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Cardiac surgery and hypertension: a dangerous
association that must be well known
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Abstract

It is well-known that hypertension is a very common
disease, and severe cerebrovascular accidents might occur
if the blood pressure is not properly controlled. However,
conditions associated with uncontrolled hypertension may
be overlooked, and may become critical and eventually
require a surgical intervention on an urgent basis. Coronary
artery disease, acute aortic syndrome, congenital and
valvular heart disease, and arrhythmias are under this topic
of discussion. Of them, coronary artery disease including
myocardial infarction and especially postinfarction
myocardial rupture, and aortic dissection are major critical
situations that physicians may encounter in clinical practice.
The role that hypertension plays in these conditions can be
complex, including hemodynamic, electrophysiological and
biomolecular factors, where the latter may prevail in the
current era. Coronary artery disease may be associated with
a reduced nitric oxide synthesis. Transforming growth factor
and matrix metalloproteinases have been observed in
relation to aortic syndrome. Wnt, p38 and JNK signaling
pathway may be involved in the development of ventricular
hypertrophy responsible for cardiac arrythmias. Various
gene phynotypes may present in different congenital heart
defects. This article is to present these conditions, and to
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further discuss the possible etiologies and the potential
treatment strategies so as to highlight the relevance at a
prognostic level.
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Resumo

E sabido que a hipertensio é uma doenga muito comum,
e que os acidentes cerebrovasculares graves podem ocorrer
se a pressdo sanguinea ndo for apropriadamente controlada.
Contudo, as condigfes associadas a hipertensdo nao
controlada podem ser negligenciadas, e tornarem-se criticas,
necessitando, eventualmente, uma intervencdo cirurgica
urgente. Doenca coronariana, sindrome adrtica aguda,
cardiopatias congénitas, valvopatias e arritmias sdo sob este
topico de discussdo. Dentre eles, a doenca corornariana,
inclusive o infarto do miocardio e especialmente a ruptura
cardiaca pos-infarto e a dissecgdo aortica, sdo as situacdes
criticas principais que os médicos podem encontrar na pratica
clinica. O papel que a hipertensdo desempenha nessas
condi¢cbes pode ser complexo, incluindo fatores
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hemodinamicos, eletrofisiolégicos e biomoleculares, nos
guais o ultimo pode prevalecer atualmente. A doenca
coronariana pode associar-se com uma reducdo na sintese
de Oxido nitrico. Fator de crescimento transformador e nas
metaloproteinases da matriz tém sido observados em relagéo
a sindrome adrtica. O Wnt, p38 e a via de sinalizagdo JNK
caminho podem estar implicado no desenvolvimento da
hipertrofia ventricular responsavel por arritmias cardiacas.

INTRODUCTION

Hypertension is a very common disease among general
individuals. Uncontrolled hypertension is associated with
potentially reversible structural and functional changes in
the cerebral circulation [1], and at an increasing risk for
cerebral, cardiac, and renal events [2]. However, this
condition has not been a topic of much evaluation as to
being defined within the field of cardiac surgery. It is
particularly of great importance for cardiac surgeons and
physicians from other specialties to be acknowledged of
what and how cardiac surgical issues may develop
associated with hypertension and may eventually warrant
a surgical intervention. As a result, several conditions, such
as coronary artery disease [3], acute aortic syndrome [4],
congenital [5,6] and valvular heart disease [7], and
arrhythmias [8] can be involved. The role that hypertension
plays in these conditions can be complex, including
hemodynamic, electrophysiological and biomolecular
factors. In some occasions, there is a reciprocal causation
between hypertension and the cardiovascular disorders,
for instance, aortic syndrome [9], and coarctation of the
aorta [10]. This article is to present these conditions, and
further discuss the etiologies and the treatment strategies
S0 as to highlight the relevance at a prognostic level.

CARDIAC SURGICAL CONSEQUENCES

Coronary artery disease

Hypertension is associated with an increased risk of
cardiovascular events. It has been regarded as one of the
three classical risk factors for coronary artery disease
besides hyperlipidemia and smoking. Epidemiological data
have indicated a close link between hypertensive and
coronary events. This concept has been established by
many observational studies, showing a strong association
between high blood pressure and the incidence of ischemic
heart disease, stroke and peripheral vascular disease [11].
As a contributing factor to coronary artery disease,
hypertension may impact by way of: 1) an intrinsic tendency
to excessive proliferative and hypertrophic activity in
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vascular tissue associated with increased endocrine and
local paracrine effects; 2) the impact of the common risk
factors, such as high blood pressure, that exaggerate and
accelerate atherosclerotic process; and 3) hemodynamic
factors, which may destabilize vascular lesions and
precipitate acute events [3].

A modest short-term reduction in blood pressure
confers a reduction in coronary artery disease events of
about 16% [12]. Metaanalyses have shown that a reduction
of 1 mmHg in diastolic blood pressure produces a 2-3%
decline in risk of coronary heart disease [13]. For those 60
to 69 years of age, a 10 mmHg lower systolic blood pressure
is associated with about one-fifth lower risk of a coronary
artery disease event [14].

The development of myocardial ischemia in patients
with hypertension is multifactorial. Increased afterload
induced by hypertension results in an increase in left
ventricular wall tension and transmural pressure,
compromising coronary blood flow during diastole. The
myocardial microvascular changes under hypertension
could not satisfy increased metabolic and oxygen demand.
Shear stress is associated with hypertension, and
endothelial dysfunction causes impairment in the synthesis
and release of the potent vasodilator nitric oxide (NO). A
decreased NO level promotes the development and
acceleration of arteriosclerosis and plaque formation [15].

Hypertension is one of the most frequent risk factors
for acute myocardial infarction. As a risk factor,
hypertension was observed in 55% female and 35% male
patients with myocardial infarction. In 10% of female
patients, hypertension was the only risk factor for
myocardial infarction [16]. The mechanisms through which
hypertension contributes to the occurrence of myocardial
infarction lie in: 1) common risk factors for the two diseases,
including genetic risk, insulin resistance, sympathetic
hyperactivity, and vasoactive substances such as
angiotensin 11, and 2) atherosclerosis and left ventricular
hypertrophy that are induced by hypertension and
contribute to the development of atherosclerosis and
myocardial infarction. Mechanical stress on blood vessels
caused by high blood pressure is an important factor in
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endothelial dysfunction, atherosclerotic progression and
plaque rupture [17].

Hypertension can also be an important risk factor leading
to myocardial rupture. Clinical observations revealed that
0.3% of the men with a highest systolic pressure less than
150 mmHg had a rupture, while 1.6% of those with pressures
between 170-189 mmHg ruptured. Diastolic blood pressure,
past history of hypertension, and sustained hypertension
after infarction may not predict the occurrence of rupture.
However, 18/53 (34.0%) patients with rupture had systolic
hypertension > 150 mmHg sometime during the 24 hours
before rupture, and 14/53 (26.4%) had diastolic hypertension
>95mmHg [18].

Both clinical observations and experimental studies
revealed a reduced coronary reserve and an increased
coronary resistance in both hypertensive subjects and
animals [19,20]. Although conflicting results in NO
importance for the regulation of vessel tone, a reduced
NO synthesis was still considered a potential cause for
an increased vascular resistance in arterial hypertension
[20]. Inhibition of the endothelial NO synthase (eNOS)
resulted in greater constriction in the spontaneous
hypertensive rats at moderate-to-high pressures [21],
while inhibition of the cyclooxygenase (COX) pathway
did not affect the myogenic response in either Wistar-
Kyoto rats or spontaneous hypertensive rats [22]. These
studies suggested that NO may be an important mediator
of basal tone, especially at higher pressures. Wnt
signaling pathway can be reactivated in response to the
pathological cardiac remodeling, vascular damage and
myocardial infarction; while inhibition of Wnt signaling
may reverse the pathological changes [23]. After
myocardial infarction, components of the Wnt/frizzled
pathway were upregulated [24]. These results indicated
that Wnt signaling pathway may be involved in the
development of cardiac hypertrophy and coronary artery
disease. Moreover, patients with acute coronary
syndrome had higher levels of Dickkopf Related Protein
1 (DKK1) than controls [25].

Acute aortic syndrome

Moderate to severe hypertension is a universal risk
factor for the development of acute aortic syndrome [26].
Hypertensive emergency is often associated with aortic
dissection and aneurysms [27]. In individuals younger than
40 years of age, young patients with sustained systemic
hypertension are at increased risk for aortic dissection [28].
The increasing rate of systolic blood pressure was observed
to have a close relation with the extent of aortic dissection
even in the condition of normal blood pressure [29]. Types
A and B aortic dissections produce an intimal tear at the
areas with largest hydraulic stress: the right lateral wall of
the ascending aorta or the descending aorta proximal to

the ligamentum arteriosum. The increased longitudinal shear
stress on the aortic wall is more likely to be resulted from
hypertension, where the vasa vasorum may thus suffer from
decrease blood supplies and further lead to the medial
stiffness and media ischemia [30].

The first genes identified to cause type A dissections
were fibrillin-1, and receptors I and |1 of transforming growth
factor (TGF)-B. The identification and characterization of
these genes suggested that increased TGF-f signaling
plays a role in the pathogenesis of the aortopathies. The
recent discovery that mutations in the vascular smooth
muscle cell-specific p-myosin (MYH11) and a-actin
(ACTA2) may also cause this disorder [31]. Western
blotting analysis demonstrated that the expression of matrix
metalloproteinases (MMPs)-2, -3 , -9, and -12, as well as
intercellular adhesion molecule, were increased in
hypertensive abdominal aortic aneurysm rats, accompanied
by upregulation of NF-xB and Ets, suggesting that
hypertension accelerated the progression of experimental
abdominal aortic aneurysm through upregulation of NF-xB
and Ets. Destruction of elastic fibers was also significantly
inhibited by transfection of chimeric decoy
oligodeoxynucleotide in both hypertensive and
normotensive rats [32]. Sangiorgi et al. [33] also observed
increased MMP-9 in patients with type A or B aortic
dissection.

Wei et al. [34] demonstrated increased expressions of
MMP-2 and tissue inhibitor of metalloproteinase-2 in the
cytoplasm of the vascular smooth muscle cells on the basis
of 35 patients with acute aortic dissection, where 80% of
the patients were hypertensive. A study of the same institute
by Yang et al. [35] showed aortic dissection and aortic
aneurysm were characterized by degeneration of the media
accompanied by elastic fiber disruption, with uneven
expression of TGF-f, in the aorta, which was the highest in
the media. They also observed that the value of TGF-B,
was lower in the aortic dissection than in the aortic
aneurysm patients. These results suggested an apparently
inflammatory reaction in the aortic diseases, with a stronger
inflammation in the aortic aneurysm than in the aortic
dissection. But further studies are required to compare
severities of the two aortic lesions.

Congenital heart defects

The mechanism of hypertension in coarctation of the
aorta is not fully understood. Kuroczyfiski et al. [10] observed
25 adults with coarctation of the aorta, and found that their
mean blood pressure was 182/97 mmHg. However, blood
pressure turned to be normal immediately after surgery in
most patients, it remained slightly elevated (systolic blood
pressure between 140-160 mmHg) in seven patients, and
prolonged elevation of arterial pressure was noted in only
one patient. Adult patients had lowered mean postoperative
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systolic blood pressure and decreased requirement for
antihypertensive medication in more than half (58%) of the
patients following surgical repair of coarctation of the aorta
over a mean follow-up of 37 months [36].

A similar study by Bhat et al. [37] on 84 patients
concluded identical implications. However, some patients
developed hypertension late after successful surgical repair
of aortic coarctation. Weber et al. [38] noted that 28%
patients developed systolic hypertension 7.8 years after
repair of coarctation. They deduced that hypertension and
arch obstruction appeared relating to unparalleled growth
of the transverse aortic arch proximal to the repair site. But
the renal factor, i.e., aortic constriction below the
coarctation triggering the release of vasopressin and
involved by angiotensin Il offered a more plausible
explanation for hypertension resulting from acute aortic
coarctation [39].

Hypertension was reported in 20% of adult with Turner’s
syndrome of the 45,X karyotype, and in 14% of those having
the mosaic pattern [40]. The risk of hypertension was 3-
fold higher in women with Turner’s syndrome than those
without. In particular, diastolic other than systolic blood
pressure in Turner’s syndrome patients was significantly
higher [41]. According to some suggestions, hypertension
in Turner’s syndrome seems to be essential by nature [42].
But studies demonstrated elevated plasma renin activity in
girls and young women with Turner’s syndrome and hence
the etiology of hypertension was hypothesized to be a
renovascular disease [41].

Hypertension was found in 23/42 (55%) patients with
Williams-Beuren syndrome older than 15 years old, where
antihypertensive medications were warranted in 14/23
(61%) of the patients, including B-blocker only, B-blocker
and diuretics, calcium blocker, angiotensin-converting
enzyme inhibitor (ACEI), and diuretics only [43].
Researchers believed that the presence or absence of the
neutrophil cytosol factor 1 (NCF1) gene on chromosome 7
was related to the developing hypertension in Williams
syndrome [44]. Systemic vascular alterations caused by
deletion of the elastin gene may occur early in individuals
with Williams syndrome, leading to the clinical manifestation
of systemic arterial hypertension unresponsive to drug
treatment [45].

The relation between hypertension and bicuspid aortic
valve is not fully elucidated. Hypertension and bicuspid
aortic valve are usually altogether associated with Turner’s
syndrome [46]. The etiology of hypertension in bicuspid
aortic valve may at least be seen in the observations of
eNOS expression. In patients with bicuspid aortic valves,
eNOS expression was significantly lower in the individuals
with arterial hypertension compared with the patients with
normal blood pressure, but there was no correlation
between blood pressure and eNOS expression [47].
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Valvular disease

Hypertension is associated with development of aortic
insufficiency and probably aortic stenosis as well.
Hypertension can cause aortic root dilation, leading to
significant aortic insufficiency. An acute rise in blood
pressure may accentuate the degree of aortic insufficiency,
and hypertension was also thought to accelerate the
process of aortic sclerosis and cause mitral regurgitation.
Experimental studies have shown that aortic insufficiency
appeared with increase of mean pressure by as little as 20-
50 mmHg; 6 of 9 animals showed aortic incompetence when
mean aortic pressure was elevated 45-70 mmHg [48]. Kim et
al. [49] demonstrated no significant difference in the
prevalence of aortic regurgitation between the normotensive
and hypertensive subjects, perhaps because of their
relatively young age, mild degree of hypertension, and
otherwise healthy status.

Roman et al. [50] stated antecedent hypertension was
strongly associated with the presence of idiopathic aortic
root dilation as the cause of aortic regurgitation. Arterial
hypertension and aortic stenosis are the two main
pathological models of left ventricular systolic overload.
Acute changes in blood pressure could significantly alter
these indices as a consequence of concomitant changes in
transvalvular flow. Hypertension can be present in 68% of
patients with severe aortic stenosis [51]. In severe
supravalvar aortic stenosis model, systemic arterial
hypertension may result in significant impairement of the
aortic compliance [52]. A study based on 3.39 million
discharges in Ireland revealed that the prevalence of
hypertension was 21.0% in the patients with aortic stenosis,
and was 1.1% in those with aortic stenosis. Aortic stenosis
and hypertension were significantly associated with an
odds ratio of 4.0. In addition, the progression of stenosis
might be prevented by blood pressure control [53].

Besides aortic valve disorder, mild-to-moderate mitral
regurgitation was frequently detected on routine
echocardiography in asymptomatic hypertensive patients
[54]. Hypertension may impact on the transvalvular
regurgitant blood flow by increasing systemic resistance.
Mitral valve incompetence may vary as the pressure
gradient through the mitral valve changes. The higher the
systemic blood pressure and the poorer the left ventricular
function, the more severe the mitral incompetence [55]. The
coexistence of hypertension and valvular regurgitation may
apparently lead to impaired left ventricular geometry and
function. Patients with moderate valvular regurgitation had
significantly higher circumferential end systolic wall stress
and lower left ventricular contractility when compared to
patients without valvular regurgitation [54].

Cardiac arrhythmias
Arrhythmias are common problems in hypertensive
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patients. Cardiac arrhythmias commonly observed in
patients with hypertension include atrial fibrillation,
premature ventricular contractions, and ventricular
tachycardia. Various mechanisms playing a part in the
pathogenesis of arrhythmias include altered cellular
structure and metabolism, inhomogeneity of the
myocardium, poor perfusion, myocardial fibrosis, and
fluctuation in afterload. The increased afterload imposed
on the left atrium secondary to increased blood pressure
leads to impairment of the left atrium and left atrial
appendage function plus increased left atrial size and
thickness. In addition to these structural changes, these
patients are predisposed to atrial fibrillation. With loss of
atrial contribution in the presence of diastolic dysfunction,
atrial fibrillation may precipitate overt heart failure [15].

Diastolic dysfunction of the left ventricle, left atrial size
and function, and left ventricular hypertrophy were
suggested as the underlying risk factors for
supraventricular and ventricular arrhythmias in
hypertensive individuals. Besides, there was an increased
incidence of impairment of left ventricular diastolic filling
and left atrial enlargement [8]. The development of left
ventricular hypertrophy in hypertensive patients appears
to be the main link between hypertension and ventricular
arrhythmias, as patients with left ventricular hypertrophy
are more likely to develop ventricular arrhythmias than the
hypertensive population without [56-58]. A randomized
study demonstrated a significant correlation between left
ventricular hypertrophy and Lown grade of arrhythmia and
late potentials, where the presence of late potentials was
also found to correlate significantly with the grade of
arrhythmia [59]. Currently, the implications of INK and p38
signaling cascades in pro-hypertrophic regulatory role have
been noted in the myocardium [60].

The hypertensive patients also had a higher prevalence
of left bundle branch block and resting ST-T changes on
the electrocardiogram [61]. Univariate analysis showed that
systolic pressure, diastolic pressure, age, left ventricular
posterior wall thickness, left ventricular mass index, and
ischemic alterations on myocardial perfusion tests were
significantly associated with complex arrhythmias, whereas
systolic pressure and age were independently associated
with complex arrhythmias as a result of multivariate
regression analysis [62]. Observations of
electrophysiological studies may interpret at least in part
the development of arrhythmias in hypertensive patients.
Signal averaged P wave may predict the prevalence of
diastolic dysfunction in hypertensive patients. Moreover,
P-wave dispersion was suggested as a novel predictor of
atrial fibrillation [63]. QT interval variability in hypertensive
patients with or without left ventricular hypertrophy may
predispose the risk of ventricular arrhythmias [64].
Hypertensive patients have increased QTd values

compared with controls, especially in the presence of left
ventricular hypertrophy [49]. Short and long-term follow-
up of antihypertensive medications by ACEls or calcium
antagonists may bring about a shortening QTd value [65].

TREATMENT

For initial antihypertensive therapy, a B-blocker may be
preferable to a diuretic in the patients with angina. In the
patients with diabetes or diabetic nephropathy, the therapy
of choice is probably a diuretic plus an ACEI or possibly an
angiotensin Il receptor blocker. A long-acting
dihydropyridine calcium channel blocker may be an
alternative therapy in patients with isolated systolic
hypertension who cannot take a diuretic or who responds
poorly to diuretic therapy. Combinations of small doses of
two drugs from different classes may also be effective in
elderly patients. For example, a diuretic may be given with
a B-blocker, an ACEI or an angiotensin |1 receptor blocker.
In some patients, an ACEI and a calcium channel blocker
may be given together [66]. Inhibition of NF-xB and Ets
could be a potential therapeutic strategy to treat abdominal
aortic aneurysm in hypertensive patients [32]. Interventions
on NO bioavailability may be very helpful in desighing more
effective prevention, diagnostic and therapeutic strategies
to deal with coronary vascular dysfunction in hypertension
and cardiovascular disease [67].

Thrombolytic therapy is the optimal choice for patients
with acute myocardial infarction within 12 hours after the
onset of the symptoms [68]. The principle of treatment
choices for either percutenous transluminal coronary
angioplasty or coronary artery bypass grafting will be
guided by technical improvements in cardiology or surgery,
local expertise, and patients preference. Percutenous
coronary intervention is indicated for the diabetes patients
with multivessel disease and in the patients with
unprotected left main stenosis. The use of drug-eluting
stents might change this situation [69,70]. For myocardial
rupture, conservative treatment is not recommended as
many patients develop congestive heart failure, cardiogenic
shock, and death. Despite optimal treatment, mortality
remains high and prognosis is dismal.

Resection of the descending thoracic aorta and
replacement with a vascular prosthesis is associated with
an increased risk of paraplegia, as opposed to endoluminal
stenting. At present, endovascular repair and hybrid
treatment with high technical success rates represent an
attractive alternative for the treatment of aortic aneurysms
due largely to its overwhelming advantages including less
trauma, lower risk of surgical complications and morbidities
and quicker recovery [71,72].

Apart from antihypertension, patients with coarctation
of the aorta and bicuspid aortic valve are commonly
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associated with Turners syndrome, leading to an increased
risk to infective endocarditis. Therefore, prophylactic
antibiotics are strongly recommended for the patients with
Turner’s syndrome with a susceptibility of bacteremia [73].

Percutaneous ablation has brought about some major
complications including pulmonary vein stenosis, and
thromboembolism, and atrioesophageal fistula [74]. In
patients with lone atrial fibrillation resistant to medical
therapies, off-pump video-assisted thoracoscopic epicardial
pulmonary vein isolation offers an attractive alternative to
on-pump Maze procedures in the surgical treatment of lone
atrial fibrillation [75].

Valve surgery is recommended when patients become
symptomatic in particular present with heart failure. Aortic
valve replacement has been the standard surgical procedure
for treatment of aortic valve regurgitation. The decision
between a valve replacement and repair relies on the damage
extent of the valve leaflets and the subvalvular apparatus.
Aortic valve repair is most commonly performed in patients
with aortic regurgitation caused by a dilated aortic annulus,
conjoined cusp prolapse in bicuspid aortic valves, single
cusp prolapse in tricuspid aortic valves, and aortic valve
cusp perforation due to endocarditis [76]. Due to the long-
term complications related to anticoagulation,
thromboembolism, bleeding, and rapid prosthetic
degeneration in the young population, the higher risk of
endocarditis, and the poorer preservation of the ventricular
function, mitral valve repair is superior to mitral valve
replacement [77].

In summary, coronary artery disease, acute aortic
syndrome, congenital and valvular heart diseases, and
arrhythmias are conditions of cardiac surgery associated with
hypertension. The underlying mechanisms responsible for
the development of the cardiac events are still uncertain.
Hemodynamic changes due to left ventricular hypertrophy
were taken as major factors accounting for the development
of coronary artery disease, acute aortic syndrome, valvular
disorders and arrhythmias. Renal and genetic factors may
explain the hypertension in some patients with congenital
heart defects. Primary biochemical studies provided with
alternative explanations for these hypertensive issues, such
as NO, eNOS and TGF-p, activities. At any rate, importance
should be always aware of for a prophylaxic purpose. Prompt
diagnosis and treatment are helpful for the critically patients
with a postinfarction myocardial rupture or aortic dissection.
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