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ABSTRACT 
To assess the relevance clinicians and radiologists assign to making hypertension 

(HTN) explicit in acutely symptomatic subjects admitted for either stroke, 
confusion or cognitive deficit, a revision was carried out of cases discussed in 
our institution in the last eleven years, at either the Neuroradiology-Stroke or 
the Neuropsychiatry multidisciplinary meetings (MDTs). Consistency of the 
provided clinical information and radiological findings concerning HTN were 

checked in 11810 subjects (Group 1), since both influence neuroimaging 
interpretation, diagnosis and management. 
Similar information was collected in a subgroup of 25 subjects (Group 2), with 
signs of stroke included in Group 1 in whom there was pre-existent history of 
severe HTN, who were evaluated with multimodality neuroimaging in 48 hours 

from admission and who had improved clinically in 72 hours. 
The word “hypertension” included in the initial neuroimaging request, blood 
pressure (BP) levels on admission, radiology reports describing intra axial 
bleed, mentioning “hypertensive encephalopathy”, “chronic hypertensive 
encephalopathy”, “hypertensive microbleeds”, “amyloid microbleeds”, features 

and quantification of cerebral small vessel disease (CSVD), a non-specific 
pattern of cortical atrophy, dolicoarteriopathy, presence and degree of carotid 
or vertebrobasilar stenosis were tabled. 
Electronic records of blood pressure (BP) were available in 10003/11810 
cases and in written notes in 1807/11810; 1582/11810 were not 

hypertensive and 8421/11810 hypertensive. Imaging requests did explicitly 
include the word “hypertension” in 1184/11810.  
Radiology reported acute intracranial bleed on admission in 1516/11810, 
hypertensive encephalopathy in 248/11810, chronic hypertensive 
encephalopathy in 148/11810, hypertensive-type microbleeds in 295/11810, 

amyloid-type microbleeds in 390/11810, SVD features without quantification 
in 1554/11810, SVD 1/3 in 577/11810, SVD 2/3 in 1402/11810, SVD 3/3 
in 776/11810, non-specific cerebral atrophy in 800/11810, vessel tortuosity 
in 128/11810 and significant carotid or vertebrobasilar stenosis in 
1292/11810 of cases. On neuroimaging revision, one or more HTN features 

were found in 10311/11810 cases. 
In group 2 mean systolic BP on admission was 193mmHg, diastolic 104mmHg, 
age 55 years, 15/25 had PRES, 7/25 acute on chronic hypertensive 
encephalopathy, 2/25 CAA and 1/25 normotensive PRES. HTN findings were 
reported in 22/25 cases. 

Results suggest an initial underestimation of HTN by both referrers and 
radiologists in acutely symptomatic subjects, later identified and characterised 
when reviewed and discussed at MDTs. 
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Introduction 
Arterial HTN (HTN) is defined by a systolic blood 
pressure at or above 140mmHg, and/or diastolic 
blood pressure at or above 90mmHg, and/or 
taking antihypertensive medication 1. The size of 
affected subjects aged 30-79 doubled in the 29-
year interval between 1990 and 2019 2 . It is 
considered by some authors as what accounts for 
6% of adult deaths throughout the world 3 , the 
global leading cause of death of 10.4 million 
people per year 4 , 5 . Its incidence is increasing, 
particularly associated to acute stroke, a 
devastating clinical condition with high morbidity 
and mortality6, 7. 
 
More than half of those suffering from HTN have 
additional cardiovascular risk factors including 
diabetes, dyslipidaemia, overweight/obesity, 
hyper uricaemia and metabolic syndrome, as well 
as unhealthy lifestyle habits such as smoking, high 
alcohol intake and sedentary lifestyle8. 
 
Severe increases in blood pressure (BP) are high 
risk cardiovascular conditions in which there is 
HTN-mediated organ damage 9  to the heart 10 , 
brain, retina, kidneys and large arteries 11  with 
different clinical presentations including stroke, 
pulmonary oedema and coronary syndromes as 
the most frequently seen in Emergency 
Departments. The causes of organ damage are not 
only the haemodynamic injury in itself, but also the 
superimposed inflammatory changes triggered by 
elevated BP including complement activation 
resulting, in some organs as the kidneys, in 
histopathological features similar to other 
conditions in which there is such activation, as 
malignant nephrosclerosis and atypical haemolytic 
uraemic syndrome12. 
 
The brain is a highly perfused organ receiving 
20% of the cardiac output in normal conditions, 
with a self-regulated circulatory system, described 
by Bayliss more than a hundred years ago 13 , 
intended to ensure a constant blood flow to 
maintain its high metabolic rate14. Cerebral blood 
flow (CBF) is kept constant within a systolic BP 
range between 60 and 160mmHg15, although the 
upper and lower limits are shifted to higher levels 
in subjects suffering from chronic HTN 16  when 
compared to normotensive patients and also on 
animal experimental models17,18. If systolic blood 
pressure exceeds the upper self-regulatory limit, 
CBF becomes linearly dependent on arterial 
pressure drastically increasing the risk of brain 
injury19. 
 

The cerebral vascular architecture has a superficial 
and a deep system. In the former, there are pial 
vessels and penetrating arterioles with multiple 
anastomoses, surrounded by CSF in the surface of 
the brain. In the latter, there are penetrating 
arteries turning into parenchymal arterioles as 
they go deeper within the tissue, being then fully 
surrounded by astrocytes 20 . There are 
morphological and functional differences between 
both systems. The pial arteries have extrinsic 
innervation from the peripheral nervous system 
and the parenchymal arterioles have intrinsic 
innervation by the neuropil. In the deep system 
there is a single circumferential layer of smooth 
muscle not responding to neurotransmitters that on 
the other hand have a conspicuous effect over the 
superficial system, such as serotonin and 
norepinephrine 21 . Pial vessels are richly 
anastomosed with a collateral network while 
parenchymal arterioles tend to be long and not 
branched hence more susceptible to ischaemic 
damage22. 
 
The brain has a dense and profusely 
intercommunicated network of capillary vessels. Its 
primary flow regulator is the pressure gradient 
between the precapillary arteriole and 
postcapillary venule, with a velocity ranging 0.3 to 
3.2 mm/sec 23  24 . The capillary density varies 
between grey and white matter, physiological and 
pathological conditions. Among the latter, chronic 
hypoxia increases the capillary network density 
while HTN decreases it, as it does in in the case of 
peripheral tissues, what tends to increase vascular 
resistance 25 , 26 , 27  contributing to end organ 
damage 28 . When regulatory mechanisms of 
cerebral blood flow are impaired detrimental 
effects appear, including increased permeability 
of the blood brain barrier (BBB) and subsequent 
vasogenic oedema27 as seen in acute and acute on 
chronic hypertensive encephalopathy. HTN related 
BBB breakdown is due to inflammation, oxidative 
stress and vasoactive circulating molecules, which 
expose cerebral tissue to cytotoxic compounds 
causing neuronal loss, cognitive decline and 
impaired recovery from ischaemia29,30. 
 
HTN during midlife increases risk of morphological 
and functional brain changes later in life, when 
identifying them may better represent previous 
long-term exposure to increased blood pressure 
than the measurement itself due to hypertensive 
treatment and vessel ageing31, 32.   
 
Untreated HTN causes pathological alterations in 
the cerebral macro and microcirculation including 
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cerebral micro vessels altering vascular structure, 
network architecture and function, subsequently 
leading to white matter injury 33 , micro 
haemorrhages and lacunar ischaemic infarcts, 
which may have devastating consequences in the 
Central Nervous System (CNS), particularly in 
subjects with unrecognized hypertensive disease or 
those resistant to treatment34. These changes in the 
brain parenchyma, characterised as CSVD, are 
associated with distal leptomeningeal and 
intracerebral vessel pathology35, one of the most 
prevalent pathological processes found by 
neurologists and an important cause of stroke and 
dementia. Although HTN is not the only causative 
factor of CSVD it is the most frequent of its 
aetiologies36, 37.  
 
HTN is the leading cause of a cerebral long-term 
micro-vasculopathy identifiable on histopathology, 
although not with the current neuroimaging 
techniques available in clinical settings. However, 
cross-sectional imaging can identify the main 
surrogate markers of CSVD in the brain 
parenchyma, the most frequent of which are 
punctate, patchy or confluent white matter 
abnormalities 38 , assessable on computed 
tomography (CT) and magnetic resonance imaging 
(MRI), and microbleeds, identifiable on 
haemoglobin-sensitive MRI sequences.  
 
CSVD parenchymal injuries encompass a spectrum 
of morphological changes in the brain caused by 
endothelial dysfunction 39  and damage to the 
blood brain barrier. Post mortem exams in 
hypertensive subjects have shown a combination of 
microscopic changes in the arteriole walls including 
fibrinoid necrosis, microaneurysms, hyalinosis, 
microatheromas, luminal stenosis and dilated 
perivascular spaces13. Their subsequent associated 
macroscopic abnormalities include diffuse damage 
to the white matter, microbleeds, cortical 
microinfarcts, subcortical lacunar infarcts, dilatation 
of the Virchow-Robin spaces, atrophy and vascular 
deformities 15, all of which can be assessed, 
characterised and quantified by neuroimaging, 
particularly CT and MRI.  
 
CSVD may be caused by several other entities 
besides HTN, including cerebral amyloid 
angiopathy (CAA), congenital diseases, 
inflammatory pathology and a miscellaneous 
group of conditions including post-radiation 
angiopathy and non-amyloid microvessel 
degeneration 40 . However, the most frequent 
causes of CSVD are hypertensive vasculopathy 

and cerebral amyloid angiopathy, each one of 
which present different neuroimaging features. 
Hypertensive vasculopathy findings include white 
matter abnormalities and microbleeds with a 
distribution pattern in the basal ganglia, thalami, 
brainstem and cerebral lobes, microinfarcts in 
thalamocapsular areas and vascular changes in 
the penetrating arterioles in the brain 
parenchyma; superficial haemosiderosis is seldom 
present in hypertensive disease of the brain. 
Cerebral amyloid angiopathy shows microbleeds 
and microinfarcts predominantly distributed in the 
cerebral lobes, with patchy foci of superficial 
cortical haemosiderosis and infrequent lacunar 
infarcts13,41 .  Both forms may appear combined, 
showing a mixed pattern of changes usually 
distinguishable on current neuroimaging techniques 
in daily clinical practise.  
 
The relationship between HTN, as one of the main 
cardiovascular risk factors, and white matter 
lesions (WML), favours the latter as a surrogate 
macroscopic marker of CSVD42,43,44,45, particularly 
given the typical distribution pattern of 
microbleeds, an additional surrogate marker of 
CSVD with an incidence increasing with age 46 , 
allowing to differentiate CAA from hypertensive 
related WML. 
 
Methods 
The study was approved by the Divisional Board 
as a Clinical Audit and Quality Improvement 
Project and registered as RN973340. 
The main purpose of this study was to assess the 
relevance clinicians and radiologists assign to 
making HTN explicit when the former request 
neuroimaging studies for symptomatic patients in 
cases of stroke, confusion or acute cognitive 
deterioration and when the latter describe HTN 
related findings in their reports of those exams.  
 
In our institution, neuroimaging protocols for the 
conditions leading to identify features of 
hypertensive encephalopathy include non-
enhanced CT (NECT) for acute haemorrhagic 
stroke; NECT for ischaemic stroke in subjects with 
known time of onset within thrombolysis window, 
followed by CTA of the neck and head; NECT, 
CTA and PCT of the head for stroke patients with 
an unknown time of onset or candidates for 
mechanical thrombectomy; MRI of the head with 
MRA of the neck and head for patients with a 
transient ischaemic event (TIA), NECT or MRI for 
subjects with suspected cognitive impairment (table 
1). 
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Table 1: Neuroimaging protocols in symptomatic subjects. 

Referral condition on admission Imaging Procedure 

Haemorrhagic stroke NECT 

Ischaemic stroke NECT, CTA  

Stroke with unknown time of onset NECT, PCT, CTA 

Eventual Thrombectomy in ischaemic stroke  NECT, PCT, CTA 

TIA MR, MRA 

Rapid cognitive deterioration NECT, MR 

Cognitive impairment MR 

 
Current CT scanners permit to obtain in very few 
seconds a common NECT or, preferably, a dual 
energy (DECT) of the head, a technique providing 
higher sensitivity 47  to detect acute and chronic 
vascular related changes, within minutes of 
admission and usually reported within the hour, to 
rule out acute or chronic intracranial bleed, mass 
effect, direct or indirect signs of acute ischaemic 
stroke, diffuse cerebral oedema and all relevant 
features characterising CSVD. 
 
Concerning the clinicians, the information provided 
when requesting neuroimaging studies of acutely 
symptomatic patients and, for the radiologists, 
their description of HTN related findings were 
prospectively assessed and retrospectively 
reviewed in cases discussed at Neuroradiology-
Stroke and Neuropsychiatry Multidisciplinary 
Meetings (MDTs) in the last 11 years at our 
institution. The included cases were called Group 
1. 
 
An additional purpose of this study was to assess 
the same in a subgroup of subjects from Group 1 
in whom there was a documented pre-existent 
history of severe HTN and were evaluated with 
multimodality imaging within 48 hours of 
admission; including CT, perfusion CT (PCT), CT 
angiography (CTA) and MRI. Consistency of 
radiology reports of the different exams was also 
assessed. The included subjects were called Group 
2. 
 
Hypertensive-related radiological information was 
prospectively collected from imaging studies 
performed on symptomatic subjects discussed at 
the Neuroradiology-Stroke and Neuropsychiatry 
MDTs by an experienced radiologist, and 
retrospectively reviewed by three and also 
experienced radiologists as part of the Quality 
Improvement Project (QIP) mentioned above, 
intended to standardise description and 

quantification of findings attributable to HTN in 
neuroimaging reporting.  
 
Symptomatic subjects were considered those with 
an acute stroke, transient ischaemic attack (TIA), 
confusion, and/or rapidly deteriorating cognitive 
functions. The period of data collection extended 
between January 2012 and January 2022. 
Neuroimaging studies included head CT, CTA of 
the head and neck, head MRI and MRA of the 
head and neck, and Doppler Ultrasound of the 
neck vessels. The clinical information provided by 
physicians when requesting the initial study was 
also considered. 
 
The tabled variables comprehended the explicit 
mention of HTN among the details sent by the 
referring clinician when requesting the initial 
neuroimaging study and blood pressure levels on 
admission from the records. Variables from the 
radiology reports included description of 
intracranial macrobleeds, presence of CSVD and 
its severity in the Fazekas scale, presence of 
microbleeds, their number according to the Boston 
scale and the distribution pattern, the explicit 
mention of hypertensive encephalopathy, chronic 
hypertensive encephalopathy, lacunar infarcts, 
vessel tortuosity or dolichoangiopathy, presence 
and significance of large vessel stenosis, and 
consistency between the report and the outcome of 
the MTD discussion reflected by the consensus 
opinion and the clinical working diagnosis. 
 
Weekly MDTs take place in our Department of 
Radiology attended by an experienced consultant 
radiologist and also experienced clinicians from 
Stroke Medicine and an additional MDT with 
Psychiatrists and Psychologists, to discuss clinical 
and neuroimaging findings in symptomatic subjects 
of their respective areas, as a routine Clinical 
Governance procedure to ensure inter 
departmental consensual opinions, agreed clinical 
approach and clinical working diagnoses. The list 
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of patients for discussion is sent to Radiology the 
day before to review each case, pre-existent 
radiology reports, findings and to carry out, if 
necessary, additional post processing subsequently 
sent onto PACS for documentation purposes. 
Discussions during the meeting are subsequently 
documented in the electronic records and also in 
the radiology informatics systems, which can be 
assessed during admissions or retrospectively by 
relevant members of the health care team. If 
disagreements or discrepancies on neuroimaging 
findings arise, the corresponding study is sent for 
discussion at the Department of Radiology Events 
and Learning Meetings (REALM) according to the 
Royal College of Radiology Standards48, to ensure 
a consensus opinion among the Consultant 
Radiologists, reflective learning or request an 
external imaging revision if required. REALM 
discussions are documented in an ad hoc 
departmental archive and addenda are entered 
to the radiology report if clinically necessary. 
 
Results 
Group 1 comprised 11810 cases and Group 2 
included 25 subjects.  
 
BP records were available electronically in 10003 
cases and were only in the written notes in 
1807/11810 cases (graph 1). There were 
1582/11810 (16%) non-hypertensive and 
8421/11810 (84%) hypertensive subjects. 
Imaging requests did explicitly include the word 
“hypertension” in 1184/11810 (10%) patients 
(graph 1).  
 
Radiology reports (graph 2) described 
haemorrhagic stroke on admission in 1516/11810 
(13%) of the cases, hypertensive encephalopathy 
in 248/11810 (2%), chronic hypertensive 
encephalopathy in 148/11810 (1%), a 
hypertensive-type pattern of microbleeds in 

295/11810 (2%), an amyloid-type pattern of 
microbleeds in 390/11810 (3%), SVD features 
were described but not quantified in 1554/11810 
(12%), quantified as SVD 1/3 in 577/11810 
(5%), SVD 2/3 in 1402/11810 (12%) and SVD 
3/3 in 776/11810 (7%). A non-specific pattern of 
cerebral atrophy was mentioned in 800/11810 
(7%), dolicoarteriopathy in 128/11810 (1%) and 
a significant degree (≥50%) of carotid or 
vertebrobasilar stenosis in 1292/11810 (11%) of 
cases.  
 
When imaging studies were prospectively 
reviewed in preparation for the MDTs, and when 
discussing the cases or retrospectively when 
documenting the discussion, no discrepancies were 
found in the cases of haemorrhagic stroke. 
However, one or more hypertensive-attributable 
radiological features were present and not 
reported in 10311/11810 (87%) cases (graph 3). 
The least frequently omitted was CSVD 
(discrepancies in 53% of the cases) and the most 
frequently omitted were dilated VRS, atrophy and 
dolichoangiopathy (86% of discrepancies).  
 
In Group 2 the average systolic pressure on 
admission was 193mmHg, diastolic 104mmHg, 
average subjects age was 55 years, 15/25 
showed features of PRES, 7 acute on chronic 
hypertensive encephalopathy, 2/25 CAA and 
1/25 normotensive PRESS. Consistent findings 
attributable to HTN were reported in 22/25 cases 
(graph 4). In a subject with acute on chronic 
hypertensive encephalopathy with diffuse swelling 
of the brainstem, suspicion of malignancy in the 
pons was reported as main differential diagnosis. 
In this case, BP levels, substantially elevated, had 
not been included in the clinical information 
provided to radiology, very probably influencing 
the provided radiology report. 
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Graph 2: information expectable from clinicians when requesting imaging studies in hypertensive subject 
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“hypertension”? 

  
  

Graph 3: information expectable from radiology in hypertensive subjects 
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Graph 3: Results in 11810 subjects  
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Graph 4: multimodality neuroimaging findings within 48 hours from admission in 25 hypertensive subjects with 
acute signs & symptoms  

 
Discussion 
Neuroimaging: the key to identify HTN related 
abnormalities. 
 
Acute hypertensive syndromes on 
Neuroimaging: Posterior reversible 
encephalopathy (PRES), Malignant HTN, Acute 
on chronic HTN encephalopathy and chronic 
HTN encephalopathy. 
 
BP at or above 180/120mmHg with end organ 
dysfunction define acute hypertensive crises, at 
which failure of the circulation’s self-regulatory 
mechanisms in the brain lead to endothelial 
dysfunction and acute hypertensive 
encephalopathy 49 , frequently presenting with 
headache, epistaxis, faintness, psychomotor 
agitation, neurological deficit, chest pain and 
dyspnoea50. 
 
Osborn distinguishes different acute hypertensive 
encephalopathy presentation forms on 
neuroimaging, which include acute posterior 
reversible encephalopathy syndrome (PRES), 
malignant HTN, accelerated HTN, acute on chronic 
and chronic HTN encephalopathy51. 
 
1. Acute hypertensive encephalopathy or PRES 
 
PRES is the most common manifestation of acute 
hypertensive encephalopathy, also known as 

Reversible Posterior Leucoencephalopathy 
Syndrome, which develops in subjects with HTN, 
blood pressure fluctuations, renal failure, 
immunosuppression, autoimmune conditions and 
eclampsia52. As a clinical syndrome, PRES includes 
subcortical vasogenic oedema, not always 
reversible, distributing predominantly in 
parietooccipital lobes, although not in all cases. It 
may involve the posterior fossa and cervical cord. 
Some of the subjects suffering from it evolve to 
stroke and intracranial bleed. Although its 
pathophysiology is not completely understood, 
HTN and endothelial damage tend to be almost 
always present 53 ; however, it may occur in 
normotensive subjects54,55,56. 
 
Typical MRI findings include geographical areas 
of vasogenic oedema, hypointense on T1 and 
hyperintense on T2/FLAIR. The pattern tends to be 
symmetrical, predominantly distributed in the 
posterior circulation and may show punctate 
haemorrhagic foci on susceptibility-weighted 
images (T2*), which tend to resolve in matter of 
days. The most common topographical distribution 
of neuroimaging abnormalities in subjects with 
PRES is parietooccipital (Fig 1a); however, 
additional patterns include superior frontal sulcus, 
whole hemispheric watershed (Fig 1b), cerebellar, 
brainstem (Fig 1c) and spinal57,58,59. 

 

56%32%

4%
8%

Acute patients assessed with multimodality imaging

PRES CHE PRES(nt) CAA
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1a 1b 1c 
Figure 1: PRES. 1a: 41-year-old male with typical presentation with fairly symmetrical foci of vasogenic 
oedema. 1b: 52-year-old female with foci of vasogenic oedema with whole hemispheric distribution. 1c: 42-
year-old male with vasogenic oedema in the brainstem. 

 
Since clinical presentations often start with seizures 
and severe headache, the most common imaging 
assessment is carried out with non-enhanced CT 
(NECT) which tends to be normal or show very 
subtle findings not always identified. In these 
cases, if admission CT is normal and PRES is 
clinically suspected, MRI including diffusion 
weighted series (DWI-ADC) and haemoglobin 
sensitive sequences or T2* should be carried out60.  
 
The main differential diagnoses include acute 
ischaemia, vasculitis, status epilepticus, venous 
thrombosis, reversible vasoconstriction syndrome, 
hypoglycemia and thrombotic microangiopaties 
secondary to systemic conditions such as 
thrombocytopenic purpura, disseminated 
intravascular coagulopathy and haemolytic-uremic 
syndrome. Ischaemic stroke is usually confined to a 
vascular territory; vasculitis tends to be less 
symmetrical, scattered and random in distribution, 
enhancing after the intravenous injection of 
contrast; status epilepticus shows unilateral foci; 
thrombosed venous sinuses lack flow void on T2-
FLAIR, are hyperintense on T1 and well depicted 
on CT venogram (CTV); reversible vasoconstriction 
syndrome tends to be more confined; thrombotic 
microangiopathies are challenging as they may 
frequently present with PRES51. 
 
 
 

2. Malignant HTN 
Malignant HTN is a life-threatening condition, 
which develops in acute hypertensive crises 
triggered by an abrupt increase in blood pressure 
leading to end organ damage61, which in the brain 
causes patchy or confluent areas of cerebral 
vasogenic oedema and in the eyes retinal 
exudates, haemorrhages or papilledema 62 , 63 . 
According to Osborn, a subtype of malignant HTN 
with severe retinal changes but no papilledema 
may be called accelerated HTN51. A rapid control 
of the hypertensive crisis within a few hours is of 
paramount importance64 in malignant HTN. 
Although it may be seen in previously normotensive 
subjects, it tends to develop in individuals with 
poorly controlled chronic HTN or recent cessation 
of antihypertensive treatment 65 . It can also 
develop in patients with pheochromocytoma, 
substance abuse 66 , 67  and autonomic 
hyperactivity68. 
Imaging features include those seen in PRES, tend 
to involve brainstem and watershed areas, show 
diffuse damage to the blood brain barrier on post 
contrast series and foci of restricted diffusion on 
DWI-ADC. Abnormal perfusion values are noted 
on PCT (Fig 1) 
The main differential diagnosis of malignant HTN 
(mHTN) is PRES, in which no papilledema, retinal 
exudates or haemorrhages tend to be present and 
ophthalmic manifestations, if seen, usually 
improve69. 
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Perfusion parameters in cortex of the precuneus 

rCBF 131   mL/100g/sec   (normal: 50-60 mL/100g/sec) 

rCBV    6.7 mL/100g/sec   (normal: 4 mL/100g/sec) 

MTT     3    sec                      (normal: 4 sec) 

 

Perfusion parameters in subcortex of the precuneus 

rCBF  38 mL/100g/sec       (normal 25 mL/100g/sec) 

rCBV    2 mL/100g/sec       (normal  2 mL/100g/sec) 

MTT     4 sec                         (normal  4 sec) 

Figure 2: abnormal perfusion pattern in malignant HTN with high cortical rCBF values, increased rCBV and 
preserved MTT. Perfusion parameters in the subcortical white matter are much closer to normal 

 
3. Acute on Chronic Encephalopathy 
Within the spectrum of neuroimaging patterns in 
hypertensive encephalopathy an additional 
subgroup was identified in the universe of subjects 
discussed at neuroradiology stroke and 
neuropsychiatry multidisciplinary meetings in the 
last ten years, consistent with Osborn’s 
description51. It included middle-aged adults 
having longstanding poorly controlled chronic 
idiopathic HTN, generally not compliant with the 
prescribed therapy, in whom extensive chronic 
brain damage attributable to HTN to which acute 
hypertensive episodes superimposed (Fig 2 & 3). 
The subjects self-referred, presenting with some 
periodicity to the general practitioner’s clinic or the 
Emergency Department with headache, increasing 
confusion, drowsiness, no seizures or papilledema 
or acute retinal changes and no acute neurological 
deficit. Neuroimaging showed patchy white matter 
hypointensities and brainstem swelling on CT, PCT 

with increased relative cerebral blood flow (rCBF) 
in the cortex, decreased relative cerebral blood 
volume (rCBV) in the subcortical and deep white 
matter and no territorial perfusion delay on mean 
transit time (MTT). Geographical non-territorial 
areas of vasogenic oedema with scattered smaller 
foci of cytotoxic oedema on diffusion-weighted 
images, a degree of brainstem swelling and a 
myriad of microbleeds all appeared. 
 
In these subjects, clinical signs/symptoms and acute 
neuroimaging abnormalities slowly resolved in a 
matter of days or weeks once HTN could be 
controlled, followed by a degree of cerebral 
atrophy developing in a period of a couple of 
years after the acute admission. No large vessel 
occlusion and no signs of vasculitis or CADASIL 
were identified in this subgroup of subjects in 
whom the clinical working diagnosis was acute in 
chronic hypertensive encephalopathy. 
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Figure 3: Acute on chronic hypertensive encephalopathy in a 45-year-old male with DWI changes in the 
brainstem and watershed areas, microbleeds, brainstem swelling, abnormally high cortical perfusion values, 
intact long descending tracts and typical spectra 

 

   
Figure 4: Acute on chronic hypertensive encephalopathy. See fig 2 caption 
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4. Chronic Hypertensive Encephalopathy. 
Chronic changes in the brain in HTN subjects may 
be identified incidentally, if asymptomatic, or 
present with confusion, seizures, TIA, cognitive 
deterioration or episodes of acute on chronic HTN 
encephalopathy. Neuroimaging features include 
white matter changes 70 , microbleeds, lacunar 
infarcts, dilatation of VR spaces, cortical atrophy 
and dolichoangiopathy, all of which can and 
should be assessed and quantified on 
neuroimaging71,72 (Table 2). Other causes of SVD 
include CAA, diabetes, Alzheimer’s disease, 
Fabry’s disease, MELAS and vasculitis73 . Chronic 
HTN is, however, the most common cause CSVD74 
due to endothelial dysfunction, arteriole wall 
thickening, hyalinosis, stenosis and vessel 

occlusion 75 , which decrease oligodendrocyte 
density, myelin changes, gliosis and microinfarcts76. 
The condition involves the whole brain and 
increases the risk of stroke, as well as 
impairment77. Additional features may also include 
a decreased number of lenticulostriate arteries78, 
lacunar infarcts and dilated Virchow-Robin 
(perivascular CSF) spaces 79  (table 2).  CSVD is 
commonly quantified according to the Fazekas 
Scale80,81  (fig 3). Its severity has been found to be 
a strong predictor of functional cognitive decline 
and linked to morbidity and mortality of those 
suffering from it in numerous cohorts of several 
European Centres. These subjects may improve 
when all the underlying cardiovascular risk factors 
are well controlled82. 

 
Table 2: descriptors, imaging modality & quantification of chronic hypertensive encephalopathy 

 
Chronic Hypertensive Encephalopathy Findings on Imaging 

Feature Imaging type Finding Quantification 

 
White matter 
changes 

CT Hypodensities Fazekas scale 

MR: T2/FLAIR 
MR: T1 

Hyperintensities 
Hypointensities 

Fazekas scale 

Microbleeds MR: SWI/T2* Punctate/linear dark foci Boston criteria 

Lacunar infarcts MR: all sequences Encephalomalacia foci  Number 

Dilated VR spaces CT or MR CSF filled punctate or linear foci Type, number 

Atrophy CT/MR Widened sulci Cortical atrophy 
scale 

Vascular deformity CTA/MRA/DSA Tortuosity,  
beaded contours,  
Coiling 

Calibre, symmetry, 
extension 

 
CSVD appear as hyperintense (bright) areas on 
T2 and FLAIR MRI sequences 83 . They may also 
appear as hypointense (dark) areas on T1, also 
dark (hypodense) on CT, with a decreased 

diffusivity on diffusion tractography (DTI) and 
decreased perfusion in the subcortical white 
matter84.  

 

    
Figure 5: Comparison of a normal scan (first on the left) to punctate white matter hyperintensities for Fazekas 
1/3 (second from the left), early confluence of white matter changes for Fazekas 2/3 (third from the left), and 
extensive and confluent white matter hyperintensities for Fazekas 3/3, on the right. 

 
Initially appearing as few scattered punctate foci 
of white matter T2 hyperintensities not attenuating 
on sequences with free fluid attenuation (FLAIR), 
they become patchy bright T2 foci in the posterior 

circulation territory and vascular border zone 85 
when they aggravate to then turn into extensive 
confluence in advanced stages of the disease 86 
(fig 5). 
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Figure 6: typical findings in chronic hypertensive encephalopathy including extensive cerebral small vessel 
disease (Fazekas 3/3) and chronic microbleeds with a characteristic pattern, predominantly affecting basal 
ganglia, brainstem, thalami and cerebellum over cerebral lobes. There is an underlying degree of Wallerian 
degeneration in the left corticospinal tract at rostral cerebral peduncle secondary to a previous ischaemic lesion 
in the left frontal lobe. 

 
Cerebral microbleeds, another biomarker of CSVD 
in HTN, are small deposits of blood subproducts, 
predominantly haemosiderin, identified as black 
dots on MRI, particularly on T2* pulse sequences, 
corresponding to residues from previous episodes 
of bleeding and frequently related to foci of small 
vessel disease 87 , 88 . MRI pulse sequences 
particularly sensitive to detect them are called 
susceptibility-weighted images, sensitivity which 
increases in direct proportion to the magnetic field 
strength89  of the MR unit in which the patient is 
assessed (Fig 7). 
 
As a marker of haemorrhage-prone small vessel 
disease, microbleeds require counting them to 

quantify their burden as 1, 2-4, ≥5, 10 and 
establishing their pattern of distribution i.e.: lobar, 
non-lobar or mixed 90 . The former is associated 

with cerebral amyloid angiopathy, quantifiable by 
the Boston Criteria, 91  later extended to other 
patterns as in chronic hypertensive 
encephalopathy55, 56(figs 5 and 7). 
 
Conditions to which cerebral microbleeds are 
associated include ageing, cerebral amyloid 
angiopathy (Fig 6), Alzheimer’s Disease, 
cerebrovascular disease, chronic hypertensive 
encephalopathy (Fig 7), diffuse axonal injury 92 , 
septic emboli 93  melanoma metastases 94 , multiple 
familiar cerebral cavernomas 95 , cardiothoracic 
surgery with extracorporeal circulation 96  and 
cerebral radiation therapy97; much less frequently 
but still possible, metastasis from sarcomas may 
present acutely as macro or microbleeds 98,99(fig 
8). 
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Figure 7: microbleeds with a cerebral amyloid angiopathy pattern, cortical and distributes in the cerebral lobes 

 

  
Figure 8: microbleeds with a chronic hypertensive encephalopathy pattern, distributed in basal ganglia and 
brainstem 
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Figure 9: differential diagnoses of bleeds and microbleeds include several conditions; Cavernomas (venous 
angiomas) may present as a single or a myriad of foci, the latter in cases of familiar cerebral cavernomas as 
shown on top left image in a 28-year-old female.  Top middle corresponds to actinic microbleeds in a 47-year-
old male 2 years after radiotherapy for WHO 3 glioblastoma. Top right is a 22-year-old female with microbleeds 
secondary to extracorporeal circulation for cardiovascular surgery as a young adolescent. Melanoma metastases 
are shown on bottom left, septic bleeds are seen in a 48-year-old female on bottom middle and metastasis from 
an angiosarcoma are shown in bottom right on a 22-year-old male presented with seizures. 

 
The most frequent cause of cerebral microbleeds 
with a non-lobar or mixed pattern in common 
practice tends to be HTN100, which also developed 
in animal models subject to a high salt diet 101 , 
being related to a higher incidence of spontaneous 
intra cerebral bleeds, worse outcomes in acute 
cerebrovascular disease and higher incidence of 
post thrombolysis bleeds57. 
 
The third biomarker of HTN CSVD are lacunae, 
named coined 200 years ago to define infarctions 

caused by small vessels102, later characterized in 
post-mortem histopathological studies of lacunar 
stroke, subsequently correlated by neuroimaging 
studies (fig 9) for detection and quantification and 
were of paramount importance in defining 
Cerebral Small Vessel Disease53,103, classified by 
Miller-Fisher in five main syndromic groups 67,104, 
among which, the lacunar syndromes may be 
considered predictors of lacunar and non-lacunar 
infarcts on neuroimaging, particularly in cases of 
atrial fibrillation105. 

 

   
Figure 10: close ups of lacunar infarcts on coronal FLAIR in a 41-year-old male with chronic hypertensive 
encephalopathy since his mid twenties 

 
An additional biomarker of HTN-related CSVD is 
dilated, prominent and numerous Virchow-Robin 
spaces (VRS)106,107 (Fig 10). VRS are perivascular 
with CSF flowing through, driven by arterial 
pulsatility 108 . They form part of the glymphatic 

system of the brain, a waste metabolite drainage 
system consisting of CSF surrounding penetrating 
arteries to then disperse into the interstitial fluid 
via acquaporin-4 water channels. These waste 
metabolites flow out via large calibre veins to then 
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exit the brain via meningeal lymphatic vessels or 
venous sinuses 109 . It can be non-invasively 
evaluated 110  following Taoka’s method which 
introduced the analysis along the perivascular 
space (ALPS) 111 , followed by Kikuta et al to 
investigate diffusivity changes in elderly subjects 
with HTN112 , finding decreased ALPS indexes in 
hypertensive compared to control participants.  

Impaired glymphatic transport was also found on 
models of spontaneously hypertensive animals113 
Additional studies found dilated perivascular 
spaces and degenerative myelin changes in 
subjects with extensive small vessel disease and an 
association between arterial stiffness and myelin 
damage in the white matter114,115. 

 

 

   
Figure 11: generalised prominence of Virchow-Robin spaces (white lines) in a 41-year-old male with chronic 
hypertensive encephalopathy on a coronal T2 (top) and close ups of the right mid frontal gyrus (bottom left), 
right inferior parietal gyrus (bottom middle) and left inferior parietal gyrus (bottom right) 

 
Atrophy changes in the brain are an additional 
feature of HTN-related CSVD79, 14(Fig 12). It tends 
to have a diffuse and non-specific pattern better 
identifiable by evaluating the structural 
relationship between the volumes of both, grey 
and white matter 116 on automated segmentation 
techniques117, and diffusion tractography imaging 

in association commissural and limbic tracts 118 
being associated to hippocampal atrophy rates 
overlapping to some extent with Alzheimer’s 
Disease 119 , 120 , 121 , posing challenges in the 
differential diagnosis among both on nuclear 
medicine studies122.  
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Figure 12: Progressive cortical atrophy in chronic hypertensive encephalopathy. 12a: acute on chronic 
hypertensive encephalopathy in a 41-year-old male. 12b: follow up scan in 8 months. 12c: follow up scan 2 
years later. 12d: 8 years after the initial scan, when there was significant cognitive deterioration at age 49. 

 
The most frequent vascular arterial changes seen 
in hypertensive subjects with cerebrovascular 
disease in current neuroimaging include wall 
thickening, vascular deformities, focal and/or 
diffuse stenosis and dissection. 
 
HTN causes mechanical vessel wall injury in both 
micro and macro circulatory systems leading to 
endothelial dysfunction, subsequent impairment in 
mechanisms of endothelial-mediated 
vasodilatation and fibrinolysis 123 , and vascular 
remodelling, term applied to changes in the 
smooth muscle cells of the vessel wall124. The latter, 
key in determining the vessel diameter, plays a 
paramount influence in determining blood pressure 
which results from multiplying the cardiac output 

by the total peripheral vascular resistance125,126. 
The earliest indicators of the disease can be 
identified on carotid Doppler by measuring intima-
media thickness (cIMT) and assessing the pulse 
wave velocity, both already increased in pre HTN 
states 127  and markers of subclinical organ 
damage128. 
 
Dolichoarteriopathy is a term includes large and 
mid arterial kinking, coiling (loop or spiral shape) 
and tortuosity129 (fig 11), as the spectra of HTN-
related vasculopathy, an independent predictor of 
arterial wall thickness 130 , leading risk factor 
causing carotid stenosis131, presence of CSVD and 
acute ischaemic stroke132,133.  

 

  
Figure 13: marked dolichoectasia of the basilar artery in a 45-year-old longstanding hypertensive male shown 
on multiple intensity projection (MIP) on the left and on 3D reformats on the right.  

 
Conclusion 
HTN changes in the brain may appear in different 
clinical presentations (fig 14), which also may, in 
time, appear alternatively in the same patient (figs 
12 & 14), particularly in those non-compliant with 
prescribed treatments and requiring frequent 

admissions when acute crises become frankly 
symptomatic. 
Our data suggests clinical referrals in our 
Institution tend to underestimate HTN when 
providing clinical information to justify exams 
requested in subject with symptoms of stroke, TIA 
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or acute cognitive deterioration, by not mentioning 
it when it should always be made explicit in order 
to facilitate the radiologists’ process of vetting 
adequate imaging protocols and interpretation of 
findings. Radiologists should in our Institution 
describe and quantify neuroimaging findings 
attributable to HTN, particularly where they 
concern areas of restricted diffusion, the presence 
and extension of small vessel disease, 
microinfarcts, microbleeds, atrophy and signs of 
dolicoarteriopathy, not only in acute patients but 
also in those referred for cognitive deficits, given 
the impact dementia has in current clinical practise. 
Most importantly, hypertensive encephalopathy 
patients should be discussed at relevant 

multidisciplinary meetings to ensure adequate 
clinical and radiological input, facilitate diagnosis, 
therapeutic approach and follow up when 
clinically necessary, to minimise risk and avoid or 
delay incidence of devastating clinical 
consequences HTN, also known as the “silent killer”, 
causes in the central nervous system. 
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Figure 14: Different presentations of Hypertensive Encephalopathy which may bee seen in the same subject 
throughout the months or years 
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