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Abstract
Purpose of Review The purpose of this review is to provide an overview and update on the common causes of headache attributed
to arterial hypertension with a focus on secondary headache disorders. We will also highlight uncommon and recent findings in
this area of research.
Recent Findings There is some controversy in the relationship between chronic hypertension and headache, particularly mi-
graine; recent research suggests that there may be a link, but it is likely complex and multifactorial. Many recent studies and case
reports demonstrate that the pathophysiology underlying the onset of headache as it relates to abrupt rises in blood pressure seems
to lie at the cellular level and mechanically becomes an issue with disruption of the blood-brain barrier. Although not a formally
defined headache entity, carotid revascularization syndrome demonstrates this phenomenon and also has a recent set of proposed
criteria that include headache and elevated blood pressure.
Summary This paper reviews the various etiologies of hypertensive headaches, mostly in regard to headache as a secondary
symptom of elevated blood pressure.Wewill also discuss trends of hypertensive headache in pregnancy. Finally, wewill touch on
controversy that exists in relation to chronic hypertension and its causal relationship to headache as well as the relationship
between hypertension and migraine.
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Introduction

Headache attributed to arterial hypertension is a second-
ary headache disorder of hemostasis according to the
ICHD-3 [1, 2••]. The etiology of elevated blood pressure
may be further specified and could occur due to pheo-
chromocytoma, pre-eclampsia or eclampsia, autonomic
disorders, or in conjunction with hypertensive encepha-
lopathy [1]. The mechanism causing head pain during an
acute hypertensive crisis is often the same despite the
wide variety of illnesses. While the acutely hypertensive

patient’s headache is mechanistically well defined, there is
some controversy as to whether chronic hypertension pre-
disposes towards headache or vice versa. This paper will
primarily be focusing on the acute rise in blood pressure
contributing to new or worsening headache and the path-
ophysiology behind this occurrence.

Clinical Features and Specific Causes
of Arterial Hypertension Associated
with Headache

Headache attributed to arterial hypertension is generally bilat-
eral and pulsatile. It is acute in onset and related to an abrupt
rise in systolic blood pressure ≥ 180 mmHg or diastolic blood
pressure ≥ 120 mmHg. The headache resolves once blood
pressure is normalized [1, 2••, 3]. After establishing these
factors in a patient’s history, in addition to the remainder of
the patient’s clinical history and physical exam, the clinician
can work down the differential to establish the most likely
cause of the acutely elevated blood pressure and subsequent
headache (Fig. 1).
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Pheochromocytoma Headaches occurring due to arterial
hypertension from a known pheochromocytoma occur
in discrete episodes lasting less than 1 h in duration.
They are pulsatile and tend to be frontal or occipital
[1]. Excess epinephrine, norepinephrine, and dopamine
contribute to symptoms of hypertension, headache, pal-
pitations, and diaphoresis, to name a few. In a recent
meta-analysis, it was found that hypertensive patients
with the classic triad of headache, palpitations, and dia-
phoresis carried a high likelihood of having pheochromo-
cytoma with a positive LR of 14.63 [4]. Diagnosis of
pheochromocytoma can be made by a 24-h urine collec-
tion of catecholamines and abdominal imaging. It should
be noted that pheochromocytoma can occur in conjunc-
tion with several genetic syndromes including multiple
endocrine neoplasia type 2 (MEN 2), neurofibromatosis
(NF), and von Hippel-Lindau (VHL), some of which can
have intracranial pathology giving rise to headache, mak-
ing it particularly important to come to a clear diagnosis

[5]. Headache will resolve after resection of the pheo-
chromocytoma [1].

A recent case report, although there are others that precede
this, describes a thunderclap-like onset headache associated
with a sudden spike in blood pressure that was triggered by
micturition in a patient with a previously undiagnosed bladder
pheochromocytoma [6•]. A key take-home point from this
case is that up to 50% of patients with bladder pheochromo-
cytomas, albeit an exceptionally rare disease, can present with
thunderclap headache after micturition [6•, 7]. This certainly
expands the differential of a thunderclap headache beyond that
of primary central nervous system etiologies [6•].

Other Metabolic Headaches Pheochromocytoma is one cate-
gory of neuroendocrine tumor that is located in the adrenal
gland. The broader category of neuroendocrine tumors is de-
fined as paraganglioma; these tumors occur in either the adre-
nal or extra-adrenal chromaffin tissue [8–10]. These neuroen-
docrine tumors can occur around autonomic nerves and major
blood vessels including the aorta [8]. Paragangliomas can
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Fig. 1 Flow diagram of headache attributed to arterial hypertension



present with papilledema in addition to the symptoms de-
scribed above and should be kept in the differential diagnosis
of patients who present with paroxysms of blood pressure
elevations with headache and autonomic symptoms [8, 11].

Fluid and electrolyte shifts during hemodialysis are
known to cause blood pressure changes, including hyper-
tension. Patients often have headaches associated with
hemodialysis although hypertension alone as the etiology
is difficult to conclude since there are so many other met-
abolic derangements that could be contributing and quite
often hypotension is the etiology [3]. Dialysis headache is
a separate ICHD-3 diagnosis, not under the category of
disorders of hemostasis [1].

Dysautonomia Autonomic dysreflexia occurs days to
years after a spinal cord injury. A characteristic symptom
is diaphoresis above the level of the spinal cord injury
during an episode of blood pressure elevation and head-
ache. The autonomic instability and subsequent headache
can be triggered internally by bowel or bladder disten-
sion, externally by trauma, or by systemic infection, dis-
ease, or medication [1, 12•]. Up to 95% of these type of
events in patients with spinal cord injuries are generated
by problems with the bowel or bladder [12•]. The head-
ache is generally thunderclap in onset with a “throbbing
or pounding” quality and often has accompanying vision
symptoms as well as other systemic symptoms such as
nausea, chest tightness, paresthesias, and even seizures.
Posterior reversible encephalopathy syndrome UPRES)
has been demonstrated on imaging [12•]. A paroxysmal
rise above the baseline blood pressure of ≥ 30 mmHg
systolic or ≥ 20 mmHg diastolic, in addition to the char-
acteristic findings noted above, is needed to make the
diagnosis of headache attributed to autonomic dysreflexia
[1]. It cannot be overemphasized that the hypertensive
episodes in autonomic dysreflexia are medical emergen-
cies. A recent case report demonstrated large intracranial
hemorrhage after the development of sustained hyperten-
sion and headache in a patient that was not receiving
routine intermittent catheterizations [13]. It is postulated
that the headache in autonomic dysreflexia is attributable
to “passive dilation of cerebral vessels” which may be
related to elevated levels of prostaglandin E2 [12•, 14,
15]. Increased circulating prostaglandin has also been
studied in migraine and has been shown to cause vaso-
dilation of intracranial and extracranial vasculature [16].
Prostaglandin E2 has been studied in patients with spinal
cord injury for the treatment of erectile dysfunction and
was shown to lower systemic blood pressure as well
[17]. Without further studies, it is difficult to know the
degree to which prostaglandins are involved in the prop-
agation of headache in these patients. There have been
no recent developments in the treatment of headache in

autonomic dysreflexia as it relates to elevated prostaglan-
din levels.

Carotid Endarterectomy, Stenting, and Cerebral Hyperperfusion
Syndrome The entity known as cerebral hyperperfusion
syndrome can occur after revascularization of the carotid
artery—either endarterectomy or stenting—but more re-
cent data suggests that it can also be a complication of
thrombolytic therapy and endovascular procedures for
stroke. There are no set criteria for the diagnosis, and in
fact cerebral hyperperfusion syndrome (CHS) is not an
entity in the ICHD-3, whereas post-endarterectomy head-
ache is. A recent systematic review addresses key features
of this syndrome that are not part of the ICHD-3 criteria
for post-endarterectomy headache. These include the fol-
lowing: systolic blood pressure ≥ 180 mmHg, headache
and accompanying focal neurologic deficits, and evidence
of hyperperfusion on imaging without evidence of new
ischemia (see Table 1 for more details) [1, 18••]. The
headache in CHS can vary in its onset and frequency
but is often severe and will herald the rise in blood pres-
sure. Symptoms are speculated to be secondary to disor-
dered cerebral autoregulation. Upon revascularization,
blood vessels that were already maximally dilated and
had reduced vasoreactivity become overpowered by the
post-procedural improved blood flow which causes break
down of the blood-brain barrier and can result in localized
edema, hemorrhage, or ischemia [18••, 19].

In a recent retrospective review of post-aneurysmal embo-
lization headaches by Choi et al., those without prior history
of hypertension were found to have a higher incidence of post-
embolization headache. It was hypothesized that since the
vessels of normotensive patients are inherently more pliable
than their hypertensive counterparts, the increase in pressure
that occurs upon stenting an aneurysm in a non-chronically
hypertensive individual is more than what occurs in a hyper-
tensive individual, thereby causing headache. Blood pressures
following the procedure were not documented as part of the
study to know if systemic blood pressures could be attribut-
able [20, 21]. This is an alternate theory to what is proposed in
the chronically hypertensive patients that undergo carotid re-
vascularization procedures and have hardened, poorly com-
plaint vessels; however, it is in reference to a small, enclosed
arterial territory which is the aneurysmal sac rather than the
entire vessel. Both these mechanisms depict increased pres-
sure in an enclosed space.

Baroreflex Failure Syndrome Carotid body tumors, such as
paragangliomas, can compress the baroreceptors on the
carotid artery and upon removal, especially when bilateral,
lead to a condition known as baroreflex failure syndrome.
The condition is marked by dysautonomia, headache, anx-
iety, and palpitations [22].
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Hypertensive Crisis With and Without Encephalopathy
Posterior reversible encephalopathy syndrome (PRES) classi-
cally presents with elevated blood pressure, head pain, seizure
activity, change in the level of alertness, and characteristic
MRI findings in the posterior circulation. Recently, a pediatric
case report of PRES with headache as the only neurologic
manifestation was recognized and demonstrated T2
hyperintensities in the posterior regions of the brain on MRI.
The child was promptly treated with blood pressure–lowering
agents, and within days, his headache and MRI findings re-
solved [23]. This, along with other case reports, has demon-
strated that treatment of blood pressure may result in resolu-
tion of symptoms and radiographic findings [23, 24].

The etiology of PRES can vary widely, from medications
including immunomodulating agents, or systemic disease such
as sepsis, or autoimmune disorders all of which cause endo-
thelial dysfunction. Alternatively, it can be caused by any insult
that causes arterial hypertension enough to disturb normal ce-
rebral autoregulation [25]. The rise in blood pressure disrupts
the blood-brain barrier and normal regulation of cerebral blood
pressures, permitting leakage of intravascular fluid into the
brain parenchyma, similar to what occurs in carotid revascu-
larization syndrome [23, 25]. Predisposition for PRES to affect
the posterior circulation occurs due to paucity of sympathetic
innervation to these vessels, thereby making them more likely
to vasodilate rather than constrict and perform normal cerebral
autoregulation under circumstances of increased arterial pres-
sures compared to the anterior circulation [18••, 25].

Elevated blood pressures associated with headache but
without accompanying encephalopathy have a separate
ICHD-3 diagnostic category. In this category, other known
entities of causality for elevated hypertension defined in the
ICHD-3 must have been excluded and the patient must not
be encephalopathic. Conditions that can be included in this
category, or in “headache attributed to other disorder of hemo-
stasis,” include headache due to blood pressure fluctuations of

dysautonomia including baroreflex failure syndrome as de-
scribed above. Headache is a common symptom of
dysautonomia; however, severe blood pressure fluctuations
have been reported in the context of other autoimmune condi-
tions such as Guillain-Barre syndrome (GBS). As of 2017,
there were 15 adult cases of PRES following a recent diagnosis
of GBS, the etiology of which was hypothesized to be disor-
dered cerebral autoregulation [26].

Special Population: Pregnant Women In pregnancy, hyperten-
sion is defined as SBP ≥ 140 mmHg and DBP ≥ 90 mmHg [27,
28•] Elevated blood pressure in pregnant women is associated
with a 17-fold increased risk of secondary headache [29•].
Hypertensive disorders of pregnancy associated with headache,
other than arterial hypertension alone, include pre-eclampsia and
eclampsia, PRES, HELLP (hemolysis, elevated liver enzymes,
and low platelet count), and reversible cerebral vasoconstriction
syndrome (RCVS). [28•, 29•] Women with migraine prior to
pregnancy are at higher risk of these hypertensive disorders
[2••, 30, 31]. Similar to non-pregnant counterparts, parous pa-
tients with headache and hypertension with concerning signs
and symptoms associated with their headache (i.e., change in
mental status, fever, thunderclap onset, etc.) should be promptly
evaluated. Given that they are a higher risk population, hyper-
tensive pregnant women should be closely monitored for the
development of additional worrisome symptoms [32].

The diagnosis of pre-eclampsia is based on two blood pres-
sure readings > 140/90 in a pregnant woman 4 h apart.
Alternatively, a rise in the systolic pressure of ≥ 30 mmHg
or diastolic pressure of ≥ 15 mmHg in 24 h accompanied by
urinary protein excretion of > 0.3 g can make the diagnosis.
Eclampsia occurs when the patient has a seizure. A woman
with either of these conditions that is either pregnant or up to
4 weeks post-partum and whose headache improves when
eclampsia or pre-eclampsia resolves can be diagnosed with
headache secondary to pre-eclampsia or eclampsia. There

Table 1 Comparison of proposed criteria for carotid hyperperfusion syndrome post-CEA and post-endarterectomy headache as defined by the ICHD-3

Carotid hyperperfusion syndrome
(post-CEA)

Post-endarterectomy headache

Timing post-CEA ≤ 30 days HA begins within 1 week, resolves by 1 month

Blood pressure SBP > 180 mmHg1 N/A

Clinical features New headache, seizure, hemiparesis, GCS < 15 Unilateral HA on side of CEA
Occurs in cluster-like attacks lasting 2–3 h
Pulsating, severe

Imaging Evidence of hyperperfusion
Can have hemorrhage or edema
No ischemia or new carotid occlusion

N/A

Rule out other cause Yes Yes (not better accounted by other ICHD diagnosis)

1 Does not need to have SBP > 180 mmHg if there is evidence of hyperperfusion (they function as either/or)

CEA carotid endarterectomy, GCS Glasgow Coma Scale

References for table: ICHD-3, Kirchoff-Torres et al.
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are no unique characteristics to the headache, but in part of the
diagnostic criteria, it must have two of these characteristics:
bilateral in location, pulsating, and worsened by physical ac-
tivity [1]. The symptom of headache in a woman with pre-
eclampsia classifies the disorder as severe pre-eclampsia [30].

A recent case report inClinical Nephrology describes “mir-
ror syndrome”—essentially a mimic of pre-eclampsia com-
plete with hypertension and proteinuria in which the patient
also complained of headache. However, the pathology lies at
the growing fetus and in this case showed an abnormal pla-
centa and fetal aneuploidy [33].

Albeit rare, vertebral artery dissection is a potential com-
plication of the hypertensive disorders of pregnancy, particu-
larly when there is a “hypertensive surge.” Several cases have
been reported recently; none of the women presented with
focal neurologic deficits and in this context, there are no
guidelines as to when to investigate for a cervical arterial
dissection as the cause of neck pain/headache. This is, how-
ever, an important consideration in pregnant or post-partum
women who present with headache and hypertension and are
refractory to simple analgesics [34].

Migraine and Hypertension

Although the vascular theory of migraine has long been
overshadowed by the neurogenic theory of migraine which
advocates that migraine is in fact neural in nature rather than
a primary vascular process, there are still complex mecha-
nisms at play.

Among all US emergency department visits with primary
complaint of headache in 2010, 7% had SBP ≥ 180 mmHg or
DBP ≥ 110 mmHg compared to almost 5% of those without
headache as the primary complaint. A study conducted out of
Montefiore used a national database in pursuit of a connection
between pain levels and blood pressure elevation. Those who
presented with migraine and elevated blood pressures at base-
line had less headache relief in the emergency department and
treatment of hypertension during a migraine attack did not cor-
relate with headache improvement [35••]. Given the complex
pathophysiology of migraine and the comorbid extraneural
phenomena, it seems reasonable that lowering blood pressure
may not be enough to improve head pain in a migraine patient.
There is evidence suggesting that chronic hypertension is a
comorbidity of migraine. In a longitudinal study published in
Neurology in 2010, subjects with migraine with or without aura
were both significantly associated with hypertension compared
to subjects without headache [2••, 36]. Similarly, in a cross-
sectional population-based study from an urban and rural dis-
trict in Egypt investigating the prevalence of migraine across
various ages and gender, hypertension was noted to be a fre-
quent comorbidity in 12.3% of those suffering from migraine.
The study did not further investigate if hypertension was more

common in chronic or episodic migraine or its relation to gen-
der; it also did not comment on the frequency of hypertension
noted in those without migraine [37].

Stiffening and poor compliance of blood vessels may be
seen in migraineurs which would have the potential to contrib-
ute to hypertension and also tomigraine as a vascular risk factor
although further research must be done to confirm or refute this
[38]. Much research has gone into the prospective connection
between endothelial dysfunction and migraine, with variable
results. For instance, the HUNT3 study in Norway, a large
cross-sectional examination of flow-mediated dilation of the
brachial artery as a sign of endothelial dysfunction in migraine,
failed to show a difference between migraineurs and non-
migraineurs. Other recent smaller studies, however, have
shown evidence of endothelial dysfunction through demonstra-
tion of carotid intimal thickening and reduced peripheral vas-
cular reactivity (among others) in chronicmigraine compared to
controls [39•]. On the other hand, some investigators have
linked endothelial dysfunction only to the posterior circulation
and exclusively intracranial rather than systemic [40]. In a re-
cent systematic review in migraine with aura patients that uti-
lized serum markers, flow-mediated dilation, carotid intimal
thickness, augmentation index, and more, it was concluded that
endothelial dysfunction was not a contributing vascular risk
factor to stroke risk in migraine with aura [41•]. As evidenced
by these many conflicting results, there is not one conclusion to
be drawn regarding either the systemic or intracranial vascula-
ture in patients with migraine. This is an area that still needs to
be explored in order to provide optimization of potential risk
factors and patient counseling in the management of migraine,
hypertension, and aging of the younger population that is apt to
develop hypertension.

A Controversial Topic: Chronic Hypertension
and Headache

As noted previously, migraine may be associated with the
development of chronic hypertension due to complex vascular
dysfunction at the cellular level. Chronic hypertension, how-
ever, may also be associated with headache in general al-
though the pathophysiologic mechanisms have not been elu-
cidated. A large prospective cohort in France following pa-
tients over the last 30 years demonstrated that all types of
headache (daily headache, migraine, and “other”) were posi-
tively associated with elevated diastolic blood pressures in this
particular population. The elevated diastolic blood pressures
measured in this study were presumably chronically elevated
but were taken in one setting, averaged over six measurements
and not followed throughout the study [42]. As discussed
above, migraine may result in poorly compliant blood vessels
which would be associated with elevations in diastolic blood
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pressure. The other headache disorders in this study, however,
are non-specific.

In a randomized controlled trial by Chen et al. published in
2016, the authors found that a low-sodium diet may be asso-
ciated with a lower risk of headache in individuals aged 60–80
with known hypertension. Notably, these patients had hyper-
tension at baseline and were also being treated with an anti-
hypertensive medication if needed during the trial. The base-
line headache frequency in these patients or prior history of
migraine is unknown. Responsiveness to treatment was mea-
sured by urinary sodium excretion. Despite less headaches
overall in the treatment group, there did seem to be a trend
towards slowly increasing number of headaches reported over
time in the control and treatment groups. Additionally, the
headache frequency is not actually reported nor is the type
of headache [43••]. Although this study leaves some questions
unanswered, it provides valuable information for clinicians as
it relates to patient care. Often, patients are interested in tack-
ling multiple medical comorbidities with a single treatment
and are also inclined to seek non-medication options to do
so. Additional research in this area can help clarify the role
salt reduction can play in the management of comorbid hyper-
tension and headache.

Overall, the relationship between headache and chronic
hypertension at baseline remains a controversial topic due to
the paucity of data on the topic. Additionally, as discussed
with migraine pathophysiology and the likely propensity for
migraine to lead to hypertension, the mechanisms are complex
and new information is often coming to light. We anticipate
that the relationship between these two chronic conditions will
become clearer as we learn more about the complexities
linking the nervous and vascular systems.

Pathophysiology

In many of the above hypertensive conditions, disordered ce-
rebral autoregulation has been the driving force for the surge
of head pain that patients experience when blood pressure
becomes uncontrolled. Cerebral autoregulation and the se-
quelae of its dysfunction are discussed above. Pain occurs
because proximal portions of large intracerebral blood vessels
are innervated by neurons projecting from the trigeminal gan-
glion. When stimulated, they project signals to the trigeminal
nucleus caudalis (TNC) in the medulla which has been studied
extensively in migraine and other primary headache disorders.
The TNC communicates with the hypothalamus and cortical
structures in a complex pain pathway [44, 45]. While this
explains acute headache due to sudden rises in blood pressure,
headache due to chronically sustained elevations in blood
pressure is not well understood.

Recent research suggests that the autonomic nervous sys-
tem may play an important role in the pathogenesis of

migraine; however, the findings are quite mixed. Sympathetic
hypo-activation and hyper-activation as well as parasympa-
thetic dysfunction at baseline in migraineurs have all been
observed, making a definitive association between the auto-
nomic nervous system and migraine difficult to confirm [46,
47•]. This is certainly another area of further research, which if
expanded, in both the ictal and inter-ictal phases of migraine,
may help to determine the association between hypertension
and migraine beyond that of endothelial dysfunction as
discussed in the section above.

Conclusion

Headache attributed to hypertension is a complex process of
disordered hemostasis causing secondary headache. Notably,
however, primary headache disorders such as migraine may
predispose to the development of hypertensive disorders dur-
ing pregnancy. The development of headache during acute
elevations in blood pressure is primarily attributed to disor-
dered cerebral autoregulation and the breakdown of the blood-
brain barrier, while the association between chronic hyperten-
sion and headache is more loosely associational at this time
and needs additional research. An improved understanding of
the relationship between chronic hypertension and headache
will hopefully provide us with better tools for treatment and
counseling regarding risk factor modification.
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