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Hypertension, seizures, and epilepsy: a review
on pathophysiology and management
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Abstract
Background Epilepsy and hypertension are common chronic conditions, both showing high prevalence in older age groups. This
review outlines current experimental and clinical evidence on both direct and indirect role of hypertension in epileptogenesis and
discusses the principles of drug treatment in patients with hypertension and epilepsy.

Methods We selected English-written articles on epilepsy, hypertension, stroke, and cerebrovascular disease until December, 2018.
Results Renin-angiotensin system might play a central role in the direct interaction between hypertension and epilepsy, but other
mechanisms may be contemplated. Large-artery stroke, small vessel disease and posterior reversible leukoencephalopathy
syndrome are hypertension-related brain lesions able to determine epilepsy by indirect mechanisms. The role of hypertension
as an independent risk factor for post-stroke epilepsy has not been demonstrated. The role of hypertension-related small vessel
disease in adult-onset epilepsy has been demonstrated. Posterior reversible encephalopathy syndrome is an acute condition, often
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caused by a hypertensive crisis, associated with the occurrence of acute symptomatic seizures. Chronic antiepileptic treatment
should consider the risk of drug-drug interactions with antihypertensives.

Conclusions Current evidence from preclinical and clinical studies supports the vision that hypertension may be a cause of
seizures and epilepsy through direct or indirect mechanisms. In both post-stroke epilepsy and small vessel disease-associated
epilepsy, chronic antiepileptic treatment is recommended. In posterior reversible encephalopathy syndrome blood pressure must

be rapidly lowered and prompt antiepileptic treatment should be initiated.

Keywords Hypertension - Stroke - Posterior reversible encephalopathy syndrome - Seizures - Epilepsy

Introduction

Epilepsy and hypertension are common chronic condi-
tions, both showing high prevalence in older age groups.
Hypertension is a major risk factor for cerebrovascular dis-
eases [1] that are the leading etiology of epilepsy in the
elderly [2—4]. In this context, hypertension acts with indi-
rect mechanisms (i.e., mediated by hypertension-related
brain lesions) (Fig. 1). Epilepsy may follow a well-
defined ischemic or hemorrhagic lesion (post-stroke
epilepsy) (Fig. 2) or may be associated with small vessel
disease (SVD) (Fig. 3). About half of unprovoked seizures
(i.e., seizures not occurring during or immediately after an
acute causative event) [5] may have no identifiable origin
in adults [6]. Recent evidence suggests that hypertension
itself can act with a direct mechanism (Fig. 1), i.e., in the
absence of obviously epileptogenic brain lesions, being an
independent risk factor for epilepsy [7]. Lastly, hyperten-
sion favors cerebral conditions that are frequently associ-
ated with acute symptomatic seizures, such as “posterior
reversible encephalopathy syndrome” (PRES) (Fig. 4). [8]

This review delineates current experimental and clinical
evidence on both direct and indirect role of hypertension in
epileptogenesis and discusses the principles of drug treatment
in patients with hypertension and epilepsy.

Review of the literature

Medical publications concerning seizures and epilepsy re-
lated to hypertension were reviewed. References were
identified by searches of PubMed and Google Scholar
until December 2018 with the terms “epileps*” or
“seizur*” in various combination with “hypertension,”
“blood pressure,” “cerebrovascular disease,” “stroke,”
“hemorrhage,” “lacunar infarction,” “leukoaraiosis,”
“small vessel disease,” “PRES,” “anticonvulsants,”
“antihypertensive.” Articles were also identified through
searches of the authors’ own files. Selection criteria were
English language, novelty, importance, originality, quality
and relevance to the scope of this review.

LIS

Putative pathogenetic mechanisms of hypertension on seizures or epilepsy

Chronic hypertension

Acute hypertension

Supposed direct role

Supposed indirectrole

Supposed indirectrole

Hypertension-related brain

Posterior reversible
ons encephalopathy syndrome

Dysregulation of renin-
angiotensin system ?

Post-stroke epilepsy:
epileptogenic scar tissue
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Fig. 1 Putative pathogenetic mechanisms of hypertension on seizures or epilepsy. SVD: small vessel disease
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a b

Fig. 2 Example of PSE: MRI (fluid attenuated inversion recovery: a, b
showing a large stroke in the territory of left middle cerebral artery and

Hypertension, seizures and epilepsy:
pathogenetic mechanisms

We found evidence that hypertension, either representing a
chronic disorder or occurring acutely in the setting of a hyper-
tensive crisis, may cause epileptic seizures. Chronic hypertension
may directly be responsible for unprovoked seizures, and indirect
mechanisms may be associated to the occurrence of acute symp-
tomatic or unprovoked seizures. Lastly, acute hypertension may
be responsible for acute symptomatic seizures through an indi-
rect mechanism. The putative pathogenetic mechanisms of hy-
pertension on seizures or epilepsy are summarized in Fig. 1.

Direct association

The pathophysiology of epilepsy due to hypertension has been
investigated in several preclinical studies. Experimental data on
different rat models of epilepsy suggest upregulation of the
renin-angiotensin system (RAS), classically involved in blood
pressure regulation [9]. In particular, during repetitive seizures,

a b

Fig. 3 Example of epilepsy associated with SVD: MRI (fluid attenuated
inversion recovery: a, b showing small white matter lesions and EEG ¢
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EEG c¢ showing an epileptic seizure arising from left fronto-temporal
derivations

angiotensin II type 1 receptor and angiotensin-converting en-
zyme are upregulated in the hippocampus of Wistar audiogenic
rats [10]. Similarly, spontaneously hypertensive rats (SHR) de-
velop seizures with lower doses of kainic acid, compared to
non-hypertensive rats [11]. In rat models of comorbid epilepsy
and hypertension, treatment with anti-hypertensive drugs
(namely the AT1 antagonist losartan) delayed seizures onset
and reduced seizure frequency, with an effect partially indepen-
dent from blood pressure modifications [10]. Reduction of sei-
zure frequency persisted after treatment discontinuation, sug-
gesting a role of RAS modulation in seizure prevention [12].
From a molecular point of view, losartan was able to counteract
seizures-induced overexpression of AT1 receptor and to pre-
vent seizures-related increase of hippocampal monoamine
levels [11-13]. These results support the theory that angiotensin
acts as a neurotransmitter or neuromodulator in specific cere-
bral pathways, either directly exerting its effect on specific re-
ceptors, or closely interacting with dopaminergic and
GABAergic systems [9]. RAS involvement in the pathophysi-
ologic mechanisms underlying epileptogenesis is also
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showing an epileptic seizure arising from right fronto-temporal
derivations
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Fig. 4 Example of PRES: MRI (fluid attenuated inversion recovery: a, b
showing increased white/gray matter predominantly affecting the parieto-

supported by a neuropathologic study showing upregulation of
AT1 and AT?2 receptors in the hippocampus of patients with
drug-resistant temporal lobe epilepsy who underwent
anteromesial temporal lobectomy [14]. The role of arterial hy-
pertension as an independent risk factor for unprovoked sei-
zures has been investigated in different clinical studies. A pro-
spective cohort study evaluated midlife risk factors associated
with late-onset epilepsy on 15,792 participants followed for
about 20 years, finding that hypertension was associated with
a hazard ratio of 1.26 (1.05-1.51, CI 95%) for late-onset epi-
lepsy [7]. A case—control study on 227 subjects with first un-
provoked seizures and 294 controls showed that a personal
history of hypertension was an independent risk factor (OR =
1.57) for new-onset remote seizures, even after adjustment for
cerebrovascular disease [15]. In line with these results, a cross-
sectional, case-control study on 4944 subjects (65 of whom had
epilepsy) highlighted the role of hypertension as an indepen-
dent risk factor for epilepsy [16], since the presence of left
ventricular hypertrophy (LVH) was associated with a threefold
increase of the risk of epilepsy (OR =2.9). Given the cross-
sectional nature of this study, pathogenic inferences are limited.
Interestingly, a population-based case-control study on 435
subjects [17] found that LVH (a consequence of severe, uncon-
trolled chronic hypertension) was associated with an 11-fold
increased risk of unprovoked seizures of unknown etiology in
comparison with controls. This risk was eliminated by diuretic
treatment independently from blood pressure values.

Indirect association

Seizures associated with stroke: acute symptomatic seizures
and “post-stroke epilepsy”

Hypertension is a well-known risk factor for stroke. A large
multicenter case-control study [1] found that a history of hy-
pertension was associated with an increased risk of stroke (OR
2.64, 99% CI 2.26-3.08). In the same study, population-

@ Springer

occipital areas (right greater than left) and EEG ¢ showing high-voltage
delta activity over the right hemisphere

attributable risk (i.e., the proportion of all cases which can
be attributed to the specific risk factor) of hypertension for
stroke was 34.6%, (99% CI 30.4-39.1). Seizures associated
with stroke may occur as acute symptomatic or unprovoked
seizures [4]. Acute symptomatic seizures are the result of an
acute ischemic injury, leading to glutamate excitotoxicity with
intracellular calcium accumulation, transmembrane depolari-
zation and lowering of the seizure threshold [18, 19]. The
pathophysiology of PSE relies on neuronal hyperexcitability
and hypersynchrony, secondary to changes of membrane
properties, deafferentation, selective neuronal loss, and collat-
eral sprouting [20]. As regards parenchymal hemorrhage,
products derived from blood catabolism, such as iron and
hemosiderin, are epileptogenic. This was demonstrated both
in animal models and in patients with ruptured vascular
malformations [21, 22]. The role of cortical hyperexcitability
in PSE has been studied on animal models, namely mechan-
ical middle cerebral artery occlusion (MCAO) and
photothrombosis [23-25]. Moreover, excitability of the corti-
cal area around the vascular scar has been studied in humans
by means of transcranial magnetic stimulation (TMS). In par-
ticular, a study on a cohort of subjects with stroke involving
the primary motor cortex showed significant decrease of the
TMS-induced silent period duration in the affected limb, when
compared to the contralateral one, in 5/6 PSE-patients and in
none of 76 controls without PSE [26]. In line with these re-
sults, another study revealed increased intracortical facilitation
and larger amplitude of TMS-induced motor-evoked poten-
tials in the affected hemisphere as compared to the contralat-
eral hemisphere in 18 PSE patients but not in 18 stroke pa-
tients without epilepsy [27]. Longitudinal studies [28, 29]
found that cortical involvement, hemorrhage, and acute symp-
tomatic seizures lead to an increased risk of PSE, while age
and gender do not seem to play a role. These date were con-
firmed in a recent meta-analysis [4]. Hypertension has been
evaluated in different studies as an independent predictor of
acute symptomatic post-stroke seizures [30-34] and PSE
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[35-39]. In none of these studies, most of which involving
both patients with ischemic and hemorrhagic stroke, hyper-
tension was independently associated with an increased risk
for PSE. Two studies on patients with intracranial hemorrhage
[38, 39] led to opposite conclusions on the role of chronic
hypertension in causing seizures. In particular, Ohman [38]
studied prospectively the incidence and risk factors of seizures
in patients who underwent surgery for aneurismal subarach-
noid hemorrhage, finding that the proportion of subjects with
hypertension was significantly higher among those with post-
surgery seizures than among those without seizures
(p<0.0001). By contrast, a retrospective study on patients
with intracerebral hemorrhage [39] found that pre-existing
hypertension was associated with a lower risk of developing
PSE. In conclusion, these data indicate that hypertension may
indirectly lead to epilepsy as it represents a major risk factor
for stroke. However, evidence on the role of chronic hyper-
tension as an independent risk factor for PSE is lacking.

Seizures associated with small vessel disease

SVD is a condition affecting the smallest cerebral blood ves-
sels, such as the perforating arterioles, capillaries, and ve-
nules. Although its pathogenesis is still incompletely under-
stood, literature highlights that the degeneration of
intraparenchymal and leptomeningeal blood vessels wall
(“segmental arteriolar disorganization,” “lipohyalinosis,”
“fibrinoid necrosis,” etc) and consequent perivascular ede-
ma is crucial [40—42]. The term “leukoaraiosis™ indicates
round-shaped, isolated or confluent lesions, which are visi-
ble as hypodensities at CT scan and as hyperintense areas in
T2 and FLAIR sequences and iso—/hypo-intense on T1 se-
quences at MRI. They are not cavitated and are localized in
periventricular areas or deep white matter [42].
Leukoaraiosis originates from SVD causing small deep in-
farcts, and it is a common finding among subjects with vas-
cular risk factors including hypertension [42—45]. Of note,
the effects of small vessel lesions can be observed not only in
the surrounding of the lesion, but also in remote brain areas,
including connected cortical regions [43]. Moreover, SVD
can cause cortical microinfarcts that are visible with ad-
vanced neuroimaging techniques [43, 46]. The role of hyper-
tension in SVD, as well as the association between
hypertension-related SVD and seizures, has been assessed
in preclinical studies. A study on SHR (representing animal
models of hypertension-related SVD) comprised two models
of focal, temporal lobe (by amygdala kindling) and general-
ized (by pentylenetetrazole-induced kindling) seizures [47].
This study has shown that SVD predisposes to temporal lobe
epilepsy but not to generalized seizures, and that this suscep-
tibility can be avoided by pre-treatment with enalapril [47].
Similarly, another study [ 11] showed greater susceptibility to
kainate-induced status epilepticus for SHR compared to

control rats, and delayed seizures onset in SHR after admin-
istration of losartan. The association between hypertension,
SVD and seizures has been assessed also in clinical studies.
Seizures and epilepsy associated with SVD have been con-
sidered uncommon by some authors [48, 49], but these find-
ings derived from studies with methodological limits (i.e.,
small sample size in [48]; absence of MRI investigation in
[49]). In a retrospective study on 223 consecutive subjects
with SVD [50], hypertension was positively associated with
cerebral lesion load (p <0.001), and seizures manifested in
24% of patients, especially those with frontal or parieto-
occipital lesions. The authors hypothesize that subcortical
white matter lesions may involve U-fibers, increasing the
propensity for seizures. Similarly, another retrospective
work [51] found higher prevalence and more severe SVD in
a group of 105 patients with late-onset (i.e., after 60 years
old) epilepsy, compared to a group of 105 controls. This find-
ing was independent from pre-existing clinical strokes, sug-
gesting a possible epileptogenic role for SVD. However,
about half of the patients included in the study did not under-
go brain MRI, thus limiting the generalizability of results.
Two retrospective studies with overlapping population [52,
53] examined the incidence and predictors of seizures and
epilepsy in patients with lacunar stroke. The first study [52]
found that neither the presence of vascular risk factors in-
cluding hypertension, nor the degree of white matter changes
were associated with the development of epilepsy. The sec-
ond study [53] on 292 subjects with lacunar strokes found
that 44 patients with seizures had a lower main National
Institute of Health Stroke Scale score (p =0.00133) and a
lower Mini Mental State Examination score (p <0.001) as
compared to 248 patients without seizures. These authors
conclude that the seizures were more linked to the cognitive
status than to SVD, postulating that an underlying neurode-
generative process may be responsible for seizures and cog-
nitive impairment. However, many patients did not under-
take brain MRI, limiting the generalizability of results.
Moreover, cognitive status was assessed after the onset of
epilepsy, in patients with ongoing AED treatment, thus it
was impossible to establish whether the cognitive decline
was pre-existing to seizures or to stroke, or was influenced
by treatment. Another retrospective study [54] found signif-
icant differences in electroclinical semiology between PSE
and epilepsy associated with SVD. In particular, temporal
lobe epilepsy was more frequent in patients with epilepsy
associated with SVD, even though white matter lesions were
evenly distributed. The authors hypothesized a specific sus-
ceptibility of temporal structures to the development of sei-
zures in the context of SVD, thus suggesting the existence of
different pathogenetic mechanisms between PSE and epilep-
sy associated with SVD. Of note, three patients with hyper-
tensive encephalopathy followed by temporal lobe epilepsy
due to hippocampal sclerosis were described [55]. A
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susceptibility of temporal lobe structures to hypertension-
induced damage might be hypothesized.

In conclusion, both preclinical and clinical data suggest
that hypertension-related SVD might play a pathogenic role
in otherwise unexplained adult-onset epilepsy. Possible path-
ogenic mechanisms may include the presence of cortical
microinfarcts as well as the effects of cortical deafferentation
due to white matter lesions on surrounding or remote areas.
Alternatively, both SVD and epilepsy may share a common
neurodegenerative process that remains to be elucidated.

Seizures associated with PRES

PRES is a potentially reversible clinical condition deriving
from blood-brain barrier dysfunction, vascular leakage and,
then, vasogenic edema [56-58]. Although cerebrovascular
autoregulation is able to maintain a constant cerebral blood
flow independently from systemic blood pressure fluctua-
tions, a sudden increase of blood pressure above the upper
autoregulatory limit may lead to cerebral hyperperfusion [57,
58]. In experimental studies, a systemic inflammatory re-
sponse mediated by cytokine release has been demonstrated
in PRES [59]. Among cytokines, the proinflammatory
TNF-«, IL-1, IL-6, and INF~y result in T cell activation and
increased leukocyte adhesion and activation, contributing to
vasogenic edema [59]. Focal or focal-to-bilateral seizures oc-
cur in about two thirds of subjects as a result of vasogenic
edema [60, 61]. PRES is very frequent in patients with
eclampsia, presenting during pregnancy or post-partum with
hypertension, proteinuria, peripheral edema, and epileptic sei-
zures. In different retrospective studies [62, 63], clinical and
radiological features of PRES were present in 50-98% of
women with eclampsia who underwent MRI. This high inci-
dence probably reflects a selection bias, since the decision to
perform neuroimaging was based on the physician’s judg-
ment, probably in the presence of focal neurological signs.
In 3-13% of cases, seizures may result in status epilepticus,
which is one of the most severe complications of PRES [61,
64]. Although PRES causes acute symptomatic seizures, a
minority of subjects (2—4%) may experience long-term recur-
rence [65-67], thus configuring PRES-related epilepsy.

Hypertension, seizures, and epilepsy:
treatment strategies

Antiepileptic treatment in patients with chronic
hypertension and seizures

The coexistence of chronic hypertension and epilepsy exposes
patients to multiple drug treatments. This implies careful man-
agement, especially in the elderly population [68, 69], as the
probability of drug-drug interactions, both pharmacokinetic

@ Springer

and pharmacodynamic, rise with the number of introduced
drugs. Enzyme-inducing AEDs, namely carbamazepine, phe-
nobarbital, and phenytoin may increase liver metabolism and
consequently reduce serum levels of other drugs, including
antihypertensives [70]. Beta-blockers (propranolol, timolol),
calcium antagonists (verapamil, amlodipine, felodipine, nifed-
ipine), and sartans (losartan, irbesartan) are the drugs most
frequently involved in pharmacokinetic interactions, often
resulting in reduced levels of antihypertensives [70]. In some
cases, the use of calcium antagonists may increase plasmatic
levels of carbamazepine or phenytoin, inducing toxicity [71].
In conclusion, interactions between AEDs and antihyperten-
sives might be clinically relevant and should be considered in
cases of toxicity or difficult-to-treat hypertension. Newer,
non-enzyme inducing AEDs might be preferred in patients
with hypertension [70].

Antiepileptic treatment in patients with acute
hypertension and acute symptomatic seizures

PRES and eclampsia are characterized by acute hypertension.
In these conditions, rapid blood pressure lowering and seizure
control must be sought at the same time. The most used anti-
hypertensive drugs include easily titratable agents administered
intravenously, like calcium antagonists (clevidipine,
nicardipine), beta-blockers (labetalol), and nitrates
(nitroprusside) [8]. All are safe and effective in reducing blood
pressure. AED treatment should also be promptly initiated, tak-
ing into account renal function and comorbidities [8].
Treatment discontinuation should follow clinical and neuroim-
aging normalization. Eclampsia deserves a specific treatment.
In this condition, magnesium sulfate is the drug of choice, since
randomized controlled trials have shown its efficacy and safety
in preventing seizure recurrence during eclampsia [72]. The
mechanism of action of magnesium sulfate is not fully under-
stood, but evidence from animal models [73] indicate that, in
pregnant mice with ischemic placenta and endothelial dysfunc-
tion, magnesium sulfate increased epileptic threshold, measured
by susceptibility to pentylenetetrazole-induced seizures. In
mice treated with magnesium sulfate, brain blood barrier per-
meability and microglial activation were reduced as compared
to control animals [73]. Thus, magnesium sulfate may represent
an etiological treatment for seizures in the context of eclampsia.
In a case series, PRES has been associated with hypomagnese-
mia [74], and the use of magnesium sulfate for PRES treatment
has been reported [75] with encouraging results. Further studies
are needed to elucidate the efficacy of this treatment.

Conclusions

Both epilepsy and hypertension are frequent, chronic diseases
that can coexist in the same individual. The pathogenic role of
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hypertension in determining seizures and epilepsy may be
direct or indirect. Renin-angiotensin system might play a cen-
tral role in the direct interaction between hypertension and
epilepsy: this is supported by the observation that drugs able
to block RAS prevent seizures in animal models. Moreover,
hypertension is a predictor of late-onset epilepsy independent-
ly from vascular damage. Hypertension may also act indirect-
ly by promoting cerebrovascular diseases, such as stroke or
PRES, that predispose to acute symptomatic seizures or
chronic epilepsy. Data from literature indicate that hyperten-
sion is not an independent risk factor for PSE. SVD is most
often related to chronic hypertension, and both experimental
and clinical data support a role of SVD in the development of
otherwise unexplained adult-onset epilepsy. Pharmacological
treatment in patients with hypertension and seizures should
take into account drug-drug interactions and mechanisms of
action. During PRES, blood pressure must be rapidly lowered
and AED treatment should be promptly initiated. Magnesium
sulfate is largely used as anticonvulsant during eclampsia and
its use in PRES needs to be explored.
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