white arrows) with lenticulostriate collateral vessels (black arrows) con-
sistent with severe moyamoya
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 Examination

His GCS was 15. Temperature, oxygen saturations, heart and respiratory rate were 
normal. SBP was 151 mmHg and blood glucose 9.6 mmol/L. Systemic examination 
was otherwise unremarkable. The left visual field was reduced as was acuity bilater-
ally to counting fingers. He was unable to identify objects unless through touch or 
sound, name the colour of a pen or write his name correctly. There was left lower 
limb weakness maximum at the ankle with foot drop and spasticity. Evolved left 
upper limb weakness largely resolved by 12 h with residual dysmetria. He had 
reduced proprioception of the left hallux and ankle. There was left gait ataxia with 
scissoring in assisted walking. Paediatric National Institutes of Health Stroke Scale 
(PedNIHSS) was 7.

 Investigations

An urgent CT brain scan showed acute right anterior cerebral artery (ACA) territory 
infarction. Intravenous hydration was initiated, aspirin continued, and he was trans-
ferred for continuous monitoring and expert re-evaluation. After 48 h he developed 
recurrence of left upper limb weakness and MRI/A brain scan showed acute right 
precentral gyrus and parietooccipital infarction with no progression of arteriopathy 
(Fig. 35.3). An arterial line was sited and a target SBP of 110–140 mmHg (>90th 
centile) agreed with nephrologists. Fluid boluses and/or inotropes were to be admin-
istered for lesser BPs. Four days later he developed headache, transient SBP < 110 

a b

Fig. 35.3 (a) Re-presentation MRI brain axial apparent diffusion coefficient map showing right 
precentral gyrus diffusion restriction consistent with acute infarction (arrow) and (b) CT brain 
axial image showing extension of right frontal infarction after 4 days (arrow)
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mmHg and extreme agitation. A repeat CT brain scan showed extension of right 
frontal infarction (Fig. 35.3).

In view of rapidly recurring arterial ischaemic strokes (AIS) he underwent bilat-
eral pial synangiosis accepting a higher risk of perioperative stroke. For this reason, 
aspirin as not discontinued preoperatively. He was discharged home after a 3-week 
inpatient stay including neurorehabilitation. He had on-going difficulties with visual 
function, recall and following three-part instructions. Although independently 
mobile, residual left-lower limb weakness impacted balance and co-ordination. He 
subsequently developed a wound infection and dehiscence, likely predisposed by 
T1D. This responded well to surgical debridement, closure and prolonged antibiotics.

Cerebral CA at 15 months on aspirin showed no progression of arteriopathy and 
patent bilateral anastomoses supplying middle cerebral artery (MCA) territories. 
Right bypass perfusion was slower, and perfusion of anterior and posterior cerebral 
artery territories reduced, confirming a critical role for systemic BP in maintaining 
brain perfusion. He has on-going episodic headache, blurred vision and left-hand 
clawing with differentials of transient ischaemic attack (TIA) and symptomatic 
hypoglycaemia. An interictal EEG did not support seizure liability and most recent 
MRI brain shows no new infarcts. Glycaemic control is satisfactory and last ambu-
latory SBP monitoring confirmed measurements within target range (128–132 
mmHg) with 67% systolic load. He remains off anti-hypertensive medication with 
no evidence of end organ damage. No cause for renovascular hypertension was 
found following renal ultrasound, dopplers and renal CA.

Electrodiagnostics confirmed marked bilateral macular pathway dysfunction and 
hemispheric dysfunction affecting the central left half field. Registration for visual 
impairment (VI) is in progress. He continues mainstream education with VI teacher 
support. Adaptations include sitting at the front of class, magnified learning materi-
als and extra time for processing. He has lots of friends, but difficulties remember-
ing their names. He uses a left ankle-foot orthosis and wheelchair for long distances. 
Joint medical management continues between neurovascular, ophthalmology, 
nephrology, endocrinology, community paediatric and therapy teams.

 Discussion

Moyamoya is an angiographic descriptor of the ‘puff of smoke’ basal collaterals 
visualised in typically bilateral, progressive and steno-occlusive arteriopathy of the 
terminal internal carotid artery (ICA), ACA or MCA. Aetiology is not fully deter-
mined. Moyamoya disease describes idiopathic East Asia cases, a proportion of 
which are familial with linkage to several susceptibility loci e.g. 17q25.3 containing 
the RNF213 gene [1]. Moyamoya syndrome refers to association with other co- 
morbidity, typically neurofibromatosis, sickle cell disease or Down syndrome. TIAs 
and/or AIS are usual presentations in childhood with intracranial haemorrhage more 
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prominent in adults. Additional sequalae include headache, epilepsy, neurodisabil-
ity and increased mortality risk. Poor outcome factors include AIS presentation and 
posterior circulation involvement [2]. Treatment is supportive and includes increas-
ing hydration, antithrombotic agents and surgery in select cases. Surgical revascu-
larisation has been found safe and effective in children with progressive ischaemic 
symptoms. This family were counselling for increased perioperative AIS risk given 
previous report of high frequency preoperative TIA as a predictor [3].

The role of autoimmunity in moyamoya aetiology continues to be studied. 
Described higher prevalence of Graves’ disease and T1D in some adult moyamoya 
cohorts would lend support to a link [4, 5]. In reported cases TD1 onset predates 
moyamoya with speculation that arteriopathy development is primed [6]. Although 
data on causation and natural history is scant this association presents real-life chal-
lenges to diagnosis and management. A delay in diagnosis and recognition of clini-
cal recurrences may be anticipated given the overlap between neurologic symptoms 
of hypo- or hyperglycaemia and brain ischaemia. There is also the effect of serious 
TD1 related complications to consider. Habib reported a 9-year-old female with 
diabetic ketoacidosis, right-sided hemiplegia, periventricular white matter changes 
and left anterior circulation angiographic moyamoya. Fluid loss, blood hyperviscos-
ity and hyperglycaemia-induced vasoconstriction were theorised to predispose cere-
bral ischaemia [7]. For surgical candidates, added to already scrupulous perioperative 
management of AIS risk, is the task of optimising glycaemia and vigilance around 
post-operative wound healing and infection. It is unknown whether moyamoya is 
accelerated by TD1 association and if good control has any bearing on this. Krebs 
et al. reported reduced adult-type common carotid intimal thickening in a 12-year- 
old poorly controlled TD1 following intensive diabetes treatment [8]. Concerning 
for this child is concurrent TD1, moyamoya and associated hypertension, all inde-
pendent risk factors for AIS but also haemorrhagic stroke. Further modification of 
this by the addition of a statin is being considered but lacks specific evidence.

Headache in the presentation of moyamoya is reported in 47% of children [9], 
however its significance outside of acute stroke is poorly understood. Reported fea-
tures include those of some primary headache disorders, most commonly migraine- 
like, but also tension and rarely cluster types [10, 11]. As a result, clinically 
differentiating moyamoya-related headache from more common aetiologies is made 
difficult. The International Classification of Headache Disorders 3rd Edition 
(ICHD-3) categorises headache attributable to moyamoya as secondary to genetic 
vasculopathy. Diagnostic criteria include recurrent headache in temporal relation to 
other features or diagnosis of moyamoya, which has significantly worsened with 
progressive disease or improved after revascularisation surgery [12]. This seems 
best applied to those with confirmed moyamoya in evaluating whether symptoms 
are likely related to disease or another cause. Deciding which children with new 
headache warrant brain imaging for moyamoya is challenging and needs to be bal-
anced against potential procedural hazards of sedation or anaesthesia for scan. 
Recognising moyamoya risk factors may elude even the most astute clinician given 
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the high prevalence of primary headache, rarity of moyamoya disease outside East 
Asia and syndrome association with numerous co-morbid conditions. As with other 
causes of secondary headache, the presence of focal or symptomatic neurology 
should contribute. Chiang et  al. reviewed 8 adult and 3 paediatric cases of 
moyamoya- related headache and reported all to have other neurological signs or 
symptoms (e.g. paresis, seizures, dysarthria, ptosis) [11]. In our case, although the 
original question was likely one of a space occupying intracranial lesion, several 
headache ‘red flags’ (e.g. recent onset, persistence, early waking) and hypertension 
were present, prompting imaging and diagnosis. Postulated headache mechanisms 
include stimulation of intracranial nociceptors, cerebral hypoperfusion and hyper-
tension [10, 11]. Yet targeting some of these for treatment may trigger further brain 
ischaemia (e.g. vasoconstrictor effects of triptans or calcitonin gene-related peptide 
antagonists) or interact with existing therapy (e.g. NSAIDs and aspirin). The prog-
nostic significance of moyamoya associated headache also remains undefined. As 
Ganesan, it is unclear whether this indicates adequate collateral response (e.g. in the 
subset who have new onset headache post-revascularisation) or a still ‘hungry’, 
hypoxic brain [10].

Paediatric hypertension (BP ≥ 95th centile) is uncommon and usually a sec-
ondary phenomenon with renal (parenchymal or renovascular), cardiac and endo-
crine causes being prominent. Other than seizures and raised intracranial pressure, 
clinical approaches tend to consider the brain as target rather than cause. 
Treatment indications include marked hypertension with potential for clinical 
deterioration or impact on end organs (e.g. hypertensive encephalopathy, reti-
nopathy or left ventricular hypertrophy). In such instances treatment at presenta-
tion has been recommended with a target BP of <90th centile in all hypertensive 
children [13]. This poses a significant management predicament. BP elevation is 
common in moyamoya but underappreciated. Whilst approximately 10% have 
coexisting renal artery stenosis, it is also a critical, central response to maintain 
brain perfusion in a dysregulated, ‘pressure passive’ circulation [10]. Reflex anti-
hypertensive use in such scenarios may provoke AIS, as was likely in this case 
where amlodipine was commenced prior to knowledge of concurrent moyamoya. 
Yet left untreated severe hypertension creates significant cerebro- and cardiovas-
cular risk, end organ damage and even mortality. It is therefore not possible to be 
prescriptive regarding BP treatment thresholds in moyamoya. This is a fine bal-
ance struck between neurologist and nephrologist who generally negotiate a tar-
get above which the child develops symptomatic cerebral hypoperfusion. 
Interestingly raised BP has been observed to reduce after surgical revascularisa-
tion, speculated the effect of offloaded cerebral circulation reliance [10]. Given 
this it may be reasonable to review antihypertensive requirement post-operatively 
in surgical patients.
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Key Clinical Learning Points
• The full significance of headache in moyamoya is undetermined but has 

importance as a presenting symptom.
• T1D and moyamoya are associated. Neurologic manifestations of hypo- or 

hyperglycaemia may mask those of brain ischaemia, challenging manage-
ment. Post-operative wound complications may be more predisposed.

• Where moyamoya-associated AIS is rapidly recurrent expedited revascu-
larisation surgery to within the acute/subacute phase may be necessary. In 
such instances a higher than expected perioperative AIS risk should be 
discussed.

• T1D, moyamoya and related hypertension are independent cerebrovascu-
lar disease risks. Managing each individually is pragmatic but may result 
in their combined effect being overlooked.

• Elevated BP in moyamoya is often physiological to drive brain perfusion. 
Antihypertensive agents can precipitate AIS hence reflex use is discour-
aged. A target BP range providing thresholds for treatment should be 
agreed between neurology and nephrology teams.

Key Radiological Learning Points
• Consider brain imaging in a child with persistent headache and elevated 

blood pressure. Although rare underlying moyamoya is possible, particu-
larly in the presence of risk factors.

• Moyamoya is an angiographic definition. Further correlation with clinical 
history and examination is required to determine aetiological factors and 
guide management.

• CCA flow rates are an indicator of cerebral perfusion. Slow flow empha-
sises the importance of systemic BP in maintaining brain perfusion.
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Chapter 36
A Child Misspelling Post-Craniotomy

Anoushka Alwis and Vijeya Ganesan

 Clinical History

A 9-year-old boy with known hereditary haemorrhagic telangiectasia (HHT) had 
an unruptured right frontal lobe arteriovenous malformation (AVM) detected on 
MRI brain screening. Cerebral catheter angiography (CCA) (Fig. 36.1) demon-
strated a large nidal venous varix. There was no headache, seizures or neurological 
deficit. He had epistaxis but no respiratory symptoms. His mother had a pulmo-
nary AVM (PAVM). His brother had a ruptured cerebral AVM (CAVM) resected 
and symptomatic PAVM embolised. Expert multidisciplinary team (MDT) opin-
ion was for elective microsurgery with pre-operative embolisation to reduce life-
long bleeding risk. Post-embolisation intracranial haemorrhage required 
emergency clot evacuation, CAVM resection and external ventricular drain (EVD) 
placement. Four days later, during physical therapy and coincident with EVD 
challenge, left-body weakness was noted. In retrospect there had been transient 
memory impairment and misspelling of text messages. His mother thought he had 
had a stroke.
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Fig. 36.1 Cerebral 
catheter angiogram (right 
internal carotid artery 
injection, lateral 
projection) showing right 
medial frontal lobe AVM 
involving the superior 
frontal gyrus. Arterial 
feeders are from the 
ipsilateral anterior cerebral 
artery. Venous drainage is 
predominantly antegrade 
through the superior 
sagittal sinus. A large 
venous varix (arrow) can 
be seen within the inferior 
portion of the 2 cm nidus

 Examination

His GCS was 15. Temperature, blood pressure, heart and respiratory rate were nor-
mal. Oxygen saturations were 100% in air, other than for one episode of desatura-
tion (90–92%) in the prior 48 h. There was mild lower left facial weakness. He leant 
left in sitting, was ataxic and had difficulty stepping with his left leg. There was 
transient left upper limb hypertonia and left-hand fisting. Cranial nerve examina-
tion, deep tendon reflexes and sensation were normal. Cardiorespiratory examina-
tion was unremarkable. Paediatric National Institutes of Health Stroke Scale 
(PedNIHSS) was 4.

 Investigations

A CT brain scan for worsening headache at 48 h confirmed no EVD catheter dis-
placement, hydrocephalous or acute intracranial haemorrhage (ICH). There were 
however new right middle cerebral artery (MCA) territory infarcts with mass effect 
and a hyperdense right MCA. MRI brain scan demonstrated acute infarction in right 
frontotemporal and parietal regions as well as corpus striatum. There were also bi- 
hemispheric white matter deep watershed infarcts. Head and neck MR angiography 
confirmed focal proximal right MCA narrowing; other craniocervical vessels were 
unremarkable with no dissection (Fig. 36.2). Given background HHT, paradoxical 
embolism via an asymptomatic PAVM was suspected.
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a b c

Fig. 36.2 MRI brain (a) axial T2—weighted, (b) apparent diffusion coefficient map, and (c) coro-
nal intracranial angiogram images 72 h post-ictus. Post-craniotomy right frontal changes are evi-
dent with midline shift to the left in all three images. Acute infarction is seen in right basal ganglia, 
frontotemporal and parietal regions as high signal (a) plus bilaterally in (b) as white matter diffu-
sion restriction in a deep watershed distribution (arrows). (c) shows significant focal right proxi-
mal M1 MCA narrowing (arrow) with non-visualisation of flow-related signal distally

Fig. 36.3 Pulmonary 
angiogram (main 
pulmonary artery injection) 
showing an AVM in the 
posterior medial segment 
of the right lung (arrow)

Aspirin was commenced in accordance with the Royal College of Paediatrics 
and Child Health (RCPCH) 2017 Stroke in childhood guidelines. Contrast CT chest 
confirmed a right lower lobe PAVM with concordant transthoracic contrast echocar-
diogram (TTCE) findings (early pulmonary venous return predominantly via right- 
sided veins). Following EVD removal and on recommendation by haematologists 
he was switched to low molecular weight heparin. Pulmonary angiography demon-
strated a 5.6 mm main feeding artery to a saccular network of arterioles (Fig. 36.3). 
A week post-ictus he underwent PAVM embolisation by interventional cardiolo-
gists to prevent stroke recurrence. A thromboembolic source was not found follow-
ing venous Doppler ultrasound of the inferior vena cava, iliac and lower limb deep 
veins. Anticoagulation maintenance with warfarin was opted for as most acceptable 
to him and his parents.

He made a good recovery with discharge home after 18-days, including inpatient 
neurorehabilitation. With prompting he could catch a ball and shoot a football. 
Graded school return was arranged with breaks for fatigue and poor concentration. 
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The family accessed psychological support, in particular for prognostic uncertainty 
and procedure-related anxiety.

A 4-month MRI brain scan showed no new infarcts or haemorrhage and contrast 
CT chest showed no reperfusion of the embolised PAVM or new arteriovenous com-
munications. Warfarin was stepped down to aspirin with no clinical recurrence. 
Planned surveillance includes post-surgical CCA, lung function testing and on- 
going review within a specialist HHT service.

 Discussion

Hereditary Haemorrhagic Telangiectasia (HHT) is an autosomal dominant disorder 
of vascular malformations with an approximate prevalence of 1 in 5000 worldwide 
[1]. Iron deficiency anaemia (IDA) from chronic bleeding and major organ impair-
ment, haemorrhage or other complications from shunting visceral AVMs cause sig-
nificant morbidity and mortality. Diagnosis is by presence of three or more Curaçao 
criteria: spontaneous and recurrent epistaxis; multiple telangiectases (lips, oral cav-
ity, fingers or nose); visceral lesions (gastrointestinal telangiectasia, pulmonary, 
hepatic, cerebral or spinal AVMs); and family history of a first degree relative with 
HHT [1]. 97% of those with definite clinical HHT have causative gene mutations in 
the transforming growth factor beta signalling pathway [1, 2]. Whilst not absolute, 
PAVMs and CAVMs; hepatic AVMs; and juvenile polyposis are reported prominent 
in endoglin (ENG), activin receptor-like kinase-1 (ACVRL1) and Mothers against 
decapentaplegic homolog 4 (SMAD4) mutations respectively [1, 3, 4]. Treatment is 
symptomatic and includes iron supplementation, systemic antiangiogenic agents 
(e.g. bevacizumab [1]) and AVM endovascular or surgical intervention where 
indicated.

Central to HHT management is securing the diagnosis with consciousness of 
often clinically silent visceral features [5]. This case demonstrates that despite diag-
nosis management may remain a challenge. Multi-organ involvement presents to 
numerous medical and surgical specialties and the implications of systemic aspects 
may be under appreciated. The age-dependent expression of manifest clinical 
sequelae (typically epistaxis in childhood; cutaneous telangiectases and gastrointes-
tinal bleeding in adulthood) adds further complexity hence diagnostic criteria are 
not fully sensitive in children [1]. Yet visceral involvement may present at any age 
in view of likely congenital CAVMs [2] and PAVMs described in newborns [3].

CAVMs underlie 40–50% of haemorrhagic stroke (HS) in children [6]. The exact 
prevalence of HHT-associated CAVM in children is unknown; around 10% is docu-
mented in adults [1, 7]. Pre-diagnosis and screening presentations have been 
reported, including with neonatal ICH [8]. Secondary prevention by endovascular, 
radiosurgical, surgical or combined treatment modalities in appropriately selected 
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patients can be effective with a favourable safety profile. Management aims to bal-
ance bleeding against treatment risk, including ICH, stroke, and death. Estimating 
natural history bleeding risk is challenging given heterogeneity of studies and lack 
of statistical data [6]. Higher risk in ruptured CAVMs is well described and treat-
ment usually recommended. Treatment of unruptured, asymptomatic CAVMs is 
complex and requires specialist MDT evaluation including lesion subtype, size, 
location and angioarchitecture. Arteriovenous fistulas (AVFs) and nidal AVMs with 
arterial phase aneurysms, varicosities and venous stenoses carry increased HS risk 
[6]. RCPCH stroke guidelines recommend considering unruptured AVM treatment 
in children based on a higher cumulative rupture risk due to greater expected 
longevity.

Abnormally connected pulmonary arteries and veins in PAVMs cause right-to- 
left shunting and paradoxical embolic arterial ischaemic stroke (AIS). They are 
hence a target for stroke prevention. The majority of PAVMs are HHT-related and 
approximately 50% of adults with HHT have CT-detectable PAVMs [3]. Lack of 
paediatric PAVM data has led to non-inclusion in previous good practice guidance. 
Recommendations in the first International Guidelines for the Diagnosis and 
Management of Hereditary Haemorrhagic Telangiectasia (2009) were limited, sug-
gesting PAVM screening in children on a case-by-case basis due to lack of evidence 
regarding best modality. Screening strategies vary and current practice includes 
only screening symptomatic children (e.g. dyspnoea, exercise intolerance, faltering 
growth, cyanosis, clubbing or previous complication) as these indicate treatment 
and there is risk of reperfusion and/or new PAVM development despite intervention. 
Requirement for intravenous access and sedation for more invasive screening (i.e. 
TTCE, contrast chest CT) especially in the young, presents further challenges. 
Endovascular treatment is reported safe in children, but not without complications. 
These include pleuritic chest pain, paradoxical device embolisation and device mis-
placement [9].

Recent larger paediatric case series document PAVM prevalence akin to adults: 
22% (by clinical evaluation, oximetry for orthodeoxia, and CXR) [4], and 59% (by 
TTCE and/or contrast chest CT) [10]. Serious complications in untreated children 
have been reported. Faughnan et al. reported pre-treatment cyanosis in 25 (60%), 
stroke or cerebral abscess in 8 (19%) and haemoptysis in 3 (7%) of 42 children who 
underwent transcatheter embolotherapy [9]. Symptoms as an indicator of PAVM 
may also be problematic. Gefen at al. retrospectively reviewed 61 children with 
HHT and known PAVMs and found 34 (56%) asymptomatic. Of 27 with symp-
toms, exercise intolerance was reported in 16 (59%), but not consistently recog-
nised or ascribed to alternate causes [11]. PAVMs may develop or small ones may 
enlarge throughout childhood, presenting further challenges to screening and inter-
vention times. Mowers et al. retrospectively reviewed 129 children with HHT over 
14 years. 76 (59%) had PAVMs; 67 detected on initial screening and a further 9 
within a year of negative screening. 38 (50%) had or developed lesions large 
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enough to embolized, of these 23 (60%) were asymptomatic and 8 (21%) had 
repeat intervention [10].

The September 2020 iteration of the international guidelines prioritised paediat-
ric care. Updated recommendations included PAVM screening (CXR and oximetry 
or TTCE) in asymptomatic children at diagnosis and 5-year intervals. Chest CT was 
reserved as confirmatory when screening tests were positive. Treatment was advised 
for large PAVMs and those causing hypoxia to avoid serious complications. These 
would require follow-up per centre protocol for PAVM reperfusion and growth or 
development of new lesions. Treatment of asymptomatic PAVMs was recommended 
on a case-by-case basis. Extra vigilance to avoid intravenous (IV) air was advised 
during anaesthesia and IV access.

Hyperacute AIS therapy in HHT is undefined, indeed the British Thoracic 
Society have stated the safety of thrombolysis in PAVM-related AIS not established 
[3]. However, adult data suggest that with the majority of HHT patients with PAVMs 
diagnosed following associated AIS, likely a number have already received throm-
bolysis [12]. Topiwala et  al. retrospectively reviewed >4 million USA-wide AIS 
admissions from 2005 to 2014 and reported equal rates of IV thrombolytics in non- 
PAVM and PAVM groups where PAVM and HHT prevalence were 822 (0.02%) and 
106 (12.9%) respectively [13]. Whilst HHT is not an absolute preclusion, a number 
of thrombolysis contraindications may have relevance, including previous ICH, his-
tory of AVM and recent gastrointestinal bleeding [6]. Epistaxis and HHT family 
history are not documented contraindications but may be useful screening particu-
larly in children where these may be the only diagnostic features. Mechanical 
thrombectomy may be a consideration in proven large vessel obstruction but would 
require rapid MDT discussion and careful counselling. Secondary prevention with 
anti-platelets and anticoagulation can be well tolerated, having considered individu-
alised bleeding risk. Anticoagulants are higher risk and direct agents (e.g. rivaroxa-
ban) are generally not advised. Combination or dual anti-antiplatelet therapy is also 
not recommended, but if unavoidable should be stepped down as soon as pos-
sible [1].

Adult data reports increased thrombotic risk in HHT, particularly in relation to 
IDA and factor VIII elevation. IDA is common in adults secondary to chronic epi-
staxis and/or gastrointestinal bleeding [14]. It is also a common childhood nutri-
tional problem and an independent risk factor for paediatric AIS, hence worth 
considering as modifiable. A source of embolism was not found in this case, how-
ever combined procedural complications, major surgery, impaired mobility, IV 
access and transient mild anaemia may have favoured venous air or thromboembo-
lism. Post-operative thromboprophylaxis is generally not indicated pre-adoles-
cence however this patient had Thrombo-Embolus Deterrent (TED) stockings 
post-embolotherapy.
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Key Clinical Learning Points
• Peri-operative stroke in children is rare, but important to appreciate given 

potential sequels of prolonged hospitalisation, neurorehabilitation, new 
neurodisability or death. Targeting co-morbid risk factors in high-risk 
groups is key to prevention.

• Childhood stroke recognition is challenging. Co-morbid risk factors in this 
case were HHT and an asymptomatic PAVM. This child’s post-operative 
presentation, including new focal neurological deficit attributable to the 
operated hemisphere, likely confounded diagnosis. Parents can be a useful 
indicator, as sole witnesses to the event they often suspect stroke.

• HHT is a multi-system vascular disorder with clinically silent CAVMs pre-
disposing to HS through rupture and PAVMS associated with paradoxical 
embolic AIS.

• Secondary prevention of PAVM-associated AIS is challenged by screening 
only symptomatic children as a proportion of clinically significant PAVMs 
are asymptomatic.

• Use of recently updated, best consensus guidelines alongside expert MDT 
and close, cross-speciality working is key to minimising serious disease 
and treatment risks.

Key Radiological Learning Points
• Neuroradiological findings in HHT include cerebral nidus-type AVM, AVF 

and capillary vascular malformations [1] or embolic infarction.
• In undifferentiated, new onset focal neurological deficit it is important to 

keep an open mind when interpreting imaging, particularly if anticipated 
findings are not confirmed e.g. new ICH or EVD catheter displacement in 
this case.

• A hyperdense MCA on CT brain represents intraluminal thrombus and is 
an early radiological feature of AIS.

• Bi-hemispheric infarcts of multiple arterial territories should raise suspi-
cion of embolic AIS. In a child with known or possible HHT, PAVM is the 
primary diagnosis to exclude.
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Chapter 37
A Child with Vesicles and Weakness

Anoushka Alwis and Vijeya Ganesan

 Clinical History

A previously well 9-year-old boy presented to A&E with transient inability to use 
his left hand. Parents were reassured after a normal neurological examination. Three 
months later, whilst fasting during Ramadan, he developed frequent falls and persis-
tent left-body weakness. MRI brain scan showed acute right motor cortex and pari-
etal lobe infarction plus chronic ipsilateral frontotemporal, parietooccipital, 
lenticulostriate and pontine infarction (Figs.  37.1 and 37.2). MRA demonstrated 
severe stenosis of right terminal internal carotid (ICA), proximal middle cerebral 
(MCA) and basilar (BA) arteries plus bilateral posterior cerebral artery (PCA) nar-
rowing. He was symptom free for a week on high-dose aspirin before re-presenting 
with progressive left-body weakness. A repeat MRI brain showed new right MCA 
territory frontal lobe infarcts (Fig. 37.2). Low molecular weight heparin (LMWH) 
was added and he was transferred for the assessment of moyamoya. There was his-
tory of chickenpox four months prior.
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a b

Fig. 37.1 (a) Presenting MRI brain axial T2—weighted image showing chronic pontine infarct 
(arrow). (b) Cerebral catheter angiogram (right vertebral artery injection, coronal projection) 
showing severe distal basilar artery stenosis with tip occlusion (arrow)
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a b

c d

Fig. 37.2 MRI brain axial diffusion-weighted image showing acute right motor cortex and pari-
etal lobe infarction at presentation (a) and new right middle frontal gyrus infarction a week later 
(b). Fluid attenuated inversion recovery image showing chronic right MCA territory infarction (c). 
Cerebral catheter angiogram (d) (right internal carotid artery injection, coronal projection) show-
ing severe MCA M1 and M2 segment stenosis (white arrow) with ipsilateral lenticulostriate col-
lateral vessels (black arrow)

 Examination

His GCS was 15. Temperature, oxygen saturations, blood pressure, heart and respi-
ratory rate were normal. There was left-sided weakness of the lower face, upper and 
lower limbs maximum in hand grip and foot eversion. There was associated left 
lower limb hyperreflexia, ankle clonus and an upgoing plantar. He had difficulties 
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with left pincer grasp, rapid index finger tapping, left leg independent standing and 
foot taps. There was also left-sided disturbance of proprioception, light touch, pin-
prick and temperature perception. Systemic examination was remarkable for a Body 
Mass Index (BMI) of 28.2 kg/m2 (severe obesity). Paediatric National Institutes of 
Health Stroke Scale (PedNIHSS) was 4.

 Investigations

In view of his progressive course securing a diagnosis became priority. Aspirin and 
LMWH were temporarily discontinued for cerebral catheter angiography (CA), 
lumbar puncture and peripheral central catheter insertion. Severe stenosis of right- 
sided supraclinoid ICA, anterior choroidal, posterior communicating artery origins 
and MCA M1 and proximal M2 segments was demonstrated. There were ipsilateral 
lenticulostriate and middle meningeal artery deep and superficial collaterals respec-
tively (Fig. 37.2). There was also severe steno-occlusive disease of the distal BA and 
branches with MCA leptomeningeal collaterals (Fig. 37.1). The presence of collater-
als suggested some chronicity. The left internal carotid circulation was normal. A 
working diagnosis of varicella zoster virus (VZV) vasculitis was made given tempo-
ral association with chickenpox. ESR was 50 mm/h. Following rheumatological 
evaluation including blood and urine markers, echocardiogram, ophthalmic assess-
ment and renal CA, no evidence for an alternate vasculitic condition was found. 
Fabry disease screening and flexion/extension cervical spine X-rays for atlanto-axial 
instability were negative. CSF cell count and VZV PCR were also negative however 
VZV IgG index was positive, consistent with intrathecal VZV antibody synthesis.

He received neurorehabilitation and dietetic assessment during a 10-day admis-
sion and was treated with prolonged corticosteroids and aciclovir, rationalised by 
repeat CSF examination. Secondary stroke prevention with advice to remain well 
hydrated, daily aspirin and warfarin was continued. Aspirin was stopped after 2 
months for mucosal bleeding. Three years later, on warfarin maintenance, there has 
been no clinical or radiological recurrence. Annual surveillance MRA shows persis-
tent anterior and posterior circulation multi-segmental steno-occlusive arteriopathy 
with no progression. He has residual left-hand weakness and fatigue with self-care 
activities. An educational psychologist and school Special Educational Needs 
Coordinator have implemented extra time and memory aids to counter new difficul-
ties with comprehension and recall. He is now morbidly obese (BMI 31.3 kg/m2).

 Discussion

There is increasing interest in the role of infection and related inflammation in pae-
diatric arterial ischaemic stroke (AIS). It is an attractive hypothesis, potentially 
offering additional targets for stroke prevention and treatment. Well described 
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mechanisms are septic emboli, cerebral vasculitis and cavernous sinus thrombosis 
caused by bacterial endocarditis, meningitis and orofacial infections respectively. 
There is also growing evidence for non-invasive childhood infections, including 
upper respiratory tract sources as triggers. The Vascular Effects of Infection in 
Paediatric Stroke Study (VIPS I) reported that infection in the week prior to ictus 
conferred a sixfold increase in AIS risk and serologic evidence of acute herpesviri-
dae infections approximately doubled AIS probability. Most cases were asymptom-
atic, and findings were applicable across arteriopathic, cardioembolic and idiopathic 
subtypes [1–3]. Arteriopathy was prominent in previously well children and associ-
ated with a 21% one-year recurrence risk [4]. It has, however not been possible to 
establish a causal link through such epidemiological studies and current practice in 
screening for and treating infection in AIS varies.

Varicella (‘chickenpox’), caused by herpesvirus VZV is a self-limiting illness of 
fever and cropping skin vesicles in most children. It is common, with three quarters 
of parents reporting a history in pre-school years [5]. Related AIS is rare, occurring 
in approximately 1 in 15,000 children but is an important association given anteced-
ent infection in up to a third of cases [6, 7]. Affected children are usually under 10 
years, otherwise well and have a history of varicella in the previous year. Following 
primary infection, the virus is hypothesised to access the trigeminal ganglion and 
spread transaxonally to the internal carotid circulation causing vessel wall infection 
and vascular remodelling [1, 6–9]. Presentation is generally within 4 months with 
hemiplegia secondary to proximal MCA stenosis and basal ganglia infarction [1, 6, 
7]. This unilateral, unifocal entity is termed post-varicella arteriopathy (PVA), a 
subtype of focal cerebral arteriopathy which typically runs a monophasic course. 
Distinct to this is VZV vasculitis, a sequela of viral reactivation (herpes zoster) 
largely seen in adults causing diffuse symptoms, multifocal arteriopathy and recur-
rent multiple arterial territory brain infarction [1, 8, 9]. Overlap between these enti-
ties is possible given reports of PVA diagnosis revision to VZV vasculitis after 
clinical recurrence, progressive arteriopathy and CSF VZV marker positivity [9]. A 
degree of neurological impairment is seen in the majority with persistent hemipare-
sis and behavioural difficulties. Hemidystonia is reported in severe deficits and 
associated with poorer outcomes. Notable is a higher rate of recurrence than in non- 
varicella AIS, reflecting the underlying stenotic arteriopathy that persists in most. 
Less commonly this normalises or may progress [6, 7]. Given that there are no 
predictors for this, regular clinical and radiological surveillance with brain MRI and 
MRA is recommended.

This case reinforces the importance of interpreting radiological findings within a 
wider clinical context. Report of early ‘moyamoya type vessels’ raised suspicion of 
moyamoya, a typically bilateral, progressive and occlusive arteriopathy of terminal 
ICAs with ‘puff of smoke’ basal collaterals. Terminology such as ‘moyamoya-like’, 
‘moyamoya phenomenon’ and ‘quasi moyamoya disease’ is often used to describe 
atypical, in particular unilateral cases with a similar vessel configuration and may 
confound the clinician. Moyamoya is an angiographic description and not specific 
for aetiology, hence careful clinical evaluation is required to delineate cause and 
treatment. This boy’s unusual combination of severe, strictly unilateral ICA and 
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distal BA stenotic disease with collaterals led to expanded investigation. Following 
diagnosis with VZV vasculitis his course stabilised with added anticoagulation, aci-
clovir, corticosteroids and intravenous hydration. Intravascular depletion and under-
perfusion of collateral circulation may have contributed to stroke recurrence given 
coincident fasting during Ramadan. Progression of major artery stenosis to angio-
graphic moyamoya has been previously described after infection, including vari-
cella. Ganesan et al. originally reported bilateral anterior and posterior circulation 
large vessel occlusion with collaterals in a 3-year-old boy with chronic right fronto-
parietal infarction within 6 months of varicella and subsequent transient ischaemic 
attacks [8]. In a further study of 24 children with VZV-related cerebral infarction, 
evolution of lenticulostriate collaterals were described in three, all of whom had 
clinical recurrence with major artery stenotic progression in two. The reason for a 
collateral response in some and not in the majority with similar proximal arterial 
disease was not clear [7, 8].

The management of VZV-associated AIS in childhood has a number of chal-
lenges. Delayed time to ictus (up to a year in some) and subclinical infection may 
impede recognition. A lack of confirmatory biomarkers is problematic for diagnosis 
and whilst positive serology may be supportive, inferring direct causality would be 
unreliable. It has been recommended that all children with AIS and recent varicella 
have infection screening to include CSF microscopy, VZV PCR and anti-VZV IgG 
[9]. This rarely occurs in practice and clinicians are frequently required to assess the 
risk-benefit of lumbar puncture and theoretical spinal haematoma versus further 
AIS with temporary anti-thrombotic cessation. CSF VZV detection by PCR is gen-
erally poor, particularly in PVA. In adult VZV vasculitis DNA is found in approxi-
mately a third but anti-VZV IgG positivity is in excess of 90% [9], thus offering 
increased sensitivity and hence a role for CSF examination in diagnosis.

Secondary prevention of VZV-related AIS is aspirin as first line with escalation 
to anticoagulation in recurrent disease. Those with recurrence, progressive arteri-
opathy, CSF VZV PCR or intrathecal antibody positivity usually receive additional 
aciclovir and corticosteroids for a prolonged period. There is no evidence to support 
a similar treatment paradigm in children with typical PVA [9]. Although chickenpox 
is a common childhood illness, primary prevention of related AIS is not straightfor-
ward. VIPS I reported routine childhood vaccination protective against AIS, specu-
lated the effect of mitigating transient systemic inflammation by reducing infection 
exposure. The relative protection conferred by individual vaccines however was not 
determined [2, 9]. Whilst the USA and Australia routinely vaccinate children against 
varicella, this is not included in the UK schedule. The rate of severe varicella dis-
ease is low in children and an economic analysis by the Joint Committee on 
Vaccination and Immunisation deemed VZV vaccination not cost-effective in the 
short-to-medium term [5]. As highlighted by Askalan et  al. recommending VZV 
vaccination to prevent AIS is likely to come under some scrutiny if the number 
needed to treat is 15,000 [6].

Finally, when thinking about long term risk factors for stroke and prevention in 
children, obesity (BMI >95th centile) is important to consider. That obesity increases 
stroke risk in adults is well documented and as obese children are more likely to 
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become obese adults [10] it follows that this is carried forward. There is evidence 
that obese children have higher blood pressure, lipids and lipoproteins [11], 
increased risk of adult coronary artery disease [12] and young adult AIS [13]. 
Although normotensive with a normal blood glucose and lipid profile, this child was 
severely obese (BMI >99.6th centile) at presentation and remains so, despite 
attempted intervention, as he advances through adolescence. Childhood obesity is 
potentially modifiable, but challenged by under recognition, ‘obesogenic’ social 
environments and health inequalities [14]. Prevalence continues to rise in England 
with 40.9% of 10 to 11-year olds in England classified as overweight or obese in 
2020/2021 [15]. Given it’s ‘modern-day epidemic’ status, paediatric caregivers are 
likely to encounter children or young people with obesity and should use such 
opportunities to promote healthy weight.

Key Clinical Learning Points
• Considering urgent brain imaging in a child with a clear history of resolved 

acute neurological deficit is recommended to screen for stroke [16].
• Stuttering symptoms suggest underlying arteriopathy, a strong predictor of 

stroke recurrence. Inflammatory causes, including common infections are 
aetiologically prominent in children.

• History of varicella within a year of AIS should prompt assessment for 
VZV-arteriopathy and consideration of adjuvant aciclovir and corticoste-
roid treatment. Currently the most sensitive, available marker for diagnosis 
is a reduced serum/CSF anti-VZV IgG ratio [9].

• Maintaining intravascular volume is important in occlusive cerebral arteri-
opathy. This child’s fasting state likely precipitated further strokes due to 
collateral circulation underperfusion.

• Childhood obesity is a modifiable stroke risk factor carried into adult life. 
Measures to promote healthy weight should be included in paediatric 
AIS care.

Key Radiological Learning Points
• VZV arteriopathy should be strongly suspected where there is MCA terri-

tory infarction and corresponding large vessel stenosis. Other or additional 
arterial and brain parenchymal involvement should prompt wider investi-
gation, even with a history of recent varicella.

• Moyamoya is an angiographic description and has been reported post- 
varicella. The presence of collateral vessels indicates a compromised pri-
mary brain arterial circulation and suggests chronicity but does not 
specify cause.

• Factors determining progressive arteriopathy in VZV-related AIS are unde-
termined, hence periodic surveillance with brain MRI and MRA is an 
important aspect of management.
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