Archives of the Balkan Medical Union
Copyright © 2020 Balkan Medical Union

vol. 55, no. 4, pp. 667-675
December 2020

REVIEW

ARTERIAL HYPERTENSION AND AORTIC DISEASES

Cristina M. TIRZIU*™

' Clinical Emergency Hospital of Bucharest, Romania

ABSTRACT

Arterial hypertension (HTN) is one of the most preva-
lent diseases all over the word. There are many stud-
ies and reviews about the coexistence of HTN with
coronary, cerebrovascular and renal diseases. However,
sometimes clinicians do not search for aortic disease
in hypertensive patients. The coexistence of HTN and
various aortic diseases raises peculiar issues regarding
monitoring and managing of these patients. This re-
view presents data about HTN and aortic aneurism,
aortic coarctation and aortic valve disease, emphasiz-
ing the particularities of the diagnosis and manage-
ment of HTN in these patients. Also, a part of the
review will focus on the evaluation of arterial stiffness
and its clinical implications.
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REsumE
L’hypertension artérielle et les maladies aortiques

Lhypertension artérielle (HTA) est I'une des maladies
les plus répandues dans le monde. Il existe de nom-
breuses études et revues sur la coexistence de la HTA
avec les maladies coronariennes, cérébrovasculaires
et rénales. Cependant, les cliniciens ne recherchent
parfois pas une maladie aortique chez les patients hy-
pertendus. La coexistence de la HTA et de diverses
maladies aortiques pose des problémes particuliers de
suivi et de prise en charge de ces patients. Cette revue
présente des données sur la HTA et I'anévrisme aor-
tique, la coarctation aortique et la maladie de la valve
aortique, en insistant sur les particularités du diagnos-
tic et de la prise en charge de la HTA chez ces patients.
En outre, une partie de la revue se concentrera sur
I’évaluation de la rigidité artérielle et ses implications
cliniques.

Mots-clés: hypertension artérielle, rigidité artérielle,
anévrisme aortique, sténose aortique, régurgitation
aortique.
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BACKGROUND

Cardiovascular diseases remain a major health
problem on a global scale, accounting for the majority
(i.e. 60%) of deaths in Romania!. Of these, arterial
hypertension (HTN) is the most common, with an
estimated prevalence among the adult population of
45.1% according to the SEPHAR III study'.

The association of HTN with aortic diseases
raises several issues regarding its evaluation and treat
ment. This article aims to review the main aortic dis-
eases that are associated with HTN, between which
there often is, albeit not mandatory, a cause-effect
relationship.

Aortic diseases are included in the larger spec-
trum of arterial diseases and can be briefly classified
according to etiology (Table 1).

ARTERIAL STIFFNESS AND ARTERIAL HYPERTEN-
SION — A BIDIRECTIONAL RELATIONSHIP

Increased aortic rigidity (arterial stiffness) is one
of the earliest negative structural and functional mal-
adaptation, which is diagnosed by the clinical use of
a surogate marker, respectively pulse wave velocity
(PWYV) and the augmentation index. PWV can be
estimated by reporting the distance that the pulse
wave travels to the time needed to travel from one
point (carotid) to another (femural). A PWV greater
than 10 m/s is considered to indicate a significant
alteration of the aortic function in hypertensive pa-
tients; the European Society of Cardiology/European
Society of Hypertension consider the PWV the gold
standard to estimate the arterial stiffness due to its
simplicity, accuracy and reproductibility’. The ad-
ditive value of PWYV above and beyond traditional
risk factors, including SCORE and the Framingham
risk score, has been suggested by several studies’.
However, routine use of PWV measurement is not
recommended for daily practice.

Framingham Heart Study investigators have
shown that the prevalence of carotid-femoral PWV

greater than 12 m/s increases from a few percentag-
es before the age of 50 years-old to over 60% after
70 years of age and elevated PWV is associated with
high-risk for incident hypertension®.

Pulse pressure (PP), calculated by systolic minus
diastolic blood pressure from a conventional blood
pressure measurement, is another marker of aortic
stiffness that is widely available but generally ignored
when stratifying the risk. PP is sensitive to stiffness
of the aortic wall and the balance between aortic
flow and diameter in the proximal aorta. However,
the relationship between PP, which is derived from
blood pressure, and carotid-femoral PWYV, the cur
rent standard indicator of aortic wall stiffness, is com-
plex and potentially divergent, leading to ambiguity
and disagreement regarding the role that arterial
stiffness plays as a precursor versus complication of
hypertension’.

Arterial stiffness is the pathophysiological link
to isolated systolic HTN. However, there are several
experimental and clinical studies demonstrating that
injuries that increase the aortic stiffness directly, by
disrupting elastin in the aortic wall, are associated
with subsequent development of HTN. Considering
all these, there are still many questions to be an-
swered about the fact that arterial stiffness is a cause
or rather a consequence of HTN.

One interesting observation is that the majority
of resistant or difficult to treat HTNs are associated
with high arterial stiffness. This observation could
have significant clinical implications. Some drugs,
such as angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, and low-dose diuret-
ics, have coincidental favorable effects on arterial
stiffness®”. In clinical practice, the ambulatory blood
pressure measurement (ABPM) is often used, espe-
cially in difficult to treat cases, to verify the result
of treatment. Sometimes, the mean arterial pressure
(MAP) is normal or near normal, but the systol-
ic pressure is still elevated. If we consider only the
MAP and try to further reduce it by using arterial

Table 1. The etiological spectrum of aortic diseases.

Atherosclerotic disease

Non-atherosclerotic disease Infectious/inflammatory disease

Miscellaneous diseases

Aneurysm Cystic medial necrosis

Takayasu arteritis Direct trauma

Pseudoaneurysm Aneurysm

Giant cell arteritis Intraluminal disease

Penetrating ulcer Aortic dissection

Endocarditis Poststenotic dilatation

Intramural hematoma Intramural hematoma

Congenital- coarctation

Dissection Annuloaortic ectasis

Genetic - Marfan’s syn-
drome

Atheroembolic disease

Arterial hypertension

Rupture of atheromatous
plaques

Aortic stenosis/regurgita-
tion
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vasodilators, we can be in the situation in which the
MAP is normal, the diastolic pressure is potentially
dangerous low and the systolic pressure is still uncon-
trolled. All these clinical considerations should make
the clinicians aware about the role of large vessels
rigidity and shift the attention from arteriolar resis-
tance alone to the contribution of aortic stiffness in
HTN pathophysiology.

AORTIC ANEURYSM

An aortic aneurysm is any permanent increase
in the diameter of the aorta by more than 50% com-
pared to the normal (i.e. age and sex-adjusted) size
of the aorta. From a pathological viewpoint, an an-
eurysm involves all three layers of the arterial wall.
The term “pseudoaneurysm® defines the perivascular
accumulation of blood secondary to leakage through
a gap in the arterial wall, most often involving the
tunica media, with its contents generally being lim-
ited to this level by the adventitia or the perivascular
fibrous tissue.

Not infrequently, the primary focus of HTN
end-organ damage was mostly centered on cardiac,
renal, and cerebral complications; nonetheless, the di-
agnostic and therapeutic impact of HTN on arterial
aneurysms should not be underestimated. The prev-
alence of HTN among patients with an aortic aneu-
rysm is estimated to be about 60%?®. Furthermore, the
prevalence of arterial HTN among patients with aortic
dissection is even greater (approximately 75%)°. If in
recent years the association between the two diseas-
es has been increasingly discussed, the data involving
HTN as a pathogenic factor in the formation of an
aortic aneurysm and its progression or rupture are still
incompletely understood. Despite this, it is well known
that an effective control of HTN plays an important
role in reducing the rupture rate of aneurysms.

Pathogenic issues regarding the correlation
between HTN and the aortic aneurysm

Because most aneurysms are related to athero-
sclerotic aortic disease, the diagnostic efforts should
be primarily focused on its diagnosis. Primarily be-
cause of aging, but also of the prolonged action of
various cardiovascular risk factors (HTN, smoking,
dyslipidemia, diabetes) on the elastic tissue of the
arteries, two types of intertwined changes occur
simultaneously: accelerated atherosclerosis (often ac-
companied by calcification) and arteriosclerosis, the
combined effects of which results in thickening of
the media and increased arterial wall stiffness. The
atherosclerotic process is characterized by sequential
development, with cell migration and an increase in
endothelial permeability to lipoproteins, resulting in

their subendothelial deposition, while shear stress
caused by HTN accelerates the formation and growth
of the atheromatous plaque. An inadequate vascular
remodeling thus occurs. The process of atheroscle-
rosis, accelerated by the appearance of HTN, is the
pathophysiological basis of atherothrombotic compli-
cations and the development of arterial aneurysms.
The accelerating effect of HTN on the development
of atherosclerosis has been repeatedly observed in
in-vivo studies on hyperlipidemic animals; thus, it
acts in a twofold manner, by increasing the parietal
stress, inducing endothelial dysfunction and local in-
flammatory processes, as well as by applying excessive
shear stress on lipid particles.

Another pathophysiological aspect probably in-
volved in the relationship between HTN and arte-
riosclerosis is related to hemodynamic factors. The
process of arteriosclerosis, accelerated in the presence
of HTN, is the substrate of arterial stiffening in the
large arteries. The process is characterized by thinning
and fragmentation of parietal elastin fibres, with an
increase in the capacity to fix calcium ions and an
increase in type | collagen synthesis. An increased
vascular resistance results in increased systolic blood
pressure, with a direct increasing of parietal stress,
that often occurs on an arterial wall already affected
by atheromatous lesions. Because the arterial pulse
wave is reflected as it travels distally and increases the
primary pulse wave, the pressure is higher at the level
of abdominal aorta than at the thoracic aorta, which
could account for an almost 6-fold increase in the
frequency of abdominal rather than thoracic aortic
aneurysms®. Regarding this aspect, it is interesting to
note that dilation of the aortic root is a common clin-
ical finding in hypertensive patients. Valsalva sinus
dilation (easily diagnosed by cardiac ultrasound) has
been shown to correlate with the involvement of other
“target organs” in patients with HTN and especially
with cardiac involvement, the latter being expressed
by the presence of left ventricular hypertrophy, thus
suggesting that ascending aortic dilation is a strong
marker of HTN-induced cardiac impairment and
should be routinely screened in hypertensive patients.

Furthermore, the possible relationship between
arterial aneurysmal disease and renovascular HTN is
particularly intriguing. There are several aspects to
briefly mention in this regard, namely: renal ischemia
secondary to renal artery aneurysms, the presence of
a complicated abdominal aneurysm with propagated
dissection in the renal arteries, or renal ischemia sec-
ondary to embolization from a thrombotic aneurysm.

The natural history of aneurysms is that of
progressive growth, the growth rate being influ-
enced by several factors, including HTN. According
to Laplace’s law, the parietal stress (the main
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determinant of aneurysm progression) is directly cor-
related with intraluminal pressure. However, there
are currently no large-scale studies that accurately re-
flect the extent to which the existence of HTN alone
influences the rate of aneurysm growth. Regarding
the risk of rupture of aneurysms, most studies have
referred to the correlation between HTN and rup-
ture of saccular intracerebral aneurysms, with little
data on the correlation between rupture of aortic or
peripheral aneurysms and the existence or severity
of HTN, although its involvement in the process is
certain.

Another interesting aspect is the impact of HTN
on the prognosis of patients who have received surgi-
cal/interventional treatment for an aortic aneurysm.
Regarding survival after aortic aneurysm surgery, in a
retrospective study of 920 patients who have had sur-
gery for abdominal aortic aneurysms, Crawford et al'!
found that advanced age, uncontrolled HTN and oth-
er cardiovascular comorbidities were present in 95%
of cases with early (at 30 days) post-operative death;
regarding long-term prognosis, the presence of uncon-
trolled HTN had an impact similar to the existence of
coronary artery disease. Another important prognostic
aspect is the effect of HTN on the reconstructed arte-
rial system, given the fact that the prevalence of HTN
was three times higher in patients who developed
postoperative pseudoaneurysms than among those in
whom this complication was not encountered.

In conclusion, HTN is common in patients with
arterial aneurysms and probably plays an important
part in their development. Whether the presence of
HTN contributes significantly to the acceleration
of the growth rate of aneurysms is not entirely clear
and requires further evaluation, but there is relevant
clinical evidence regarding the involvement of HTN
in aneurysms’ rupture. After surgical excision/repair
of aneurysms, the persistence of uncontrolled HTN
negatively influences both the postoperative survival
rate and the risk of long-term complications'’. We can
therefore conclude that both arterial aneurysms and
arterial dissection should be considered in the same
context as cardiac, renal, or cerebral complications of
HTN and require aggressive therapy of HTN',

Management of patients with aortic aneurysms

Therapeutic approaches to aortic aneurysms in-
clude pharmacological, endovascular, and surgical
treatment. The pharmacological treatment aims to
slow the rate of expansion of the aneurysm, taking
also into consideration the associated diseases and
risk factors.

As in aortic dissection, beta-blockers are the
main class of drugs used to prevent aneurysmal pro-
gression (class IIB indication). In addition, HTN and
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other risk factors (dyslipidemia, diabetes, coronary
heart disease) must also be treated; smoking cessa-
tion is essential.

Patients with abdominal aneurysms with a di-
ameter between 4-5.4 cm must be monitored clini-
cally and through imaging (ultrasound or computed
tomography) every 6-12 months (class I indication)".
Any abdominal aortic aneurysm with a diameter
greater than 5.5 cm requires surgical repair, to lower
the risk of rupture (class I indication)!?. Similarly, in
the case of thoraco-abdominal aneurysms, a surgical
approach may be favoured when the aortic diameter
is greater than 6 cm (class II B indication)!?. The
thoracic aortic aneurysm has a natural tendency to
expand in size, the rate of growth being higher in
patients with Marfan’s syndrome or other connective
tissue disorders. The optimal timing of surgery is less
well known than in the case of abdominal aortic an-
eurysms. The following cut-off values are commonly
used when deciding on a surgical approach: aortic di-
ameter >5.5 c¢m; in patients with Marfan’s syndrome
an aortic diameter >5 cm, and in the case of a bicus-
pid aortic valve an aortic diameter >4 cm!?.

AORTIC DISSECTION

Aortic dissection is defined by the existence of
a longitudinal cleavage plane between the layers of
the aortic wall, due to the penetration of blood into
the aortic wall through a rupture of the tunica inti-
ma, most often as a result of long standing HTN and
degenerative changes in the aortic tunica media. The
propagation force of the flowing blood determines
the centrifugal progression of the dissection front,
from the place of intimal rupture to the periphery,
creating a “false“ vascular lumen inside the aortic
wall, separated from the “true® aortic lumen by the
tunica intima (intimal fold).

The most common risk factor for aortic dissection
is HTN (75% of cases)’; atherosclerosis, a personal his-
tory of aortic aneurysm or cardiac surgery or connec-
tive tissue diseases are other frequent risk factors. The
close correlation between HTN and aortic dissection
is certain, the latter being considered a hypertensive
emergency. From a chronological point of view, aortic
dissection may be described as of acute onset (duration
from onset less than 14 days), subacute (15-90 days)
and chronic (more than 90 days from onset).

Drug management of aortic dissection
Management of acute type A aortic dissection
involves drug therapy in all forms of aortic dissec-
tion and emergency surgical therapy. In acute un-
complicated type B aortic dissection, drug therapy
is indicated with an IC recommendation class (with
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imaging monitoring at 3 months), while non-surgical
repair therapy has a IIA recommendation class'. In
the case of complicated acute type B aortic dissection,
there is an IC class recommendation for favouring
endovascular repair and a IB class recommendation
for favouring surgical treatment'?. In all cases, emer-
gency drug therapy follows the same basic principles
(detailed below).

Medical management in these situations has two
major objectives: control of blood pressure and heart
rate, and pain therapy. The rapid and correct man-
agement of HTN in these circumstances is of crucial
importance in limiting the progression of the dissec-
tion. The current recommendations call for a rapid
lowering of the blood pressure (within 20 minutes)
to systolic blood pressure values of <120-100 mmHg
and a heart rate of <60 bpm'%. The initial medical
treatment aims to lower the blood pressure and the
systolic ejection force of the left ventricle to prevent
the progression of the dissection. The medication of
choice are intravenous beta-blockers (propranolol,
metoprolol, labetalol). In case of beta-blocker intoler-
ance, shortacting beta-blockers, such as esmolol, or
calcium channel blockers may be used. If blood pres-
sure cannot be controlled by beta-blockers, vasodi-
lators with a diminished reflex-tachycardia response
can be added (i.e. nicardipine). As the second line of
treatment, intravenous nitroglycerin or sodium nitro-
prusside can be used (for the latter the initial dose is
0.25 png/Kg/min and then titrated until the target
blood pressure is achieved) (Table 2). To avoid reflex
tachycardia and an increase in shear forces, vasodila-
tor medication will be administered only in combina-
tion with beta-blockers. Pain therapy involves oxygen
therapy and the administration of opioid analgesics.

AORTIC COARCTATION

Aortic coarctation (AOC) is a localized thicken-
ing of the media, which may or may not be associated

with hyperplasia of the overlying endothelial tissue.
Aortic coarctation is a relatively common congenital
pathology, occurring in 5-8% of cases of congenital
heart disorders”. It may be an isolated finding or
rather, more likely, associated with other abnormali-
ties, most often with a bicuspid aortic valve (approxi-
mately two-thirds of patients), patent ductus arterio-
sus, or a ventricular septal defect.

Classically, the aortic coarctation occurs at the
level of the superior thoracic aorta, immediately dis-
tal to the origin of the left subclavian artery. Less
frequently, stenosis may occur in the distal thoracic
aorta or in the abdominal aorta.

The mechanism of occurrence of HTN in pa-
tients with AOC is not yet fully understood. The
two proposed pathophysiological hypotheses are the
mechanical hypothesis and the biological hypothesis.
The latter implies the activation of the renin-angio-
tensin-aldosterone system (RAAS), whereas the for-
mer regards the appearance of HTN strictly as a me-
chanical consequence due to the presence of a fixed
obstacle impeding the blood flow. However, this the-
ory does not explain why blood pressure varies widely
in different patients for similar degrees of anatomical
obstruction, nor why in some situations a certain lev-
el of HTN persists after a curative intervention for
coarctation. The humoral theory'*" supports the ac-
tivation of RAAS because of decreased renal perfu-
sion. It should be noted that some studies have failed
to demonstrate the existence of elevated serum renin
in these patients. Once the patient develops heart fail-
ure, a whole new series of humoral factors become
involved and will maintain pre-existing pathophysi-
ological changes (vasopressin, natriuretic hormones).

The key factor in the diagnosis of AOC is the
high degree of clinical suspicion of HTN in children,
adolescents, or young adults. The typical feature is
that of high blood pressure in the upper limbs and
normal blood pressure in the lower limbs. Often, the
patient is diagnosed due to the consequences of HTN:

Table 2. Pharmacologic therapy of acute aortic dissection.

Labetalol (first choice)

15 mg i.v. push followed by 5 mg/hour i.v. infusion; action onset in

2-5 minutes and lasts for 2-4 hours

Starting dose 0.5 mg/Kg in 2-5 min followed by 10-20 pg/

Esmolol Kg/min i.v. infusion
Diltiazem Starting dose 0.25‘ mg/Kg 'push over 2-5 minutes, followed by
i.v. infusion at 5 mg/hour
Starting dose 5 mg/hour with titration every 5 minutes by
Nicardipine 2.5 mg/hour up to a maximum i.v. infusion rate of 15 mg/

hour; long duration of action may be a disadvantage.

Sodium nitroprusside

Starting dose 0.3 pg/Kg/min; elimination halflife ~2 min-
utes;

Nitroglycerin

Starting dose 5 pg/min with titration every 5 min up to a
maximum dose of 200 pg/min.
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headache, epistaxis in mild forms or hemorrhagic
stroke (due to the frequent association with cerebral
aneurysms), even heart failure signs and symptoms in
severe cases. Therefore, it is essential to measure the
blood pressure in adolescent/young patients in both
the upper and lower limbs, as well as to listen in the
left subclavian area, where the systolic murmur gener-
ated by arterial stenosis can be perceived.

Therapeutic approach to HTN in patients
with AOC

There is currently a unanimous opinion that, in
the case of a hemodynamically significant AOC, in-
terventional therapy is recommended®. Preoperative
pharmacological therapy of HTN in patients with
AOC must carefully balance the need to obtain con-
trol of blood pressure in the upper part of the body,
without endangering mesenteric and renal perfusion.
It is recommended to preferably use beta-blockers'
and to cautiously use angiotensin receptor blockers
or angiotensin converting enzyme inhibitors (these
latter drugs should be avoided in very severe cases
of AOC, especially if the patient also presents with
aortic regurgitation and signs of heart failure). The
use of preoperative beta-blockers has been accompa-
nied in some studies by a decrease in the incidence of
paroxysmal postoperative HTN'18,

One of the most common postoperative compli-
cations in these patients is persistent HTN. In a study
of 404 patients who underwent surgery for aortic
coarctation, Heger A et al” showed that most patients
had HTN at long-term post-procedural follow-up,
whereas only a minority of them showed significant
associated restenosis. Immediately, shortterm treat
ment of postinterventional HTN can be performed
with iv. vasodilators (e.g. sodium nitroprusside) or
beta-blockers (i.e. esmolol)?°. If long-term antihyper-
tensive therapy is needed, the drugs of choice are
beta-blockers and, depending on the circumstances,
angiotensin receptor blockers or angiotensin convert
ing enzyme inhibitors may also be associated.

AORTIC STENOSIS — PATHOPHYSIOLOGICAL AND
THERAPEUTIC IMPLICATIONS

Historically, patients with aortic stenosis (AS)
are thought to rarely present with HTN. It is even
considered by some clinicians that the presence of
significant HTN theoretically excludes severe AS.
Nowadays, echocardiography allows for an early di-
agnosis of valvular remodeling (due to calcifications
of the aortic valve) that occurs in elderly patients and
has replaced rheumatic heart disease as the most
common cause of aortic stenosis in the developed
countries. By combining these two trends, it means
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that systemic HTN is a more common comorbidity
in patients with AS and that it coexists for a longer
period before the aortic valve is eventually replaced.
In studies involving younger patients with aortic ste-
nosis, the prevalence of HTN is 30% to 40%, while
in three recent case-series involving older patients at
increased risk of aortic valve replacement the preva-
lence of HTN is 75% or greater?..

AS - HTN interrelation

There have been numerous debates about how
the presence of HTN could influence the transvalvu-
lar pressure gradient and the assessment of the sever-
ity of AS. Theoretically, an increased blood pressure
causes an increase in peripheral vascular resistance
and a decrease in vascular compliance, leading to
changes in transvalvular flow. Clearly, all parameters
used for the clinical evaluation of AS are flow-de-
pendent, so they are influenced by the presence of

HTN. Numerous in vivo studies have highlighted the

influence of blood pressure on the pathophysiology of

heart disease in patients with AS, and the influence
on ultrasound assessment of the severity of AS, but
they also stress out that the way in which HTN in-
fluences the AS severity assessment is unpredictable.
It is therefore recommended to normalize the blood
pressure values before assessing the severity of AS.
Summarizing the current data on the AS-HTN
interrelation??, we can point out the following aspects:

— HTN is an independent risk factor for developing
aortic valvular sclerosis and calcification; HTN per
se can induce valvular morphological abnormali-
ties, as for every 20 mm Hg increase in BP there is
a significant increase in the risk of AS and aortic
regurgitation®?. This could be partially explained
by the fact that the presence of HTN induces an
increased tension on the aortic valves, followed by
valvular endothelial lesions®.

— Coexistence of HTN with AS implies an addition-
al increase in ventricular afterload, with increased
ventricular hypertrophy and remodeling. The pres-
ence of HTN-induced myocardial remodeling is
associated with a worse prognosis of AS than in
the absence of HTN. In clinical practice, the he-
modynamic assessment of arterial afterload can be
performed by evaluating the valvular-arterial im-
pedance, a parameter that evaluates both the valvu-
lar and the vascular load. Increased valvular-aortic
impedance has been shown to be associated with
worse outcomes, in both symptomatic and asymp-
tomatic patients with moderate or severe AS**®,

— The association of HTN with AS is considered to
play a role in the onset of symptoms of AS, with pa-
tients developing symptoms at larger valvular areas
than patients without HTN?2,
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— Lack of blood pressure control interferes with
echocardiographic and cardiac catheterization
assessment of the severity of AS, which requires
re-evaluation after obtaining BP control?.

— After valve replacement, there may be a higher
likelihood for detecting systemic HTN, due to the
increased blood flow brought on by the decrease in
valvular afterload?. Therefore, both before and af
ter valve replacement, treatment of systemic HTN
should be an important goal of medical therapy.

Management of patients with AS and HTN

Given the above considerations, in the man-
agement of patients with AS, it is important to rec
ognize the high prevalence of coexisting systemic
HTN, its harmful effects on ventricular remodeling
and left ventricle function, and the negative impact
of valvular replacement therapy on clinical outcomes.
Moreover, when determining the severity of AS and
making decisions about valve replacement, it is im-
portant to recognize that systemic HTN can influ-
ence the assessment of the severity of AS (generally
causing overestimation of severity).

An analysis of the available clinical data reveals
a reluctance of clinicians regarding the treatment of
HTN and achievement of the optimal guideline-rec-
ommended blood pressure values in patients with
AS, despite the fact that the negative prognostic sig-
nificance of the association of the two conditions
is well established. This restraint lies in the recog-
nized fact that fixed valvular obstruction is the main
mechanism of afterload increase in patients with AS,
and the use of vasodilator therapy could generate an
increase in the transvalvular gradient, resulting in
arterial vasodilation unaccompanied by a compensa-
tory increase in cardiac output. Current guidelines
recommend the treatment of HTN in patients with
AS, emphasizing that they should be carefully mon-
itored, with more frequent follow-up visits, and the
treatment must be titrated accordingly’™?®. To date,
there are no prospective randomized studies recom-
mending the use of a particular class of antihyperten-
sive drugs in patients with AS.

The use of medication, such as angiotensin con-
verting enzyme inhibitors and angiotensin II receptor
blockers, has been associated with an improvement
in certain “hard“ endpoints, such as mortality and
cardiovascular events?. Moreover, there are no pub-
lished studies or reported cases to date that establish
a clear link between the use of angiotensin converting
enzyme inhibitors or angiotensin Il receptor blockers
and symptomatic hypotension in patients with AS. In
the SCOPE-AS study, Chockalingam et al*® reported
a good tolerance of angiotensin converting enzyme
inhibitors therapy, even in symptomatic patients with

severe AS who were not eligible candidates for val-
vular replacement therapy, demonstrating a preserva-
tion of the left ventricular ejection fraction. Following
valve replacement therapy, the use of an angiotensin
I1 receptor blocker (candesartan) has been associat-
ed with a more significant regression of ventricular
remodeling compared to patients treated with stan-
dard medical therapy’'. In summary, angiotensin con-
verting enzyme inhibitors or angiotensin II receptor
blockers therapy is not only a viable therapeutic alter-
native in patients with AS, but it also has a positive
impact on patient’s outcome; nonetheless, it requires
careful initiation and titration of doses, especially in
patients with severe AS and low ejection fraction.

Treatment with calcium channel blockers seems
to be associated with a decrease in survival, so it is
not to be chosen as the first therapeutic line. Diuretic
drugs should be used with caution and only in pa-
tients with clinical features suggestive of systemic or
pulmonary congestion. Excessive decrease in preload
can cause a decrease in ventricular filling and can
lead to a decrease in heart rate and blood pressure
(even more in patients with myocardial remodeling
and heart failure with reduced ejection fraction). One
should especially avoid diuretic therapy as much as
possible in patients with severe secondary left ven-
tricular hypertrophy with a small ventricular volume.

The use of beta-blockers in patients with AS may
be indicated especially in patients who associate isch-
emic coronary heart disease, as it causes a decrease
in the heart rate and aortic ejection velocity and may
thus reduce the hemodynamic stress. If these assump-
tions have been shown to be consistent for patients
with severe-to-moderate AS, the use of beta-blockers
in patients with tight AS should be done with caution
and the target heart rate should be higher than in
patients without AS.

It is important to emphasize the high prevalence
of the coexistence of AS and HTN and to acknowl-
edge the fact that HTN is an additional negative prog-
nostic factor in these patients, thus requiring effec-
tive antihypertensive therapy®. Sahrai et al* recently
pointed out in an analysis that all data come from ob-
servational studies and there are no recommendations
on the class of antihypertensive drugs recommended
as firstline treatment in these patients, but evidence
from studies proves the beneficial effect on ventricu-
lar remodeling of RAAS inhibitors***°. Regardless of
the therapeutic options chosen, the need for repeated
medication titration and frequent reassessment should
be emphasized, especially in patients with severe AS
with or without reduction of the left ventricle ejection
fraction. In the management of patients with symp-
tomatic severe AS and uncontrolled HTN, the reas-
sessment of the severity of AS after achieving optimal
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control of the blood pressure should be considered,
especially in borderline cases between moderate and
severe AS. The suggested therapeutic blood pressure
target is 130-139 mmHg for systolic blood pressure
and 70-90 mmHg for diastolic blood pressure, and
lower values should be avoided*"?s,

CHRONIC AORTIC REGURGITATION — PATHOPHYSIO-
LOGICAL AND THERAPEUTIC IMPLICATIONS

The relationship between chronic aortic regurgi-
tation and HTN is reciprocal, in the sense that aortic
regurgitation can generate HTN and this in turn can
influence the natural evolution of the valvular insuf-
ficiency.

Chronic aortic regurgitation causes a consequent
increase in the end-diastolic left ventricle volume,
accompanied by a lower increase in the end-systolic
left ventricle volume. Long-term changes include the
dilation of the left ventricle cavity, with an increase
of the systolic transvalvular flow and the increase of
the systolic blood pressure, tachycardia, producing a
characteristic compensatory hyperkinetic syndrome.
Diastolic blood pressure will be decreased due to re-
gurgitation of blood in the left ventricle, leading to
a wide-pulse pressure HTN. The appearance of this
characteristic pattern of blood pressure is a sign of
severity of the valvular disease (more specific a sign
of an important regurgitated volume).

The coexistence of HTN with aortic regurgita-
tion has a deleterious pathophysiological effect on
the cardiac adaptive processes. On the one hand, it
increases the afterload (due to the increase in blood
pressure), increasing the volume of blood regurgitated
during diastole, while on the other hand the arterial
wall develops typical HTN changes (hyalinization,
destruction of elastin fibres) with important central
consequences. At the same time with the develop-
ment of the left ventricular hypertrophy, typically
seen in hypertensive patients, a diastolic dysfunction
of the heart appears, ultimately leading to a second-
ary increase in the myocardial wall stress, and thus
inducing left ventricle dilation in the long-term.

Considering these pathophysiological aspects
and the animal studies that found that mice with
HTN and aortic regurgitation had a more severe
left ventricle hypertrophy, the use of vasodilator
treatment in patients with chronic severe aortic re-
gurgitation was proposed. The American College of
Cardiology/American Heart Association guidelines?’
currently have the following recommendations for
vasodilator therapy in patients with chronic aortic
regurgitation:

— ong-term vasodilatory therapy is recommended for
patients with severe chronic aortic regurgitation
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and symptoms of left ventricle dysfunction, with
or without HTN;

— vasodilatory therapy is reasonable in patients with
asymptomatic severe aortic regurgitation with left
ventricle dilation and preserved ejection fraction,
regardless of whether they also have HTN;

— vasodilatory therapy is not recommended for as-
ymptomatic patients with non-severe aortic regurgi-

tation and without left ventricle dysfunction unless
they also have HTN.

CONCLUSIONS

The coexistence of arterial hypertension and aor-
tic diseases is far to be a rarity. Clinicians should be
proactive in searching for aortic aneurysms or aortic
valvular diseases in hypertensive patients. The associ-
ation of arterial hypertension with these pathological
conditions puts peculiar challenges in the treatment
and monitoring of the patients.
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