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17.1 Introduction

Hypertension is a common medical problem which
afflicts 25% of the general population [1]. The
World Health Organization has predicted that by
2025, one-third of the world’s population will be
hypertensive, and this will be responsible for over
7.1 million deaths per year [2]. High blood pres-
sure can arise from a variety of physiological
abnormalities which affects the central nervous,
cardiovascular, and renal system [3]. Among which
the brain is the major target organ for the adverse
effects of untreated hypertension [4] followed by
the cardiovascular and renal system [1, 3].
Moreover, hypertension is a major risk factor for
stroke and its related morbidity and, also, is one of
the powerful risk factors for cognitive decline,
dementia, and Alzheimer’s disease (AD) [4, 5].

In the neurosurgical population, perioperative
hypertension is a common event due to the inter-
action between the heart and brain [6, 7]. Direct
stimulation of certain regions of the brain termed
as CNS trigger zones (hypothalamus, brain stem,
cervical spinal cord nuclei) by surgical handling
or the presence of blood, (ICH, IVH) thrombus
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(stroke), infection (meningitis, encephalitis,
abscess), or inflammation (TBI) can cause pro-
found sympathetic stimulation which can lead to
severe hypertension, neurogenic pulmonary
edema, arrhythmias, and myocardial and respira-
tory failure [6, 8]. Furthermore, pre-existing
hypertension in neurosurgical patients is one of
the major risk factors for postoperative cerebro-
vascular and the cardiovascular morbidity [9, 10].

17.2 Classification
of Hypertension

According to the Joint National Committee on
prevention, detection, evaluation, and treatment
of high blood pressure (JNC VIII), hypertension
is diagnosed if the systolic blood pressure (SBP)
is >140 mmHg and the diastolic blood pressure
(DBP) is > 90 mmHg on at least two occasions
measured 1-2 weeks apart. It is further classi-
fied depending on the value of SBP and the
DBP, as given in Table 17.1. The recent 2014
JNC VIII report recommends the desired BP tar-
get while treating the hypertensive patients with
and without diabetes and chronic kidney disease
(CKD) [11]. For instance, patients above
60 years, the goal is to target less than
150/90 mmHg, whereas the target should be
reduced to 140/90 mmHg while treating less
than 60 years old and in patients with diabetes
and chronic kidney disease. Additionally,
patients with prehypertension are very prone to
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Table 17.1 Classification of hypertension based on SBP

and DBP

Blood pressure

classification SBP (mmHg) DBP (mmHg)
Normal <120 <80
Prehypertension 120-139 or 80—-89
Stage 1 hypertension 140-159 or 90-99
Stage 2 hypertension >160 or >100
Hypertensive urgency >180 >110
(high BP with no

end-organ damage)

Hypertensive emergency | >180 >110
(high BP with end-organ

damage involving the

brain, heart, kidney, eye)

develop hypertension, but at this stage, medica-
tion is not needed to normalize the BP, instead
such patients have to adopt lifestyle modifica-
tion to control the BP within the normal limit.
Lifestyle modification includes physical activ-
ity, smoking cessation, reduced alcohol con-
sumption, control of blood sugar and the
cholesterol, weight reduction, and diet modifi-
cation (i.e., dried fruits and vegetables, whole
grains, low-fat dairy products), and restrict
sodium intake to 2.4 g/day.

17.3 Hypertensive Crisis

Acute elevation of systolic blood pressure (SBP)
more than 180 mmHg and diastolic blood pres-
sure (DBP) more than 110 mmHg is defined as
hypertensive crisis, which in turn can be classi-
fied into hypertensive emergency and hyperten-
sive urgency, with and without evidence of
end-organ injury, respectively [12]. Hypertensive
emergencies occur in up to 2% of patients with
systemic hypertension [13]. Patients with hyper-
tension frequently have coexisting diabetes, ath-
erosclerosis, hypercholesterolemia, and ischemic
heart disease and can present with hypertensive
crisis which could lead to numerous adverse
complications such as postoperative hematoma,
cerebral hemorrhage, cardiac failure, cardiac
arrhythmia, pulmonary edema, unstable angina,
and myocardial ischemia. The incidence of

hypertensive crisis is common during neurosur-
gery due to the stress and sympathetic activity
associated with major neurosurgeries. Patients
with limited cardiac reserve are more prone to
cardiac complications during the neurosurgical
procedure, and long-standing untreated hyperten-
sion can cause end-organ damage.

17.4 Classification of
Hypertension Based on
the Etiology

Hypertension is classified as primary or essen-
tial and secondary hypertension. When the
cause of the hypertension is unknown, it is
termed as primary hypertension which accounts
for about 95% of cases of persistently raised
BP. However, genetic factors in combination
with environmental factors might play a role in
the development of primary hypertension. For
example, high sodium intake, physical inactiv-
ity, chronic high alcohol, tobacco intake, psy-
chological stress, and low potassium and
calcium intake are some of the environmental
factors responsible for the development of pri-
mary hypertension [1]. Recent animal and
cadaveric studies have shown that the brain
stem hypoperfusion due to natural variations in
vertebral arterial system anatomy could be
responsible for a significant number of cases of
idiopathic or essential hypertension [14-16].
Warnert et al. in their retrospective study using
magnetic resonance imaging (MRI) showed a
high incidence of vertebral artery hypoplasia
(53%) and incomplete circle of Willis (64%) in
hypertensive subjects as compared to 27% and
36% respectively in normotensive subjects,
While treating hypertension, if the target BP
cannot be attained with a diuretic-containing
triple drug therapy at a maximum dose, it is
termed as resistant hypertension. Before label-
ing as resistant hypertension, one should rule
out the patient’s compliance with medication
and all the secondary causes of hypertension.
Recently studies have shown an association
between posterior circulation hypoperfusion
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due to congenital variation in the circle of Willis
and vertebral artery diameters and the develop-
ment of essential hypertension [15, 16]. Sandell
et al. have shown that pulsatile vertebral artery
and the cranial nerve compression on the brain
stem can cause hypertension which is often
termed as neurogenic hypertension [17].

17.5 Pathophysiology
of Neurogenic Hypertension

The rostral ventrolateral medulla (RVLM)
located in the brain stem is the center of the neu-
ronal regulation of BP and heart rate. The sympa-
thoexcitatory C1 neurons are located beneath the
surface of the brain stem in the RVLM, so stimu-
lation of this area can cause sympathetic activa-
tion [17]. On the other hand, a depressor region in
caudal medulla can reduce the sympathetic activ-
ity by direct inhibition of the RVLM and by stim-
ulation of medullary parasympathetic centre.
Various studies have shown that the neurovascu-
lar pulsatile compression (NVPC) of the RVLM
by the posterior inferior cerebellar artery or the
left vertebral artery was responsible for neuro-
genic hypertension, with gradual normalisation
of BP after neurovascular decompression [18].
Furthermore, pulsatile compression of RVLM
and C1 neuron can stimulate the SNS and acti-
vates angiotensin II (Angll) production causes
vasoconstriction and endothelial dysfunction,
which inturn causes overexpression of neural fac-
tor leading to vascular inflammation and remod-
eling. Additionally, an increased expression of
ET-1 and NADPH oxidase-derived reactive oxy-
gen species (ROS) results in neurogenic hyper-
tension which is explained in detail in the section
on cerebrovascular remodeling.

17.6 Secondary Hypertension

High blood pressure can arise from a variety of
physiological abnormalities affecting the cen-
tral and autonomic nervous systems and cardio-
vascular, endocrine, neurohumoral, and renal
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disturbances. Approximately 5% of hypertensive
patients have secondary hypertension and its
management depends upon the underlying
cause [1].

Box 17.1 Key Points

Neurological causes of hypertension

e Traumatic brain injury, spinal cord injury

e Intracranial tumors

e GH secreting pituitary adenoma—
acromegaly

e ACTH secreting pituitary adenoma—
Cushing’s diseases

* Infection—encephalitis,
cerebral abscess

e Brainstem lesion

e Trigeminal neuralgia

e Intramedullary spinal cord lesion

e Sinus venous thrombosis

* Dysautonomia—Guillain-Barre syndrome

meningitis,

17.7 Hypertension and
Cerebrovascular Remodeling

Hypertension induces several adaptive changes in
the cerebrovascular system among which the
most important adaptive changes are hypertro-
phic or eutrophic remodeling and vascular stiff-
ening. In hypertrophic remodeling, smooth
muscle cells undergo hypertrophy or hyperplasia
and grow inward encroaching into the lumen and
reduce the luminal diameter of the artery increas-
ing the wall thickness [4]. In eutrophic remodel-
ing, the smooth muscle cells undergo a
rearrangement that leads to a reduction of the ves-
sel lumen without changes in total vascular mass
or wall thickness [4, 19].Vascular stiffening is a
process in where the collagen content increases
together with the rigidity of the vessel wall [19].
Many factors are responsible for cerebrovas-
cular remodeling such as sympathetic overactiv-
ity, reduced bioavailability of nitric oxide and
endothelial dysfunction. Recently, angiotensin II
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Fig. 17.1 Pathophysiology of cerebrovascular remodeling in hypertension

(Angll) has emerged as a key factor in the mech-
anisms of cerebrovascular remodeling [4, 20].
Although such adaptive responses reduce the
stress on the vessel wall and protect the down-
stream microvessels from the effect of increased
intravascular pressure [19, 20], it increases vas-
cular resistance resulting in vascular insuffi-
ciency. Therefore, the duration and magnitude of
the blood pressure elevation, as well as the size
of blood vessels are important determinants of
hypertension-induced alterations in the vascular
wall. Hypertension also promotes atherosclerosis
and lipohyalinosis leading to vascular occlusion.
Brain activity-induced increase in CBF (func-
tional hyperemia) is attenuated in patients with
chronic hypertension by altering the endothelium-
dependent relaxation of cerebral blood vessels [4,
21]. In addition, hypertension induces oxidative
stress in cerebral blood vessels which leads to
increased production of reactive oxygen species
(ROS) [4, 20]. NADPH oxidase is a multiunit
enzyme found in abundance in cerebral blood
vessels and has emerged as a major source of the
ROS mediated cerebrovascular dysfunction and
has been implicated in the cerebrovascular dys-

function induced by angiotensin II (Angll).
Another pathway through which Angll could
induce vascular dysfunction involves the tissue
plasminogen activator (tPA), which contributes
to functional hyperemia by regulating the cou-
pling between NMDA receptor activity and neu-
ronal NO production. Angll counteracts the
biological effect of tPA by upregulating the
expression of its endogenous inhibitor plasmino-
gen activator inhibitor-1 (PAI-1) [22] as explained
in Fig. 17.1.

17.8 Effect of Hypertension
on Cerebral Autoregulation

With chronic hypertension, the baroreceptor func-
tion is blunted, the autoregulatory range is higher
with a rightward shift of the curve, as opposed to
normotensives as shown in Fig. 17.2 [23]. Such
effects are more pronounced in chronic untreated
hypertensive patients, which increases the cere-
bral oxygen extraction fraction by up to 80%.
Therefore, targeting the generally acceptable
mean arterial pressure (MAP) of 65 mmHg might
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Fig. 17.2 Pathophysiology of neurogenic pulmonary edema

result in under perfusion of the brain in such
patients. Hypertensives are more prone for isch-
emia around the periventricular white matter area
since it is located at the boundary between two
arterial territories such as superficial and the deep
arteries. The severity of periventricular white mat-
ter injury or leukoaraiosis correlates with the mag-
nitude of autoregulatory dysfunction [24]. The
rightward shift of autoregulation indicates that
they will tolerate hypertension better as compared
to normotensives as presented in Fig. 17.3.
However, such impaired autoregulatory response
not only leads to more severe ischemia after arte-
rial occlusion but also causes cerebral hyperperfu-
sion during acute severe rise in blood pressure
(>180 mmHg) which overwhelms the regulatory
capacity disrupting the blood-brain barrier, in turn
leading to cerebral edema (hypertensive encepha-
lopathy) and intracerebral hemorrhage (ICH) [19].
Chronic untreated hypertension can cause the
development of microaneurysms in small perfo-
rating arteries which are <0.9 mm in diameter, and
the rupture or leak from this aneurysm could lead
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Fig. 17.3 Cerebral autoregulation curve in normotensive
and hypertensive patients

to ICH commonly in basal ganglia, thalamus,
pons, and cerebellum. Manifestations of hyperten-
sion can be observed as end-organ damage in
almost every organ system, but more profound
effects of untreated hypertension are noted in cere-
brovascular system, cardiovascular system, and
renal system. In the brain, extraparenchymal arter-
ies and arterioles account for 2/3 of the vascular
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resistance, while intracerebral arterioles and capil-
laries account for the remaining 1/3, therefore,
vessels residing outside the brain have the greatest
impact on parenchymal blood flow. Hypertension
potentiates atherosclerosis which in turn potenti-
ates constrictor responses of large cerebral arteries
to serotonin and thromboxane contributing to
vasospasm and transient ischemic attacks.

Box 17.2 Key Points
Hypertension induced end organ damage

Cardiovascular system

e Coronary artery disease

» Left ventricular hypertrophy
* Diastolic dysfunction

e Cardiac failure

» Peripheral vascular disease
* Atherosclerosis

Neurological
e Cerebrovascular accident
e Hypertensive encephalopathy

Renal

¢ Glomerulosclerosis

¢ Renal tubular ischemia
* End stage renal disease

Eye
* Hypertensive retinopathy

17.9 Pathophysiology of
Neurogenic Pulmonary Edema

Neurogenic pulmonary edema (NPE) is a dread-
ful complication that occurs following various
intracranial injuries such as intracranial and sub-
arachnoid hemorrhage, traumatic brain injury,
spinal cord injury, and refractory status epilepti-
cus [25-30]. This clinical condition usually pres-
ents with tachypnea, tachycardia, hypertension,
and bilateral basal pulmonary crepitation and
even hemoptysis [29, 31]. It is often called as
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“death rattle” [31] due to its presentation of
severe respiratory distress, pulmonary edema
with normal jugular venous pressure, and severe
hypoxemia [29]. The appearance of bilateral dif-
fuse infiltrates on the chest X-ray within minutes
to hours after the CNS injury is the most pathog-
nomonic finding for the diagnosis [29]. The pre-
cise mechanism underlying this condition is
incompletely understood; however, dissociation
of the pulmonary autonomic system from the
central vasomotor center and overstimulation of
the CNS trigger zone that has been associated
with excessive sympathetic discharge are the two
commonly proposed mechanisms [32]. Studies
have shown that the NPE does not initiate any
systemic inflammatory response, as demon-
strated by the lack of damage to organs other than
lungs, and it is treated with adequate positive end
expiratory pressure [32]. The pathophysiology of
development of NPE is explained in Fig. 17.2.

17.10 Brain-Heart Interaction
and Hypertension

Modern neuroimaging data, including positron
emission tomography and functional magnetic
resonance imaging, shows a complex set of neu-
ral interactions between the heart and brain,
termed the neuro-cardiac axis [7, 33, 34]. The
insular cortex, the anterior cingulate cortex, the
prefrontal cortex, the amygdala, and the hippo-
campus are the areas connected to regions
involved in autonomic control causing changes in
BP and HR.

Role of Insular Cortex on
Hemodynamic Alteration

17.10.1

The insular cortex controls the balance between
the parasympathetic and sympathetic tone, and
the right insula predominantly regulates sympa-
thetic tone, while the left insula controls para-
sympathetic tone [35, 36]. During the
intraoperative period, stimulation of the rostral
posterior insula causes tachycardia, whereas
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stimulation of the caudal posterior insula causes
bradycardia. Also, intraoperative bradycardia or
a depressant effect of BP especially diastolic
arterial pressure is more frequent with stimula-
tion of the left insular cortex, whereas tachycar-
dia or a pressor effect was elicited while
stimulating the right insula. In the setting of cere-
brovascular accidents (CVA), involving the left
insula can shift the cardiac autonomic balance
toward sympathetic predominance, while CVA
involving the right insula shifts toward vagal
predominance.

17.10.2 Role of Brainstem
on Hemodynamic Changes

It is widely recognized that regulation of car-
diac function is dependent on the nucleus of the
solitary tract (NST) and the rostral ventrolat-
eral medulla (RVLM) of medulla. The NST
receives signals from baroreceptors and vagus
nerve. while the RVLM controls the excitatory
neurons that are responsible for generation of
sympathetic response. Thus stimulation of the
RVLM causes sympathetic overactivity, while
stimulation of NST can cause parasympathetic
overactivity [7, 17].

17.10.3 Role of Prefrontal Cortex
on Hemodynamics

Patients with lesions in the frontal prefrontal cor-
tex or ischemia of the frontal lobe can present
with parasympathetic features such as bradycar-
dia and hypotension due to sympathetic activity
blockade [7].

17.10.4 Role of Hippocampus
on Hemodynamics

Large hemispheric brain infarcts involving hip-
pocampus insults can result in seizures and are
associated with sudden unexpected death due to
the intense sympathetic dysfunction resulting in
acute MI or heart failure [32].
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17.10.5 Role of Hypothalamus
on Hemodynamics

It has been known for a long time that stimulation
of the hypothalamus could lead to cardiovascular
autonomic disturbances, thus intraoperative
stimulation of the lateral hypothalamus produces
hypertension and/or rhythm abnrmalities. For
instance, stimulation of the anterior hypothalamus
produces bradycardia, while stimulation of the
posterior hypothalamus results in tachycardia
and sympathetic overactivity [7].

17.11 Effect of Hypertension on
the Cardiovascular System

Long-standing hypertension leads to loss of arte-
rial elasticity and compliance in both smaller arte-
rioles and the large conduit arteries resulting in
increased myocardial afterload. In order to mini-
mize the wall stress, the cardiac myocytes undergo
hypertrophy which leads to left ventricular hyper-
trophy (Laplace’s law). Such hypertrophy of the
cardiac myocytes not only increases the myocar-
dial oxygen demand but also reduces the myocar-
dial compliance resulting in diastolic dysfunction.
Furthermore, it also accelerates atherosclerosis
which further increases the demand and decreases
the supply resulting in subendocardial ischemia
and myocardial infarction. A subset of patients
with diastolic dysfunction may progress to iso-
lated diastolic heart failure with preserved left
ventricular ejection fraction which is often undi-
agnosed and increases the risk for adverse cardio-
vascular events during high-risk procedures [37].

17.12 Hypertension
and Alzheimer’s Disease

The Alzheimer’s Disease (AD) is a neurodege-
nerative condition caused by accumulation of
amyloid plaques and neuronal cytoskeletal
abnormalities [38]. Studies have shown that
mid-life hypertension can promote AD by
increasing the production of the amyloid-f
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peptide. The cerebral autoregulation is impaired
by amyloid-f deposition, so hypotension is
likely to cause cerebral hypoperfusion, as
hypertension can lead to ICH [38].

17.13 Hypertensionin
Neurosurgical Emergencies
and Its Management

17.13.1 Acute Ischemic Stroke

Large intracranial vessel occlusion compromises

the blood flow to significant portion of the brain,

and it is extremely crucial to maintain adequate
perfusion to the potentially salvageable penum-

bric regions surrounding the infarcted tissue [39].

Moreover, the normal protective homeostatic

mechanisms are often impaired, and therefore, it

is essential to maintain an adequate pressure in
the collateral vessels to limit the infarct size. In
acute ischemic stroke patients who are eligible
for thrombolysis, it is crucial to bring down the

BP to 180/105 mmHg before administration of

intravenous rtPA and to be maintained it for the

first 24 h after rtPA administration to avoid

ICH. On the other hand, BP management in

patients not undergoing reperfusion strategies

remains a challenge, and many patients have
spontaneous decline in blood pressure during the
first 24 h after onset of stroke. Moreover, the rec-
ommendations available in the literature are con-
flicting and inconclusive. Even in the 2013 ASA/

AHA guidelines for the early management of

patients with acute ischemic stroke, the benefit of

treating arterial hypertension in the setting of
acute ischemic stroke is not well established

(Class IIb; Level of Evidence C) [40]. However,

aggressive reduction of blood pressure is indi-

cated in patients with malignant hypertension
associated with other medical emergencies such
as MI, aortic dissection, and heart failure to avoid
cardiac morbidity and mortality. While in
patients, who are not eligible for tPA, the MAP
should be reduced only by 15% over a period of

1-2 h while keeping a close watch on neurologi-

cal status to limit the infarct size.

17.13.2 Acute Hemorrhagic Stroke

Elevated systolic blood pressure of >140 mmHg
is found in almost 75-80% of patients with
intracerebral hemorrhage (ICH), as the incidence
of secondary hematoma is as high as 30% in the
first 24 h which is associated with worse
outcomes [39]. At the same time, the associated
intracranial hypertension compromises perfusion
to normal areas of the brain, and thus while
controlling the BP, it is essential to prevent
development of cerebral ischemia or re-
expansion of cerebral hematoma. According to
the recent 2015 ASA/AHA guidelines, in a
patient with ICH who presents with the SBP
between 150-220 mmHg, acute lowering of
SBP to 140 mmHg is considered safe unless
there is any other contraindication to acute
reduction in SBP (Class I; Level of Evidence A)
and can be effective for improving functional
outcome (Class Ia; Level of Evidence B),
whereas, for ICH with SBP >220 mmHg, it may
be reasonable to consider aggressive reduction
of BP with a continuous intravenous infusion
with frequent BP and neurological monitoring
(Class IIb; Level of Evidence C) [41].

17.13.3 Aneurysmal Subarachnoid
Hemorrhage (aSAH)

Subarachnoid hemorrhage (SAH) is a devastat-
ing complication associated with hypertensive
crisis, often following rupture of an aneurysm
which in turn raises ICP and decreases the CPP
resulting in medullary ischemia, subsequently
resulting in severe sympathetic activation and
catecholamine surge. Therefore managing SAH
is a challenging task since it is associated with
several intracranial and systemic adverse
effects which could lead to significant neuro-
logical morbidity and mortality (50%). Also
patients with a recent aneurysmal SAH are
more prone to rebleed (6.9%). So, it is impor-
tant to optimise cerebral perfusion pressure.
maintaining the balance between rebleeding
and ischemia. The magnitude of blood pressure
control to reduce the risk of rebleeding has not
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been established. According to 2012 ASA/AHA
guidelines for management of a patient with
aSAH, a decrease in systolic blood pressure to
<160 mmHg is reasonable to prevent rebleed-
ing before securing the aneurysm by clipping or
coiling [42].

Cerebral vasospasm and delayed cerebral
ischemia (DCI) are the two devastating compli-
cations associated with aSAH. Vasospasm occurs
due to a combination of cerebral hypoperfusion
and autoregulatory dysfunction, which usually
peaks between 3 and 14 days following SAH.
Also patients with symptomatic vasospasm had
been shown to benefit from induced hypertension
with use of vasopressors in order to achieve a tar-
get increase in blood pressure by 10-15% from
the baseline after securing the aneurysm by coil-
ing or clipping. It is reasonable to elevate the sys-
tolic blood pressure to 180-220 mmHg while
managing the symptomatic vasospasm if there is
no contraindication for this acute elevation.
(Class II evidence)

17.13.4 Paroxysmal Sympathetic
Hyperactivity (PSH) in
Severe Traumatic Brain
Injury

The injured brain is at an increased risk of devel-
oping secondary damage during episodes of
inadequate perfusion, and has been associated
with an unfavorable outcome [43, 44]. Also, the
injured brain is extremely vulnerable to both
global cerebral ischemia and hyperperfusion
because of impaired vascular reactivity and
autoregulation [45]. So it is very important to
maintain an optimal BP to balance the risk
between ischemia and hyperperfusion. The recent
2016 Brain Trauma Foundation guidelines for the
management of severe traumatic brain injury,
could not provide a level I or II recommendation
regarding the optimal management of BP [46].
However, it is suggested to maintain the SBP at
>100 mmHg for patients of 50-69 years old and
at >110 mmHg for patients 15-49 or over
70 years old to decrease mortality (level III
evidence).

Paroxysmal sympathetic hyperactivity (PSH)
or central dysautonomia is a clinical condition
observed in patients with severe TBI, especially
among young males [47, 48]. Episodes of tachy-
cardia, tachypnea, hypertension, and hyperther-
mia and dystonic postures are common
manifestations of this syndrome. Its incidence
varies from 7.7 to 33% following TBI, and the
available data regarding the management of PSH
is limited. The use of alpha-2 agonist clonidine,
beta-blockers, bromocriptine, intravenous mor-
phine, midazolam, and intrathecal baclofen all
has been tried to treat this condition [47].

17.14 Perioperative Hypertension

Perioperative hypertension is characterized by an
increase in BP by 20% compared to baseline
BP. Sympathetic stimulation, activation of the
renin-angiotensin-aldosterone pathway, and the
metabolic stress associated with cerebral activa-
tion, surgical handling of certain areas of the brain
(hypothalamus, left insula, brain stem), and cranial
nerve manipulation (trigeminal nerve stimulation)
are the common causes of perioperative hyperten-
sion in neurosurgical patients [1, 9, 49-51].
Presence of preoperative hypertension is one of
the risk factors for perioperative bradycardia,
tachycardia, and hypertension and was found to be
the second most common risk factor for surgical
morbidity [9, 52]. Marked intraoperative fluctua-
tions in blood pressure are common among hyper-
tensive patients undergoing the neurosurgical
procedure under general anesthesia that might
resultin adverse perioperative outcomes. Longterm
hypertension is associated with constricted blood
volume, the vasodilation secondary to anesthesia
predisposes them to intraoperative hypotension.
On the other hand, LVH-induced ventricular dia-
stolic dysfunction can lead to fluid overload and
heart failure during the perioperative period [37].
The various causes of perioperative hypertension
and its management are listed in Table 17.2.

The most common postoperative complica-
tions after the neurosurgical procedure are high
blood pressure (25%) and the cardiovascular
events (7%). The incidence of acute postoperative
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Table 17.2 Common causes of perioperative hypertension and their management

Perioperative causes of hypertension

‘ Management

Preoperative factors

Pre-existing essential hypertension

Antihypertensive therapy (see Table 17.7)

Pre-existing secondary hypertension

Antihypertensive therapy + treatment of the cause

Anxiety

Adequate reassurance and premedication with benzodiazepines;
exert Caution: in patients with raised ICP

Pain Analgesics. Caution: in presence of raised ICP, a non-opioid based
analgesics has to be chosen
Raised ICP Antiedema measures (osmotherapy, dexamethasone,

hyperventilation, and head end elevation)

Intraoperative factors

Laryngoscopy and intubation

Adequate anesthesia and analgesia using propofol and fentanyl,
remifentanil, inhalational agents (except for patients with raised
ICP), esmolol, metoprolol, lignocaine

Application of pins

Scalp block or local infiltration prior to skull pinning and
analgesics

Local anesthetic with adrenaline infiltration

Avoid intravascular administration by repeated aspiration; avoid
beta-blockers to treat this hypertension; it may cause unopposed o
stimulation leading to hypertensive crisis. This hypertension can be
treated with propofol bolus, labetalol. GTN in case of hypertensive
emergency

Surgical stimulation (periosteal elevation and
temporalis muscle dissection)

Adequate anesthesia and analgesia and short-acting beta-blockers
for tachycardia

Intracranial hypertension due to anesthetic-
induced increase in CBF

Hyperosmotic therapy, temporary hyperventilation, change from
inhalational agents to TIVA

The inadequate plane of anesthesia

Increasing the depth of anesthesia

Hypercarbia Increase the minute ventilation, adequate paralysis, treat
hyperthermia, and rule out malignant hyperthermia
Hypervolemia Restrict fluids
Consider diuretics
Hyperthermia Avoid external warming, administer cold intravenous fluids, rule

out malignant hyperthermia

Withdrawal of antihypertensive

Increase the plane of anesthesia

Reinstituting the regular drug if oral administration is not possible,
use short-acting adrenergic receptor blockers, calcium channel
blockers

Medication error

Immediate recognition and discontinuation of the offending drug

Full bladder

Catheterize the patient if not done already; ensure there is no
occlusion by lignocaine jelly; or kink at the urinary catheter if the
patient is catheterized

Intraoperative seizure

Cold saline irrigation at the surgical field
A bolus dose of the regular anticonvulsant drug
Midazolam, propofol bolus

Pin site extradural hematoma/subdural
hematoma

Evacuation of hematoma [suspect pin site hematoma once all the
above mentioned causes has been ruled out for the intra-operative
brain bulge]

Intraoperative cranial nerve, brain stem
handling while tumor removal

Inform surgeon so that traction on these vital structures are
removed

Emergence hypertension

Lignocaine, labetalol, esmolol, nicardipine
clevidipine, hydralazine, dexmedetomidine
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Table 17.2 (continued)

Perioperative causes of hypertension

‘ Management

Postoperative factors

Pain, ETT intolerance in case of planned
post-op elective ventilation

Adequate analgesia and sedation

Shivering

Treat hypothermia, administration of a small dose of pethidine,
clonidine, ketanserin, ondansetron, tramadol, fentanyl, propofol

Raised ICP (postoperative edema,
hematoma)

Reinstitute anti-edema measures, surgical evacuation of hematoma
if needed

Postoperative delirium

Low dose dexmedetomidine

Full bladder

Empty the bladder by catheterization

Hypoxia
Hypercarbia

Oxygen therapy
Noninvasive CPAP ventilation if no contraindications, e.g., TNTS

surgery

Withdrawal of antihypertensive

Reinstituting the regular drug
Short-acting antihypertensive drugs

Postoperative myocardial infarction

Morphine, labetalol, esmolol, low dose nitroglycerin without
causing a precipitous drop in BP

ICP intracranial pressure, GTN glyceryl trinitrate, CBF cerebral blood flow, ETT endotracheal tube, T/VA total intrave-

nous anesthesia, CPAP continuous positive airway pressure, TNTS transnasal transsphenoidal, BP blood pressure
Note: Acute postoperative hypertension therapy should be individualized for the patient

hypertension following craniotomy is very high
and varies from 54 to 91%, especially after carotid
endarterectomy where it is about 9-65% [53].
Postoperative hypertension occurs during the first
20 min of the postoperative period, although their
resolution can require up to 3 h, and if left
untreated, postoperative hypertension increases
the risk of postoperative hematoma and myocar-
dial ischemia [1, 54, 55]. Basali et al., in their
retro-spective study, found that the incidence of
acute postoperative hypertension is about 57%
and also have shown that there is a correlation
between postoperative hypertension and the inci-
dence of postoperative hematoma [55]. So, it is
extremely important to control the blood pressure
for such high-risk cases. The various risk factors
for the development of postoperative hematoma
are listed in Table 17.3.

17.15 Emergence Hypertension

Increased sympathetic activity and increased RAA
activation during withdrawal of the anesthetics
together with the extubation response during
coughing and straining on ETT and hypercarbia

Table 17.3 Various risk factors of post craniotomy
hemorrhage

Pre-operative factors
Preoperative hypertension
Pre-op use of anticoagulants and antiplatelet
drugs
Location of intracranial space-occupying lesions
and their histological type
Vascularity of a tumor
Invasion of a tumor into the venous sinuses
Vascular surgeries—AVM surgery and carotid
endarterectomy
Heavy alcohol consumption

Intraoperative factors
Intraoperative hypertension
The extent of tumor removal
Quality of surgical hemostasis
Coughing and bucking on ETT during surgery—
increase in venous pressure and bleeding
Excessive intraoperative bleeding leading to
coagulopathy

Postoperative factors
Postoperative hypertension
Use of cerebral vasodilator to control the
postoperative hypertension
Coughing and bucking on the ETT during
extubation or during elective ventilation
Uncorrected coagulopathy
Early institution of anticoagulants

ETT endotracheal tube, AVM arteriovenous malformation
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due to ventilatory insufficiency are the some of the
causes for emergence hypertension in neurosur-
gery. Emergence hypertension may cause intracra-
nial complications such as bleeding and cerebral
edema. Postoperative bleeding can be a devastat-
ing complication after intracranial surgery, whose
incidence varies from 0.9 to 3.5%. Also, emer-
gence hypertension can increase the risk of myo-
cardial ischemia due to an increase in myocardial
oxygen demand in patients with high cardiac risk.
Studies have shown that there is an association
between high systolic BP (>160 mmHg) and intra-
cranial bleeding. So, it is imperative to control the
systolic blood pressure between 120 and
150 mmHg during emergence from anesthesia.

17.16 Perioperative Hypertension
in Carotid Endarterectomy
and Its Management

The majority of the patients undergoing carotid
endarterectomy often have coexisting hyperten-
sion. Also, hemodynamic fluctuations are quite
frequent during carotid surgeries due to manipu-
lation of the carotid baroreceptors. Thus it is
essential to maintain adequate blood flow by
keeping the SBP above 180 mmHg during carotid
cross-clamping in order to increase the collateral
flow. Furthermore, it is extremely crucial to con-
trol postoperative hypertension to prevent cere-
bral hyperperfusion syndrome. Moreover,
postoperative carotid sinus dysfunction could
manifest as either hyper or hypotension which
necessitates close monitoring neurological status
with appropriate immediate treatment.

17.17 Preoperative Evaluation of
Hypertensive Patients
Coming for
the Neurosurgical Procedure

The existing evidence doesn’t show any benefit
in postponing an elective surgery if diastolic
pressure is <110 mmHg [52, 56, 57]. Similarly, it
is not advisable to start a new antihypertensive
drug to control BP in the immediate preoperative
period, because such treatment could result in
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marked hemodynamic fluctuations in the intraop-
erative period. All neurosurgical procedures are
considered to be a moderate to high-risk surger-
ies; therefore it is better to defer the surgery when
the DBP is >110 mmHg. It is also recommended
that high BP should be reduced slowly over a
period of 68 weeks to ameliorate the myocardial
and cerebrovascular changes related to severe
hypertension. The decision to delay surgery for
stabilization of BP or to proceed with the surgery
after moderate reduction of BP by using antihy-
pertensive drugs depends upon the urgency of the
surgical procedure. The recommended target
blood pressure in various neurosurgical cases is
listed in Table 17.4.

17.18 Preoperative Evaluation
of Hypertensive Patients
Coming for Elective Surgery

While evaluating a patient with hypertension, it
is essential to know the cause of hypertension
(essential or secondary), duration of hypertension,
the type of antihypertensive medications, ade-
quacy of blood pressure control, the presence of
hypertension-associated end-organ damage, and
the presence of coexisting diseases such as dia-
betes and IHD. The factors that needs to be con-
sidered during the preoperative evaluation of
neurosurgical patients with hypertension are
given in Table 17.6.

17.19 Preoperative Investigation
Needed in Patients
with Longstanding
Hypertension

Table 17.5 shows the necessary investigation
indicated for patients with essential hypertension
undergoing neurosurgical procedure, as the
extent of the investigations depends on the pres-
ence of other comorbidities, end-organ damage,
nature and extent of the surgical procedure. The
routine preoperative investigation needed for sec-
ondary hypertension depends on the cause of sec-
ondary hypertension which is beyond the scope
of this chapter.



17 Co-Existing Hypertension in Neurosurgery

247

Table 17.4 Blood pressure management of various neurosurgical cases

Type of neurosurgical cases

Hemodynamic target

Caution

Acute ischemic stroke with
BP > 220/120 mmHg

Patients eligible for i.v tPA

BP reduction to <180/105 mmHg
Patients not eligible for i.v tPA
15% reduction in MAP over 1-2 h

Close neurological
examination

Acute intracranial hemorrhage with
systolic BP > 150-220 mmHg

A gradual reduction in systolic BP to <140 systolic,
over -2 h

Close neurological
examination

Hypertensive encephalopathy

25% reduction in MAP over 4-8 h

Avoid sodium
nitroprusside

Subarachnoid hemorrhage

A gradual reduction in systolic BP to <160 mmHg
over 1-2 h before clipping or coiling

Avoid sodium
nitroprusside

Hypertension after craniotomy

Reduction in systolic BP to <160 mmHg and maintain

Close neurological

the systolic blood pressure between 120—150 mmHg examination
In elective neurosurgery for tumors | Intraoperative MAP should be maintained within Cardiac and
10-15% of baseline BP neurological
monitoring
Carotid endarterectomy During cross clamp SBP should be normal or 20% Close neurological
above the baseline monitoring

After surgery—SBP should be reduced <170 mmHg
or within 20% of baseline to prevent cerebral hyper
perfusion syndrome

Post AVM surgery

SBP should be maintained between 90 and 110 mmHg
to prevent perfusion breakthrough hypertension

Close neurological
monitoring

i.v tPA intravenous tissue plasminogen activator, BP blood pressure, MAP mean arterial pressure, SBP systolic blood
pressure, AVM arteriovenous malformation, MAP mean arterial pressure

Table 17.5 Preoperative investigation for hypertensive patients

Preoperative investigation

Rationale

Blood investigations

Hemoglobin/Hematocrit

so might have spuriously high hematocrit

Most neurosurgical procedures are associated with blood loss
Patients with chronic hypertension-could have a contracted blood volume

Fasting, postprandial blood glucose

To diagnose co-existing diabetes

Fasting lipid profile

Hypertension accelerates atherosclerosis in presence of altered lipid profile

Serum electrolytes (Na*, K*, HCO;)

Diuretics can cause various electrolyte abnormalities. For example, loop
diuretics-hypokalemia, ACE —i, or ARB—hyperkalemia

Serum urea and creatinine

failure

Serum creatinine >2 mg/dL—increases the risk of perioperative renal

Urine examination

Urine albumin or Protein
Albumin/ Creatinine ratio (ACR)
Protein/ Creatinine ratio (PCR)

macroalbuminuria is considered when

* >300 mg/day of albumin in urine

* > 500 mg/day of protein in urine

* ACR > 25 and 35 in male and female respectively
* PCR > 40 and 60 for male and female

In patients with coexisting diabetes and renal dysfunction,

Other investigations

Electrocardiogram (E.C.G)

LVH, ST depression, LVH with strain, Q waves, thythm abnormalities

X- ray Chest

Optional; to look for cardiomegaly, in patients with coexisting COPD to
compare in case of any postoperative pulmonary complications

Echocardiography To look for systolic and diastolic dysfunction in patients with known
structural heart disease, poor effort tolerance or if ET cannot be
assessed

Carotid Doppler In patients with h/o stroke or transient ischemic attacks

Renal artery Doppler

In patients with renovascular hypertension

COPD chronic obstructive lung disease, LVH left ventricular hypertrophy, ET effort tolerance
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Table 17.6 Factors to be evaluated during the preanes-
thetic evaluation in hypertensives

Preanesthetic
assessment Implications
Type of Primary or secondary

hypertension

Duration of
hypertension

Longer duration is associated
with end-organ damage and
contracted volume status

Type of Each class of drug carries an

antihypertensive | unique implication under
anesthesia

Adequacy of Trends in blood pressure should

blood pressure be noted to check the adequacy of

control antihypertensive therapy instead

of a single preoperative reading
on the day before surgery

Presence of
long-term
complications

LVH with systolic and diastolic
dysfunction, coronary artery
disease

Presence of renal dysfunction
(creatinine >2.0 mg/dL)
Increased risk of perioperative
stroke due to impaired cerebral
autoregulation
Retinopathy—increased risk of
perioperative blandness

Presence of other
medical
comorbidities

Coexisting diabetes mellitus,
atherosclerosis, ischemic heart
disease increase the perioperative

morbidity and mortality

LVH left ventricular hypertrophy

17.20 Perioperative Oral
Antihypertensive Drugs and
Its Perioperative Implications

In general, both the American College of
Cardiology (ACC) and the European Society of
Cardiology (ESC) guidelines for the manage-
ment of patients with hypertension recommend
continuing the routine antihypertensive drugs
even on the day of surgery [56, 58] as sudden
withdrawal of antihypertensive drugs could
result in rebound hypertension during the peri-
operative period. Moreover, it is reasonable to
initiate betablockers prior to surgery in patients
with a moderate to high RCRI risk score for
major adverse cardiac events, provided it is
started well in advance instead of starting imme-
diately before the surgery (Class IIb). On the
other hand, the peri-operative management of

angiotensin receptor blockers (ARB) and angio-
tensinogen-converting enzyme inhibitor (ACEI)
still remains uncertain, because of the concern of
the potentially significant intraoperative hypo-
tension. However, the recent 2017 ACC/AHA
task force guidelines on perioperative cardiovas-
cular evaluation suggests to continue them and
also to restart in the postoperative period at the
earliest possible [58].

17.21 Management of
Perioperative Hypertension
Using Parenteral
Antihypertensive Drugs

The common causes for intraoperative as well as
postoperative hypertension and its treatment are
given in Table 17.2. Most of the intraoperative
hypertensive episodes are short-lived, and treating
these episodes with long-acting antihypertensive
drugs can cause an unpredictable drop in BP when
the stimulus is ceased and also can lead to wide
fluctuation in BP throughout surgery that can
increase the perioperative morbidity and mortality.
It is better to treat these episodes with short-acting
IV anesthetics, analgesics, and antihypertensive
drugs, and various patient and surgery related
implications should be considered while selecting
these drugs. Commonly used parenteral antihyper-
tensive drugs and the recommended doses and
their side effects are provided in Table 17.7.

17.22 Conclusion

Perioperative hypertension is frequently encoun-
tered during neurosurgery, and is one of the major
risk factors for perioperative cerebrovascular and
cardiovascular morbidity. Therefore understand-
ing the various implications of hypertension with
proper preoperative evaluation, optimization of
antihypertensive agents, meticulous administra-
tion of anesthetic and analgesic agents, avoid-
ance of wide fluctuations in BP and strict control
of BP during the perioperative period are the
essential elements while managing a patient with
hypertension.
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Table 17.7 Commonly utilized parenteral antihypertensive agents and their recommended dose

Class Drugs Dose Caution
Vasodilators Hydralazine Initial 10 mg slow IV infusion Effects are unpredictable and
repeated every 4—6 hourly relatively long acting
Sodium Initial 0.3-0.5 mcg/kg/min Causes tachyphylaxis with
nitroprusside Maximum 10 mcg/kg/min but prolonged use
only for a limited period Cyanide toxicity can result in
irreversible neurotoxicity
Nitroglycerin Initial 5 mcg/kg/min Avoid in hypovolemic patients
Maximum 10 mcg/kg/min
Selective beta,; Esmolol Loading dose 500-1000 mcg/ Caution in patient with heart block
receptor blockers kg/min over 1 min, maintenance
50-200 mcg/kg/min
Combined alpha Labetalol Initial 0.3—1 mg/kg slow 1V, Contraindicated in chronic
and beta receptor maintenance 0.3—-1 mg/kg/h obstructive lung disease
blockers
Calcium channel Nicardipine Initial 5 mg/h, maximum Contraindicated in aortic stenosis
blockers 15 mg/h
Clevidipine Initial 1-2 mg/h, maximum Contraindicated in egg allergy
dose 32 mg/h
Alpha-adrenergic Phentolamine IV 5 mg bolus every 10 min Useful in pheochromocytoma,
receptor blockers cocaine toxicity, and clonidine
withdrawal
Selective dopamine; | Fenoldopam Initial 0.1-0.3 mcg/kg/min Contraindicated in patients with
receptor agonist Maximum 1.6 mcg/kg/min raised intracranial and intraocular
pressures
Others: o2 receptor | Dexmedetomidine | Bolus 0.5-1 pg/kg Elderly, patients with heart block,
agonist Infusion 0.2-0.7 pg/kg/h severe ventricular dysfunction,
hypovolemia
1V intravenous
Key Points * It would be prudent to defer the elective
* Hypertension accelerates atheroscle- surgery when the DBP is >110 mmHg,
rosis which in turn potentiates the and the high BP should be controlled grad-
vasoconstrictor responses of large ually over a period of 68 weeks to ame-
cerebral arteries to serotonin, and liorate the myocardial and cerebrovascular
thromboxane and lead to several cere- changes related to severe hypertension.
brovascular morbidities, and it is a  In patients in whom the surgery cannot be
powerful risk factor for cognitive postponed, it is not advisable to start a new
decline, dementia, and Alzheimer’s antihypertensive drug to control BP in the
disease. immediate preoperative period which can
» Perioperative hypertension and hyper- lead to severe hemodynamic instability.
tensive crisis are common events in neu- * Most of the intraoperative hypertensive
rosurgical population due to the episodes are short-lived, and treating
sympathetic stimulation, activation of these episodes with long-acting antihy-
the renin-angiotensin-aldosterone path- pertensive drugs can cause wide fluctu-
way and the metabolic stress associated ation in BP throughout the surgery and
with cerebral activation, surgical han- an undesirable drop in BP when the
dling of certain areas of the brain, and stimulus is ceased and could add on to

cranial nerve manipulation. morbidity.
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* High blood pressure and adverse car-
diovascular events are more common
after the neurosurgical procedure.
Postoperative hypertension increases
the risk of postoperative hematoma
which inturn could worsen the postop-
erative outcome. Therefore, aggressive
control of systolic blood pressure
between 120 and 150 mmHg during
emergence from anesthesia is necessary
to reduce the postoperative morbidity.

e The shift of autoregulation curve to the
right in hypertensive patients mandates
that the blood pressure should not be
dropped more than 15-20% of baseline
to maintain the adequate cerebral perfu-
sion pressure.
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